


INDIVIDUAL DIFFERENCES IN DIMENSIONS OF 

INFORMATION PROCESSING, SELF-ESTEEM AND 

SECONDARY SCHOOL STUDENTS' MULTIPLICATNE KNOWLEDGE IN 

BASIC ARITHMETICAL PROBLEMS 

GLENDA JEAN ASHLEIGH 

B.Ed. (Brisbane College of Advanced Education) 

M.Ed. (1st Class Hons.) (University ofNewEngland, N.S.W.) 

A thesis submitted in fulfillment of the requirements 
for the degree of Doctor of Philosophy at the 

University of New England 

January, 2001 



DEDICATION 

For Inez, my mother, whose love and strength sustains me. 





111 

ACKNOWLEDGEMENTS 

I wish to express my sincere appreciation to the many people who have assisted and 

encouraged me during the evolution and writing of this thesis. 

My especial thanks to: 

Professor Emeritus Donald Fitzgerald for his understanding, guidance, and 

patience in supervising the early stages of this thesis. 

Dr Ted Redden for his constructive and discerning advice regarding the research 

design, and analysis of the data, and for his support and encouragement during the 

writing of this thesis. 

Sincere appreciation 1s extended to Associate Professor John Pegg and to 

Dr Ken Vine for their academic input in clarifying aspects of the psychological 

literature. 

A special note of thanks to Mr Peter Harrison for his assistance in providing access 

to students at the school and for his invaluable support during the implementation of 

the study. 

Thanks to Moira Tucker for her invaluable support in proofing the final draft and to 

Diane Cole and Ellie Howbrigg for their general assistance. 

Many thanks to the staff and students of the School involved in the study for their 

commitment and enthusiasm in completing the questionnaires thereby providing the data for 

the project. Furthermore, I wish to extend special appreciation to those students who 

participated in the interviews, and to the staff who ensured that these students were not 

disadvantaged by their absence from their classrooms. 

An expression of gratitude is extended to all members of the Department of 

Curriculum Studies, University of New England ·who provided a supportive and nurturing 

research environment. 

Finally, I wish to acknowledge my family and friends for their faith in my ability to 

complete this project and for their unconditional care and concern. 



iv 

LIST OF TABLES 

TABLE Page 

1 Scales from the Self Description Questionnaire I (SDQ-1), the 50 

Perceived Competence Scales (PCS), and the Piers-Harris (PH) Posited 
to be Matching 

2 Description of Research Cohort, N = 164 at the School 102 

,, 
Summary of Correct Responses for the Eight Categories in the 112 .) 

Screening and Diagnostic Maths Test Part A for Beginning TAFE 
Students in Queensland 

4 The Three-Component Solution obtained using Principal Components 126 
Analysis and Varimax Rotation in Study 1 

5 The Two-Component Solution obtained using Principal Components 127 
Analysis and Varimax Rotation in Study 1 

6 Correlations Among the Calculated Factor Scores for the Eleven 136 
Facets of Self-Esteem 

7 Student Attitude Profile based on the Nine Self-Esteem Components 137 

8 Component 1: Open Number Sentences 140 

9 Component 2: Open Number Sentences 141 

10 Component 3: Open Number Sentences/Word Problems 142 

11 Component 4: Open Number Sentences 142 

12 Component 5: Open Number Sentences 143 

13 Component 6: Word Problems/Open Number Sentences 144 

14 Component 7: Word Problems 144 

15 Component 8: Word Problems/Number Sentences 145 

16 Component 9: Word Problems/Open Number Sentences 146 

17 Fit Statistics for Item Estimates 149 

18 Fit Statistics for Case Estimates 149 



TABLE 

19 

20 

21 

22 

23 

24 

25 

26 

27 

V 

MANOV A Summary of School Year Group using Simultaneous and 
Successive Information Processing Preferences and the Arithmetical 
Construct as Dependent Variables 

Contrasts in the Analysis of School Year Groups 

ANOV A Summary of School Year Group using Simultaneous 
Infonnation Processing Preferences as the Dependent Variable 

ANOV A Summary of School Year Group using Successive 
Infonnation Processing Preferences as the Dependent Variable 

ANO VA Summary of School Year Group using the Arithmetical 
Construct as the Dependent Variable 

MANOV A Summary of Gender using Verbal Self-Esteem and Maths 
Self-Esteem as Dependent Variables 

ANOV A Summary of Student Performance on the Arithmetical 
Construct using Infonnation Processing Preferences and Academic 
Dimensions of Self-Esteem as Independent Variables 

ANCOV A Summary of Student Performance on the Arithmetical 
Construct using Simultaneous Information Processing Preferences and 
Maths Self-Esteem as Independent Variables and the Co-variates of 
Successive Information Processing Preferences and Verbal Self
Esteem 

Frequencies of Categories of Behaviours associated with 
Multiplicative Knowledge in the Stimulus Items per Information 
Processing Preferences Group 

Page 

167 

168 

169 

170 

171 

172 

173 

175 

196 



vi 

LIST OF FIGURES 

FIGURE Page 

1 Procedural Compression Associated with Numerical Development 70 

and the Formation of a Proceptual Divide for Early Number 
(Gray, Pitta and Tall 1997:121) 

2 Summary Scale Description of the SDQ-II (Marsh, 1990b:2) 109 

3 Item Categories in the Screening and Diagnostic Maths Test Part A 110 

4 Data Analysis Plan 113 

5 Assignment of Scores to Responses on the SQD-II 115 

6 Formula to calculate Factor Scores in Study 2 116 

7 Information Processing Preferences Variables in Study 1 126 

8 Assignment of Scores to Responses on the SQD-II 130 

9 Formula for Computing Factor Scores in Marsh's Model of 135 
Self-Esteem 

10 Aspects of Arithmetical Knowledge defined in the 147 
Nine-Component Solution in Study 3.1 

11 Item Fit Map 150 

12 Item Estimates (thresholds) 152 

13 Item Difficulty Estimates for Items 1 - 44 of the Screening and 154 

Diagnostic Maths Test Part A 

14 Item Profile for Sub-group 1: Most Difficult Arithmetical Problems 155 

15 Item Profile for Sub-group 2: Very Difficult Arithmetical Problems 156 

16 Item Profile for Sub-group 3: Moderately Difficult Arithmetical 157 

Problems 

17 Item Profile for Sub-group 4: Least Difficult Arithmetical Problems 158 

18 Less Difficult One-Step Open Number Sentences 161 



Vll 

FIGURE Page 

19 More Difficult One-Step Open Number Sentences 162 

20 Interaction Effect of Maths Self-Esteem and Verbal Self-Esteem 174 

21 Composition of Interview Cohort n=36 according to Levels on 186 

Information Processing Preferences 

22 Description of Stimulus Items focussing on the Multiplicative 189 
Knowledge Aspect of the Arithmetical Construct 

23 Frequency Profile of Behaviours associated with Multiplicative 202 
Knowledge for the High Simultaneous/High Successive 
Information Processing Preferences Group 

24 Frequency Profile of Behaviours associated with Multiplicative 211 

Knowledge for the High Simultaneous/Low· Successive Information 
Processing Preferences Group 

25 Frequency Profile of Behaviours associated with Multiplicative 220 
Knowledge for the Low Simultaneous/High Successive Information 
Processing Preferences Group 

26 Frequency Profile of Behaviours associated with Multiplicative 228 
Knowledge for the Low Simultaneous/Low Successive Information 
Processing Preferences Group 

27 Frequency Profiles of Behaviours associated with Multiplicative 230 
Knowledge for the Simultaneous/Successive Information 
Processing Preferences 'Comer' Groups 

28 Frequency Profiles of Behaviours associated with Multiplicative 232 
Knowledge for the nine Simultaneous/Successive Information 
Processing Preferences Group 

29 Frequency Profiles of Behaviours associated with Multiplicative 235 
Knowledge, Unprompted Comments re Difficulties and self-
reported Verbal and Maths Self-Esteem for the nine 
Simultaneous/Successive Information Processing Preferences 
Groups 

30 Frequency Profiles of Behaviours associated with Multiplicative 238 
Knowledge, Unprompted Comments re Difficulties and self-
reported Verbal and Maths Self-Esteem for the nine 
Simultaneous/Successive Information Processing Preferences 
Groups in respect to Gender 

31 Selected Unprompted Comments made by Male and Female 239 
Subjects in Study 5 

32 Proposed Model of Individual Differences in Information 252 
Processing Preferences and Academic Self-Esteem in Proceptual 
Multiplicative Knowledge in Basic Mathematics Problems 



Vlll 

ABSTRACT 

This thesis examined individual differences in cognition and affect m secondary 

school students' multiplicative knowledge structures of basic mathematics problems. The 

study was set in a metropolitan State High School in Brisbane, Queensland, Australia which 

draws students from a mix of demographic and socio-economic areas. 

Four quantitative studies examined models of cognition, affect and knowledge 

structures of basic mathematics problems and their inter-relationships. 

· The first study used Luria's 'whole brain' theory of Information Processing abilities 

or preferences. This theory describes two ways in which people input, store and analyse 

sensory data. According to Luria's model, information is processed successively (sequential 

and primarily temporal) and simultaneously ( continuous and primarily spatial.) The second 

study used Marsh's multi-dimensional model of Self-Esteem which describes academic and 

non-academic dimensions as measures of Self-Image. The academic dimensions of Maths 

and Verbal Self-Esteem can be linked directly to performance in mathematics problems. 

Basic mathematics items used in Queensland and other parts of Australia provided a measure 

of student performance on four arithmetical operations of addition, subtraction, 

multiplication and division of positive integers and non-integers. The fourth study showed 

that individual differences in Information Processing Preferences and the academic 

dimensions of Maths and Verbal Self-Esteem were related significantly to increasingly 

complex multiplicative knowledge structures in basic mathematics problems. 

A later Phase 2 qualitative study supplemented and complimented the significant 

findings of the four Phase 1 studies. This fifth study incorporated semi-structured interviews 

of 22% of the cohort. This was a selective sample drawn from Years 8 and 9 only and was 

informed by the findings of the Phase 1 quantitative results. The interviews focussed on 

individual differences of Simultaneous and Successive Information Processing Preferences 

and affect in the inter-connectedness of multiplicative knowledge structures that students use 

in solving basic mathematics problems. 



IX 

Procedural and Conceptual knowledge aspects of multiplicative structures were 

analysed within a proceptual framework described by Gray and Tall ( 1994 ). Simultaneous 

Information Processing Preferences were found to be essential in enabling connectedness of 

the more conceptual aspects of multiplicative knowledge. Successive Information 

Processing Preferences were found to be essential in enabling connectedness of the more 

procedual aspects of multiplicative knowledge inherent in algorithmic processes. An 

expanded model of Proceptual Multiplicative Knowledge proposed that flexibility, inherent 

in Simultaneous Information Processing Preferences, is the catalyst for enabling more 

complex multiplicative knowledge structures in basic mathematics problems. 

The relationship between these cognitive aspects and the academic dimension of 

Maths Self-Esteem, while generally related positively to differences in Simultaneous 

Information Processing Preferences, is not as clearly defined with idiosyncratic behaviours 

apparent in higher levels of Simultaneous Information Processing Preferences. 

This significant finding of individual differences in Information Processing 

Preferences and Maths Self-Esteem in proceptual aspects of multiplicative knowledge 

structures of basic mathematics problems provided a sound basis for further major research 

within the disciplines of psychology, mathematics and mathematics education. 
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CHAPTERl INTRODUCTION AND OVERVIEW 

Overview 

This introductory chapter has four sections. Section I. I is a brief introduction to 

the research program. Section I. 2 outlines the rationale of the research program and 

Section 1.3 describes the major research theme. Finally, the structure of the thesis is 

overviewed in Section 1.4. 

1.1 INTRODUCTION 

Assimilation of mathematics knowledge varies from individual to individual. 

This is so because of differences in cognition and affect. The aim of this research 

program was to investiga~e individual differences in cognitive activity and affect in the 

development of students' proceptual multiplicative knowledge in basic mathematics 

problems. Proceptual multiplicative knowledge is constructed from the conceptual and 

procedural aspects of mathematics knowledge based on the four basic mathematics 

operations of addition, subtraction, multiplication and division. An individual develops 

proceptual multiplicative knowledge through formal and informal learning experiences, 

especially those experiences with number and language. 

Individual differences in information processing abilities were determined 

psychometrically by test batteries constructed from an operationalisation of the 

neuropsychological model of Luria ( l 966a:, 1966b:, 1973 ). This model proposes two 

independent preferences of information processing: simultaneous and successive 

synthesis, and a third dimension of executive synthesis. It was hypothesised that these 

dimensions are employed in the processing of mathematical information:, and further, 

differences in the development of students' proceptual multiplicative knowledge in basic 

multiplication and division problems can be explained, in part, by individual differences 

in simultaneous and successive synthesis. 

A psychometric approach was also adopted in the determination of dimensions of 

self-esteem using Marsh's (1990b) model. It was hypothesised that some differences in 

secondary school students' proceptual multiplicative knowledge in basic multiplication 

and division problems can be explained by their own perceptions of their mathematical 

ability. 
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Students' responses to the Screening and Diagnostic Maths Test Part A, 

developed by Kays in the 1970s ( see Appendix 4) were analysed. It was hypothesised 

that some differences in secondary school students' performance in basic mathematics 

problems can be explained in terms of differences in flexibility inherent in multiplicative 

knowledge structures. These research interests arose from teaching experiences in 

introductory mathematics in the Technical and Further Education (TAPE) sector, 

anecdotal feedback from teachers of introductory vocational mathematics and remedial 

teachers in Secondary Schools, T AFE Colleges, and Apprenticeship Training 

organisations in Queensland, Australia. 

1.2 RATIONALE FOR THE RESEARCH PROGRAM 

In contemporary mathematics classrooms, students are encouraged to 'think 

mathematically' by using mathematical reasoning and problem solving. The positional 

shift in the presentation of mathematics from an end-product approach to that of 

understanding the processes through which problems are solved, became more apparent 

inthe 1970s. Skemp wrote in the Psychology of Learning Mathematics (1971:13): 

Some reformers try to present mathematics as a logical 
development. This approach is laudable in that it aims to show that 
mathematics is sensible and not arbitrary, but it is mistaken in two 
ways. First it confuses the logical and the psychological 
approaches. The main purpose of a logical approach is to convince 
doubters; that of a psychological one is to bring about 
understanding. Second, it gives only the end-product of 
mathematical discovery ('this is it, all you have to do is learn it'), 
and fails to bring about in the learner, those processes by which 
mathematical discoveries are made. It teaches mathematical 
thought, not mathematical thinking. 

In Australia, A National Statement on Mathematics for Australian Schools (1990) 

provided an innovative framework for curriculum development of mathematics in 

schools. The National Statement presented a number of challenges for school education 

in mathematics, one of which was the application of Skemp' s thesis. The value of 

teaching and learning approaches that foster flexibility and thoughtful application to both 

familiar and unfamiliar tasks is reflected in the following excerpts: 

Facility with certain techniques can strengthen our capacity to 
inquire and to explore unfamiliar situations involving mathematics. 
Being able to perform them reliably reduces the risk that small 
errors will prevent us from observing general patterns and 
relationships. 

(p. 13). 
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Mathematical investigations can help students to develop 
mathematical concepts and can also provide them with experience 
of some of the processes through which mathematical ideas are 
generated and tested. 

. (p. 14). 

The National Statement presented the clear message that procedures and 

techniques employed in doing mathematics are important and need to be acquired in 

order to operate efficiently. Equally important are the investigative and problem-solving 

activities that provide the experiential framework in which the development of 

mathematical concepts are facilitated and the attendant processes are exercised. This 

generalised and universal application is fundamental to mathematical thinking described 

by Skemp. 

In Queensland, an investigation into the underlying elements of student 

performance in mathematics was initiated in 1989 across population samples from 

Years 5 and 7 in primary schools and Year 9 in secondary schools. The Review and 

Evaluation Directorate, Department of Education Queensland (1991) issued the Aspects 

of Mathematics: Overall Results Assessment of Student Performance 1990 and reported 

overall performance and performance between years for three concept areas - Number, 

Spatial Relationships, and Data Handling and Chance. Each of these concept areas was 

described in terms of five bands of student perf onnance. In comparisons across years, 

student performances increased in band five (highest performance band) of Number 

characteristics, however, student performances in band four of Number characteristics 

showed a different profile: 26% of students in Year 5, 37% of students in Year 7, and 

36% of students in Year 9 (Queensland. D.o.E., 1991:33). 

Number tasks in band four require familiarity with decimal fractions to 

thousandths; an understanding of the concept of percentage including the calculation or 

estimation of percentages of given amounts; and operational facility limited to addition 

and subtraction of decimals to hundredths and multiplication of decimals to tenths 

(Queensland. D.o.E., 1991:26). Given that student performance in relation to Number 

characteristics at bands 4 and 5 account for 79% of overall performance in Year 9, this 

means that there is still 21 % of students who finish primary school perform at band 3 or 

lower. 

In the mid-1970s, the Canberra College of T AFB made one of the most 

significant contributions to researching the mathematical knowledge of Australian 

beginning T AFE students. Teaching staff, concerned with the difficulties that students 
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experienced with the application of mathematics in their trade-related courses, developed 

a mathematics test to identify beginning apprentices who were likely to need assistance 

during their studies. This test was developed further in Tasmania and was subsequently 

used in other States, including Queensland. 

In Australia, the National Vocational Mathematics Curriculum Project (1996) 

produced some ninety topics known as the National Mathematics Topics. Selected topics 

were infused into most vocational mathematics courses in the T AFE sector across 

Australia, and in some vocational mathematics subjects in the Queensland semor 

secondary school sector. The learning outcomes described in these National 

Mathematics Topics are assessed under a Competency Based Training (CBI) model. 

The CBT approach and the profile of learning approach of the Student Performance 

Standards referred to above, focus on the achievement of mathematical knowledge 

according to differing criteria. While both approaches recognise the importance of social 

aspects of mathematics education, they differ with respect to the nature of the 

measurement of acquisition of mathematical knowledge. 

Many disciplines, especially psychology, have influenced the change in focus in 

mathematics education from that of mathematical knowledge to its means of acquisition 

of that knowledge. The psychological terms of reference in this study include ability and 

self-esteem. Individual differences in these domains are investigated with respect to 

students' multiplicative knowledge structures of basic mathematics problems, and in 

particular, those problems involving non-integers. 

1.2.1 Individual Difference Models in Cognition and Self-Esteem 

The research literature on intelligence, or mental ability, reveals that there is little 

agreement among psychologists concerning a comm.on definition. Some definitions refer 

to the ability to learn, to adapt to new situations, to represent and manipulate symbols, 

and to solve problems. In the late 1800s, Pearson, Burt and Spearman extended the 

earlier work of Galton and contributed to the establishment of differential psychology as 

a major branch of psychology. This early work was further developed in psychological 

laboratories established in Europe, Asia, and North America from the 1870s. Among 

these was the laboratory established in Paris by Binet who discovered how the use of 

'complex' tasks, that were closer to what one might encounter in everyday life, could be 

used to assess mental ability (Carroll, 1978:7). 
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In Russia, there was also a research focus on mental abilities. One of the 

developers of the Soviet theory of abilities was Vygotsky, who formulated a theory of 

mental growth in which instruction guides development rather than following it. 

Vygotsky (1962: 122) described "the zone of proximal development" as the difference in 

level of difficulty between problems that one can solve alone and those one could solve 

with the help of others. Krutetskii (1976) later extended this Soviet theory· of mental 

abilities to the study of mathematical abilities. 

Another developer of the Soviet theory of abilities was Luria, Doctor of 

Education, Doctor of Medicine and Professor of Psychology at the USSR Academy of 

Medical Science in Moscow from 1945 - 1977. Luria (1966a, 1966b, 1976) developed a 

theory of brain functioning based on neuropsychological data. The Information 

Processing model proposed by Luria explains the underlying processes of cognition; of 

mental functions associated with a motive to meet an intellectual goal ( as opposed to 

mental operations that occur unconsciously and automatically). Luria's model proposes 

that different functional brain zones are responsible for two types of processing of 

afferent sensory information - successive and simultaneous syntheses, and a third 

functional brain zone is responsible for the efferent processing of (previously perceived) 

information through executive synthesis. 

Luria's functional model of information processmg contrasts with more 

traditional 'right-left' lateralisation models of brain functions. In more traditional 

models, general mental abilities, such as verbal, non-verbal, spatial, and numerical 

reasoning, are considered in direct correspondence with localised left or right brain parts; 

'verbal' mental abilities are associated with the left hemisphere and 'non-verbal' mental 

abilities are associated with the right hemisphere of the brain. Luria's model proposes 

the localisation of functional systems to physical brain components in a front-to-back 

orientation with different kinds of syntheses being considered in conjunction with 

different cognitive functions. 

According to Luria's (1973:323-340) information processing model, individual 

differences in pre-requisite skills, experiences and attitudes influence the ways people 

think, learn, and solve problems. Tasks requiring spatial synthesis, and the 

comprehension of logical-grammatical structures are considered in conjunction with the 

relative efficiency with which simultaneous processing is· used. Tasks requiring the 

processing of contextual grammatical structures or verbal syntactic relationships are 
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considered in conjunction with the relative efficiency with which successive processing 

is used. 

Luria's functional approach to arithmetical ability is derived from the 

neuro-psychological analysis of the solution of arithmetical problems which is the most 

revealing model of discursive (verbal-logical) thinking as an arithmetical problem always 

consists of the phases of: a goal, conditions, strategy, hypothesis, operations and 

comparison (Luria, 1973:335-336). As different problems have different structures, 

it is possible to arrange such structures in order of increasing complexity 

(Luria, 1973 :336-337). Luria's studies showed that subjects' practical experience played 

an important part in the discursive process in arithmetical problem solving by defining 

logical system frameworks within which the solution to the problem may be sought. 

Problems in which conditions matched subjects' reality were readily solved, however, 

subjects rejected such conditions that did not conform to their reality and were unable to 

engage in formal logical reasoning independent of content. According to 

Luria (1976:163) new content, new forms of activity, and new structures of cognitive 

functioning are introduced into the mental world of human beings through external, 

natural and social reality that mediate self-awareness and developing social awareness. 

Subsequent European research efforts, investigating the social nature of the 

knowledge learned, and the teaching process used in mathematics education, produced 

two research themes - activity theory and the realistic approach to learning. 

The activity theory developed in the Soviet Union (Christiansen and Walther, 1986; 

Hedegaard, Hakkarainen, and Engestrom, 1984; Leont'ev, 1981) focused on the 

everyday activity in people's societally and culturally mediated environment. 

The realistic approach to learning and teaching (De Corte and Verschaffel, 1986), in 

which mathematics is viewed as a human activity arising out of real situations, focussed 

on student learning through investigating problems the students themselves formulate 

(for example, Bell, 1979). 

The personality dimension of self-awareness is extremely broad. This dimension 

includes evaluative components of self-image, which are sometimes called self-concept 

or self-esteem. The way in which a person responds to situations is influenced by that 

person's mental set. This mental set results from the aggregation of beliefs about one's 

expected success or failure. This involves the judging of effort to be invested in 

activities and the relative returns on such investment to be attained through engaging in 
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differing experiences. Since the dimension of overall self-awareness is so broad and 

complex, this study sought to include the well-researched facet of self-concept in 

connection with the problem-solving literature. In a study of sixth grade elementary 

school children, Boekaerts et al. (1995), described a model of adaptable learning that 

takes account of the interaction between affective and cognitive variables in learning 

situations. Boekaerts et al. work suggested that whereas boys find the mathematical 

learning environment to be challenging and competitive, girls approached the 

mathematical learning environment in a less confident manner. Boekaerts et al. (1995) 

also suggested that under-confidence in the learning environment may cause girls to 

underestimate their mathematics ability, thus leading to gender differences in attitudes 

and beliefs about mathematics. These researchers suggested that such differences lead to 

low qualitative effort and under-enrollment of girls in mathematics-oriented educational 

programs (Eccles et al., 1985). 

Marsh's model of self-concept supports a multi-dimensional construct of 

self-concept including academic, general and non-academic components. The academic 

sub-scales include mathematics and verbal self-evaluation. These sub-scales provide 

scope for examining affective differences in students' basic mathematics knowledge 

structures. Two gender sub-scales are also included and were useful in analyses of 

affective and cognitive variables in solving basic mathematics problems. 

1.2.2 Mathematical Knowledge Structures 

The early view of mathematics, in which the importance of mathematical content 

was emphasised rather than the processes through which such content is acquired, was 

fostered by a widespread perception of mathematics as a collection of disparate 'rules' 

(Cobb, 1988; Erlwanger, 1975; Evans, 1983; Kamii, 1985). This early view continues to 

be challenged, particularly since the call by the United States, National Council of 

Teachers of Mathematics in the Curriculum and Evaluation Standards for School 

Mathematics (1989:84) for the ability to see "mathematics as an integrated whole". 

Contemporary approaches to mathematics education tend to focus on the learner as an 

active participant in constructing mathematical knowledge of concepts and procedures 

from a socio-constructivist perspective, in which the interrelatedness of qualitative and 

quantitative aspects of mathematical knowledge is recognised. 

Researchers from the fields of psychology, philosophy, mathematics, and the 

emergmg field of mathematics education have contributed to the inquiry of how 
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mathematical knowledge is acquired. In the field of psychology various definitions of 

different fonns of knowledge have been proffered, for example, Piaget ( 1978) 

distinguished between conceptual understanding and successful action; Tulving ( 1983) 

distinguished between semantic memory and episodic memory; Anderson (1983) 

distinguished between declarative and procedural knowledge. Other research focussed 

on the differences between semantics and syntax (Resnick, 1982), and between principles 

and skills, (Gelman and Gallistel, 1978). 

Current discussions of mathematics knowledge, however, tend to focus on how 

this knowledge is acquired, and the relationships between procedural and conceptual 

knowledge. For most people the first step in acquiring new mathematical notions is an 

operational conception which is dynamic, sequential and detailed, whereas the structural 

conception is static, instantaneous and integrative. This process-object approach is 

evident in the work of C. Kieran ( 1992) that described how students come to understand 

the structural aspect of algebra through a series of procedural-structural adjustments. 

C. Kieran (1992:392), distinguished between the terms of procedure and structure by 

defining procedure as arithmetic operations carried out on numbers to yield numbers, and 

is therefore computational. In contrast, structure refers to a different set of operations 

that are carried out on the algebraic expressions themselves, not on some numerical 

instantiations of those expressions. 

Siemon (1993:505) added -a metacognitive aspect to the differentiation of 

procedural and conceptual knowledge, while Sfard (1991 :4) considered that there is a 

deep ontological gap between operational (processes) and structural (objects) 

mathematical conceptions. Gray and Tall ( 1991, 1994) introduced the term procept to 

assist in describing the manner in which a process is compressed to be perceived as a 

concept. Procedures and concepts involved in the compressed process may result in 

"proceptual" thinking. Where such compression does not occur necessarily, thinking 

remains as "procedural" and_ Gray and Tall described the point of diversion between 

these two ways of thinking as the "proceptual divide". 

Although different forms of mathematical knowledge may be treated as distinct, 

they are linked in critical and mutually beneficial ways. Procedural knowledge may be 

described as consisting, broadly, of algorithms that are made up of predetermined 

sequences of actions. Internal representations, or concepts, are created when minimal 

connections are established between succeeding actions in these algorithms. 
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Procedures, like concepts are of different kinds. Algorithmic procedures are concerned 

with the manipulation of abstract, written mathematical symbols whereas other 

procedures operate on concrete objects, visual diagrams, mental images, or other entities, 

through actions or problem-solving strategies. Young children, for example, use various 

counting strategies to solve verbally presented addition and subtraction problems. 

Conceptual knowledge, on the other hand, may be described in terms of a 

connected web of knowledge in which procedural knowledge is interwoven. The way in 

which such webs are constructed is detennined by the ways in which a person construes 

situations, which in turn are influenced by such factors as past experience and prior 

knowledge. Vergnaud (1982:40) described the "conceptual field" as: 

an informal and heterogeneous set of problems, situations, concepts, 
relationships, structures, contents, and operations of thought, 
connected to one another and likely to be interwoven during the 
process of acquisition. 

The dynamics of such a conceptual field serve to confound the way in which 

pieces of knowledge are fitted together, such that the nature of internal connections 

between pieces of knowledge can only be inferred. The apparent pervasiveness of 

reorganisation (Hiebert et al., 1991; Steffe and Cobb, 1988) means that the networks of 

knowledge are constantly undergoing realignment and reconfiguration as new pieces are 

fitted with existing pieces and new relationships are made. 

Tall (2000) suggested that inter-connectedness of knowledge can be thought of in 

terms of "set-befores" and "met-befores." The "set-befores" consist of pieces of 

knowledge and beliefs that individuals bring to new learning situations. 

The "met-befores" refer to the inferred connections between these "set-befores" that are 

constructed by the individual through their own experiences. In dynamic conceptual 

schemas these terms could be extended to "met-afters" and "set-afters". "Met-afters" 

may be construed as realigned connections that are inferred from relationships resulting 

from the afferent processing of new pieces of knowledge. "Set-afters" result from 

efferent processing involving planning and intentions formed as a result of the 

reconfiguration of the conceptual· field. In basic mathematics problems conceptual 

schemas undergo constant realignment as new concepts and procedures to do with 

number and arithmetic operations are encountered. 
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1.2.3 Basic Mathematics Problems 

Arithmetic concepts consist of additive (addition and subtraction) functions and 

multiplicative (multiplication and division) functions. The word 'Arithmetic' is derived 

from the Greek arithmos, meaning 'number' and is the study of numbers under various 

operations of which the simplest are addition, subtraction, multiplication and division. 

A child's firstexposure to formal mathematics involves additive functions of adding and 

subtracting natural numbers. Multiplicative functions of multiplication and division 

(especially involving non-integers) are usually delayed in the formal schooling 

curriculum until the basic operations of addition and subtraction are mastered. 

Piaget's work (1987) showed that multiplication is an operation that requires higher

order multiplicative thinking which children construct out of their ability to think 

additively. 

One of the maJor outcomes of the Strategies and Errors in Secondary 

Mathematics (SESM) project reported by Hart (1984:82) was the need to trace many of 

the misconceptions present in British secondary school children to their genesis in earlier 

mathematical experiences. In respect to primary school mathematics for instance, 

Hart (1984:82) questioned the source of the problem as being the 'difficult' proportion 

schema. In Piagetian terms, proportion schema is considered to be at the level of 

'formal' reasoning, and Hart suggested that the lack of confidence in ratio and proportion 

may arise in the acquisition of arithmetical skills and techniques. 

From a socio-constructivist perspective, arithmetical skills and techniques are 

acquired usually in social settings, especially in schools. In studies -on semantic 

structures of one-step word problems involving multiplication or division, for example, 

Schmidt and Weiser (1995:67) considered that "basic ideas" or "semantic structures" are 

often the representations constructed by teachers or mathematics educators as to how the 

learner ought to represent certain concepts or procedures, and not those of learners. 

'Short cut' approaches to multiplication, such as treating it merely as a faster way 

of doing repeated addition, are often adopted in the second grade (Fennell, et al., 1991; 

Hoffer, et al., 1991; Nichols and Behr, 1982). Such an approach may be expedient in 

introducing young children to the multiplicative operations, however, it contributes 

nothing to foster the development of deep structures of true multiplicative thinking which 

are mandatory for dealing with multiplication and division situations involving 

non-integers. Kamii with Livingston (1994) suggested that children interpret 
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multiplicative situations additively because they can think only additively. This view 

was supported by Clark and Kamii ( 1996) through their findings that, firstly, 

multiplicative thinking is clearly distinguishable from additive thinking, and, secondly, 

that multiplicative thinking, although appearing early ( 45% of second graders), develops 

very slowly (only 49% of fifth graders are solid multiplicative thinkers). 

According to Clark and Kamii (1996:42-43) the differences m additive and 

multiplicative thinking are linked to differing levels of abstraction. In additive thinking, 

only one level of abstraction is required in the successive combination of groups, for 

example: 

3 + (3 more ones), then 6 + (3 more ones), and finally 9 + (3 more ones) yielding 

the value of 12. 

In contrast, multiplication requires thinking simultaneously about two kinds of 

relations not required in addition, for example, in the multiplicative situation of 4 x 3. 

The many-to-one correspondence between the units of one and the one unit of three is an 

abstraction at a higher level than thinking only of units of one. Concurrent with this 

thinking, is the thinking about inclusion· relationships both at the level of units of one, 

such as one is included in two, and two in three, and at the level of units of three, such 

that 1 three is included in 2 threes, 2 threes are included in 3 threes, and 3 threes are 

included in 4 threes. Inclusion relations are also represented in a higher level of 

abstraction, whereby 3 ones are included in each unit of 1 three, and 4 units of three are 

included in the product, 12. In multiplication and division situations involving integers, 

this intrinsic organisation can be reduced to additive aspects and may be treated as 

repeated addition. In multiplication and division situations involving non-integers, 

however, this intrinsic organisation must remain intact to facilitate solution. 

1.3 MAJOR RESEARCH THEME 

The major research theme that guides this thesis is: 

To what extent do individual differences of some information processing 

preferences, and some dimensions of self-esteem, account for variability in secondary 

school students' arithmetical knowledge structures in basic mathematics problems? 

Research investigating the inter-relationships between cognitive abilities, 

self-esteem and arithmetical knowledge structures in basic mathematics problems 

appears likely to provide insights that have important implications for educational 

practice. 
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1.4 STRUCTURE OF THE THESIS 

This thesis is divided into nine chapters that focus on the psychological and 

mathematics contexts and subsequent studies. The contents of chapters 2 - 9 are outlined 

below. 

Chapter 2: Psychological Context 

Some major models of cognitive functioning are overviewed; particularly the 

model of information processing which Luria derived from his neuropsychological work. 

Luria's model involves three functional units: a sub-cortical unit for arousal and 

orienting, a posterior cortical unit for information encoding and memorisation, and an 

anterior cortical unit for directing response. 

Within the socio-constructivist paradigm, the information processing approach 

provides an appropriate framework for the investigation of individual differences in 

processes that underpin mathematical problem solving behaviours. Luria considered that 

human cognitive activity and social experience are closely associated and described two 

aptitude measures of successive and simultaneous information processing that are 

distinguishable from specific knowledge bases. 

Links to achievement in mathematics and to mathematical task behaviours are 

also overviewed, particularly those aspects of affect such as self-concept of mathematics 

abilities. Some of the more prominent models for investigating construct validity in 

personality research are overviewed and Marsh's Model of Self Esteem is discussed in 

terms of its validity in measuring various aspects of self-concept. The Self Description 

Questionnaire II provides sub-scales for measuring academic self-concept including 

mathematical and verbal self-concept and was included in this study to complement the 

Luria model of information processing within a socio-constructivist approach. 

Chapter 3: Mathematics Education Context 

Contemporary views of mathematics education, focussing on mathematical 

meaning making within a constructivist paradigm are discussed. Different knowledge 

structures associated with the four basic arithmetic operations are closely interrelated 

with certain basic concepts of number, including place value and grouping, as well as 

algorithms or rules of procedure. The operations of multiplication and division, in 

particular, illustrate the complexity of number knowledge and the vicarious applications 

in real life problem situations. The roles of information processing and affect in 
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mathematical thinking are discussed and current theoretical frameworks of multiplicative 

knowledge structures are reviewed. 

Chapter 4: Research Design 

Questions raised from the literature are reviewed. The research methodology is 

presented. The instrumentation used to measure individual differences in information 

processing and self-esteem, and responses in basic mathematics problems is described, as 

well as the research cohort and the protocol followed in conducting the research. 

The design is evaluated using a framework of validity and reliability. Explicit mention is 

made of strategies used to address threats to validity and reliability. 

Chapter 5: Studies of Individual Differences in Information Processing 
Preferences, Self-Esteem and Arithmetical Knowledge Structures 

Three studies are presented in this chapter. The first is a confirmatory study using 

principal components analysis to examine Luria's model of information processing 

preferences. The second study focuses on Marsh's multi-dimensional model of 

self-esteem. The validated models of information processing and self-esteem provided 

useful theoretical frameworks for interpreting individual differences in cognition and 

affect. The third study evaluates a Rasch model Item Response Theory (IRT) analysis to 

describe the Arithmetical Construct in basic mathematics problems. Sub-groups of case 

estimates were analysed within a framework of arithmetical knowledge. 

Chapter 6: Relationships in Information Processing Preferences, Academic 
Dimensions of Self-Esteem, School Year Groups, Gender and Student 
Performance in the Arithmetical Construct 

Multivariate analyses of variance (MANOV A) was used in a fourth study to 

examine the relationships of differences in Information Processing Preferences, academic 

dimensions of Self-esteem and student performance in the Arithmetical Construct in 

basic mathematics problems. Issues arising from the four quantitative Phase 1 studies are 

identified. These issues form the basis for qualitative analyses in the Phase 2 study. 

Chapter 7: Phase 2 Qualitative Study Design and Analyses 

Further research hypotheses and associated research questions derived from the 

issues arising from the findings of the four Phase 1 studies are discussed. The research 

methodology and the instrumentation used to measure students' responses to basic 

multiplicative problems involving non-integers is described. This second phase of the 

research design is evaluated within a framework of validity and ethical considerations. 
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Chapter 8: Individual Differences in Cognition and Affect in Behaviours which 
reflect Multiplicative Knowledge in Basic Mathematical Problems 

Stimulus items of basic multiplication and division problems involving integer 

and non-integer operands were derived from the findings of Study 3 and the literature. 

These items were presented to individual students in closed interviews. An analysis of 

the transcripts of the student interviews is presented and variations in observed 

behaviours are discussed. 

Chapter 9: Review and Conclusion 

The findings of research Phases 1 and 2 are reviewed and the limitations on the 

generalisation of the conclusions are discussed. Major theoretical implications arising 

from the findings are discussed and a description of individual differences of cognition 

and affect in Proceptual Multiplicative Knowledge in basic mathematics problems is 

proposed. This proposed description extends Gray and Tall's (1997) notion of proceptual 

knowledge. The chapter concludes with a discussion of the implications of the findings 

for mathematics education and possible further research directions. 

Summary 

This introductory chapter provides a rationale for the research program. 

The literature gives ample support for further investigation of individual differences in 

cognitive abilities, self-esteem, and arithmetical knowledge structures in basic 

mathematics problems. Such investigation may foster better understanding of the ways 

in which these variables interrelate in solving basic mathematics problems and provide 

further insights for mathematics education. 
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CHAPTER2 PSYCHOLOGICAL CONTEXT 

Overview 

This chapter presents the psychological context for the study. Section 2.1 

introduces the psychometric and the experimental approaches to research in psychology. 

Section 2.2 overviews some approaches to describing intelligence, or mental abilities, and 

various models of mental abilities within the psychometric and experimental psychology 

approaches. Section 2.3 describes Luria's Model of Information Processing Abilities. 

Section 2.4 discusses the relationships between some aspects of general mental abilities 

used in mathematical problem solving and Luria's model of Information Processing 

Abilities. Self-Esteem as a measure of self-image or self-concept is discussed in 

Section 2.5, and focuses on some aspects of differentiation between the two constructs of 

self-esteem and self-image or -self-concept. Selections of the more prominent models for 

investigating construct validity in personality research are overviewed in Section 2. 6. 

Finally, the construct validation of three multi-dimensional measures of self-concept, with 

a particular focus on Marsh's model of self-concept, is discussed in Section 2. 7. 

2.1 INTRODUCTION 

Despite the considerable attention to intelligence or mental ability and its testing, 

the relatively simple question "What is intelligence?" remains unanswered. Perhaps the 

most often agreed operational definition is that Intelligence is what the intelligence tests 

measure. Early research into intelligence focused on the measuring of intelligence rather 

than on defining what it is, and led to the development and refinement of tests that were 

limited by the inadequacies of the underlying theory. Amongst the various approaches to 

the study of mental ability, the psychometric approach and the experimental psychology 

approach appear to represent the major research thrusts. Some models of intelligence or 

mental ability within the more traditional psychometric approach, and within the 

experimental psychology approach, which includes various information processing 

models is discussed in Section 2.2. 

The Luria model of Information Processing has guided a number of studies to 

investigate information-processing functions in relation to academic performance in 

populations across abilities, and in various school populations. Luria's 'whole brain' 

functional model of Information Processing is compared with a selection of other models 

of cognition, particularly those based on a more traditional, 'right-left' lateralisation 

approach to brain functioning. Further discussion focuses on: aspects of general mental 
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abilities such as verbal and non-verbal reasoning abilities in relation to Luria's functional 

model of Information Processing of simultaneous and successive processing and 

executive synthesis~ the role of 'quasi-spatial' syntheses in Luria's model with respect to 

mathematical operations and the comprehension of arithmetic word problems~ and the 

role of social interaction in arithmetical reasoning processes. 

In contrast to information processing, the concept of self-esteem is not defined 

uniquely in the literature. Hattie ( 1992: 117) described self-concept as both a structure 

and structure/process. For some people, the self-concept dominates their processes and 

actions through its defined structure and set of beliefs, while for others, the self-concept 

mediates and regulates behaviour in various social settings through a set of beliefs that are 

hierarchical, multifaceted and latent. 

A major weakness in early self-concept research appears to have been the 

development of instruments without adequate consideration of the psychometric 

properties. Campbell and Fiske (1959) proposed a multitrait-multimethod (MTMM) 

model whereby each of a set of multiple traits is assessed with each of a set of multiple 

methods of assessment. Variations of this model are overviewed, and the construct 

validation procedures associated with some measures of self-esteem, particularly that of 

Marsh, are discussed. 

2.2 OVERVIEW OF SOME APPROACHES TO DESCRIBING MENTAL 
ABILITIES 

2.2.1 Psychometric Approach 

The psychometric approach is based on the assumption that human beings are 

endowed with a set of traits or factors, that there are individual differences along each 

factor, and that individual differences in these factors are related to differences in 

intellectual performance. Thus, performance on a test of 'general intelligence' or some 

other mental ability such as verbal, quantitative, or spatial ability is mediated by a set of 

underlying factors or traits. 

In the late 1800s, researchers such as the Englishman Galton took an 

anthropometric approach in analyses of individual differences in mental ability by 

hypothesising that differences in many smaller, basic processes, such as response time 

and sensory acuity, gave rise to differences in general performance. Galton administered 

a battery of 17 tests to 933 7 people across family groups, and found that although there 

were large individual differences among people, differences in many mental abilities 

seemed to be normally distributed, and concluded from these findings that intelligence 

Chapter 2 - page 16 



was an inherited general mental ability. In the early 1900s in Paris, Binet found that the 

basic tasks used by Galton were not related to school success, and decided instead to 

observe what an average child could do at each age level. Stem, a German psychologist, 

extended Binet's work to develop the intelligence quotient or IQ score derived from 

dividing the mental age by the chronological age and the result multiplied by 100. 

In 1916, the first version of the Stanford-Binet test was developed and subsequently 

revised and standardised on a large group of students (Terman and Merrill: 1937, 1960). 

This revised version of the Stanford-Binet test adopted the deviation IQ that eliminated 

age discrepancies by accounting for the variability of test scores at different ages. As the 

test was standardised on American-born white children, however, it did not account for 

different cultural backgrounds, and only represented scores relative to the norm of the 

standardised sample of American-born white children. 

The Wechsler Adult Intelligence Scale (WAIS) was the first widely used test to 

incorporate several measures of intelligence. The WISC was revised by Wechsler 

(1955/1974) on the basis of the 1970 census to make it more representative of the U.S. 

population at that time, and renamed the Wechsler Intelligence Scale for Children -

Revised (WISC-R) which was used in a number of Australian schools. These scales were 

most often used in clinical or counseling situations as the open-ended questions included 

in the tests allow for individual expression, and the clinician has the opportunity to 

observe other major aspects of performance such as motivation, persistence, or 

maladaptive behaviours (Lindzey et al., 1978:358). 

Other researchers were also engaged in the quest for defining intelligence. 

Spearman ( 1927) emphasised the variance shared by all intellectual tasks and proposed a 

"two-factor theory" of intelligence. A general ability factor, g was the common factor 

underpinning a wide range of tasks, as well as many smaller specific factors s, that come 

to influence performance on any given test. Spearman's theory, although taking a 

predominately unitary perspective to intelligence through its focus on the g factor, in 

emphasising the combination of g with various s factors, produced a model of cognition 

that implied the multi-facetedness of intelligence. Vernon (1964, 1969) extended 

Spearman's theory by proposing that g be divided into two major groups, v:ed (verbal

educational) and k:m (spatial-mechanical), then dividing each of these groups further into 

minor group factors, for example, v:ed into creative abilities, and reading, spelling, and 

linguistic abilities, and k:m into psychomotor and physical abilities and mechanical 

information. Vernon proposed that the greatest proportion of individual differences in 
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test performance ( and educational achievement) is accounted for by the g factor, and that 

the two major group factors, v:ed ano k:m also explain a proportion of individual 

differences. Earlier, Thurstone (1938), had modified the statistical techniques used by 

Spearman and extended the g factor to seven factors which he termed "primary mental 

abilities'': V verbal, S spatial, W word fluency, N numerical, P perceptual speed, M rote 

memory, and I inductive reasoning. 

Whereas Spearman's two-factor theory accounts for the fact that the mental tests 

generally show positive intercorrelations with one another, Thurstone's group-factor 

theory accounts for the fact that these correlations are somewhat higher among tests that, 

at least prima face, seem to measure a particular facet of intelligence. The differences 

between the models proposed by Spearman and Thurstone, however, appear to be related 

more to the variations in technique and associated statistical analysis than to varying 

psychological paradigms as expressed by Sternberg (1984b: 142) who considered the 

differences as being "in the emphases they placed on higher-order versus lower-order 

factors, Spearman emphasising the former, Thurstone the latter". 

In contrast to Spearman and Thurstone, Guilford (1967) adopted a "structure of 

the intellect" approach, suggesting that any mental ability could be classified in terms of 

three dimensions: ( 1) Operation - such as evaluation, convergent production, divergent 

production, memory and cognition; (2) Product - such as units, classes, relations, 

systems, transfonnations, and implications; and, (3) Content - such as figural, symbolic, 

semantic, and behavioural. Through previous factor analysis, Guilford (1956) had found 

at least forty factors, however the theoretical schema proposed by Guildford (1967) 

predicted that eventually 120 factors would be found through the resulting matrix of 

5 x 6 x 4 mental abilities, corresponding to each possible combination of elements within 

the three categories (Mayer, 1983:308). A subsequent revision of Guilford's 

morphological structure-of-intellect model suggested 180 possible permutations of first 

order abilities (Woodley, 1993:40). Guilford (1967:9) considered that the tests Wechsler 

selected served to reinforce the notion of intelligence as a unitary construct as they 

correlated better with the composite score. Guildford's theory, in contrast, is essentially a 

sampling theory in that positive correlations between mental-tests are accounted for by 

assuming that any single mental-ability test usually contains items which overlap with 

items from another mental-ability test - each test contains. samples from overlapping 

domains of abilities (Krech et al., 1982:334). 
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Eysenck (1979) also proposed a cube structure-of-intellect model of intelligence. 

Eysenck's model has three modalities: mental processes (reasoning, memory, perception); 

test material (verbal, numerical, spatial); and quality (mental speed, error testing, 

persistence). Eysenck (1979:181) was critical of the models proposed by Thurstone and 

Guilford, and suggested that differences between the measures used by these two 

researchers were more to do with specific content, and that Guilford had wrongly 

identified dimensionality of test content with the dimensionality of human ability. 

In terms of his contributions to the heredity-environment controversy, Eysenck is most 

noted for emphasising the role of genetic influences on intellectual ability, being 

particularly high for measured IQ, and to a lesser extent for educational achievement. 

The effect of environmental influences such as combined features of home background 

and general social advantage was also noted by Eysenck to be a consistent finding 

throughout the studies. 

Another hierarchical group factor model as described by Vernon (1969) is that 

proposed by Cattell (1963, 1966, 1971) of a two-component model of general 

intelligence: Fluid intelligence (G1) and Crystallised intelligence (Ge). Cattell's model 

represents a significant contribution to the psychometric paradigm in that it suggests that 

G1 and Ge are qualitatively different intellectual processes rather than innate abilities, and 

that these processes are related to cultural experience. Fluid intelligence involves a 

capacity for insight into complex relations that is independent of sensory mode or cultural 

content in which the intelligence is expressed, and is neurologically determined. 

Crystallised intelligence results from the use of fluid intelligence, and is displayed in the 

ability to express judgments that have been previously taught and become "crystallised". 

Culturally conditioned acquisitions such as social information, common factual data, and 

school skills combine to make up crystallised intelligence. Most IQ tests discussed 

previously measure both types of intelligence, however in Cattell' s model, Ge is more 

closely aligned with such culture-bound tests. 

According to Cattell's model, fluid intelligence declines steadily after age 15, 

while crystallised intelligence increases slowly with age. Because the former declines 

more rapidly than the latter increases, most people lose IQ points as they grow older 

(Lindzey et al., 1978:77). Both Cattell (1966) and Vernon (1969) observed the 

similarities between Vernon's v:ed/k:m model and Cattell's G1 !Ge model, as did others 

such as Horn (1968) and Humphreys (1967). 

Chapter 2 - page 19 -



A further contribution to the diversity within the psychometric tradition is that of 

Gardner's (1983) model of domain-specific competencies; linguistic intelligence, musical 

intelligence, logical-mathematical intelligence, spatial intelligence, bodily-kinaesthetic 

intelligence, and two aspects of personal intelligence, intrapersonal and interpersonal. 

Perkins (1988:21), in commenting on Gardner's theory of competencies relative to 

current consensus, concluded: 

overwhelmingly that there are individual trajectories in different 
domains, strongly influenced by the structure of knowledge in the 
domain. 

As the differentiation of knowledge bases is the central tenant of Gardner's model 

of domain-specific competencies, the model is essentially socially-constructed, and in 

common with those models that emphasise the role of knowledge, is culturally biased. 

The psychometric approach is a valuable approach in that it provides ample 

evidence · that differences in intellectual performance among humans can be measured 

systematically. The various tests that have been developed within this tradition include 

increasingly better attempts to provide maximum predictive power with respect to 

educational achievement. With its focus on task outcomes, however, the psychometric 

approach does not distinguish adequately, the differences in internal cognitive 

characteristics between someone who scores high in 'verbal ability' or 'analogical 

reasoning' and someone who scores low on the same tests. 

2.2.2 Experimental Psychology Approach 

As cognitive psychology developed, particularly within the last three decades, 

there was increased interest in analysing, experimentally, the particular mental processes 

involved in handling the tasks used in mental tests. Within the experimental psychology 

tradition, information processing models focus on the understanding of mental processes 

underlying cognitive task performance, rather than prediction of task outcomes. 

As well as cognitive psychology, contributions to the information processing 

paradigm include those from neurophysiology, computer science, epistemology, 

mathematical information theory, electronic modelling, genetics, and other branches of 

knowledge (Travers, 1984 ). The shift from an essentially knowledge-based dominance, 

evident in the psychometric models, to an essentially process-based dominance in 

information processing models, allows for differences in individuals' preferences for the 

ways they decode, encode, process, store and retrieve information to be emphasised. 

These preferences are commonly referred to as an individual's cognitive style. 
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Paivio ( 1971, 1976) proposed a model of information processing in which dual 

modes of information processing, imaginal and verbal, were interconnected. 

Paivio ( 1971) theorised that visual and verbal events were held in different mental stores, 

and considered that the relative involvement of these two modes was contingent upon the 

nature· of the task. Paivio (1971) suggested that visual imagery involves receiving, 

processing and transmitting information simultaneously in a spatial array, and considers 

verbal imagery to be a sequential processing system. Research by Kosslyn (1983), 

Kosslyn and Pomerantz (1977), rv'letzler and Shepherd (1974), and Shepard (1982) 

supported Paivio' s model of dual coding in findings that mental imagery exists as a 

separate modality. Critics of this model include Anderson and Bower (1973) and 

Pylyshyn (1973, 1981) who regarded imagery as being encoded in a propositional format 

similar to the format used for verbal information, and therefore challenge the notion of 

imagery as a separate mode of information processing. 

In another hierarchical information-processing model, Jenson (1973a, 1973b) 

proposed two orthogonal dimensions of mental ability at two levels. Jenson considered 

that these different levels reflect relative processing efficiency of the neurological system: 

level I abilities underpin tasks which require little cognitive processing or transformation 

such as associative learning and serial memory, and level 2 abilities that underpin tasks 

involving transformation of stimuli for reasoning and abstraction. Level 1 abilities 

occupy the top rank in Jensen's hierarchy while Level 2 abilities occupy a lower rank. 

The number of transformations that must occur between stimulus input and appropriate 

response distinguishes these two levels of ability. 

The most prominent of the theories in the experimental psychology approach 

include the Cognitive Correlates and Cognitive Components Theories. Pellegrino and 

Glaser (1979) considered that the relation of complex abilities to basic cognitive tasks to 

be the search for cognitive correlates. This approach is also reflected in work comparing 

the performance of individuals of higi1i and low verbal ability on a range of simple tasks 

including letter matching and retention of order in short-term memory (for example, 

Hunt, Frost and Lunneborg, 1973; Hunt, Lunneborg and Lewis, 1975; Hunt, 1978). 

Hunt ( 1978) also looked at the relationship between intelligence and short-term memory 

tasks, such as digit span, by seeking to establish whether short-term memory span was a 

structural attribute of the task, or if the task itself reflected how much of attentional 

resources was available for the memory task and for more complex verbal problem 

solving skills. 
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Sternberg ( 1977) is credited with launching the Cognitive Components Theory, 

which attempts to describe what ability is actually being measured. Sternberg used the 

term 'componential theory' in which he attempted to give precise definitions of 

component processes in various tasks, for example, encoding, inference, mapping, 

application, and preparation response in tasks involving solving analogies. In the early 

stages of development, Sternberg's theory was criticised because it did not emphasise the 

role of planning and decision making in problem solvers. In response to this criticism, 

Sternberg subsequently revised his theory to include metacomponents. These 

metacomponents supply the strategic techniques that allow the components ( automatic 

information-processing procedures) that are related to intelligence, to carry out their 

functions. Sternberg (1983a, 1985a) proposed a triarchic model of intelligence, 

( contextual, experimental and componential) containing three mechanisms of intelligent 

functioning: metacomponents, or executive processes, such as deciding on the nature of 

the problem and selecting a strategy for solving the problem; performance components, or 

non-executive processes, used in actually executing a problem-solving strategy; and 

knowledge-acquisition components, or the processes used to acquire new information). 

Sternberg (1983b:29) suggested that: 

Intelligence is not so much a person's ability to think within 
conceptual systems that the person has already become familiar 
with, as it is his or her ability to learn to think within new conceptual 
systems. 

Researchers in problem solving expertise, however, drew attention to the crucial 

role that domain-specific knowledge and processes play (for example, Chi, Glaser, and 

Farr, 1988; Ericsson and Smith, 1991; Smith, 1991; Sternberg and Frensch, 1991). 

Despite a lack of convergence to a common model, the conclusions drawn from 

the "componential analyses" within the experimental psychology tradition, nonetheless, 

appear to share much in common with psychometrically-based research. The major 

components of reasoning tasks such as encoding, inference and application correspond to 

Spearman's (1923) three components of: the apprehension of experience (the perception 

and mental representation of given information), the eduction of relations 

( the identification of categorisation or transformation rules), and the eduction of correlates 

(the use of such rules to create or choose further instances). 
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2.3 LURIA'S INFORMATION PROCESSING MODEL 

2.3.1 Description of Luria's Model 

The neurology inherent m Luria's model of Information Processing is 

underpinned by three principles, which are encapsulated in the notion of functional 

organisation of cognitive processes. 

Firstly, brain functioning is the responsibility of three distinctive functional units, 

which have macro rather than micro anatomical localisation. 

Secondly, any particular mental activity involves contributions from all three 

units. This second principle is explained by the extensive interconnections of neurons 

within and between these units (Luria:, 1970), and highlights the multiple functional role 

or 'pluripotentiality' of each area of the brain described by Golden ( 1987). 

Thirdly, the hierarchical nature of such cerebral organisation allows information to 

be increasingly abstracted as functional units within the cortex progressively process it. 

Luria (1973) described the three functional blocks or systems: the subcorticat the 

posterior cortical and the anterior cortical as units responsible for regulating tone or 

waking; obtaining, processing and storing information; and programming, regulating and 

verifying mental activity, respectively. 

The first functional unit is closely associated with the reticular formation of the 

brain and is a factor in determining the level of alertness or wakefulness. When excitation 

spreads across the non-specific net of connected nerve cells, the impulses that terminate in 

higher nervous structures form the ascending reticular system. The descending reticular 

system however, allows the higher nervous structures of the neocortex and archicortex, 

caudate body:, and thalamic nuclei to subordinate the lower structures of the 

mesencephalon, hypothalamus and brain stem. The neuronal responses of the subcortical 

block are typically gradated, thus serving to regulate brain "tone" or conscious activity 

and arousal levels, and the initial response to stimuli. The first functional unit, while 

forming the hierarchical base is also influenced by other areas of the cortex "being 

regulated and modified by changes taking place in the cortex and adapting itself readily to 

the environmental conditions .... " (Luria, 1973:46). 

Chapter 2 - page 23 



The second functional unit involving the general sensory (parietal), sensory 

(occipital), and auditory (temporal) lobes of the posterior cortex, has the specific function 

of information processing, i.e., the input, storage and analysis of sensory data. This 

second block is hierarchically partitioned into three zones: 

(1) a primary zone (projection) that sorts and records the sensory information; 

(2) a secondary zone (projection and association) that organises the information 

further and codes it; and 

(3) a tertiary zone where the data from different sources overlap and are combined 

to lay the groundwork for the organisation ofbehavi_our (Luria, 1970:67). 

It is in this second functional unit where Luria's (1973:79) principle of 

"diminishing modal specificity and increasing functional lateralisation" is particularly 

evident. Although each lobe in this unit has primary and secondary zones, which retain 

specific modalities, for example, visual information in the occipital lobe, and auditory 

information in the temporal lobe, cells of a multimodal character are also present. 

Whereas the histological structure of the first functional unit consists of a continuous 

nerve net, the histological structure of the second functional unit consists of isolated 

neurons. These isolated neurons receive discrete impulses and relay them to other groups 

of neurons. A small proportion of the total neuronal composition of the primary cortical 

areas are composed of multimodal cells, however, in the secondary ( or gnostic) cortical 

areas the proportion of modally-specific cells diminishes, enabling incoming excitation to 

be combined into the necessary functional patterns (Luria, 1973 :69). The tertiary zones 

of the second functional unit of the brain are responsible for the supramodal function of 

the integration of several analysers and play an essential role in the conversion of concrete 

perception into abstract thinking and for the memorising of organised experience 

(Luria, 1973:74). 

The functional organisation of the second unit of the brain may be summarised as 

three basic laws described by Luria (1973:74-77) as: 

• the law of the hierarchical structure of the cortical zones; 

• the law of diminishing specificity of these hierarchically arranged cortical 

zones;and 

• progressive lateralisation of functions, implying that functions are 

progressively transferred from the primary cortical areas to the secondary, and 

ultimately, to the tertiary areas. 
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The law of progressive lateralisation of functions governs not only the second 

functional brain unit, but also the whole cortex. The primary cortical areas of both 

cerebral hemispheres have identical roles in the projection of contra.lateral receptor 

surfaces and at this level neither hemisphere is dominant. The principal of lateralisation 

of higher functions in the cerebral cortex however, applies in the transition to the 

secondary and tertiary zones where the relative dominance of hemispheres becomes more 

observable, for example, the left hemisphere (in right-handed persons) is dominant and 

the right hemisphere remains subdominant. The importance of the extent to which the left 

hemisphere dominates the right hemisphere comes in to play particularly with the cerebral 

organisation of speech and associated higher cognitive activities - perception organised 

into logical schemes, active verbal memory and logical thought. The role of the right 

(non-dominant) hemisphere in the cerebral organisation of these processes either becomes 

subordinate or non-existent (Luria, 1973:78). 

The third functional unit includes the anterior cortical unit, and in contrast with 

the second block, is responsible for efferent infonnation processing, i.e., the formation of 

intentions - planning, regulating and verifying mental activity for controlling behaviour. 

The hierarchical organisation of this unit is unique in that it is descendent rather than 

ascendant, as is the case in the other two functional units. The tertiary zones of this unit 

function in an executive manner in that they inform the secondary zones which organise 

motor activity, and which in tum inform the primary zones which are responsible for the 

generating of motor activity. 

The different roles of the three functional brain units may be described in terms of 

the different processes that are employed when an individual is engaged in a learning 

situation. The first unit is responsible for arousal to meet the demands of the task 

( cortical tone); the second unit for receiving the input, coding, processing and storing 

(analysis and synthesis of incoming information); and the third unit for planning the 

problem solving strategies to execute and control the actions thus formulated ( controlled 

searching). All three functional units of the brain must work in concert to facilitate 

perception, and it is only by studying the interactions of these brain units that an insight 

into the nature of the cerebral mechanisms of mental activity may be obtained 

(Luria, 1973: 101 ). The role of the second functional brain unit is of particular interest in 

this study as it is this functional unit that is involved directly with the dynamics of 

processing of efferent and afferent information. The processes associated with the second 

functional unit of the brain described by Luria are discussed in the following paragraphs. 
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2.3.2 Simultaneous and Successive Information Processing 

According to Luria (1973:68) the integration of component elements into 

"dynamic functional structures" within the second functional unit of the brain occurs 

according to two basic forms of integrative activity; individual stimuli is organised into 

either "simultaneous and primarily spatial groups," or into ''temporally organised, 

successive series" (Luria, 1966a:74). Luria (1966a, 1973) examined the impact of local 

brain lesions on cognitive functioning and used the method of "syndrome analysis" 

(Luria, 1973:38) to show the relationship between areas of the cerebral cortex and specific 

psychological functions. 

Luria observed that damage from lesions in the parietal-occipital regions of the 

brain manifested itself in such disparate forms of impairment as difficulty in following a 

map, telling the time from the position of hands on an analog clock, carrying out 

arithmetical calculations, and understanding various grammatical structures incorporating 

logical relationships. According to Luria, the common factor in these tasks is the spatial 

or quasi-spatial factor. Luria's concept of "quasi-spatial" synthesis encompasses various 

forms of arithmetical and verbal structures, and may be contrasted with a more traditional 

classification, which is based on symbolic content, verbal/non-verbal. 

Luria's model focusses on two different principles in the organisation of verbal 

meaning. Words are organised into linked series to form sentences, and, as such, the 

syntagmatic relationships between those words have primacy in a developmental sense. 

Luria's argument that the predicative function of speech develops out of action is based 

on such observations as, when asked to form associations to familiar nouns, young 

children will respond with verbs (i.e., dog - barks) rather than responding with words of a 

similar class (for example, dog - cat). The classification of words into conceptually 

similar groupings, however, is based on the principles of opposition and substitution, and 

as such is a paradigmatic organisation. Luria (1982) identified the posterior regions of the 

left hemisphere as the location for the mastery of the paradigmatic structures of language, 

and in particular described problems to do with the naming of objects in patients who had 

lesions in the parietal zones. It seemed to Luria that there was a defect in the visual 

representation of the object, which impeded the naming process, thus providing a link 

between this symptom and a patient's overall spatial difficulties. 

The importance of the distinction between Luria's two principles of organisation 

approach has to do with its application to the multiple levels of cognitive activity, which 

he described: perceptual, mnestic and intellectual. The simultaneous synthesis of 
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information involves the organisation of successively perceived elements into a 

simultaneously surveyable whole. Simultaneous synthesis is associated with the occipital 

and parietal lobes of the brain, and is related to spatial information, visual imagery and 

certain high level logical processes. Failure to form simultaneous structures can be 

manifested at different levels of cognitive activity. The tasks of finding directions or 

telling the time, for example, depend on the ability to structure spatial information about 

surroundings into an adequate system of co-ordinates. The tasks of map reading, drawing 

of letters, or the reproduction or reversing of geometric figures however, depend upon the 

organisation of spatial relationships. 

The successive synthesis of information involves the synthesis of temporally 

related information and as such is not surveyable as a whole. "Each link integrated into a 

series can evoke only a particular chain of successive links following each other in serial 

order" (Luria, 1966a:77). As information is available only in a linear fashion, meaning is 

only possible when the sequence is complete. Luria classified tasks as examples of 

successive processing to include: repeating rhythm patterns; reproducing sequences of 

words, numerals or pictures; certain simple close processes; recoding of internal speech 

for self expression; and following verbal instructions. In these tasks there is no intrinsic 

relationship readily apparent among the individual elements; the reproduction of such 

sequences relies on a person's mnestic (memory) capacity. 

Successive synthesis is associated with the frontal and temporal lobes of the brain, 

and damage to the frontal and fronto-temporal anterior regions cause disturbance to 

successive processing abilities, and not to simultaneous processing (Luria, 1966a ). 

Such patients have difficulty with reproducing sequences of words, numbers, symbols or 

rhythms. Luria's ( 1966a) examinations showed that disruptions to successive processing 

did not occur across the whole area of motor, mnestic, linguistic and intellectual activity. 

In those patients with bilateral lesions of the left hemisphere of the brain however, it was 

observed that successively perceived stimuli could not be converted to simultaneously 

perceived structures. 

Luria ( 1966a) reported the diagnoses of patients, with lesions to the occ1p10-

parietal area, who could recognise individual words or figures, but had difficulty with 

tasks such as: 

drawing a triangle below a circle and a triangle to the right of a cross 

(ancf) 
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constructions . . . with an attributive gemttve case (. . . the dog's 
master, or the master's dog). Before such expressions can be 
understood, the logical synthesis of the elements into an integral 
whole is required 

(Luria 1966a:156-157). 

In support of Luria's proposition that the tertiary zones of the posterior cortical 

region of the brain play an essential role in the conversion of concrete perception into 

abstract thinking, Golden (1987:101) noted that 

the tertiary areas of the second unit, located primarily in the parietal 
lobe of the two hemispheres, are responsible for cross-modal 
integration and simultaneous ( as opposed to sequential) analysis of 
input from the sensory modalities. 

Further, Luria (1973: 73-74) posited that "the principle role of these zones in ... is 

the conversion of successive stimuli into simultaneously processed groups". Thus, since 

simultaneous synthesis is the predominant process of the tertiary zones, it appears that it 

is a more dominant functioning than successive synthesis. 

2.3.3 Executive Synthesis 

The particularly high density of the connections of the frontal lobes within the 

anterior cortical unit, the third functional block identified by Luria, allows this block: 

to play a decisive role in the formation of intention and programs, 
and in the regulation and verification of the most complex forms of 
human behaviour. 

(Luria, 1973:84). 

The elements of this supramodal functionality of the third brain unit is also referred to by 

Golden (1987:101) as: 

The major tasks of this area are planning, evaluation, temporal 
continuity, impulse and emotional control, focussing of attention, 
and flexibility. 

The importance of the functioning of the third block becomes paramount in planning 

activities when an individual uses planning processes (Naglieri, 1989: 198): 

to analyse a task, develop a means of solving the problem, evaluate 
the effectiveness of the solution, modify the plan as needed, and 
demonstrate some efficient and systematic approach to problem
solving. 

In contrast to the first unit and the primary zones of the second and third 

functional units, which are fully operational in the infant brain, the secondary and tertiary 

zones of the second and third units develop later in childhood. The tertiary zone of the 

third unit completes its neurophysiologial development around the age of 10 - 12 years. 
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According to Golden (1987103), however, the subsequent neurophysiological 

maturation of the secondary and tertiary zones of the second and third units: 

serves only as a potential basis for the emergence of skills mediated 
by [ environmental experience]. Without the appropriate experience, 
the abilities will not develop 

This view emphasises the great importance of learning in determining behaviour 

according to Luria's description of brain functioning. It extends the argument proposed 

by Das (1980) that in Luria's model, planning abilities were superordinate to 'coding' 

abilities (simultaneous and successive processing) and were susceptible to the influence 

of social experience. 

With regard to simultaneous synthesis associated with the second brain unit, 

Crawford's (1986) findings suggested that social experience effect the simultaneous 

processing ability of primary school aged children. The functioning of the tertiary zones 

of the second brain unit uses declarative or conceptual knowledge, gained through past 

experience, to guide the simultaneous processing of new afferent information. Thus, the 

construction of new knowledge, in Piagetian terms, through the processes of assimilation 

and accommodation, is affected by the relative neurophysiological maturation of the 

different functional blocks of the brain. The functioning of the third block, therefore is 

consequently affected by social experiences through the progressive processing of 

information in the second brain unit. The efferent information processing carried out in 

the third functional block, i.e., the formation of intentions and programs for behaviour, in 

conjunction with the simultaneous processing of new afferent information mediated by 

social experience, may manifest in different problem-solving behaviours in children and 

young adults. Further, the differing rates of neurophysiological maturation of these brain 

zones, particularly of the second functional unit, suggest that children and young adults, 

and indeed older people who display similar behaviours, for example, obtaining a similar 

test score, may do so as a consequence of the use of different information-processing 

strategies. 

Naglieri and Das (1988) suggested that an individual's 'choice' of processes or 

preferred strategy depends on: the demands of the task; the person's habitual mode of 

solving that type of problem; the person's competence in each type of process; and, the 

person's knowledge base. These views further highlight the importance of some planning 

function in the selection process of effective strategies to manage efficiently the many 

facets of cognitive activity. 
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2.3.4 Comparison with Other Models of Cognition 

Luria's model of Information Processing is based on the physiological hypotheses 

of the localisation of proposed functional systems to physical brain components in a front 

to back orientation. This orientation is often compared with the more traditional concept 

of 'right-left' lateralisation. According to the lateralisation approach to cognition, 

abilities and roles of 'verbal-sequential' are traditionally assigned to the left hemisphere, 

and "non-verbal-spatial' to the right hemisphere. In cross-cultural studies, for example, 

· Torrance and Sato (1979) presented evidence that the culture in which one is educated 

influences the way one's brain processes information or style of learning and thinking. 

Torrance and Sato (1979) used the questionnaire Your Styles of Learning and Thinking, 

Form A, (SOLAT) developed by Torrance et al. (1978) and found many differences in the 

style oflearning and thinking of Japanese and U.S.A. college students. 

The SO LAT is a 36-item self report multiple choice questionnaire which provides 

scores for functions that are proposed to be associated with the right and left cerebral 

hemispheres and for integrated functioning. Verbal modes of learning, planning, and 

precision are considered to be left hemisphere functions; intuitive and creative thinking 

are right brain functions (Torrance and Sato, 1979). Soliman and Torrance (1986) in a 

study of Japanese, Kuwaiti and United States college students' styles of learning and 

thinking as measured by the SOLAT, referred to the need for both rational processes 

( associated with the left hemisphere) and intuitive or creative processes ( associated with 

the right hemisphere) for problem solving and creative achievements. In other studies 

using laboratory procedures, Tsunoda (1978) found that there were characteristic 

differences in specialised brain functioning of the 'Japanese Mind' and the 

'Western Mind.' For those Japanese subjects who where educated in a Western culture 

(U.S.A., Brazil, Poland, Canada, England, Italy, etc.) however, Tsunoda found that these 

subjects took on the information-processing characteristics of the 'Western Mind.' 

In contrast with the lateralisation of brain functioning approach, Luria proposes 

that the functions associated with successive processing of information, involving the 

synthesis of temporally related information, and to a large extent, the organisation of 

responses in a social context, is associated with the fronto-temporal lobes of the brain. 

Simultaneous processing, in which information is organised in quasi-spatial arrangements 

that are surveyable as a whole, and related more to reflective behaviour prior to a 

response, 1s associated with the functions of the parietal/occipital lobes. 
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Individual differences in preferences of usage of these two qualitatively distinct 

intellectual processes are therefore observable in everyday thinking and problem solving. 

Jensen's model (1973a, 1973b) distinguished two levels of mental abilities that 

form the poles of a continuum along which any task may be located, through quantitative 

differences in the amount of processing for each level. In Luria's non-hierarchical model, 

however, it is the qualitative differences, rather than capacity for carrying out increasing 

numbers of transformations, that distinguish the two ways of perceiving stimuli, 

successive and simultaneous processing, with executive synthesis assuming a supra

modal function. 

According to Sternberg's (1983a, 1985a) triarchic model of intelligence 

(contextual, experiential and componential) discussed previously in this chapter, the 

importance of the role of executive synthesis in cognitive activity is acknowledged in the 

first of three mechanisms of intelligent function. The mechanism of metacomponents, or 

executive processes, such as deciding on the nature of the problem and selecting a 

strategy for solving the problem, is of paramount importance in considering intelligence 

in terms of original problem-solving activity. Sternberg however, considered that the 

second mechanism of performance components, or non-executive processes used in 

actually executing a problem-solving strategy, and the third mechanism of knowledge

acquisition components, or the processes used to acquire new information, to be separate 

components. In Luria's model of Information Processing on the other hand, executive 

synthesis is associated with efferent processing of information that has been previously 

acquired through afferent processing, and as such is not considered to be separate from 

knowledge-acquisition mechanisms. 

Technological advances have resulted in the development of new· techniques for 

imaging brain function and have provided evidence that neural activity in both 

hemispheres of the brain are present in responses to tasks - the more complex the task, 

the more whole-brained is the response. Neurological evidence regarding the 

phenomenon of evoked potentials, which are electrical responses in corresponding 

regjons of the cortex evoked by the presentation of a special stimulus, show, for example, 

that a visual stimulus evokes an electrical response ( evoked potential) in the occipital 

region of the brain. 

Luria (1973:265) found that under normal conditions the stimulation of a 

particular modality (visual, acoustic, tactile or nociceptive) produced evidence of evoked 

potentials in the corresponding cortical zones ( occipital, temporal and central). 
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When a preliminary instruction to expect the stimulus or to look out for differences in the 

stimuli was given, however, not only was there a marked increase in amplitude of evoked 

potentials, they were also observed to have spread to other zones of the cortex. Studies of 

patients with lesions of the posterior zones show that this phenomena of the spread of 

evoked potential is intact, however studies of patients with lesions of the frontal lobes 

show that there is no change in the intensity of the evoked potentials, despite instructions 

which appeared to raise the level of attention or distort the character of the evoked 

potentials in patients with no frontal lobe lesions. These findings seem to indicate that 

when faced with a complex problem solving task, patients with frontal lobe lesions 

respond on impulse and guess, rather than on concentrating attention on distinctive 

features (looking out for differences in the stimuli) using past knowledge. 

One explanation for the apparent contradiction of the lateralisation and functional 

block approaches is proposed by Das, Kirby and Jarman (1979) who suggest that by 

assuming both organisations exist, it becomes more a question of hemispheric dominance. 

The temporal-parietal-occipital area of the non-dominant hemisphere would be "more" 

parallel than the corresponding area of the dominant hemisphere, where the 

fronto-temporal area of the dominant hemisphere is 'more' serial than that of the non

dominant hemisphere (Das, Kirby and Jarman, 1979:148). Thus, the non-dominant 

hemisphere has more responsibility for simultaneous synthesis than the dominant, and the 

dominant hemisphere has more responsibility for successive encoding than the 

non-dominant. 

Minisky (1985) proposed that hemispheric similarity is predominant due to the 

multiplicity of brain parts, with duplication of many agencies on each side, and suggests 

that differentiation in higher order functioning may arise to avoid conflicts between 

competing agencies. This explanation appears to be similar to Das, Kirby and Jarman's 

dominance paradigm whereby higher order processes are dependent on the relative 

dominance of the hemispheres, rather than on the localisation of processes within specific 

brain parts. Both explanations may be compared with what Luria (1973:326) described as 

abstract matrices, incorporating a whole hierarchy of 'community 
relationships', which constitute the fundamental apparatus of 
categorical thinking. 

These abstract matrices gradually replace more concrete systems of matrices, 

which reflect the 'situational' character of thinking according to Luria (1973:326). 
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This situational aspect is also reflected by Keefe (1987:30) who stated: 

In general, hemispheric differences seem to be relative rather than 
absolute. Either hemisphere can probably function in either mode, 
depending partly upon the nature of the task, and partly on the 
experience and preference of the learner. 

Luria's concept of a hierarchy of 'community of relationships' as being inherent 

in complex matrices processes is not dissimilar to the concept of the inter-connectedness 

of neural networks. The roles of various mental representations in storage and processing 

information are open to further investigation, however the notion of lower order 

information underpinning higher order behaviour is not inconsistent across the paradigms, 

and highlights the multidisciplinary nature of the research into the functions that underpin 

information-processing. 

In the neuropsychological research the thrust has been to regard mental imagery as 

a complex emergent property of the localised neural functioning involved in the 

processing of sense data (Waldrop, 1992). This stance lends support for Luria's 

proposition that higher order cognitive activity is manifest from the processing of lower 

order information. The concept that higher level or complex phenomena are emergent 

properties of massively parallel networks of lower order behaviour underpins the search 

for neural mechanisms as reflected for example, in the works of Rose (1993) and Mainzer 

( 1994 ). The functioning of neural nets has also been the focus of study by researchers 

such as Wiles, Latimer and Stevens (1994) in the field of artificial intelligence. 

More recently, studies using brain-imaging techniques indicate the specific 

involvement of the bilateral parietal cortical lobes in arithmetical tasks (Dehane, Spelke, 

Pinel, Stanescu and Tsivkin, 1999:970-974.) These researchers report that multiple 

mental representations are used for different arithmetical tasks. Exact mathematical 

calculations involve language-specific representations that rely on a left inferior frontal 

lobe circuit whereas approximate arithmetic involves quantity representations and 

analogical mental transformations that rely on visuo-spatial networks of the bilateral 

parietal lobes of the cortex. These findings provide further support for Luria's 

Infonnation Processing model of multiple cognitive functioning, and in particular the 

importance of the second functional unit that is associated with the bilateral parietal lobes 

of the cortex in relation to solving basic mathematical problems. 
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2.3.5 Operationalisation of the Luria Model of Information Processing 

A number of psychometric models have been derived from Luria's clinical 

neuropsychological studies. One set of models has been used extensively in research 

programs over the past two decades, particularly in Canada at the University of Alberta. 

This set includes: the Information Integration Approach (Snart, Das and Mensink, 1988), 

the Luria-Das model (Willis, 1989), the Planning-Arousal-Simultaneous-Successive 

model (Naglieri and Das, 1988) and the Planning-Attention-Simultaneous-Successive 

(PASS) model (Das, Naglieri and Kirby, 1994). 

In Australia, a Simultaneous-Successive-Control model has been employed in an 

extensive program of school-based studies, mostly at the University of New England, 

Australia, by Fitzgerald (1978, 1990) and fellow researchers including Angus (1984), 

Crawford (1986), Elliott (1990), Green (1977), Geake (1991), Hunt, Randhawa and 

Fitzgerald (1976), Hunter (1991), Leasak, Hunt and Randhawa (1982), Ransley (1981), 

Tulloch (1986), Watters (1993), Walton (1983) and Woodley (1993). While most of this 

research has used Luria's model as the theoretical basis for investigating learning and 

intellectual function in classroom settings, the neuropsychological basis of the model has 

been supported by neuroscientists researching brain activity concomitant with cognitive 

processes in normal subjects (Crouch-Shinn and Shaughnessy, 1984; Gazzaniga, 1989; 

Pozner et al 1988; Reddix and Dunn, 1986; Stacks, 1989). 

Early studies concentrated on the development and validation of marker tasks 

within the Luria theoretical framework using factor analysis, particularly for simultaneous 

and successive synthesis; simultaneous synthesis was typically measured by tests of 

figure copying and completion instruments such as Raven's Progressive Matrices, and 

successive synthesis by various serial and free recall instruments such as forward and 

reverse digit span. Tests that consistently loaded on interpretable factors for simultaneous 

and successive synthesis were subsequently employed as marker tests for those factors in 

later studies. 

In a cross-cultural study comparing indigenous American-Indian with Canadian 

school children Das ( 1973) used a principal components factor analysis to identify two 

factors interpretable as simultaneous and successive synthesis. In this study, Das notes 

that the preference for successive (sequential) rather than simultaneous synthesis shown 

by the Indian children may be explained by the style of Indian pedagogy, which relies 

more on rote learning than Western education. The Das and Molloy (1975) study of boys 

aged six and nine years ( school grades 1 and 4) yielded three factors for each age group. 
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These factors were interpretable within the Luria model, with the third factor labelled as 

"speed". _Crawford (1986) and Hunter (1991) also reported the presence of a third factor 

in their studies. These researchers identified the third factor as a "planning" factor. 

In contrast to this planning orientation, Ransley (1981) interpreted this third 

dimension as "selective attention". At the secondary level of the third functional brain 

unit, executive synthesis controls the ability to switch from one area to another in order to 

recall related information (Luria, 1973) and has been operationalised by marker tests for 

selective attention such as Stroop-type tests and mixed digit/letter recall tests. As 

Ransley' s tests were of the Stroop interference type, they served to typically mark the 

functioning of the secondary level through selective attention rather than the planning 

function associated with the tertiary level of the third functional unit of the brain. 

Woodley ( 1993 ), in a study of senior primary students across three independent 

girl's schools, identified that two distinct orthogonal components accounted for 

simultaneous and successive synthesis/analyses in reasoning tasks. Marker tests in this 

study were restricted to those typically used for simultaneous and successive dimensions, 

and are similar to the tests used in the present study for simultaneous and successive 

synthesis. 

Naglieri, Das and Jarman (1990) found support for four factors in the 

psychometric operationalisation of the Luria model in studies of exceptional children, and 

that all sub-groups but one, that of delinquent children, were deficient on both attention 

and planning. These authors noted that: 

planning and attentional deficiencies should vary consistently 
because of the close relationship between the first and third 
functional units. This close relationship is evidenced in factorial 
studies ... and the close anatomical connections described by Luria. 

(p. 435). 

Das, Naglieri and Kirby (1994) emphasised the strong interrelationship between 

the first and third functional blocks on matters of attention. Consequently, this challenges 

the parsimony of the four-factor operationalisation of the Luria model of information 

processing. There is strong support in the literature reviewed for at least two and possibly 

three factors to describe the information processing preferences according to Luria's 

model. 
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The first research question and associated hypothesis in this study formultated 

from this substantial theoretical base is: 

Question 1: 
Hypothesis 1: 

Are the constructs of Information Processing confirmed? 
Principal Component Analysis of data obtained from the six tests 
administered will produce three independent components which may be 
labelled as a successive processing component, a simultaneous 
processing component, and a cognitive control component which 
together will account for the major proportion of the variance in the 
data. 

2.4 RELATIONSHIPS BETWEEN SOME ASPECTS OF GENERAL MENTAL 
ABILITIES AND LURIA'S MODEL OF INFORMATION PROCESSING 

The aspect of reasoning in models of intelligence is given prominence by 

researchers such as Spearman (1923) and Piaget (1950), and is reflected in analyses of the 

nature of scientific thinking (Bronowski, 1951; Oppenheimer, 1956). Different 

researchers, however, use different coding systems to describe reasoning. Paivio (1971) 

and Baddeley (1985), for example, argued for separate verbal and visual coding systems. 

In contrast, Hunt, Lunneborg, and Lewis (1975) argued that it is ability at using 

information-processing tasks such as coding, sensitivity to order, dichotic listening, etc. 

that determines overall verbal intelligence as measured by a variety of standardized tests 

of general mental ability. In psychological studies reviewed by Cooper and 

Regan ( 1982), it was suggested that people who are relatively stronger at either verbal or 

visual thinking tend to adopt strategies for solving tasks which use their particular 

strengths. Later studies by Kyllonen, Lohman and Woltz (1984) and Just and Carpenter 

(1985) showed that people frequently and flexibly switch strategies according to 

variations in question demands. 

The importance of the impact of the context in which the task is presented was 

posited by Das, Naglieri and Kirby (1994:64) who considered that the domain in which a 

task is located should be taken into account in measuring individual differences m 

simultaneous and successive synthesis through responses to psychometric tests: 

At the broadest level, simultaneous and successive processing can be 
seen as types of coding underlying all forms of behaviour. Within 
each type of coding~ tasks from similar areas ( for example, reading 
or spatial tasks) would be expected to be more related to each other 
than to other manifestations of the same type of coding from a 
different area. For this reason, for instance, we would expect 
measures of simultaneous coding using spatial content to be · more 
highly correlated with each other than with a simultaneous coding 
test that used verbal content. 
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Such distinctions between media is important in that the interpretation of findings with 

respect to a reasoning test which uses only one medium ( verbal, numerical or figural) may 

lead to underestimation of the reasoning ability of people whose cognitive bias is towards 

a different mode of thought. 

The functional approach inherent in Luria's model of Information Processing 

encompasses a range of different aspects of both verbal and non-verbal reasoning 

abilities. Rather than aligning verbal or non-verbal abilities with either successive or 

simultaneous information-processing abilities, the connections between the two 

paradigms are related to different aspects of cognitive functioning. Luria's research on 

the disturbance of spatial synthesis, for example, suggests a number of facets of task 

competence that reflect efficiency or inefficiency of simultaneous processing. Factor 

loadings from studies such as Green ( 1977); Hunt, Fitzgerald and Randhawa ( 1978); Das, 

Kirby and Jarman (1979); Angus (1984); and Hunter (1991) emphasised the clear 

relationship between simultaneous processing and the ability to handle geometric shapes 

and patterns. Guildford's (1972) and Thurstone's (1950) work on spatial factors indicated 

relationships between simultaneous processing and several components of spatial ability. 

In clinical studies that identified linguistic processing deficits in those patients 

with specific brain lesions, Luria found that successive processing is involved in the 

processing of contextual grammatical structures ( syntactic relationship), and simultaneous 

processing is involved in the comprehension of logical-grammatical structures. 

Das, Kirby and Jarman (1979) _supported Luria's findings through a study that 

investigated the relationship between linguistic functioning and simultaneous and 

successive processing, and concluded that a "processing" rather than an "abilities" 

interpretation of cognitive functioning applied. 

Luria found that patients in whom there were disturbances of internal 

"quasi-spatial" syntheses exhibited difficulties in appreciating the meaning of logical

grammatical relationships expressed by such constructions as: "the father's brother" and 

"the brother's father." Such patients often declared that because identical words were 

incorporated in both constructions, the constructions had the same meaning, and more 

complex constructions such as "Olga is paler than Sonia but darker than Kate" were 

completely beyond the grasp of these patients (Luria, 1973:153-154). 

Luria reported that disturbances of internal "quasi-spatial" syntheses were even 

more obvious in the disturbance of mathematical operations observed in patients of this 

group. Arithmetical operations are always dependent on the integrity" of simultaneous 
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syntheses. This is particularly evident in the complex operation of subtracting a number 

of two digits, for example 51 - 17, when different numerical schemas need to be retained 

in the operative memory, and the operations checked as they are performed. These 

numerical schemas include external spatial operations of the columnar arrangement 

structures of multiple-digit numbers, in which the value of each number is determined by 

its place in the group as a whole, and also in the internal operations of arrangement of the 

columns necessary to understand the meaning of the number. Although the purposive 

character of the activity remains intact, i.e. subtract 17 from 51, the executive part of the 

calculation, requiring integrity of the differentiated "quasi-spatial" organisation of the 

action, is lost (Luria, 1973:155). Operations such as 'rounding' the first number, for 

example, 50 - 17 = 33, and then adding the remaining unit, for example, 33 + 1 = 34; or 

borrowing from the tens column, for example, 11 - 7 ~ 4, and then paying back and 

adding (1 + 1 = 2) before effecting the second step of the subtraction algorithm, 5 - 2 = 3, 

and finally 'grouping' the 3 and 4 as the number 34, are not preserved, leading to 

truncated solution strategies and incorrect answers. 

Further evidence of disturbances in such "quasi-spatial" synthesis is found in 

arithmetic word problems that include expressions such as 'so much larger' and 'so many 

times more', or of formulae such as 'there were so many metres of cloth, of which so 

many were used'. Luria and Tsvetkova (1967) reported that patients suffering from 

disturbances in "quasi-spatial" synthesis were able to grasp the general meaning of such 

school exercises, but were hopelessly perplexed by the grammatical wording of the 

conditions that they incorporated. Many different psychological methods purport to test 

problem-solving abilities, for example, object or concept classification, the identification 

of logical relationships or analogies, and using figures of syllogism. Luria regarded the 

neuro-psychological analysis of the solution of arithmetical problems as the most 

revealing model of discursive (verbal-logical) thinking. 

An arithmetical problem always consists of a goal (the statement of 
the problem in the form of a question to which no ready-made answer 
is available), and the conditions, from which a scheme for the solution 
can be prepared by analysis, alternatively a ~trategy leading to the 
required solution can be decided. This strategy, expressed in words as 
a hypothesis, initiates searches for the individual operations which 
will be used to obtain the necessary results. The process of solution of 
the problem ends with a comparison between the method used and the 
result obtained, on the one hand, and the question and the conditions 
of the problem on the other hand. 

(Luria, 1973 :335-336). 
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Since different problems have different structures, it is possible to arrange such 

structures in order of increasing complexity (Luria, 1973:336-337). The simplest 

problems are those that may be solved by applying a simple algorithm, for example, 

"Jack has four apples, Jill has three apples. How many apples have they together?" 

Problems requiring an intermediate operation that is not expressed in words, and those 

problems requiring programs consisting of a series of successive components are more 

difficult. Problems in which the conditions of the problem must be recoded and new 

component elements introduced present a greater degree of difficulty, for example, 

"There were eighteen books on the two shelves; there were twice as many books on one 

shelf as on the other. How many books were there on each shelf?" The original 

condition of 'two shelves' must be recoded to include the new component of 'three parts' 

and the number of books on each of these auxiliary 'parts' must be calculated in order to 

solve the problem. 

The most difficult problems are those in which the correct method of solution 

involves the inhibition of the impulsive direct method, for example, "A candle is 15 cm 

long; the shadow from the candle is 45 cm longer; how many times is the shadow longer 

than the candle?" In this problem, the direct operation of 45 + 15 = 3 must be inhibited 

and replaced by the more complex program of 15 + 45 = 60, followed by 60 + 15 = 4. 

According to Luria (1976:118), the formal problem solving process is governed by the 

basic rule that: 

Any problem-solving process takes its point of departure from its 
solubility within the framework of a single, closed logical system. 
In other words, the problem solver cannot go beyond the system of 
logical relations bounded by the data formulated in the conditions of 
the problem. 

Under this rule, the problem solver cannot introduce "any additional arguments, accessory 

considerations, or collateral associations from earlier experience" and the problem

solving process must necessarily be confined by formal conditions. Luria investigated 

how the system given by the conditions of the problem, either real or contrived, and the 

system of the subjects' practical experience were involved in the discursive process. 

Luria's studies showed that numerical operations with familiar concrete entities 

were performed readily, however, the inclusion of abstract categories within problem 

conditions created major barriers for logical operations. In these more difficult problems, 

subjects used reasoning and guesswork beyond the problem framework in place of 

meaningful operations, or attempted to refine the content in ways that were irrelevant to 
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the schema of formal operations necessary for solving the problem. Problems in which 

conditions matched subjects' reality were readily solved, however if the problem's 

conditions did not conform to their reality, subjects rejected such conditions and 

continued to operate on a concrete practical level, unable to engage in formal logical 

reasoning independent of content. 

In comparative studies of different Soviet populations however, Luria found that 

the shift and the capacity to perform 'theoretical' operations of formal discursive and 

logical thinking appear after relatively short-term school instruction (Luria, 1976: 133): 

The significance of schooling lies not just in the acquisition of new 
knowledge, but in the creation of new motives and formal modes of 
discursive verbal and logical thinking divorced from immediate 
practical experience. 

Luria's studies of remote, unsophisticated communities in the steppes of central 

Asia in the 1930s supported his original hypothesis that the very structure of human 

cognitive processes differs according to the ways in which social groups live out their 

various realities. This hypothesis challenged the notion promoted by the early researchers 

in mental abilities that the intrinsic properties and laws of mental activity remain 

unchanging. Luria ( 1976: 164) proposed instead that: 

The basic categories of human mental life can be understood as 
products of social history - they are subject to change when the basic 
forms of social practice are altered and thus are social in nature. 

In contrast to Luria's functional approach to arithmetic ability, researchers such as 

Perkins and Simmons (1988) concluded that cognitive development is predominantly the 

acquisition of various kinds of knowledge, much of it domain specific. In a review of the 

cognitive structures and processes that mediate mathematical ability, Perkins and 

Simmons (1988), as reported in Woodley (1993), concluded that achieved ability 

included: 

( 1) a large knowledge base and understanding, 
(2) domain specific; 
(3) flexible expertise; 
( 4) a multilayered network of mental models to assist understanding key concepts 

and problem solving; 

( 5) a repertoire of heuristic and problem management techniques; and 
( 6) problem finding ability. 

The functional approach of Luria's information-processing model does not 

emphasise the role of knowledge structures in cognition. Instead, it proposes that 

thinking, learning, and problem solving rely upon a multitude of independent 
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pre-requisite skills, experiences and attitudes (Luria, 1973:323-340). With respect to 

experiences and attitudes, Luria (1976:145) referred to self-awareness as being a product 

of socio-historical development in which the influence of external, natural and social 

reality mediates an individual's consciousness. New content, new forms of activity and 

new structures of cognitive functioning are introduced into the mental world of human 

beings through the sociohistorical shifts that occur through increasing self-awareness and 

developing social awareness, advancing human consciousness to new levels 

(Luria, 1976:163). In the next section, self-esteem as a measure of self-image, and the 

links between beliefs and feelings in defining self-esteem are discussed. 

2.5 SELF-ESTEEM AS A MEASURE OF SELF-IMAGE 

The personally-experienced "self system" plays a central role in organising 

knowledge and processes that support that person's concepts, self-image, future and 

current self-goals, values and beliefs. 

As such, the self-system is the dynamic center of information 
processing: the formulator of intentions, the enactor of choices, and 
the generator of will to engage in skilled intellectual and behavioral 
activities. 

(McCombs and Marzano, 1989:2-2). 

In a number of early self-concept theories, global self-concept was considered as a 

critical factor in determining human behaviour (for example, Cooley, 1902; Rogers, 1951; 

Snygg and Combs, 1949). Subsequent research, emphasising the importance of global 

self-concept in education, however, produced contrasting results in terms of relationships 

between global self-concept and academic achievement (for example, Blair, 1972; 

Morrison and Thomas, 1975; Peters, 1968; Roediger, 1983; Schwartz, 1967; Williams, 

1973). The construct was also presented as one that explains a person's ability to adapt to 

the environment (for example, Branden, 1969; Brockner and Wallnau, 1981; 

Coopersmith, 1959, 1960, 1967; Herbert, Gelfand, and Hartmann, 1969, Gelfand, 1962; 

Pavur and Little, 1981; Van Turner and Ramanaiah, 1979). According to this view, the 

quest for inner balance and stability is directly related to a person's emotions, social 

relationships, and behaviours, and is expressed as interactions, needs, activities, and 

harmony or disharmony. 

Hattie ( 1992: 17), in discussing the writings of James ( 1890 ), commented that, 

whereas self-concept relates to identity, self-esteem relates more to what the person 

wishes that identity to be. Self-esteem then, may be considered to include beliefs about 
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one's expected success or failure, the gauging of effort to be expended in pursuing 

activities, and the trade-offs and gains of difficult or different experiences. The resulting 

mental-set prepares the person to respond to situations in accordance with the beliefs and 

expectations contained in the set, and is a form of self-protection. Since any loss of self

esteem can bring feelings of distress, defences embedded in the beliefs a person holds 

about him/herself allow the maintenance of an idealised image of self This self-image 

may not necessarily reflect reality, or be verifiable by others' perceptions of the person. 

As long as the person believes that the idealised image of self is intact, the self-esteem 

tends to remain at a high level. 

Coopersmith ( 19 87: 1) also considered that positive feelings about oneself appear 

to be one of the feeling states that increase involvement and successful performance. 

Children form self-images or pictures of themselves based on their treatment by the 

significant people in their lives. These significant people include parents, teachers and 

peers. Each contributes to the context of a person's perceptions and opinions about 

himself or herself- the self-image. Coopersmith (1987:3,5) suggested that at a time prior 

to middle childhood a person develops a general appraisal of his/her worth. This 

appraisal remains relatively stable and can endure for several years. Although drastic 

changes in a person's life may inflate or deflate self-esteem, these variations are usually 

short-lived so that a person's appraisal of his/her self-esteem will usually revert to its 

customary level when conditions are 'normalised'. 

Extensive studies of change in self-concept between late teens and early adulthood 

were carried out by Mortimer, Finch, and Kumka (1982) which showed evidence of 

ipsative stability, whereby the self-concepts that were highly salient at the 

commencement of the study tended to remain so over time. Although Mortimer et al. did 

not report the orderings of the self-concept attributes in the original study, subsequent 

analyses showed that the modal ordering of the four attributes measured: well-being, 

competence, sociability, and unconventionality, was reversed ten years later at the end of 

the study (Hattie, 1992: 136). These findings suggest that although there may be 

variations in salience relative to particular attributes of self-concept, the construct remains 

fairly stable over time. 

The cumulative and proactive nature of self-esteem allows an individual's self

esteem to be readily observed through verbal reports and other overt expressive 

behaviour, for example, the use of voice, performance and non-verbal postures. The way 

that a person views the innermost self, the self-image, however, is essentially covert and 
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may only be inferred from how that person responds to situations, either physically or 

symbolically. The most commonly used method of capturing data relating to self-esteem 

is that of self-report questionnaires, although external observations of significant others 

such as parents and teachers may be helpful in validating self-observations. 

Much of the earlier literature describing the two constructs of self-concept and 

self-esteem did not provide clear delineation of the substantive link between the two 

terms (Wylie, 1979; Hughes, 1984; Hattie, 1992). The seminal work of Shavelson, 

Hubner and Stanton (1976) and Shavelson and Bolus (1982), although resulting in the 

development of a model which emphasised the multidimensional, hierarchical structure of 

self-concept, did not explicitly state the differences between self-concept and self-esteem. 

Rather, the Shavelson et al. model noted that the relationship between self-description and 

self-evaluation had not been clarified, either conceptually or empirically. Consequently, 

the view that self-description and self-evaluation are empirically the same has been 

expressed by a number of researchers (Marsh and Shavelson, 1985; Shavelson, Hubner, 

and Stanton, 1976; Shavelson and Bolus, 1982). In contrast, Watkins and Dhawan (1989) 

argued that self-concept equates with self-description and self-esteem with self

evaluation. Thus, the descriptive and evaluative perspectives (self-concept and 

self-esteem) can be differentiated, particularly from a cross-cultural perspective. 

Searcy (1988) and Campbell (1990) provided an alternative conceptualisation of 

the distinction between self-concept and self-esteem. They postulated that a distinction 

between the two constructs can be made on the basis that self-concept focusses on the 

beliefs that a person holds about specific characteristics associated with themselves, while 

self-esteem relates to the global beliefs and feelings that a person holds about him/herself 

as a person, ( for example, being satisfied with and liking yourself). Self-concept or self

image, therefore, may be viewed as having a cognitive/thought orientation that 

encompasses both descriptive and evaluative beliefs about one's characteristics, while 

self-esteem has a more global cognitive and affective/feeling orientation that focuses on 

how an individual feels about him/herself as a person. 

Rosenberg (1979:7) emphasised both feelings and beliefs in defining self-esteem 

as the "totality of the individual's thoughts and feelings having reference to him/herself as 

an object". A more recent view is that of Risnes (1998:50), who, following 

Bandura (1997), described self-concept as a global estimate of efficacy, and self-efficacy 

to be a more domain and task-specific measure of efficacy. Zimmennan et al. (1992) 
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considered that students' self-beliefs of efficacy play an important role in academic self

motivation to strategically regulate the learning process. 

The preceding discussion establishes the centrality of self-beliefs to both 

self-concept and self-esteem. The distinction between self-esteem and self-concept 

becomes one of internal/external beliefs as beliefs influence what individuals do with the 

knowledge and skills they have. Marsh, Smith and Barnes (1985) included eight general 

self-concept items based on Rosenberg's work. The wording of the items, however, 

reflected global beliefs about the individual as a person rather than feelings about oneself 

as a person (for example, A lot of things about me are good; I do lots of important things). 

In this study, perceptions of self, expressed as self evaluations, are derived from 

responses and serve to measure both general and domain specific, for example, 

mathematics and verbal, aspects of self-esteem. 

2.6 OVERVIEW OF SOME MODELS OF CONSTRUCT VALIDITY IN 
PERSONALITY RESEARCH 

This section overviews some of the more prominent models for investigating 

construct validity in personality research. 

Three linear models where traits, methods, and error terms have additive effects 

on measures are discussed, and a multiplicative model of interaction between methods 

and traits is described briefly. 

2.6.1 Campbell and Fiske Approach 

In their MTMM model, Campbell and Fiske (1959) proposed that each of a set of 

multiple traits is assessed with each of a set of multiple methods of assessment. This 

approach allows for two aspects of construct validity to be investigated; convergent and 

discriminant validity. Convergent validity, or the degree to which multiple attempts to 

measure the same concept are in agreement, means that two or more measures of the same 

thing should covary highly if they are valid measures of the concept under scrutiny. 

Discriminant validity, or the degree to which measures of different concepts are distinct, 

means that if two or more concepts are unique, then valid measures of each should not 

correlate too highly. The attainment of convergent validity, however, provides only 

minimal evidence for the construct of validity of measures. Measures may reflect 

variance due to other concepts or methods biases, and are not unique. Discriminant 

validity, therefore, also needs to be assessed according to Campbell and Fiske (1959). 
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The criteria of Campbell and Fiske's (1959) approach pose some important 

problems, particularly when the underlying assumptions of these criteria are examined. 

The criteria are based on the premises that traits and methods are uncorrelated, methods 

affect all traits equally, methods are orthogonal, and measures are equally reliable 

(for example Campbell and Fiske, 1959; Schmitt and Stults, 1986). Although traits and 

methods are frequently unconfounded in personality research, an instance where traits and 

methods can be related is when both subjects and peers provide ratings that are based on a 

shared implicit theory of the nature or origin of the characteristics being measured. 

The remaining three assumptions also pose difficulties as it is highly unlikely that· they 

will be met in most contexts for personality research, according to Bagozzi (1993:56). 

A variety of procedures to measure construct validity of a range of instruments 

were developed from the original guidelines associated with the Campbell and 

Fiske (1959) approach. The first-order confirmatory factor analysis model (for example, 

Werts and Linn, 1970; Joreskog, 1974), the correlated uniqueness model (for example, 

Kenny, 1976; Marsh, 1989, 1993), and the direct product model (for example, 

Browne, 1984). These approaches are discussed in the following sections. 

2.6.2 Confirmatory Factor Analysis Model 

The confinnatory factor analysis (CFA) model (for example, Joreskog, 1974), as 

applied to MTMM matrix data, hypothesised that the total variation in measures can be 

written as a linear combination of trait, method, and error effects. Under this model, each 

measure may be interpreted as an observation whose variation can be explained as being 

due to trait (i.e., the theoretical concept of interest), method (i.e., the measurement 

procedures), and error (i.e., unexplained random fluctuations). 

Bagozzi (1993:58-59) referred to Widaman (1985) m describing four useful 

hypotheses to examine with respect to method and trait effects in the CF A model: 

Model 1 - null hypothesis: Only unique variances in measures of personality traits 
are freely estimated where the observed measures correlate zero in the 
population. 

Model 2 - trait-only: Variation in measures can be explained completely by traits 
plus random error where it is assumed that method variance is negligible, and 
therefore the measures reflect only trait and error variance. 

Model 3 - method-only: Variation in measures can be explained completely by 
methods plus random error where it is assumed that trait variance is 
negligible, and therefore the measures reflect only method and error variance. 

Model 4 - trait-method: Variation in measures can be explained completely by 
traits, methods, and error. 

Chapter 2 - page 45 



All four models can be tested using LISREL (Joreskog and Sorbom 1989), and the 

overall fit of each model can be tested by using the maximum likelihood chi-square 

statistic provided in the program. Where a non-significant chi-square is obtained, a model 

can be accepted, however care needs to be taken in interpreting a significant chi-square, 

particularly in cases of large sample sizes where large values of the chi-square test 

relative to degrees of freedom may result. 

In comparison with the Campbell and Fiske (1959) approach, the CF A model has 

a number of advantages: a variety of measures of fit are provided for an overall model; 

estimates and tests of significance of parameters are derived; formal tests of trait and 

method effects are possible; and partitioning of variance into trait, method, and error 

components is provided. The Campbell and Fiske (1959) model, on the other hand, does 

not allow for an omnibus test, does not allow for estimates and tests described above to be 

derived, and only suggests qualitative hints as to the presence of trait and method effects. 

The CFA model, however, has a number of problematic areas. Marsh and Bailey (1991) 

for example, in an examination of 435 MTMM matrices based on actual and simulated 

data, report that 77% resulted in improper or ill-defined solutions. Difficulties are also 

associated with the partitioning of variance into trait and method components in the 

"trait-free" and "method-free" approaches such that interpretations generally may not be 

yielded (Kumar and Dillon, 1992). 

2.6.3 Correlated Uniqueness Model 

The problems of ill-defined solutions associated with the CF A model was 

addressed by Marsh (1989) who proposed, what he termed, a correlated uniqueness (CU) 

model. Although the interpretation of the MTMM data under the CU model is similar to 

that under the CF A model, the effects of methods under the CU model are represented as 

correlations among error terms rather than correlations among method factors. This 

feature allows differential impacts of each method on the multiple measures 

corresponding to that method to be captured, and avoids the confounding of method 

effects with trait effects from a general trait factor. 

In contrast with the CF A model, the CU model produces relatively few ill-defined 

solutions. Marsh and Bailey (1991) for example, found that only 2% of the 435 MTMM 

matrices they examined exhibited improper solutions. The CU model also allows for the 

testing of the assumption that all correlated uniquenesses associated with one particular 

method can be explained in terms of a single, unidimensional method factor by 

comparing goodness-of-fit indices for the alternative approaches. 
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According to Bagozzi ( 1993: 8-70), where correlations among methods are 

constrained to be zero, the CF A model may be considered as a special case of the 

CU model. The two models are identical where three traits and three methods are used; 

however when four or more traits are examined, more parameters are associated with each 

method under the CU model than the CF A model using orthogonal methods. 

One of the shortcomings of the CU model is associated with the interpretation of 

correlated uniqueness as method effects. Although a CU model may fit MTMM matrix 

data well, the meaning of findings may be unclear where significant positive and negative 

correlations, and significant and non-significant correlations are present within the same 

method. A further limitation of the CU model is that it assumes methods are 

uncorrelated. In construct validation studies where different methods are purposefully 

chosen, this in not problematic, however, where the methods consist of different self

reports, the methods would be expected to be significantly, and probably highly 

correlated. 

2.6.4 Direct Product Model 

Swain (1975) proposed a formal model representing the multiplicative interaction 

between traits and methods through the expression of the covariance matrix of 

measurements as the direct product of a covariance matrix of methods and a covariance 

matrix of traits. Browne (1984, 1989) extended Swain's (1975) approach and proposed 

the direct product (DP) model by incorporating unique variances and scale factors. 

The DP model hypotheses, that the correlations between highly correlated traits relative to 

traits that are relatively independent, are exaggerated when a method is shared between 

two different measures. 

One drawback with the DP model, in comparison with the CF A model, however, 

is that it is not possible to estimate the variation in a method due to traits, as both trait and 

method variance are confounded in the DP model. The DP model also offers less 

information than the CF A model. Convergent validity is assessed by a more global 

standard (for example, Bagozzi and Yi, 1990:556) in the DP model whereby a more 

composite indicator results from the requirement that method correlations be substantial. 

This criterion for convergent validity neither describes the degree of such convergence, 

nor indicates which of the measures are more or less satisfactory. Although the DP model 

has fewer parameters to estimate than have the CU or CF A models, multiplicative effects 

may not be considered as parsimonious as linear effects. Decisions pertaining to choice 

of models when the DP model, and either the CPA or CU models fit the same data will, 
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therefore, depend more on the researcher's interpretation of parsimony, according to 

Bagozzi ( 1993 :77). 

2.7 MULTI-DIMENSIONALITY OF SELF-CONCEPT 

In this section, the construct validity of selected well-known instruments that 

claim to distinguish multiple dimensions of self-concept, including academic, physical, 

and social facets of self are discussed. The construct validation of Marsh's model of self

concept, in particular, is discussed in relation to these other measures. 

Two instruments that have been widely used to measure the multi-dimensionality 

of self-concept in elementary and high school students are the Piers-Harris (PH) 

instrument, and the Perceived Competence Scale for Children (PCS) (Harter, 1979, 1982). 

The 80 dichotomously scored items on the PH were not constructed specifically to 

measure a priori self-concept factors, and the six scales evolved from a series of factor 

analyses summarised in the test manual (Piers, 1984). Although Crandall (1973) 

recommended the PH as the best available scale for pre-adolescent children, Piers 

(1984:66) urged caution in the interpretation of specific cluster scales, especially for 

individual children. The PCS is a 28 item self-report instrument that is designed to 

measure three specific components of competence and a global dimension of overall self

concept Harter (1982) focused on the perception of competence, and although the PCS is 

not formally based on the Shavelson model, it supports many aspects of that model. 

Marsh and Holmes (1990) conducted a study of 290 subjects (146 girls and 

144 boys) attending 5th grade (mean age = 10.5 years) in one of 12 classes from five 

suburban public schools in greater metropolitan Sydney, Australia, in which the SDQ-I, 

PH and PCS were administered. Marsh (1990a:662-692) used confirmatory factor 

analysis ( CF A) of MTMM data to test the construct validity of responses to the three 

multi-dimensional instruments. A preliminary analysis of the item content was conducted 

for the scales from each of the three self-concept instruments and a priori predictions were 

made about the match between scales from the three instruments. 

The Self Description Questionnaire I (SDQ-I), reflects the Shavelson model of 

self-concept, and has been widely used to test that model (for example Marsh, 1988; 

Marsh and Shavelson, 1985). The multi-dimensionality of self-concept as measured by 

the SDQ-I and the Shavelson model is strongly supported in the research literature 

(Marsh, 1986, 1987, 1988; Marsh et al., 1985a, 1985b; Marsh, Byrne, and Shavelson, 

1988; Marsh and Shavelson, 1985). Numerous studies also~ supported the content 
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specificity of the SDQ-1 factors where SDQ-I responses are related to other constructs 

such as achievement, teacher ratings of students' self-concepts, peer ratings, self

attributions of the causes of academic successes and failures, and interventions designed 

to enhance self-concept (Marsh 1988, 1990a). 

The SDQ-1 is a 76 item self-report instrument that is designed to measure 

self-concept in elementary-aged children in grades 4 - 6, and specifically to measure 

three areas of academic self-concept (Reading, Mathematics, and General School) and 

four areas of non-academic self-concept (Physical Abilities, Physical Appearance, 

Peer Relations, and Parent Relations). It was subsequently revised to include a General 

Self scale. The Self Description Questionnaire II (SDQ-II) was developed by Marsh in 

1990 to measure self-concept in junior and senior high school students in grades 7 - 12. 

The SDQ-II contains 102 items. The seven scales from the original SDQ-1 are retained, 

one of which, the Peer scale, is divided into Same-Sex and Opposite-Sex Relations scales. 

The SDQ-II also includes two new scales: Emotional Stability and Honesty

Trustworthiness; and a General Self scale. In a study using the SDQ-II Marsh (1993) 

reported that the gender-invariant model of relations between math, verbal, academic, and 

general self-concepts was supported. In the same study, Marsh further reports that in 

extending the confirmatory factor analysis approach to factorial invariance, the structure 

of academic self-concept was invariant across eight groups (2 gender x 4 adolescent ages, 

total N = 4,000). 

Although there were differences among the instruments in terms of specific scales, 

for example, the SDQ-I and PCs have general self-concept scales whereas the PH does 

not, item content analysis allowed for five general domains to be identified with various 

sub-groupings, as shown in Table 1 shown on the following page. 
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Domain SDQ-1 PCS PH 

Physical Physical ability Physical competence Physical appearance 
Physical appearance And attributes 

Social Peer relations Social competence Popularity 

Academic Total academica Cognitive competence Intellectual and school status 

General General self General self-worth 

Other Readint Behavior 
Mathematics a Anxiety 
All school subjectsa Happiness and satisfaction 
Parent relations 

Table 1: Scales from the Self Description Questionnaire I (SDQ-1), the Perceived 
Competence Scales (PCS), and the Piers-Harris (PH) Posited to be Matching 

Note: 
Scales from the three instruments were matched on the basis on content for purposes 
of the multitrait-multimethod (MTMM) analyses. The SDQ-I physical ability scale 
was posited to match the PCS physical competence scales, whereas the SDQ-1 
physical appearance scale was posited to math the PH physical appearance and 
attributes scale. The SDQ-I total academic score is the mean of the reading, maths, 
and all school subjects scales. Whereas other scales from each instrument are 
presented, they were not hypothesized to match scales from the different instruments 
and were not included in the MTMM analysis. 

a Only the SDQ-I had content-specific academic scales, so the three SDQ-I academic 
scales (reading, mathematics, and all school subjects) were averaged to form the total 
academic score that was more comparable to the general academic scales from the 
other two instruments (Marsh, l 990a:664 ). 

Under the Campbell and Fiske ( 1959) guidelines, support for construct validity 

requires the demonstration of both convergent validity and discriminant validity. 

The criterion of convergent validity of all three instruments was supported, and the 

criterion for discriminant validity was supported in the case of the SDQ-I, and to a lesser 

extent, the PCS (Marsh, 1990:671). Under the CFA model, Marsh found that where 

loadings on method factors were examined for correlated uniqueness, method effects were 

smallest for SDQ-I responses, and largest for PH responses. Further, in relation to the 

sizes of the error variances, the majority of the correlated uniqueness associated with 

SDQ-I responses were ·not statistically significant at p < . 01 (Marsh, l 990a:685). 

Academic achievement was added to the analyses as an external criterion to probe 

the validity of interpretations based on a five-factor solution. Support for the construct 

validity of the self-concept responses requires academic achievement to be substantially 
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related to academic self-concept, related much less to general self-concept and even less 

related to non-academic components of self-concept. The addition of this criterion to the 

MTMM design had little effect on earlier results and added support to earlier 

interpretations. Finally, the SDQ-I, in contrast to the PCS and PH instruments, was found 

to contain separate physical ability and physical appearance scales that were well 

differentiated. In comparing the Piers-Harris (Piers, 1984), Coopersmith (1984) and the 

various Marsh (1988) Self Description Questionnaires, Hattie (1992:246) considered that 

whereas the Piers-Harris test is appropriate for elementary subjects and the Coopersmith 

for adolescent subjects, the Marsh instruments are reliable instruments for all subjects. 

Marsh and Byrne (1993:49-58) conducted further studies which showed strong 

support for the constmct validity for the Self Description Questionnaires. 

Hattie ( 1992 :246) also considered that the Marsh instruments "proffer the most 

dependable bases for further exploring how individuals integrate information". In light of 

such strong support for Marsh's Self Description Questionnaires as multi-dimensional 

instruments of self-concept, the SDQ-II, designed specifically for use with junior and 

senior high school students, may be considered as an appropriate instrument for 

measuring various facets of self-concept in this study. 

The literature reviewed in this section suggests that there is strong evidence to 

support the view that self-esteem is multi-faceted rather than being a unidimensional 

construct. The second research question and associated hypothesis in this study was 

fonnulated on the theoretical basis that self-esteem is a multi-dimensional construct and is 

stated thus: 

Question 2: Is Self-Esteem a multi-dimensional construct? 

Hypothesis 2: Independent academic and non-academic factors will correspond to 
multi-dimensional scales of self-esteem described by Marsh ( 1990b ). 
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Summary 

Several theorists have attributed a pre-eminent role to reasoning in their models of 

cognition, although differing opinions exist as to the specificity of reasoning. In the 

psychometric tradition, reasoning tends to be considered in terms of the application of 

domain-specific knowledge. In the experimental psychology tradition, and in the 

information-processing models in particular, reasoning is described in terms of processes 

associated with brain functioning. Within the constructivist paradigm, the information

processing approach to cognition provides an appropriate framework for the investigation 

of individual differences in processes that underpin mathematical problem solving 

behaviours. 

Luria's Information Processing model adopts a neuropsychological approach and 

describes the components of thinking and its stages in terms of attributed responsibilities 

of a system of cerebral mechanisms. The model provides a relatively concise paradigm 

for explaining individual differences in cognitive abilities, and is well supported by a 

large number of studies of individual learning within the school context. Both 

Simultaneous and Successive Information Processing Preferences are exercised, however 

the Simultaneous Information Processing Preference, in particular, is associated with the 

fonnation of relationships in basic mathematics problems. Luria considered that human 

cognitive activity is part of the more extensive system of general human experience and 

that the assimilation of new spheres of social experience are closely associated with shifts 

in cognitive activity and the structure of mental processes. Aspects of self-awareness are 

therefore included in this study, highlighting the social nature of the basic categories of 

gnostic activity. 

Aspects of affect, including self-concept, are linked in the literature to academic 

achievement. Academic aspects of self-concept such as Maths Self-Esteem are linked in 

the literature to achievement in mathematics, and to mathematical task behaviours. Tests 

of construct validity within the multitrait-multimethod paradigm applied to a variety of 

prominent measures of self-concept, consistently reflect the multidimensionality of the 

construct of self-concept. Marsh's SDQ-I model of self-concept reflects consistently the 

multidimensional nature of the construct in numerous studies across a range of school 

populations. The SDQ-II, as an extension of the SDQ-1, is therefore considered to be 

appropriate for measuring various facets of self-concept, including academic facets that 

relate to mathematical self-concept, in subjects in this study. 
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CHAPTERJ MATHEMATICS EDUCATION CONTEXT 

Overview 

This chapter reviews the research literature pertaining to differences in structure 

and organisation of mathematical knowledge. Section 3.1 introduces the shifts in 

approaches to research in mathematics education, and Section 3.2 reviews contemporary 

views of mathematics education. Section 3.3 presents a discussion of mathematics 

education, cognition and affect, and Section 3.4 overviews mathematics education 

research trends. Section 3.5 focuses on additive and multiplicative knowledge structures. 

Finally, Section 3. 6 overviews selected research in basic mathematics problems and 

presents the third research question in this study. 

3.1 INTRODUCTION 

The thrust of mathematical education research, especially during the last twenty

five years, has been subject to a number of influences, particularly that of psychology. 

Romberg (1992:59-63) suggested five broad, interrelated trends in the research. Three 

trends relate to growth in: mathematical education research; diversity in research 

strategies and methods; and organisational political awareness. The other two trends 

relate to: 

A shift in epistemology is evident in the refocusing on knowledge as 
being authentic, rather than just an accumulation of concepts and 
skills arranged in some sequential order. This means that to know 
mathematics is to do mathematics, and by thus doing, know how to 
do mathematics; and 

A shift in learning psychology to the cognitive science approach to 
explain how people impose order on experiential information 
through the use of dynamic, "well-organised schemata" in 
processing experiential information. 

In the mathematics education research literature, mathematical knowledge 1s 

referred to in various ways, for example, instrumental, procedural, conceptual and 

relational (Herscovics, 1992; Miller, Malone and Kandl, 1992; Redden 1995). The terms, 

'procedural' and 'conceptual' are encountered more generally in the literature, and are 

thus adopted in the following discussion. Differences in procedural and conceptual 

knowledge tend to be treated as being primarily in emphasis rather than kind, Hiebert and 

Lefevre (1986:1). As a person connects various mathematical concepts and procedures 

associated with those concepts, a network, or web of mathematical knowledge is 
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established, and the relationships between the various procedural and conceptual units of 

mathematical knowledge within the web become more clearly defined. Such linking of 

conceptual and procedural knowledge facilitates the effective use of procedures by 

enhancing problem representations and simplifying procedural demands, monitoring 

procedure selection and execution, and promoting transfer and reducing the number of 

procedures required, Hiebert and Lefevre (1986:10). The application of arithmetic 

algorithms forms the basis of the procedural knowledge that occupies a large part of the 

early formal schooling curriculum in mathematics. Such application, however, depends 

on inter-connecting webs of various knowledge of number, including place value and 

grouping, and, as Nantais, Herscovics, and Bergeron, (1984) pointed out, connections 

between conceptual and procedural knowledge structures are inevitable. 

Davis and McKnight (1979) and Davis (1984) stressed the benefits of the 

cognitive science approach, particularly for mathematics education. A cognitive-science 

approach to the organisation of procedural and conceptual knowledge structures provides 

a useful framework for discussing mental mechanisms that are engaged in dealing with 

different kinds of mathematical problems, and individual differences of preference for 

such mental mechanisms. 

Within the research, procedural knowledge of the four basic mathematics 

operations is discussed, generally in relation to broad semantic categories of word 

problems. The way in which real-world situations are interpreted, however, depends 

more on how a person construes the situation, not necessarily on a theoretically-devised 

categorisation. The concepts of number, place value and grouping, incorporated in the 

algorithms associated with the four basic mathematics operations, and additive ( addition 

and subtraction) and multiplicative (multiplication and division) meaning situations 

provide a wide scope for describing procedural and conceptual knowledge structures. 

These concepts are discussed in relation to their impact upon the various stages of 

development from additive to authenti,c multiplicative knowledge structures. 

Greeno and Riley (1987) regarded the fundamental question of understanding a 

cognitive procedure to be that of whether a person performs with some understanding, or 

whether the performance is rote or mechanical. In Tasmania, Kays (1980) analysed 

responses to basic mathematics problems and proposed a diagnostic approach in 

identifying common misconceptions of number, including place value and grouping, and 

the application of algorithms. In Britain, studies in basic mathematics operations such as 
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the Strategies and Errors in Secondary Mathematics (SESM), 1980-1983 project, and an 

earlier programme, Concepts in Secondary Mathematics and Science (CSMS), 1974-1979 

reported an unexpectedly high incidence of certain incorrect answers. These findings 

prompted the suggestion that students' misconceptions lead to inappropriate strategies 

(Hart, 1980, 1981). The SESM project built upon the CSMS results and focused on a 

small number of errors in ratio, algebra, graphs, measurement and fractions. It was not 

until a third project, Children's Mathematical Frameworks, Hart (1984), focussing on the 

age range of 8 to 13 years, that there was a noticeable shift in importance attached to 

knowledge structures. The following section discusses the development of contemporary 

mathematics education research associated with this shift in focus to knowledge 

structures. 

3.2 CONTEMPORARY VIEWS OF MATHEMATICS EDUCATION 

Mathematicians and psychologists, brought together in curriculum development 

projects, established common ground through interest in issues such as learning by 

discovery, readiness for learning, processes of learning, and aptitude for learning 

(Shulman, 1970). For example, Dienes (1960) fonnulated a theory of mathematics 

learning that, while generally reflecting the views of Piaget, represents a unique 

contribution to the cognitive view of mathematics learning. Dienes considered that 

children should begin with their own experiences in developing their mathematical 

concepts in a global intuitive manner, and that these constructive experiences should 

form the cornerstone on which all mathematics learning is based (Post, 1988:10). 

A unique contribution to the cognitive view of mathematics learning was made by 

Bruner (1966) who suggested that there were three levels of learning: ( 1) an enactive 

level at which a learner engages in hands-on or direct experience; (2) an iconic level 

whereby learning is facilitated by the use of the visual medium, for example, films, 

pictures and diagrams; and (3) a symbolic level that involves the learner in using abstract 

symbols to represent reality. Lesh (1979) related Bruner's model to the mathematical 

education field by adding verbalisation, "spoken symbols" and "real-world situations" to 

Bruner' s model, stressing that these modes are interactive in nature. 

In the 1980s there was a marked shift away from the laboratory and into the 

classroom and school in mathematics education research. Classical models of hypothesis 

testing were abandoned in favour of conceptual frameworks that encouraged researchers 

Chapter 3 - page 5 5 



to take the practitioner's perspective (Sowder, 1989:12-19). Although social and cultural 

dimensions of mathematics education were being taken more seriously by researchers 

(Bauersfeld, 1980; Bishop, 1988), there was some disenchantment about education in 

general, and about educational research in particular (Husen, 1983:90). Within the 

cognitive science tradition, for example, there had been relatively little attention to 

affective issues, mainly to avoid complexity (Gardner, 1985). 

The shifts associated with learning psychology and epistemology within 

mathematics education is evident in two notable reports, Everybody Counts: A Report to 

the Nation on the Future of Mathematical Education, by the Mathematical Sciences 

Education Board (MSEB) of the National Research Council (NRC) (MSEB, 1990), and 

Curriculum and Evaluation Standards for School Mathematics, by the National Council 

of Teachers of Mathematics (NCTM, 1989). Everybody Counts emphasised the need to 

change the public's beliefs and attitudes about mathematics. The two reports established 

a focus on the active, constructive process in the learning of mathematics within a 

framework of national standards that furthered basic education reform, including the 

protection of students and teachers against the effects of shoddy textbooks and harmful 

testing practices (Ratner, 1992:105, 113-114). This need for such change was supported 

by McLeod ( 1992:575) who considered that, in the United States of America, there is a 

tendency to believe that learning mathematics is more to do with ability than effort, and 

that lack of accomplishment in mathematics is a permanent state over which little control 

can be exercised. 

In April 1989, State, Territory and Commonwealth Ministers of Education 

endorsed ten common, and agreed national goals for schooling in Australia A National 

Statement on Mathematics for Australian Schools, published in 1990 by the Curriculum 

Corporation for the Australian Education Council, was the first such statement. 

This statement emphasised the need for learners to develop the competence, confidence 

and interest needed to become lifelong learners of mathematics. The Student 

Performance Standards in Mathematics for Queensland Schools, published in 1994 by 

the Curriculum Corporation for the Department of Education, Queensland, aligns with 

the National · Statement. This document sets out the level statements, outcomes and 

pointers that constitute the standards to be used for reporting on achievement in 

mathematics during the compulsory years of schooling (Years 1 - 10). Although this 

approach to mathematics education focused on achievement, it also recognised the 
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importance of the social aspects of mathematics by supporting the lifelong learning 

approach to mathematics, and thus represents a significant shift in the Australian 

mathematics education context. 

3.3 MATHEMATICS EDUCATION, COGNITION AND AFFECT 

As discussed in the previous section, a wide range of perspectives has influenced 

the development of contemporary mathematics education. This section discusses a 

selection of these perspectives, including the conception of mathematical knowledge, the 

information-processing approach to thinking mathematically, and the role of affect in 

mathematics education. 

3.3.1 Conception of Mathematical Knowledge 

As discussed previously in this chapter, classroom practitioners are increasingly 

being recognised as key members of the interdisciplinary groups in researching the 

complexity of links between practice and theoretical constructs within the field of 

mathematics education. The role of teachers in the mathematics classroom, however, 

differs according to the conception of mathematics knowledge. A survey of the literature 

by Dossey (1992:45-46) showed that conceptions of mathematics fall into two broad 

categories: external conceptions and internal conceptions. 

Researchers working from the view of mathematics as an externally existing, 

established body of concepts, facts, principles, and skills available in syllabi and 

curricular materials reflect the Platonic approach to mathematics. There are two distinct 

research thrusts within this paradigm. The first area of research establishes a focus on the 

role of the teacher in the mathematics classroom, for example, how teachers use domain

specific knowledge, and how they organise, sequence, and present it in attempts to 

promote different types of student performance in classroom settings (Berliner et al., 

1988). The second area of research focuses on student mastery of the curriculum; for 

example, Wearne and Hiebert (1988) described how students can come to tmderstand and 

operate with decimal fractions and apply this learning to situations calling for transfer of 

understanding to procedural skill. 

Encompassed in the focus on student mastery is the conceptualisation of 

mathematics as a personally-constructed, or internal set of knowledge, which is an 

essentially Aristotelian view. Von Glaserfeld (1987) regarded the role of the teacher to 

be that of guiding students in the conceptual organisation of certain areas of experience as 
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students "do" mathematics. Such a role is complemented by focusing on the student as 

he/she engages in experimenting, abstracting, generalising and specialising, as reflected 

in the writings of Steffe (1988) and Romberg (1988). Also encompassed within this 

second broad category of mathematics as a personal or internal conceptualisation is a 

second approach - cognitive science. Under this approach, mathematical activities are 

described in terms of psychological models employing cognitive procedures and 

schemata; representations for mathematical knowledge, operations individuals perform 

on that knowledge, and the manner in which the human mind stores, transforms, and 

amalgamates that knowledge. Researchers working within the cognitive science area 

include Bransford et al. (1988); Campione, Brown, and Connell (1989); Carpenter (1988) 

and Chaiklin (1989). 

More recently, m analysing cognitive structures m algorithmic thinking, 

Schwank (1993) distinguished between predicative and ftmctional cognitive structures. 

In comparing the dimensions of predictive and functional cognitive structures with other 

theories, Schwank ( 1993 :217) argued that her theory provides a more encompassing 

description of thinking proceeding from an individual, particularly of cognitive structures, 

rather than from the object of thinking. Predicative thinking emphasises the preference 

for thinking in terms of relations and judgments whereas functional thinking emphasises 

the preference for thinking in terms of courses and modes of action (Schwank, 1986). 

An adjusted resonance effect is observed when a person shows preference for specific 

external ( or theoretical internal mathematical) forms of representation, in building up or 

selecting a world which fits best his/her cognitive structure (Schwank, 1993). 

Schwank' s research is part of a long tradition of studies concerned with 

examining mathematical thinking processes of students when they try to construct and 

analyse algorithms, (for example, Cohors-Fresenborgh, 1986; Kaune, 1985; Marpaung, 

1986; Schwank, 1979). Common to these studies is the use of clinical interviews where 

students of grade 7 (12 - 14 years of age) try to solve algorithmical problems. The results 

yielded from such studies have been very helpful in explaining the behaviour of students 

from special populations such as: intercultural comparison of Indonesian students 

(Cohors-Fresenborg and Marpaung, 1986; Marpaung, 1986); nonverbal mathematical 

concept formation of deaf students (Cohors-Fresenborg, 1988); and mathematical 

thinking processes of girls (Schwank, 1989-1990, 1993). 
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Anderson's (1983, 1985) theory of the difference between declarative and 

procedural knowledge, while corresponding to the difference between predicative and 

functional thinking, relates mainly to a meta-level, and says little about the object-level. 

Where both levels are taken into account, these objects might be established as being 

either procedural or declarative, and therefore these objects can be classified as being 

either of a predicative or a functional nature. Consequently, it is possible that a person 

may have declarative knowledge about effects ( and not only about relations), or 

procedural knowledge about logical connections ( and not only about calculating 

operations). 

A third internal conception of mathematics is one that views mathematics 

knowledge as resulting from social interactions, drawing on both the content and the 

context (Bauersfeld, 1980; Bishop, 1985, 1988; T. Kieren, 1988; Lave, Smith and Butler, 

1988; Schoenfeld, 1988a, 1989). The intricate interaction of cognitive and social factors 

existing in the context of schooling was regarded by Schoenfeld (1988b) to result in how 

students perceive the nature of mathematics; students must necessarily participate 

aggressively in analysing, conjecturing, structuring and synthesing numerical and spatial 

information in problem settings. T. Kieren (1988) supported this "sense making" through 

integrating mathematics learning with the features of the social context in which the 

material has meaning. 

In considering the conceptual and procedural knowledge domains therefore, the 

influence of various factors must be taken into account. These factors include: domain

specific knowledge that contains both culturally dependent and culturally independent 

elements; the perceived role of the teacher as either active constructor of knowledge to be 

presented or facilitator of concepts to be discovered; and the student's ability to actively 

participate in problem solving. Schmittau (1993:200) considered that the well-deserved 

attention being given to an "integrated" view of mathematics was an effort to improve 

mathematics learning, and was reflected in the Curriculum and Evaluation Standards for 

School Mathematics (1989), which called for the ability to link "conceptual and 

procedural knowledge," and to "see mathematics as an integrated whole." 

Researchers working within the "integrated" view of mathematics include 

Davis (1992:238), who described the "new approach" to mathematics education as a shift 

in focus from what students write on paper to the mental representations that the student 

builds in his or her mind. This approach relies on the provision of opportunities for 
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students to build up mental representations derived from meaningful and appropriate 

previous experience through "doing" mathematics, an essentially constructivist approach 

whereby the learner is active in his/her own learning. Noddings (1990:14) proposed that 

a student cannot do otherwise than construct, since even the products of rote learning are 

constructions, and that "strong" acts of construction are "those recognised · by 

mathematicians as mathematical" and "weak" acts of construction as "those evaluated as 

limited in mathematical use". Schrnittau (1993:198-199) supported the work of both 

Davis, and Noddings. Where Davis placed particular importance on children's early 

activity in forming "assimilation paradigms" into which new knowledge is added, 

Schmittau likened these "assimilation paradigms" to the systems of interrelationships 

within which numbers, operations and algorithms exist. Further, Schrnittau considered 

that "strong" acts of construction described by Noddings must reveal the essence of a 

concept within its system of interconnections, and that psychologists rather than 

mathematicians are better placed to evaluate the strength of such a concept. 

An example of a collaborative approach by classroom teachers and researchers in 

fulfilling linking conceptual and procedural knowledge is that of the Thinking 

Mathematics program (1992). The foundation for the approach described in this program 

is encapsulated in the "Ten Principles" that guide instruction and which emerged from 

the research findings of Bodenhausen, et al. ( 1992). These principles were developed 

from the work of cognitive and mathematics researchers and served to establish a new, 

balanced approach to mathematics education, wherein conceptual and procedural 

learning is valued in the acquisition of mathematical knowledge. 

The work of Pirie and T. Kieren is representative of the current interest in 

mathematical understanding. Pirie (1988) observed understanding as a whole dynamic 

process, and the wish to better describe this growth of mathematical understanding in the 

children that they observed in classrooms over time, led Pirie and T. Kieren to develop a 

theory of growth in mathematical understanding. The theory seeks to demonstrate 

understanding to be a constant, consistent organisation of one's knowledge structures 

through the model of eight embedded rings: primitive knowing ( innermost ring), image 

making, image having, property noticing, formalising, observing, structuring and 

inventising ( outermost ring) Pirie and T. Kieren ( 1994: 187). Through its focus on the 

building and organisation of mathematical knowledge structures over time, this theory 

Chapter 3 - page 60 



compares with von Glasersfeld's (1987) constructivist definition of understanding as a 

continuing process of organising one's knowledge structures. 

3.3.2 Information Processing Approach to Thinking Mathematically 

The Information Processing approach resides within a broad framework that 

focuses on the processes involved in thinking mathematically (mathematical cognition), 

rather than on the mathematical enterprise of "doing" mathematics as referred to in the 

previous section and described in the report by the National Research Council (1989) 

Everybody Counts. 

The theories and methodologies of the early information-processing approach 

were fundamentally mentalistic - grounded in the theories of mentalistic psychology, and 

using observations of humans engaged in problem solving to infer the structure of their 

(mental) problem-solving strategies. Early studies in problem solving focused on the use 

of heuristics. For example, Polya (1945) devised a model that comprised 

(a) comprehending and representing, (b) planning, assembling, and implementing a 

solution, and (c) verifying the solution. Schoenfeld's (1985) detailed analysis of 

problem-solving skills and heuristics provided a technical basis for the teaching of 

heuristics in mathematics, however, Clement and Konold (1989:26) suggested that there 

are underlying problem-solving skills and attitudes that many students may not 

necessarily possess which prevent them from employing heuristics in solving 

mathematical problems. 

The importance of the issues of underlying problem-solving skills and attitudes 

were highlighted in ~ilver's (1985) Teaching and Learning Mathematical Problem 

Solving: Multiple Research Perspectives. In that volume, Carpenter (1985) asserted that 

real problem-solving behaviour ( especially by young children) is involved in problems 

that can be solved by the routine application of a single arithmetic operation, however, 

such problems are often not included in discussions of problem-solving. 

As Leont'ev (1981:339) commented "Adults process arithmetic tasks at the level of 

operations, whereas children perform such tasks at the level of actions." Leont' ev 

contended that simple arithmetic operations such as "tables" calculations are handled as 

activities in the first instance by children, and that they are eventually transformed into 

subconscious automatic operations. 
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The application of the information-processing approach to mathematics education 

has taken on a somewhat different character, however, since the goal for contemporary 

mathematics educators is to have students develop an understanding of mathematical 

procedures and their meanings. A primary task in problem solving is the translation of 

each statement into an internal propositional representation, and the integration of this 

internal representation with the representation of other statements in the problem. 

Studies of problem comprehension processes, for example, show that most problem 

solvers have more difficulty constructing a useful problem representation than in 

performing the computations necessary to solve the problem (Cardelle-Elawar, 1992; 

Cummins, et al., 1988; Dossey, et al., 1988; Robitaille and Garden, 1989; Stern, 1993). 

Research involving expert-novice differences show that experts are more likely to 

seek a solution through qualitative means whereas novices are more likely to focus on 

computing a quantitative answer to a story problem (such as in physics), (Chi et al, 1988; 

Smith, 1991; Sternberg and Frensch, 1991 ). These differences also appear in cross

cultural studies involving American and Japanese children. American children are more 

likely than Japanese children to use short-cut approaches to word problems, and 

instruction in U.S. schools is more likely than instruction in Japanese schools to 

emphasise computing correct numerical answers rather than understanding the problem 

(Stevenson and Stigler, 1992; Stigler et al, 1990). Indeed, research in known and derived 

number fact procedures in these Asian countries shows that: first graders reach higher 

levels of addition and subtraction perfonnance on derived fact procedure problems than 

do U.S. children receiving regular instruction (Song and Ginsburg, 1987; Stigler, Lee, and 

Stevenson, 1990), or instruction on derived facts (Steinberg, 1985; Thornton and 

Smith, 1988). 

Luria ( 1969), defined a base-numeration system as one that involves counting 

natural objects, organising them in conventional groups that become new counting units, 

and grasping the semantically complex structure underlying the (culturally dependent) 

numeration system. The implication of semantic differences in the numeration, or value 

systems in English speaking and Asian countries, for example, would appear to be that of 

the use of the differing importance of derived number fact strategies in instruction, and in 

the level of facility with which children access these strategies. 
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This section presented a discussion on the role of cognition, and in particular, the 

role of information processing, in mathematics education. The following section 

considers the role of affect as it interacts with cognition in thinking mathematically. 

3.3.3 The Role of Affect in Thinking Mathematically 

The role of affect in thinking mathematically may be considered from two main 

research paradigms. The first paradigm takes beliefs and attitudes as a starting point, and 

explores how these variables are related to such variables as achievement and enrollment 

in mathematics courses, and is characterised by its emphasis on measurement issues, 

reliance on questionnaires and quantitative methods. The second paradigm is more in 

line with current research in cognitive psychology, where studies emphasise how 

affective and cognitive variables interact to shape the actual behaviour of an individual as 

they work on a mathematics task, through qualitative methods of data collection such as 

interviews and thinking-aloud protocols. Studies by McLeod and Adams (1989) 

presented a number of examples of this new approach to the study of affect and cognition. 

The work of cognitive psychologists such as Mandler (1989) was significant in 

applying a general theory of affect to the teaching and learning of mathematical problem 

solving. Inherent in the theory is the role of prior knowledge and beliefs about self and 

the cultural background that shapes such beliefs. Schoenfeld (1985) and Silver (1985) 

highlighted the role of beliefs in mathematics education in their studies and considered 

that students' beliefs about mathematics may weaken their ability to solve non-routine 

problems. According to Brown et al. (1988), students believe that mathematics is 

important, difficult, and based on rules. McLeod (1992:579) suggested, that given that 

there is nothing wrong with the mechanisms that students use to develop beliefs about 

mathematics (D' Andrade, 1981; Schoenfeld, 1988b ), what needs to be changed is the 

curriculum ( and beyond that, the culture) that encourages such beliefs. 

Research on self-concept, confidence, and causal attributions related to 

mathematics tends to focus on beliefs about the self (McLeod 1992:580). The 

relationship of self-concept to achievement is consistently positive, as shown in studies 

by Fennema (1989), and a high self-concept of ability may be a favourable precondition 

for the initiation and persistence of effort in learning and achievement situations 

according to Helmke, (1989, 1991, 1992). 
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The notion of confidence in oneself as a learner of mathematics has been 

investigated under the rubric of self-concept (Shavelson and Bolus, 1982) and, according 

to Como and Rohrkemper (1985}, beliefs about self are closely related to notions of 

metacognition, self-regulation, and self-awareness. Kouba and McDonald (1991:105) 

suggested that the definitions students use to recognise whether or not a situation is 

'mathematical' are important in relation to students' attitudes about confidence and 

perceived usefulness of mathematics. In their analysis, Kouba and McDonald 

(1991:110-112) classified students' operational definitions of mathematics in terms of 

three domains: narrow, exclusive, and upwardly shifting. In the narrow domain students 

appear to define mathematics as consisting of counting and operations. Students who 

view mathematics as an exclusive domain appear to believe that school subjects are 

mutually exclusive and that it is impossible to be doing more than one subject at any one 

time. In the upwardly shifting domain, students no longer perceive the situation as 

mathematical when the processing related to it is considered to be automatic, or the 

content of the situation is considered to be easy or already known. 

The perceived need to discard informal or previously learned methods of solving 

problems in favour of more acceptable, 'classroom sanctioned' methods may be 

instrumental in lowering student confidence in mathematical learning and contribute to 

the view that mathematics is always hard. Kouba and McDonald (1991:112) suggested 

that if students discount their prior knowledge and skills, then they discount a portion of 

their achievement in mathematics and that this may be problematic especially for students 

who have difficulty with mathematics and therefore less success to help them to build 

confidence. More recently, this view is supported by Christou, Philippou and 

Heliophotou (1999:201): 

Knowledge, skill and prior attainments are often poor predictors of 
subsequent success because self-perceptions powerfully influence 
behavior. The beliefs that people have about themselves are key 
elements in personal self-evaluation and behavior prediction. 

In a more integrated approach, affect may be regarded as a highly structured 

system that encodes information, interacting fundamentally and reciprocally with 

cognition (Zajonc, 1980; Rogers, 1983; Goldin 1988, McLeod and Adams, 1989; 

DeBellis and Goldin, 1993, 1997, 1999; Leder, 1993; DeBellis, 1996, 1998). According 

to Goldin (1987, 1988, 1988a), affect is considered as one of five kinds of interacting 

internal systems of representation in the mature individual; the other four being 
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verbal/syntactic, imagistic (including visual/spatial, auditory/rhythmic, and 

tactile/kinesthetic), formal notational ( structured mathematical symbol systems), and 

heuristic planning/executive control. 

DeBellis and Goldin (1997:209) further emphasised the role of affect as a critical 

representational system when they asserted that: 

Affect - and its detailed interplay with cognition - is the most 
fundamental and essential system of representation in powerful 
mathematical learning and problem solving. 

The framework proposed by McLeod (1992) offers an explanation of how beliefs, 

attitudes, and emotions reflect a range of affective reactions involved in mathematics 

learning. These three distinct types of affective reactions are described as stable products 

of a person's cumulative prior experiences, and are further distinguished by the degree of 

cognitive loading they bear, with beliefs having a very strong cognitive component, 

decreasing cognitive loading on attitudes and even less on emotions. A number of 

researchers have highlighted the impact of external, environmental variables on internal 

choices and behaviours, for example, parental beliefs were identified as a critical factor 

in determining students' attitudes towards mathematics (Fennema and Sherman, 1977). 

Further, differences in patterns of teacher interactions with boys and girls have been 

reported with respect to mathematics learning (Hart, 1989; Koehler, 1990; Leder, 1987). 

Research focusing on the interaction of these external variables with cognition and affect 

also highlight deficits · in professional development of teachers, for example, 

Tahta (1993:48) pointed out: 

Mathematics teachers do not normally expect to make connections 
between the relations of mathematics and the relationships of 
family life. 

Internal, person-related variables, in respect to gender differences, also offer some 

insights to the attitudes and perceptions of mathematics learning. Boekaerts, Seegers and 

Vermeer ( 1995) suggested that boys and girls appear to 'tune in' differently when 

processing mathematical problems. Since boys regard the mathematical learning 

environment to be challenging and competitive, this aspect is more relevant for boys than 

it is for girls. 

Gender differences in adult learners have also been the focus of research, 

particularly in the last decade. Women's Ways of Knowing, first developed by Belenky, 

Clinchy, Goldberger, and Tarule (1986), were adapted to mathematics education by, 
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among others, Becker (1995); Morrow (1996); Koch (1996); Erchick (1996) and Boaler 

(1997a, 1997b). Two ways of knowing:, Separate Knowing and Connected Knowing, 

were described in relation to mathematics learning. The Separate Knowing approach to 

mathematics is characterised as rule-based, memory-reliant, individualistic and 

competitive. The Connected Knowing approach to mathematics, on the other hand, is 

concept-based and creative, emphasising co-operation rather than competition and was 

found to be associated with greater success for girls (Boaler, 1997a) and women 

(Rogers, 1990). 

In Australia, Marsh (1986) adopted an internal/external frame of reference model 

in a wide range of studies that described relationships between a range of specific 

self-concepts including academic ( verbal and mathematics), general school parental 

relations, same and different gender relations and academic achievement. Results from 

these studies, based on responses from preadolescents, adolescents, and young adults 

showed that mathematics self-concept was found to be correlated with achievement in 

mathematics, just as verbal self-concept was correlated with verbal achievement. 

There was virtually no correlation, however, between factor scores for verbal and math 

self-concepts. 

The preceding sections presented a discussion of theories and research in the 

aspects of cognition and affect in relation to mathematical thinking, highlighting the 

inter-connectedness of these aspects. In the next section, contemporary mathematical 

education research trends are overviewed. 

3.4 OVERVIEW OF MATHEMATICS EDUCATION RESEARCH TRENDS 

Contemporary mathematics education research tends to focus on the epistemology 

of mathematics, falling along a continuum of externally-internally-developed conceptions 

of mathematics knowledge. Schoenfeld (1992:348) noted that there appears to be an 

emerging consensus_ about the necessary scope of inquiries into mathematical thinking 

and problem solving. These inquiries include five aspects of cognition: the knowledge 

base; problem-solving strategies; monitoring and control; beliefs and affects; and 

practices. 
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In Schoenfled's view (1992:364) research issues associated with these aspects of 

cognition include: 

1. finding adequate descriptions and representations of cognitive 
structures; 

2. elaborating the dynamic interaction between domain knowledge 
and other aspects of problem-solving behaviour as people 
engage in mathematics; and 

3. using new methodologies and explanatory frames in describing 
the interactions between the cognitive and affective domains. 

With regard to the aspect of practice, Schoenfeld (1992:365) posited that issues of 

enculturation, practices and the means of learning those practices, may be even more 

problematic; conceptions of how to teach for mathematical thinking having of necessity 

lagged behind our evolving concept of what it is to think mathematically. The 

contemporary 'integrated' view of the growth of mathematical understanding promotes 

the balanced consideration of such issues. 

In the operational areas of addition and subtraction, there exists a large body of 

literature in the cognitive science tradition describing the developmental nature of 

interconnected webs of knowledge, mainly from a constructivist perspective. 

Investigations into multiplication and division conceptual structures tend to focus on 

concepts of number other than positive integers, and the concept of invariance that is 

inherent in multiplicative structures. Researchers such as Greer ( 1992) identified various 

conceptual obstacles to the development of multiplicative conc.epts, particularly at the 

point of extension beyond the integer domain. These approaches underpin much of what 

is described as multiplicative thinking, and serve to support the description of 

multiplicative thinking as a unique paradigm. 

Nesher (1988) focused on different semantic categories of situations. Within the 

epistemological perspective of constructivism, however, researchers such as Davis, 

Maher and Noddings (1990) and von Glasersfeld (1991) considered that including 

semantic structures as a normative dimension in mathematical thinking is too narrow a 

perspective. According to Littlefield and Rieser (1993) and Low and Over (1989, 1990) 

documented studies show that there are differences in qualitative and quantitative 

strategies where some students are less successful than others in differentiating relevant 

from irrelevant information in word problems. A direct translation approach, whereby 

the problem solver attempts to directly translate the key propositions in the problem 
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statement to a set of computations that will produce the answer, is generally associated 

with less successful problem solvers. Different aspects of this direct translation approach 

have been referred to as "compute first and think later" (Stigler et al., 1990: 15), 

the keyword method (Briars and Larkin, 1984), and number grabbing (Littlefield and 

Rieser, 1993). The narrowness of the semantic structures approach becomes even more 

apparent in considering the remarks of Schmidt and Weiser (1995) who pointed out that 

the semantic structures of word problems are more likely to be those constructed by 

teachers rather than by learners. 

Vergnaud (1983) offered an analysis of a "conceptual field of multiplicative 

structures" and described three classes of problems within multiplicative structures in 

terms of the relationships between measure spaces. On the other hand, Schwartz (1988) 

and Kaput (1985) described two classes of situations· based on the fundamental 

distinction between extensive and intensive quantities within multiplicative structures. 

Although these frameworks overlap in significant aspects, they are sufficiently 

differentiated to permit alternative ways of describing the structure of multiplicative 

thinking through a focus on implicit functional relationships in word problems, rather 

than the semantic structures of those word problems. 

Fischbein, et al. (1985) proposed a theory of the way in which primitive models of 

multiplication and division constrain the search for the required arithmetical operations 

for solving word problems. For multiplication, the primitive model is identified as 

repeated addition, and for division, the primitive model is partition or sharing. These 

primitive models foster the misconceptions that multiplication always makes bigger, and 

division always makes smaller, and become conceptual obstacles for more complex 

mathematical thinking, particularly ratio and proportional thinking. 

In a broadly metacognitive approach, Fischbein et al. (1985) advocated that learners will 

benefit from being acquainted with the limitations and traps of such intuitive models 

through the identification of the nature and causes of fallacious patterns of thinking, 

mediated by these primitive models. The multiplier effect described by De Corte, 

Verschaffel, and Van Coillie (1988) is central to the multiplication operations within the 

theory, however, it is less clear in describing specific effects for division operations. 

The analyses of researchers such as Bell, Greer and others, in focusing on numerical and 

computational effects in word problems, provided support for some aspects of Fischbein 

et al.' s theory of intervening primitive models. 

Chapter 3 -page 68 



The role of number is emphasised in descriptions of procedural and conceptual 

knowledge of the basic mathematics operations, and its effect on increasingly complex 

conceptual webs of knowledge. Baturo (1998), for example, in investigating students' 

performances and the cognitions embedded in decimal-number numeration processes, 

proposed a hierarchical model of knowledge representing cognitive complexity. Baturo's 

model consists of: Level 1 knowledge, which is associated with position, base and order 

and is unary in nature (Derry, 1996); Level 2 knowledge, which is the "linking" 

knowledge associated with unitisation described by Behr, Harel, Post and Lesh (1994) 

and Lamon (1996), equivalence and is binary in nature, representing relational mappings 

(Halford, 1993 ); and Level 3 knowledge which integrates all levels and is associated with 

reunitisation, additive structure, and multiplicative structure. In Baturo' s model, 

multiplicative structure relates position and base into an exponential system (Behr, Harel, 

Post, and Lesh, 1994) to give value and order. The model proposes that unitisation, 

equivalence and reunitisation underlie the decimal-number numeration processes of 

renaming and regrouping. This model may be contrasted with the views of Greer (1992) 

who considered that a more encompassing framework was needed to explain 

multiplicative thinking structures, and proposed that analysis of multiplication and 

division of positive integers, fractions, and decimals be presented as models of situations. 

The preceding discussion established that procedural and conceptual knowledge, 

although differentiated through the relative impact that these two knowledge structures 

exert on mathematical problem solving, are sufficiently intertwined so that it is 

impossible to consider one in isolation from the other. Such 'intertwinings' are reflected 

in the notion of procept proposed by Gray and Tall ( 1994 ). The term procept is coined 

from process to do, and a concept to know. On one level, a procept is a collection of 

elementary procepts (having the same object) that are 'compressed' into a single entity. 

On another level, a procept is the amalgam of three components: (1) a process that 

produces (2) a mathematical object, and (3) a symbol that is used to represent either 

process or object, which permits the formation of an elementary procept. 

Gray, Pitta and Tall (1997:121) described procepts as dynamic and generative 

"things" that are the source of great flexibility and power. These researchers suggested 

that the cognitive shift associated with encapsulating the process of addition as the 

concept of sum may be a reflection of different cognitive styles and that these differences 

may lead to the bifurcation in thinking that is evident in the proceptual divide between 
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proceptual and procedural knowledge. The result of qualitative compression of the 

lengthy count-all procedure into the shorter one that is count-on is represented graphically 

in Figure 1 below. 

Procedural Compression -------------------------------------------------• 

Count-all 

Figure 1: 

~ Count-on 

PROCEPTUAL THINKING 
Meaningful lmown facts and flexible 

use of counting procedures 

Proceptual Divide 

PROCEDURAL THINKING 
Counting procedures and rote learnt 

Facts 

Procedural Compression associated with Numerical Development and the 
formation of a Proceptual Divide for Early Number 
(Gray, Pitta and Tall, 1997:121) 

In symbolic mathematics, Tall (1998) proposed that arithmetic is at the base of the 

development of process/concept leading to formal definitions and proof. At the 

arithmetic level computational processes and concepts (numbers) predominate, however, 

significant process and concept shifts required for higher order thinking of algebra and 

calculus pose serious obstacles for students when they meet these new constructions. 

Recent studies by Crowley and Tall (1999) highlight the role of "flexible 

cognitive units" as central to the formation of tight, cognitive units with strong internal 

links, or procepts. Tall ( 1999: 115) pointed out that the procept notion does not imply that 

the mathematical process involved must first be given and "encapsulated" before any 

understanding of the concept can be derived, rather, it focuses on the cognitive structure 

as: 

It uses the available power of the brain to construct the whole theory at 
a schema level rather than follow through a rigid sequence of strictly 
mathematical action-process-object. 

In researching the nature of procedural thinking in achieving goals in college 

algebra, Crowley and Tall (1999:225) posed the question, "What is the nature of 

procedural thinking that makes it the default position for so many?" These researchers 

concluded that there was a difference between the use of flexible cognitive units, in 
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which external relationships between concepts form into tight, cognitive units with strong 

internal links (procepts ), and the use of more diffuse, uncompressed structures 

(procedures). 

This study follows Crowley and Tall (1999) in the use of "flexible cognitive 

units" that typically characterise the formation of tight, cognitive units with strong 

internal links (procepts). The functionality of the second brain unit as described by Luria, 

involving flexible use of different ways of processing information, would appear to be 

closely associated with the processes of forming arithmetical procepts. In the following 

sections, some aspects of additive and multiplicative knowledge structures in basic 

mathematical problems, and the processes that shape these structures, are discussed. 

3.5 ADDITIVE AND MULTIPLICATIVE KNOWLEDGE STRUCTURES 

3.5.1 Additive Operations 

In the real world or natural environment situations, the most basic way in which 

numbers are derived is through acts of counting various objects which give rise to the 

positive integers - the so-called natural numbers (Greer, 1992:276). Both the addition 

and subtraction operations involve three quantities, any one of which can be unknown. 

In the addition operation a sum is made out of two known addends; in the subtraction 

operation an addend is made out of a known sum and a known addend (Fuson, 1992:244 ). 

The subtraction operation therefore, is the inverse of the addition operation as it involves 

the same number triple. 

The function of addition involves the concept of "putting together." The symbol 

or mark for addition is+ (plus), from the Latin, meaning "more," and is placed between 

two numbers to indicate that they are to be added together. Thus, 6 + 3 means 'six plus 

two' or 'three added to six'. Here, the two addends, 6 and 3 are known, and the sum, 9, is 

unknown. The + symbol can be used repeatedly between numbers to be added, for 

example, 8 + 4 + 9 + 12. The addition operation is commutative in that the order of 

addends is irrelevant, the answer will be the same, for example 8 + 12 + 4 + 9 will yield 

the answer 33, as will 4 + 9 + 8 + 12. When adding numerals, the numbers may be added 

either in a row format (horizontally), or in a column format (vertically). Large numbers 

are usually displayed in the column or vertical format as it allows the numerals to be 

aligned according to place value, and grouping procedures to be indicated more easily 

than in a row or horizontal format. 
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The subtraction function involves the concept of "taking apart" and is intuitively 

acceptable as the inverse to the addition function of"puttingtogether." The object of the 

subtraction process is to find out the difference between two numbers, which is the same 

as finding out how much must be added to one number to equal another. The symbol or 

mark for subtraction is - (minus), from the Latin, meaning less; it is placed between two 

numbers to indicate that the second number is to be taken away from the first number. 

The example, 162 - 47 means 'one hundred and sixty-two minus forty-seven', or 

'forty-seven taken away from one hundred and sixty-two'. The sum, 162, is known, as is 

the addend, 47, and the addend, 115, is unknown. The sum, 162, may also be termed 

'minuend', and the addend, 47, may also be termed the 'subtrahend', which, when 

subtracted from each other will yield 115, the 'difference.' As is the case when adding 

large numbers, the column format is most commonly used when subtracting large 

numbers as it permits for ease of alignment. Since the subtraction operation is 

non-commutative, i.e., the order of operation will affect the answer, for example, 162 - 47 

yields the answer of 115, however 4 7 - 115 yields the answer of -68, a negative integer. 

The treatment of negative numbers is beyond the scope of this study, however the concept 

of directionality is inherent in the addition and subtraction processes of negative numbers. 

3.5.2 Multiplicative Operations 

The most common symbol or mark for multiplication is x (multiply), meaning 

'times', and is placed between two numbers to indicate that the first number, the 

multiplier, is to be multiplied by the second number, the multiplicand, to obtain the 

product (answer). As is the case with addition, the commutative nature of the 

multiplication operation means that the roles of multiplier and multiplicand are identical, 

i.e., it is irrelevant which number is assigned to which role:, as the answer will be the 

same. Thus, 7 x 12, and 12 x 7 will both yield 84. 

Although it is mathematically acceptable to interchange the roles of multiplier and 

multiplicand, difficulties may arise with the language and notation of multiplication in 

real world contexts. Although it is acceptable to express 3 x 4 as "3 times 4" or "3 

fours'\ and to associate this expression with "3 lots of 4", this expression is 

fundamentally different to the expression, "4 lots of 3," especially for children who think 

in concrete terms. From a child's perspective, three children each having four lollies are 

luckier than four children each having three lollies, although the total number of lollies is 
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the same (Anghileri and Johnson, 1988: 157). Thus, the commutative property of 

multiplication is a property of numbers, wherein the order of multiplier and multiplicand 

is irrelevant in mathematising a problem situation, in real-world situations, however, the 

expressed order of operations reflects the true semantic meaning of the problem. 

The following example, 742 x 397, illustrates the written multiple line procedure 

of multiplication that is usually followed when multiplying numbers greater than 12, and 

for which no multiplication tables are readily recalled: 

7 4 2 
3 9 7 

0) 5 1 9 4 
(ii) 6 6 7 8 
(iii) 2 2 2 6 
(iv) 2 9 4 5 7 4 

(x) 

(= 742 X 7) 
(= 7420 X 9) 
(= 74200 X 3) 

In this example, place values are preserved by writing down the result of each 

computation in the corresponding place in the multiple answer lines, (i), (ii) and (iii). 

These multiple answer lines are then added to yield the product shown in line (iv). 

The writing of a O (zero) in line (ii) directly under the 4 in line (i), and the writing of 00 in 

line (iii) directly under the 8 and the O in line (ii) is a procedure that is commonly applied 

as an 'anchoring' strategy to help preserve place values of numbers during computation. 

The distributive property for multiplication over addition, and multiplication over 

subtraction, enables new multiplication facts to be derived from facts already known, for 

example: 3 x 6 = 3 x (4 + 2) = (3 x 4) + (3 x 2); and 

7 X 99 = 7 X (100 - 1) = (7 X 100) - (7 X 1) = 700 - 7 = 693. 

When memorised multiplication tables cannot be easily recalled, especially with mental 

arithmetic, applying the distributive rule allows easy access to known number facts in 

constructing new number facts. 

The third property of multiplication is the associative property, which establishes 

how three numbers may be multiplied, for example, 

3 X 4 X 2 = (3 X 4) X 2 = 3 X (4 X 2) = 24. 

Because multiplication is a binary operation, the numbers must be multiplied in 

pairs. Since multiplication is associative, however, it is irrelevant which pairing of 

numbers is operated on first as the final product, the answer, is the same. 

Multiplication and division are usually presented as being related in much the 

same way that addition and subtraction are related; the operation of division is the inverse 
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to the operation of multiplication in that the division process will "undo" the process of 

multiplication (Anghileri and Johnson, 1988:150). Since the number triple in 

multiplication and division is the same, division can be construed as a special case of 

multiplication in that the division process can be considered as finding a missing factor in 

a multiplication situation. 

The symbol or mark for division is+ (divide), meaning 'to separate', and is placed 

between two numbers to indicate that the first number, the dividend, is to be divided by 

the second number, the divisor. Alternatively, the division mark indicates that the second 

number, the divisor, is to be divided into the first number, the dividend, to obtain the 

quotient (answer). 

In multiplication, the multiplier and the multiplicand. play different roles, 

dependent on their assignment to either of the word labels. In the following situation, the 

number of children is the multiplier that operates on the number of lollies, the 

multiplicand, to produce the product or answer, for example: "3 children have 4 lollies 

each. How many lollies do they have altogether?" A consequence of this asymmetry is 

that two types of division may be distinguished. As Greer (1992:276) pointed out, 

dividing the total, (12 lollies), by the number of groups, (3 children), to find the number 

in each group, ( 4 lollies), is called partitive division, which corresponds to the familiar 

practice of equal sharing (how much each?). Dividing the total (12 lollies) by the number 

in each group (4 lollies) to find the number of groups (3 children) is called quotitive 

division (sometimes called measurement division.) 

The common symbolic representations for simple division, are: 

6 
6 + 3, jo, or 6/3. 

3 

Thus, the symbolic representation, 10 + 2 means that 10 is to be divided by 2, or 

alternatively that 2 is to be divided into 10. As is the case with subtraction, the division 

operation is non-commutative in nature, i.e., the order of operation will affect the answer. 

For example, 10 + 2 yields 5, however 2 + 10 yields .2, a decimal number. Children 

usually first encounter division situations where the dividend is typically larger than the 

divisor, yielding a quotient that is a natural number. These strategies allow children's 

exposure to decimal numbers, remainders and subsequently, fractions, to be delayed until 

later in the formal schooling curriculum, however, such strategies may be problematic 
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where children hold on to models that 'work' for situations involving integers but do not 

'work' with situations involving non-integers. 

Anghileri and Johnson (1988:157-158) pointed out another area of misconception 

in that children may be under the mistaken impression that, given any two numbers and 

an operation, the resulting solution is unique - that there is only one answer. In the case 

of division particularly, this is likely to cause later difficulties, especially when the 

fraction expression is introduced, for example, 

6 + 3 is expressed as ~, and 3 + 6 is expressed as i. 
3 6 

Although these two expressions represent two distinct division situations and are 

strictly not interchangeable, Brown (1981) found that children interchange these symbolic 

notations with the expression "shared between," and do not distinguish between 

expressions such as 6 + 3 and 3 + 6. 

In the following example, 252 + 18, the procedure of long division usmg 

multidigit numbers is illustrated. This procedure is usually followed where both the 

divisor and the dividend are large numbers (multidigit), as it permits the display of all 

steps in the procedure. Intermediate steps involving the application of the subtraction 

procedure are shown in lines (ii) and (iii) (the 'borrowing' and 'paying back' procedures 

apply here), and in lines (iv) and (v). 

(i) 1 4 
(ii) 18) 2 15 2 
(iii) .11~ 
(iv) 7 2 
(v) 7 2 

In lines (ii) the "2" and the "5" are 'grouped' together to enable the operation of 

the number "18" on the number "25". The last digit, "2", of the dividend in this example 

is said to be 'brought down' and 'grouped' with the number "7" in line (iv). Thus, the 

partial dividend of "72" is formed in the intermediate step before the second division 

operation, 72 + 18 is carried out. An alternate setting out, which links the division 

operation with that of multiplication is: 252 = 18 x Steps in the procedure are 

the same as for the first setting-out, with the quotient being written above the blank line 

and the working beneath the blank line. A short division procedure may also be used in 

this example where the subtraction procedures are completed by using mental arithmetic, 
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18)2 5 72 
1 4 

In this example, although the grouping procedures are evident in the written 

display of the algorithm including the intermediate step of the forming of the partial 

dividend, "72", the application of the subtraction procedure is computed mentally, and 

only the results of such computation is recorded. In division situations where either the 

divisor or the dividend are odd numbers, a remainder is obtained, for example: 

5 + 2 = 2 Yz (2 remainder 1) and 17 + 3 = 5 2/3 ( 5 remainder 2). 

In these situations, the remainder is typically referred to by young children as the 

"left over" part of the answer and is reported as "2 remainder 1" or "5 rem 2" in the case 

of the examples shown above. In both partitive and quotitive division situations 

remainders tend to be problematic for children. In partitive division, if a remainder can 

be 'shared' then the sharing function is completely satisfied, if not, then it becomes what 

is left over after the sharing and may even be ignored. In quotitive division situations, a 

remainder represents a critical decision point that cannot be ignored, however, in both 

partitive and quotitive division situations, the presence of a remainder still may be 

considered by children as the 'unfinished' part of the answer. 

Routinised, rules of procedure, including variations in procedural and functional 

approaches, are commonly applied in mathematics classroom teaching, especially in 

determining the order in which the four basic mathematics operations are carried out in 

arithmetical situations involving mixed operations. Various mnemonic devices, such as 

"My Dear Aunt Sally," (United States), and "BOMDAS" (Australia) are popular aids to 

learning the order of operation of multiplication, division, addition and subtraction. 

The "BOMDAS" example is the more encompassing of the two examples in that it 

describes the attention firstly to brackets, then to multiplication indicated by the use of 

the word "of' in a word problem, multiplication, division, addition and subtraction. Such 

rules of procedure allow students to perform arithmetical operations mechanically, and 

are typically presented to students in their final form. Mak~imov (1993:40) considered 

that rules of procedure thus presented are of limited use in that they do not display 

potential for extension to new situations. The process of construction of the rules is not 

open to investigation and the learning and application of these rules is usually carried out 

in a rote manner. 
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Russian mathematics educators were observed by Davydov, (1972:423) teaching 

the order of operations based on the psychological theory of conceptual generalisation. 

Students are introduced to a situation of contradiction that will lead them to analyse the 

contradiction and to find its cause. Resolving the contradiction leads to the goal of 

determining the order of performing mathematical functions in different combinations, 

including multiplication and division through the introduction of "the action of the first 

and second stages," with addition and subtraction representing the first stage, and 

multiplication and division the second stage. This approach allows the order of operation 

procedure to be related to its underlying rationale, and makes available a rich store of 

conceptual knowledge. Procedures that are understood by their users are not only more 

likely to be recalled, but also applied appropriately in diverse situations ( Chase and 

Simon, 1973; Chi, 1978). According to the theory of constructionism, where an 

individual constructs a thing that is visible, concrete and manipulatable, then that thing 

becomes personally meaningful to, and hence personally owned by the learner 

(Julie, 1998:60). 

Multiplicative meaning situations, as discussed in the illustrations above, provide 

an analytical framework that is useful for pedagogical and research purposes. The way in 

which a real-world situation is interpreted, however, is dependent on how a person 

construes the situation. More complex problems, for example, ratio and proportention, 

may be perceived differently by individuals with differing knowledge structures. 

The discussion of differences between additive and multiplicative thinking 

structures presented thus far has focussed on the different aspects of procedural and 

conceptual knowledge associated with these different structures. In the following section, 

different classes of additive and multiplicative meaning situations, in which the 

operations of multiplication and division may be applied, are discussed. 

3.5.3 Additive Meaning Situations 

Examples of different categories of word problems are provided in the research of 

Briars and Larkin (1984), Carpenter and Moser (1982, 1983), De Corte and Verschaffel 

(1987), Fuson and Willis (1986), Thompson and Hendrickson (1983), Nesher and Teubal 

(1975), and Riley and Greeno (1988). Direct modelling of the information, as it is 

presented in word problems, and reference to natural language key-words such as 'more,' 

or 'less,' however, does not always indicate the appropriate operation for solution which 
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is subsumed in the semantic structure of additive and subtractive word problems. In this 

regard, Nesher and Teubal (1975) distinguished three levels in the transition from natural 

language to corresponding symbolic expressions: 

(a) the verbal formulation; 

(b) the underlying mathematical relations; and 

( c) the symbolic mathematical expression. 

These researchers pointed out that the association between (a) and ( c) is not al ways 

readily apparent. 

Real world additive and subtractive meanmg situations, identified by 

Fuson (1992:244-247) illustrate the complexity inherent in solving seemingly basic 

mathematics problems. As Fuson pointed out, while these situations are additive and 

subtractive respectively in meaning, subtypes within these categories variously require 

different solution procedures. Hence, an important distinction exists between the 

problem situation, and the operation (addition or subtraction) required to find the 

unknown quantity. For problem situations in which the two addends are known and the 

sum is unknown, the operation required for solution is addition; where one addend and 

the sum are known, the operation required for solution is subtraction. In word problems 

where the difference, the end, or the all are unknown, the problem situation ( additive or 

subtractive), and the solution procedure are identical, however solution procedures differ 

in many of the problem subtypes. 

Additive tasks ( involving addition or subtraction operations) become more 

complex when semantics, inherent in additive and subtractive meaning situations, require 

connections to be made between knowledge of procedures for addition and subtraction 

functions, various number concepts, and between additive and subtractive meaning 

situations that may not be readily apparent. Expanded number concepts and attendant 

algorithmic procedures must be accommodated and different semantic structures 

appreciated, therefore, to enable proficient use of the basic mathematical functions of 

addition and subtraction. 

3.5.4 Multiplicative Meaning Situations 

Multiplication and division operations are conceptually complex, even within the 

restricted domain of whole numbers, both in terms of the range of situations modelled 

and in tenns of basic conceptual understanding. Real-world multiplicative meaning 
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situations discussed in this section permit more in-depth consideration of multiplicative 

knowledge structures, and the dynamic nature of their construction. Classes of real-world 

situations reflecting multiplication and division, were described by Greer (1992:276-277). 

These classes consist of equal groups, multiplicative comparison, Cartesian product, and 

rectangular area, and illustrate the increasing levels of abstraction and number of 

inclusion relationships that are required in solving basic multiplication and division 

problems. An overview of these classes is presented in the following paragraphs. 

Equal-groups multiplication situations are those in which a number of groups of 

objects have the same number in each group, described earlier in this chapter by way of 

the example of the children and the lollies, and give rise to either partitive or quotitive 

models of division. Further examples of the equal-groups situation may be found in cases 

of replication of number patterns in the natural world, for example, 2s - feet, eyes, ears, 

wings on birds; 5s - fingers on hands, toes on feet, 7s - days in a week; in the repetition 

of a sequence of actions, for example, taking three steps four times. A rate or allocation 

conceptualisation may also be formed, for example: 

"If there are 4 lollies per child, how many lollies do 3 children have?" 

Implicit in this conceptualisation is an invariant relationship linking the number of 

children and the number of lollies, and this example describes the particular relationship 

when the number of children is three. 

A multiplicative comparison situation is one in which the multiplier may be seen 

as the multiplicative factor, for example, "Jean has 3 times as many lollies as Mark. 

Mark has 4 lollies. How many lollies has Jean?" This situation may also be viewed as a 

many-to-one correspondence in which the multiplier is 3, for example, "Jean has 3 lollies 

for every 1 lolly of Mark's. Mark has 4 lollies. How many lollies has Jean?" 

The Cartesian products class of situations may be described in terms of the 

number of distinct ordered pairs that can be formed when the first member of each pair 

belongs to a set of a number of elements, and the second member to a set with a different 

number of elements. This corresponds to the formal definition of m x n where m is the 

number of elements of one set, and n is the number of elements in the other set, for 

example, "Lollipops come in 3 different sizes and 4 different flavours. How many 

different combinations of lollipops are thereT' In this example, the first member of an 

ordered pair belongs to the set of "sizes" which has three elements, and the second 
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member belongs to the set of ''flavours" which has four elements. As a consequence of 

the symmetry between the roles of the two operands, the numbers 3 and 4, there is no 

apparent distinction as multiplier or multiplicand. This gives rise to only one type of 

division situation, for example, "Lollipops come in 12 combinations of size and flavour. 

If there are 3 sizes, how many flavours are there?" is essentially the same as: "Lollipops 

come in 12 combinations of size and flavour. If there are 4 flavours, how many sizes 

are there?" 

In rectangular area or array situations, the binary nature and the commutativity 

property of the multiplication function become intuitively acceptable. In a situation 

where a rectangle has a length of 8 ems and a breadth of 5 ems, the area may be 

partitioned into 40 squares, so that the value of the area may be found by counting these 

squares, such that the area is literally 40 square ems. This bears an obvious similarity to 

the physical arrangement of objects in a rectangular array with 5 columns of 8 rows, for 

example, "If rose bushes are planted in a garden with 8 rows and 5 rose bushes in each 

row, how many rose bushes would there be in the garden?" 

As is the case of situations with Cartesian products, the two operands in 

rectangular area or array situations play equivalent roles, consequently only one type of 

division problem applies, for example, "A garden contains 40 rose bushes. If the rose 

bushes are planted in 8 rows, how many rose bushes are there in each row?" is essentially 

the same as: "A garden contains 40 rose bushes planted in rows. If there are 5 rose 

bushes in each row, how many rows of rose bushes are there in the garden?" These 

illustrations show firstly, that the operation of division is the inverse of the operation of 

multiplication, and secondly, that division models can be constructed in two ways where 

the multiplicand and the multiplier can be distinguished in corresponding multiplication 

models of the situation. 

In studies focusing on the semantic structure of multiplicative word problems, 

Brown (1981) found that multiplication tasks involving a Cartesian product, such as the 

combinations problem classified by Greer (1987a) as a symmetrical case of a situation 

modeled by multiplication, were considerably harder to solve than multiple groups 

problem where the multiplier and multiplicand assume different roles ( asymmetrical 

cases). Similarly, other researchers, such as Douwen (1983) found that within 

asymmetrical cases, problems categorised by Greer as change of scale, were more 

difficult than problems about multiple groups. Further, De Corte et al. (1988:207) found 
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that symmetrical problems, such as area problems, were significantly easier than 

asymmetrical problems about rate. 

3.5.5 Aspects of Extension of Positive Integers 

Within the area of research on the type of number in multiplicative problems, 

several researchers have shown that the nature of the given numbers are of critical 

importance. Studies have shown that two multiplication problems, with the same 

mathematical, semantic, and surface structure, but differing in terms of the nature of the 

given numbers, can elicit very distinct levels of problem difficulty, even when students 

are only asked to indicate the appropriate operation (Bell, Swan, and Taylor, 1981; 

Bell et al., 1984; Fischbein et al., 1985; Mangan, 1986). In reviewing these studies, three 

findings are of particular interest: 

1. Mangan (1986) found that children performed significantly better on problems 

with an integer as multiplier than when the multiplier was a decimal larger than 1. 

Problems with a multiplier smaller than 1 posed even greater difficulties. 

2. Bell et al. (1984) found that students who indicate the wrong operation seem to be 

able to reason correctly about the size of the answer, but cannot relate their correct 

reasoning to the appropriate formal mathematical operation with the numbers in 

the problem. 

3. Bell et al. (1984) found that students generally seem to be unaware that for a given 

problem structure the · mathematical relationship between the known and the 

unknown quantities remains invariant, regardless of the sizes of the numbers 

(ranging from decimals to a decimal larger than 1) involved. 

According to Greer (1992:277), the extension of positive integers, and the 

operations on them, may be considered from both the formal and application aspects. 

From the formal aspect, fractions are constructed as a reaction to the lack of closure of 

the integers under division, for example closure is achieved in 14 + 2 = 7, where the 

result of the operation of division on two integers, 14 and 2, is an integer, 7. However, in 

the example 1 4 + 3, the result of the operation is defined as 4, remainder 2. By 

extending the concept of number and the definitions of multiplication and division 

accordingly, closure is achieved, for example, 14 + 3 = 42
/ 3. 

From the aspect of application, this notation may be used to represent the result of 

partitive division, as in the sharing of 14 pizzas equally among 3 people, the result being 
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42
/ 3 pizzas each. Such an equal groups situation may also be considered in terms of rate 

as in 4 pizzas per child, which generalises to a rational rate whereby it is expressed as 

14/3 pizzas per child. The alb rational notation can then be discarded by using integers to 

express the equivalent rate, for example 14 pizzas for every 3 children. Rate situations 

involving decimals are found in contextual problems such as speed, price and mixture 

and may be expressed as x [measurei] x y [ measure2 per measure1] = xy [ measure2]. 

Measure conversion problems may be considered as a special case. In the example: 

"An inch is about 2.54 centimeters. About how long in inches is 7.84 centimeters?" 

measure1 and measure2 are alternative measures of the same quantity. 

A further variation of this is when the measures are within the same system, as in 

converting metres to centimeters. Products of measures represents another class of 

situations, and may be considered as a generalisation of Cartesian product, since each part 

of measure1 can be considered as being combined with each part of measure2 for 

example: "An electric appliance uses 3.7 kilowatts for 4.4 hours, how many kilowatt

hours of electricity does it consume?" The range and complexity of situations is 

increased by the further extension to quantities derived by measurement where units are 

subdivided indefinitely so that the quantity concerned is represented by a fraction to the 

desired degree of accuracy. When a fixed subdivision factor of 10 is used, the resulting 

measures are expressed as decimals, such extension appearing to be relatively 

straightforward. Students find considerable difficulty, however with word problems 

involving decimals, and with purely computational tasks (Hiebert, 1992). 

Part-whole situations offer another type of application extension, such as the 

following situation requiring a multiplication operation: "A bakery sold 3/s of its stock of 

pies by close of business on Monday. If there were 80 pies available for sale on Monday 

morning, how many pies were sold?" The inverse of this situation is to find a quantity x 

given they y is alb of x, as indicated in the following example: "A bakery sold 3/s of its 

stock of pies by close of business on Monday. If 48 pies were sold, how many pies were 

available for sale at the start of business on Monday?" Behr and Post (1988:198) referred 

to this situation as "Construct-the-Unit" and considered that when a child is able to see 

that the process can be reversed to return to the starting point, as in this case where the 

process of finding a fraction of a whole can be reversed to find the whole of which a 

fraction is part, then, consistent with Piagetian psychology, the greater the process of 

understanding. There are various ways in which the part-whole relationship may be 
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represented. For instance, Silver (1986) found that the representation as a circle with 

differentiated sectors dominated the way in which college students he tested 

conceptualised fractions, and that the reliance on the circular representation contributed 

to fundamental conceptual errors. 

Multiplicative comparison situations such as, "Jean has three times as many 

lollies as Mark," can be inverted such that the multiplier is a fraction, for example: 

"Mark has 1
/ 3 as many lollies as Jean. If Jean has 30 lollies, has many lollies does Mark 

have?" Multiplicative comparison situations also generalise to situations where the 

multiplicative factor is a decimal, for example: ''Substance A weighs 0.65 times as much 

as substance B. A standard packet containing substance A weighs 9.4 grams. How much 

would a standard packet of substance B weigh?" Further, applications of rectangular area 

can be generalised to rectangles, which have sides of fractional measure. This is a 

context that is a traditional way of making intuitively acceptable the definition of 

multiplication for fractions (De Morgan, 1910 -[ originally 1831 ], Chapter 4 ). 

The discussion in this section focussed on the distinct natures of additive and 

multiplicative knowledge structures. In the following section the discussion focuses on 

the distinct natures of these two functions with respect to procedural and conceptual 

knowledge, the semantic structure of multiplicative word problems, and the ways in 

which concepts of numbers such as fractions and decimals extend multiplicative 

knowledge structures. 

3.5.6 Differences in Additive and Multiplicative Knowledge Structures 

Various researchers have considered the distinction between additive and 

multiplicative thinking, for example, Piaget's work (1983/1987) showed that 

multiplication is an operation that requires higher-order multiplicative thinking that 

children construct out of their ability to think additively. Piaget's work was extended by 

Steffe and his colleagues (Steffe, 1988; Steffe and Cobb, 1988; Steffe, von Glaserfeld, 

Richards, and Cobb, 1983) in longitudinal research to detail children's transition from 

additive to multiplicative thinking. These researchers showed that when children are able 

to think multiplicatively, they can think simultaneously on multi-levels about units of one 

and about units of more than one. The dimensional model proposed by Vergnaud 

(1983:128) described multiplicative structures as a conceptual field involving 

interconnected concepts, with conceptual fields being constructed over long time periods. 
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In this model, multiplicative structures rely on additive structures in part; however, they 

also have their own intrinsic organisation, which is not reducible to additive aspects. 

Moser (1988: 113) supported this view and considered that in the conceptual field of 

additive structures, the acquisition of total understanding can begin at age 3 or 4, and last 

until at least age 15 or age 16. 

A number of researchers have analysed students' solution skills and processes 

with respect to multiplication and division problems, with subjects mainly in the age 

range of 10 - 15 years (Bell, Fischbein, and Greer, 1984; Fischbein, Deri, Nello, and 

Marino, 1985; Greer, 1987a; Kaput, 1985; Mangan, 1986: Nesher, 1988; Vergnaud, 

1983). These studies focused on the problem structure and the types of numbers used. 

Schwartz (1988), examined the type of referent (number), and the operation produced to 

explain the difference between addition and multiplication: 

The commonly held view among mathematics educators and in the 
mathematics education research community is that children's early 
number knowledge and number strategies lead in a more or less 
continuous way to an understanding of multiplicative structures and 
rational numbers. 

Schwartz (1988:51). 

Schwartz, however, regarded this commonly held view to be faulty in light of his 

own analysis, coupled with the empirical observation of the difficulties children have 

with these later concepts. 

Inherent in an understanding of multiplicative structures is an awareness of 

invariance (or variation). Harel, Behr, Post, and Lesh (1991) considered that an 

understanding of multiplicative invariance is central to understanding multiplication and 

division. This view is reflected in research where concepts of invariance and 

compensation are regarded as underpinning the development of basic fact strategies 

(Carpenter and Moser, 1982). Research on rational-number learning, for example, 

suggests the importance of fraction order and equivalence to the understanding of a 

rational number as an entity ( a single number), and to the understanding of the size of the 

number (Post et al., 1985; Smith, 1988). 

According to Lesh et al. (1988), the equivalence or non-equivalence of two 

rational numbers is a question of invariance or variation of a multiplicative relation. 

With respect to this view, Bell et al. (1984) found that when interviewed about the 

problem "How much does it cost for 0.53 gallons at £1.33 pergallon?" several students 
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did not perceive any conflict in choosing the division operation for 0.53 gallons, but 

multiplication for 2 gallons. These students did not understand the invariant relationship 

that is preserved as individual values vary, i.e., number of gallons, and price per gallon. 

Greer (1987b) also found that such non-conservation of operation was very persistent, and 

that students who displayed this misconception did not easily acquire an awareness of 

invariance of operation with respect to a particular multiplication or division problem 

type during a clinical interview. 

Behr et al. ( 1992 :316) considered that the ability to represent change 

(or difference) in both additive and multiplicative terms, and to understand their 

behaviour under transformation is fundamental to understanding fraction and ratio 

equivalence. According to these researchers, situations that involve variability may help 

children to construct intuitive knowledge about fraction and ratio . equivalence, 

particularly situations that involve the concept of change or difference, and the concept of 

change and direction of change defined in both additive and in multiplicative terms. 

For example, in changing 4 to 8, the additive rule is to "add 4," while the multiplicative 

rule is to "multiply by 2." This additive change rule is the same to get 17 from 13, 

however this is not true for multiplication. Similarly, while the additive relation between 

4 and 8 is invariant under the transformation of adding 9 to both 4 and 8, this is not true 

for the multiplicative relation between the same two numbers. 

Researchers such as De Corte et al. (1988) suggested that Fischbein et al. 's (1985) 

concept of an intervening intuitive model provided a plausible theoretical account of 

children's difficulties in solving multiplication or division word problems with decimals. 

According to this theory, each arithmetical operation remains linked to a primitive 

"intuitive model," even long after that operation has acquired a formal status. 

When the constraints of the underlying, primitive model are incongruent with the 

numerical data given in the problem, the choice of a wrong arithmetic operation may be 

the result, for example, inappropriate application of whole-number knowledge may be 

interpreted as leading to poor performance on rational-number multiplicative problems 

(Bell et al., 1989; Fischbein et al., 1985; Greer, 1994). An explanation of such behaviour, 

offered by Mulligan and Mitchelmore (1997:328), was that an unawareness of the equal

group structure of all multiplicative situations restricted choice to whole-number models. 
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Information processing theory suggests that in a demanding context, errors may be 

induced by the cognitive demands of the task (Cumming and Elkine, 1994:21). 

Differences in cognitive demands of addition and multiplication tasks are described by 

Piaget (1983/1987) in terms of the number of levels of abstraction and the number of 

inclusion relationships that have to be made simultaneously in multiplicative thinking, in 

constrast with the sequential nature of additive thinking. The following description by 

Clark and Kamii (1996:42-43) illustrates these differences. In additive thinking, only one 

level of abstraction is required in the successive combination of groups, for example, 

3 + (3 more ones), then 6 + (3 more ones), and finally 9 + (3 more ones) yielding the 

value of 12. In contrast, multiplication requires thinking simultaneously about two kinds 

of relations not required in addition, for example, in the multiplicative situation of 4 x 3, 

the many-to-one correspondence between the units of one and the one unit of three is an 

abstraction at a higher level than thinking only of units of one. Concurrent with this 

thinking, is the thinking about inclusion relationships both at the level of units of one, 

such as one is included in two, and two in three, and at the level of units of three, such 

that 1 three is included in 2 threes, 2 threes in 3 threes, and 3 threes in 4 threes. Inclusion 

relations are also represented in a higher level of abstraction, whereby 3 ones are included 

in ~ach unit of 1 three, and 4 units of three are included in the product, 12. 

The multiplication operation is often presented in textbooks as a process whereby 

repeated addition of a number can be shortened, for example, 3 + 3 + 3 + 3 can be 

represented as, 3 x 4 (4 lots of 3), or 4 + 4 + 4 (3 lots of 4) yielding the same value of 12. 

The authenticity of multiplicative structures tends to be lost in such presentations as the 

emphasis is placed on simplifying in a linear representation, rather than focusing on 

thinking flexibly about the representation of different inclusion relationships. 

Baturo (1998:80) referred to the multiplicative structure as one in which number 

position and base is related in an exponential system to give value and order, and stressed 

that these relationships are crucial in the development of multiplicative thinking 

structures. The quality of these relationships may, in tum, affect the range of strategies 

that individuals can draw upon in solving basic mathematics problems, and hence, affect 

their performance in those problems. In the following section, selected research in basic 

mathematics problems is discussed. 
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3.6 SELECTED RESEARCH IN BASIC MATHEMATICS PROBLEMS 

As part of the Strategies and Errors in Secondary Mathematics (SESM) project 

conducted during 1980-1988 in Britain, Hart (1984) investigated children's strategies and 

errors in solving problems involving ratio. A basic premise of Hart's research was the 

assumption that the errors children make are indicative of their cognitive functioning and 

not mere carelessness (Hart: 1984:75). One of the significant findings of this research 

was the identification of 'adders' who use inappropriate strategies involving addition 

rather than multiplication in answering harder enlargement questions. On easier 

questions these 'adders' produced correct answers by avoiding the multiplication 

operation and successfully replacing it with repeated addition. 

A major outcome of the SESM project (Hart: 1984:82) was the need to trace many 

of the misconceptions present in secondary school children to their genesis in earlier 

mathematical experiences. In relation to primary school mathematics, ( for children aged 

5 - 11,) Hart (1984:82) questioned the source of the problem as being the 'difficult' 

proportion schema, (which in Piagetian terms is considered to be at the level of 'formal' 

reasoning) and suggested that the lack of confidence in ratio and proportion may arise in 

the acquisition of arithmetical skills and techniques. Hart (1984:81) proposed that 

children believe division is commutative and are unable to perceive a fraction as a result 

of division. In referring to the work of Streefland and Van den Brink (1978), Hart 

pointed out that kindergarten aged children were able to grasp the essential nature of 

proportion using integers. As they were not required to carry out any non-integer 

multiplication in these studies, however, no conclusions could be drawn with respect to 

these types of numbers. The SESM research on ratio also yielded considerable evidence 

that the secondary school mathematics students population aged 11 - 16 in the study 

appeared to have invented methods which were consistent with their own cognitive 

structure and knowledge. Hart (1984:82-83) reported that the most able students used 

correct methods of solution, however the 'adders' found that their methods did not serve 

them well in situations which called for higher order conceptual and procedural 

knowledge of number. 

Contemporary studies include those of student difficulties in the basic 

mathematics operations. In 1994-1995 the Third International Mathematics and Science 

Study (TIMSS)' (Lokan, Ford and Greenwood, 1996) was conducted with over half a 

million students from 45 countries. In 1996, results from almost 14,000 Australian lower 

Chapter 3;. page 87 



secondary level students were reported in 'Maths and Science On the Line'. This study 

included the content areas of fractions and number sense; geometry; algebra; data 

representation, analysis and probability; measurement; and proportionality. Because 

differing numbers of students doing each item were not taken into account in determining 

the averages, the results give only a rough indication of performance by content area. 

Notwithstanding, there is still a very distinguishable downward trend in performance 

across all Australian States and Territories between the content areas of fractions and 

number sense, and proportionality. In all populations included in the TIMSS, 

performances on proportionality are significantly lower than performances on fractions 

and number sense. 

More recently, an 'error analysis' of samples of scripts from national tests in 

mathematics taken by all 7 year old and 14 year old pupils in England and Wales was 

conducted by Ryan and Doig (1998). Commonly-occurring errors were identified and 

classified along with a calculated average ability of those children making each error. 

This average was used to map the error response on the same scale as the estimated 

difficulty of the correct response, which Ryan and Doig (1997:83) suggested indicated 

expected behaviours of children of a given ability. A final critical stage in the research 

was the interpretation of the scale as a description of characteristic thinking and specific 

behaviours, reflected in correct answers and errors, expected at various levels of 

attainment. Given the rather severe limitations of the 'error analysis' reported by 

Ryan and Doig (1997:83), it appears that the direct relationships between different 

categories of responses, correct and identified classifications of errors, expected 

behaviours, and ability levels should be interpreted with extreme caution. 

In Australia Kays' (1980} research highlighted particular errant responses made by 

students from upper primary, secondary and TAFE populations in applying the basic 

mathematics operations. Evidence of deficits in the knowledge of number and 

algorithmic procedures, involving both integers and non-integers, was proposed in the 

analysis of various classes of basic mathematics problems. Of particular interest was the 

increased rate of errant responses in classes of problems requiring the manipulation of 

non-integers, according to the four basic mathematics operations, over those problems in 

which only integers were involved. 
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The original diagnosis of basic mathematics errors developed by Kays and 

Palmer, and teaching strategies developed by Smith, subsequently infonned the 

development of a teaching guide entitled, Stop I Look and Lesson (Palmer et al., 1994) 

that contains strategies to identify and correct some common errors associated with faulty 

knowledge of number and arithmetic algorithms associated with number sentences. 

Kays (1983:55) described the flaws in more traditional approaches to diagnostic 

mathematics testing thus: 

The diagnostic conclusions, which can be drawn, will be ones like 
"Johnny can't add" or, more probably, that "Johnny can add as long 
as no more than two numbers of three digits each are involved and 
no carrying is necessary". Similar kinds of conclusions can be 
drawn for each separate operation or sub-topic covered by these 
tests. The problem with those kinds of diagnoses is that the 
underlying causes may not be tied to a single operation: often there 
will be misconceptions about fundamental aspects of the number 
system that will manifest themselves in all operations". 

The results of the studies described in this section suggest that basic mathematics 

situations requiring appropriate linkages between procedural and conceptual knowledge, 

particularly of number and especially of non-integers, are problematic for students across 

different levels of educational populations. It also appears that such misconceptions of 

non-integers in basic multiplication and division situations are exacerbated in more 

complex topic areas such as ratio and proportion which require higher-order levels of 

abstraction and inclusion. Davis (1997:133) posed the question that prompted the 

development of the theme of this study: 

The observed differences between students who are mathematically 
able, vs. students who are mathematically less able, have 
traditionally been explained, in one way or another, in terms of some 
forms of innate ability. But suppose, instead, that the differences are 
in substantial part attributable to differences in individual repertoires 
of knowledge items, or in differences in how a task is perceived. 
We are not speaking here of the obvious difference that some people 
know more than other people, now, but rather we are referring to 
deeper differences in the kinds of things people may know, 
differences that may lift one person's thinking to different levels of 
strategy or different kinds of cognitive activity. 

The literature reviewed and the theoretical models presented in this chapter 

provides firm support for investigating further the aspects of arithmetical knowledge 

structures that encompass additive and multiplicative operations and meaning situations. 
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The third research question in this study which is formulated from these theoretical 

models is: 

Question 3: Does the Screening and Diagnostic Test in Maths Part A reflect 
aspects of arithmetical knowledge structures? 

Hypothesis 3: Items that rely on authentic multiplicative knowledge structures are 
more difficult to solve than items that may be solved using additive 
knowledge structures. Performance on basic mathematical problems 
will vary in relation to these arithmetical knowledge structures. 

A fourth formal research question and hypothesis to examine the relationships 

between individual differences in Information Processing and Self-Esteem with respect to 

the Arithmetical Construct was developed from consideration of the findings from the 

first three studies. 

Question 4: What are the relationships between individual differences in 
Information Processing, Self-Esteem and arithmetical knowledge 
structures? 

Hypothesis 4: There are significant individual differences in Information Processing 
Preferences, Self-Esteem and arithmetical knowledge structures. 

These research questions, associated hypotheses, and methodological issues are 

discussed in the following chapter. 
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Summary 

Contemporary Mathematics Education is influenced by a wide range of 

perspectives including the conception of mathematical knowledge, the information

processing approach to thinking mathematically, and the role of affect in thinking 

mathematically. Research trends in Mathematics Education focus on the roles of 

cognition and affect, and the interconnectedness of these domains in the formation of 

mathematical knowledge structures. Research in cognition and affect highlights gender 

differences in attitudes and perceptions of mathematics learning and performance, and 

between academic dimensions of Self-Esteem and academic performance. International 

and Australian investigations of errors in basic mathematics problems highlight students' 

difficulties in basic arithmetic problems, especially multiplicative problems involving 

non-integers. 

Knowledge structures underpinning the four basic mathematical operations are 

generally identified as procedural and conceptual knowledge and although different, these 

knowledge structures are closely intertwined and the interrelationships between them 

reqmre increasingly inter-depending, higher-level, thinking to solve even relatively 

simple mathematical problems. Increasingly flexible multiplicative knowledge 

structures, characterised by increased cognitive demands of thinking of units at different 

levels simultaneously, are clearly identified in increasing levels of abstraction and 

number of inclusion relationships in the basic mathematical operations of multiplication 

and division. Real-world meaning situations and the extension of positive integers place 

even greater demand on cognitive flexibility required to track relationships in basic 

mathematical problem solving. 
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CHAPTER4 RESEARCH DESIGN 

Overview 

This chapter describes the research design for the study. Section 4.1 introduces 

the research theme and Section 4.2 outlines the research questions. Section 4.3 details the 

research methodology that examines the research questions and outlines methodology to 

examine further research questions arising from initial studies. Section 4. 4 describes the 

context of the study including geographical setting and mathematics curriculum 

background. Section 4. 5 presents the phases of the research design and Section 4. 6 

describes the composition of the research cohort. Section 4. 7 describes the research 

instruments used to measure individual differences in information processing preferences 

and self-esteem dimensions, and responses in basic mathematics problems. Section 4.8 

discusses the data analysis plan and Section 4.9 discusses the evaluation of the research 

methodology, including assumptions and limitations of the study. 

4.1 INTRODUCTION 

This chapter presents the research design, methodologies and accompanymg 

research questions. The study is designed to take account of the interaction between 

cognitive and affective variables in basic mathematical problems as reflected by the 

theme of the study: 

To what extent do individual differences of some information processing 

preferences, and some dimensions of self-esteem, account for variability in 

secondary school students' arithmetical knowledge structures in basic 

mathematics problems? 

The review of the literature in Chapters 2 and 3 suggests that thinking, learning, 

and problem solving relies on a complex web of individual differences in cognitive 

abilities, and affect. Individual ~ifferences in cognitive abilities associated with the 

functioning of information processing preferences, dimensions of self-esteem and 

arithmetical knowledge structures affect performance in basic mathematics problem 

solving. Reported research shows that development of the multiplicative knowledge 

aspect of arithmetical knowledge particularly, affects performance in basic mathematical 

problems and in more complex mathematical areas such as ratio and proportional 

thinking. 
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Knowledge of number is essential for the early development of multiplicative 

knowledge structures that are inherent in the four basic mathematics operations. 

Where number knowledge, particularly of non-integers is underdeveloped, unreliable 

multiplicative knowledge structures are formed. Reliance on relatively simple additive 

knowledge structures becomes increasingly problematic once the more complex 

operations of multiplication and division are encountered. Continuing poor performance 

in areas perceived . to be ''mathematics" reinforces the negative view of self and may 

affect levels of cognitive functioning. The executive synthesis of information through the · 

simultaneous information processing preference associated with the tertiary zones of the 

second brain unit, according to Luria's model, particularly, may be affected leading to 

lowered persistence of effort in seeking a solution to basic mathematics problems. 

Hence, consideration of these issues has led to the formulation of the following research 

questions. 

4.2 RESEARCH QUESTIONS 

Question 1: Are the constructs of Information Processing confirmed? 

The discussion of the information processing approach to cognitive abilities 

presented in Chapter 2, Section 2.3.1 of this study suggests consideration of the 

following: 

Hypothesis 1: Principal Component Analysis of data obtained from the battery 
of the six tests administered based on the Luria Model of 
Information Processing will produce three independent 
components which may be labelled as a successive processing 
component, a simultaneous processing component, and a 
cognitive control component which together will account for the 
major proportion of the variance in the data. 

The Luria Model of Information Processing describes two ways m which 

information is processed - successively and simultaneously, together with a third 

regulatory function - cognitive control. The theoretical differentiation between the two 

kinds of organising activity, simultaneous (primarily spatial) and successive (primarily 

temporal) and the executive ability of cognitive control provides the basis for examining 

these constructs. 
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Question 2: Is Self-Esteem a multi-dimensional construct? 

The literature review of self-esteem as a multi-dimensional construct presented in 

Section 2. 7 of this study gives rise to the following: 

Hypothesis 2: Independent academic and non-academic factors will correspond 
to the multi-dimensional scales of self-esteem described by 
Marsh (1990b). 

Marsh's Model of Self-Esteem is based on a multifaceted, hierarchical model of 

self-concept as proposed by Shavelson et al. (1976) in which specific academic 

self-concepts (for example, reading, math, science) form a single higher-order facet of 

academic self-concept. In testing the original model, Marsh and Shavelson ( 1985) found 

the hierarchy of self-concept to be more complicated than originally posited. These 

researchers identified two second-order academic factors, math self-concept and verbal 

self-concept that were nearly uncorrelated. This study is designed to confirm the multi

dimensionality of the self-esteem construct proposed by Marsh, and calculated factor 

scores recommended by Marsh will be derived from the different dimension scales. 

The academic dimensions of Maths Self-Esteem and Verbal Self-Esteem are of particular 

interest and the calculated scores for these dimensions will be included in further 

analyses in this study. 

Question 3: Does the Screening and Diagnostic Test in Maths Part A reflect 
arithmetical knowledge structures? 

Chapter 3 of this study presented a discussion of the multiplicative and additive 

aspects of arithmetical knowledge structures. The Screening and Diagnostic Test in 

Maths Part A was developed from studies of basic mathematics problems in various 

cohorts of Australian students. These studies show that student performance varies 

according to the type of operands involved (integers or non-integers) and the operation 

(addition, subtraction, multiplication or division). This discussion prompts the following: 

Hypothesis 3: Items that rely on authentic multiplicative knowledge aspects are 
more difficult to solve than items that may be solved readily 
using additive knowledge structures. Performance on basic 
mathematical problems will vary in relation to each of these 
arithmetical knowledge structures. 
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The Screening and Diagnostic Test in Maths Part A contains basic, arithmetical, 

open number sentences involving integers and non-integers in the four basic mathematics 

operations, and every-day word problems consisting of the categories of equivalence, 

conversion, ratio and proportion. A factor analysis of the items 1 - 44 of the 50 items in 

the Screening and Diagnostic Test in Maths Part A yields a description of the additive and 

multiplicative knowledge aspects of arithmetical knowledge. The Screening and 

Diagnostic Test in Maths Part A is then subjected to a Rasch model item response theory 

(IRT) analysis which provides evidence that the first forty-four items in this test may be 

understood as a continuum defining an arithmetical knowledge construct comprised of 

clusters of commonly related items. This analysis of responses yields estimates of item 

difficulty which are helpful in describing patterns of responses, and case estimates which 

are helpful in describing the association between performance on individual items and 

performance on the total test. These case estimates provide a basis for further 

investigation of the relationships between information processing, self-esteem, and the 

additive and multiplicative knowledge aspects of the arithmetical construct in basic 

mathematics problems. 

The findings from studies associated with Research Questions 1 - 3 reported in 

Chapter 5 of this study provide the basis for examination of the relationships between 

individual differences in Information Processing Preferences, academic dimensions of 

Self-Esteem and arithmetical knowledge structures. 

Question 4.1: What are the Relationships between Individual Differences in 
Information Processing Preferences, Self-Esteem and Arithmetical 
Knowledge Structures? 

The focus of this questfon is the investigation of the relationships between 

information processing (Luria) variables, self-esteem (Marsh) variables and variables of 

case estimates of arithmetical knowledge structures in basic mathematics problems 

identified in Research Questions 1 - 3. Contrasts of the differences between levels of 

information processing (Luria), and levels of the academic dimensions of Math and 

Verbal Self-Esteem with respect to arithmetical knowledge· structures identified in 

Research Question 3 are examined and discussed. 

Chapter 4 - page 95 



Question 4.2: What are the Relationships between Gender in Information 
Processing Preferences, academic dimensions of Self-Esteem and 
Arithmetical Knowledge Structures? 

The contrast of Information Processing Preferences (Luria) variables, academic 

dimensions of Math and Verbal Self-Esteem (Marsh) variables and case estimates of 

arithmetical knowledge structures is designed to investigate differences of these academic 

dimensions of self-esteem which are attributable to differences between male and female 

students. 

Question 4.3: What are the Relationships between Year-level-Groups in 
Information Processing Preferences, academic dimensions of 
Self-Esteem and Arithmetical Knowledge Structures? 

A contrast of levels of information processing (Luria) and the academic 

dimensions of Maths and Verbal Self-Esteem (Marsh) with different Groups (year-levels) 

designed to investigate developmental shifts in individual differences completes the 

studies related to the fourth Research Question. 

The confirmation of the theoretical constructs presented m Research 

Questions 4.1, 4.2 and 4.3 suggests the following: 

Hypothesis 4: There are significant relationships amongst Information 
Processing Preferences, academic dimensions of Self-Esteem, 
Gender, School-Year-Group and performance on the 
Arithmetical Construct. 

Hypothesis 4.1: There are significant differences between School Year 
Groups with respect to Information Processing 
Preferences and performance on the Arithmetical 
Construct. 

Hypothesis 4.2: There are significant differences between males and 
females in academic dimensions of Self-Esteem. 

Hypothesis 4.3: There are significant differences between levels on 
Information Processing Preferences and levels of 
academic dimensions of Self-Esteem with respect to 
performance on the Arithmetical Construct. 

Further research questions addressing issues raised from the findings of these 

Phase 1 Research Questions 1 - 4, and methodological considerations pertaining to 

qualitative analysis in Phase 2 of the research design are presented later in Chapter 7. 

The following section discusses the methodology adopted in the research design. 
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4.3 METHODOLOGY 

One of the fundamental techniques of social research is that of observation. This 

was adopted in this study as it can be used jointly with other techniques such as intensive 

interviewing, documentary study or case studies (Sarantakos, 1998). Observation can be 

both passive and active. Cook and Campbell (1979:295) comment that passive 

observation methodologies attempt to infer causal processes based on observations of 

concomitancies and sequences as they occur in the natural (school) setting. The role of 

the observer in passive observation is to record data in an objective and neutral fashion, 

whereas, in active observation the observer is involved in the process and purpose of the 

observation. In this study, passive observation was employed in the collection of data 

through objective, written tests to provide a basis for quantitative analysis of associations 

between variables. A more active observation approach, using semi-structured interview 

techniques, was adopted to investigate issues raised in the quantitative analysis. 

Individual interviews with students drawn from the research cohort enable these issues to 

be investigated more fully. 

Although a clear, overriding theoretical framework for much of the research was 

not available, well-validated sub-frameworks of information processing, self-esteem, and 

basic mathematics performance, however, were employed to provide the major 

theoretical underpinnings that support the research theme. 

A variety of data analysis strategies, drawn from the traditions of both qualitative 

and quantitative research, although adding complexity to the analysis, also adds validity 

via methodological triangulation (Redden, 1995:77). Qualitative methodology assumes 

that the social world is always a human creation not a discovery (Smith, 1992:101) and 

tries to capture reality as it is, namely as seen and experienced by the respondents. 

Quantitative methodology, in contrast, regards humans as being determined by the social 

world and explicit, exact and formal procedures are employed in defining concepts, 

establishing propositions and operationalising and measuring concepts. By including 

both quantitative and qualitative measures into the design, each measure provides greater 

insight and understanding of the research area (K vale, 1996). This chapter describes the 

quantitative research that guided the initial studies. Details of the qualitative research 

approach that was formulated from the findings of the initial studies are included in 

Chapter 7. 

Chapter 4 - page 97 



4.4 CONTEXT OF THE STUDY 

This section describes the contextual setting for the study. This includes details 

regarding the geographical location of the research, and the background from which the 

students for the research sample were selected. 

4.4.1 Geographical Setting 

Students involved in this study were drawn from the student body at a medium.

size, public education secondary school for Years 8 - 12. The school offers a range of 

State-accredited curriculum to cater for student needs and is representative of most State 

secondary school students in Queensland. The school is located in an inner-western 

suburb of Brisbane and is readily accessible by public transport, for example, train and 

bus. This school is a co-educational secondary school that draws its student population 

from a range of primary schools from surrounding and other suburbs of Brisbane. 

Because of its accessibility and the range of curriculum offerings, the School's student 

population has a range of socio-economic backgrounds. 

Selection of one geographical location from which to draw a sample poses a 

potential threat to the generalisation of any findings. The very stringent demands of the 

observation methodology applied in this study in relation to preparation of observers, 

time commitment by observers and research subjects, familiarity with the content and 

purpose of the research, and the associated monetary and time costs, operated against the 

drawing of a wider sample from a number of schools in different geographical locations. 

The ready acceptance of the sole researcher/observer in the school community, the high 

level of co-operation of both students and staff and the familiarity of the sole 

researcher/observer with the expectations of the school community, along with the 

preparedness of the sole researcher/observer, mitigated the biases that could have resulted 

from such a restricted sample. 

4.4.2 Secondary School Students and Mathematics 

Year 8 students in the Queensland Education system study a broad curriculum 

which fonns the basis of more focused study in Grades 9 and 10. Completion of Year 10 

marks the end of the compulsory years of schooling. Students are required to make 

specific curriculum choices for Years 11 and 12 in light of their preferences for further 

educational studies. 
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Some testing of individual students for levels of performance in numeracy and 

literacy is conducted at the school level during the first secondary school year to identify 

areas for appropriate remediation action by the classroom teacher. Diagnostic and 

remedial programs are applied at the system level for individual students who are 

ascertained as special needs students. Year 8 mathematics results are reported in 

qualitative form only, with qualitative and quantitative reporting introduced for 

Years 9- 12. 

In Years 9 and 10 students are grouped in classes, generally on the basis of 

performance in subjects studied in Year 8. In Years 11 and 12 students may elect to study 

either Mathematics in Society, Mathematics A, Mathematics B, or Mathematics C, which 

are designed by the Board of Senior Secondary School Studies (BSSSS). Mathematics in 

Society emphasises the practical application of mathematics in real-world situations, and 

is recommended for students who typically have lower levels of performance and are 

therefore considered generally by the school community (Students, Teachers and Parents) 

to be 'non-academically inclined.' Mathematics A, B and C are considered by the school 

community to be subjects of increasing levels of academic rigor that are recommended 

for students who demonstrate varying levels of mathematics performance in Years 9 and 

10 Mathematics, and who aspire to undertake higher education courses, particularly 

university courses. 

The National Vocational Mathematics Curriculum Project, funded by the 

Australian Committee for Training Curriculum (ACTRAC Products Ltd, 1995), produced 

some ninety mathematics topic packages that may be structured into learning modules to 

meet particular user needs. These National Maths Topics are being incorporated into 

vocational education mathematics courses offered in secondary schools and Institutes of 

T AFE in Queensland. Achievement of the learning outcomes of these topics is assessed 

under the Competency Based Training (CBT) model. The CBT approach and the profile 

of learning approach of the Student Performance Standards referred to earlier focus on 

the achievement of mathematical knowledge according to differing criteria. While the 

importance of social aspects of mathematics education is acknowledged in both 

approaches, they differ with respect to the measurement of the acquisition of 

mathematical knowledge. 

This section outlined the range of mathematics curricula that are available to 

secondary school students in Queensland. Although there are differences in 

Chapter 4 - page 99 



implementation and reporting approaches, the aim of these mathematics curricula is to 

facilitate the development of mathematical knowledge structures that are pertinent to the 

requirements of academic and vocational pursuits. Issues associated with the 

development of arithmetical knowledge structures in basic mathematics problems are 

considered in the design of this study and are outlined in the following sections. 

4.5 DESIGN PHASES 

This study has two major design phases. 

The first phase focuses on describing the research cohort in terms of information 

processing preferences, dimensions of self-esteem and performance in basic 

mathematical problems. The findings of the studies associated with the research 

questions in Phase 1 provide the basis for the formulation of further research questions in 

the second phase and sharpen the focus of inquiry. 

Individual differences in processes used in solving basic mathematics problems 

appear to be linked to different cognitive functions. In the Information Processing 

literature discussed in Chapter 2, the roles of the three functional brain units are described 

in terms of processes and strategies that an individual employs when engaged in a 

learning situation. According to Luria (1973) the role of the second functional unit of the 

brain can be described in tenns of two types of information processing - successive and 

simultaneous. The successive synthesis of information involves the synthesis of 

temporally related information that, in itself, is not surveyable as a whole. Simultaneous 

synthesis of information, on the other hand, involves the organisation of successively 

perceived elements into a simultaneously surveyable whole. Results from studies to 

operationalise the Luria model of Information Processing suggest that for some cohorts 

cognitive functions may be described in terms of two rather than three role dimensions. 

In this study, although three role dimensions were hypothesised, two dimensions were 

found to describe concisely the individual differences of taking in information and 

processing that information. 

Individual differences with respect to preference of use of these qualitatively 

different processes are observable in problem solving behaviour. In comparing successful 

and unsuccessful problem solvers in the comprehension of arithmetic word problems, 

Hegarty, Mayer and Monk (1995:29) suggested that individual differences in solving 

problems are linked to the processes engaged~ successful problem solvers are more likely 
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to use comprehension strategies involving building a problem model rather than by using 

direct translation strategies. 

A high self-concept of ability may be a favourable precondition for the initiation 

and persistence of effort in learning and achievement situations (Helmke, 1989, 1991, 

1992). Students with low expectations of success are prone to develop failure-avoiding 

tactics as suggested by self-worth theory (Covington, 1984). While activities such as 

avoidance behaviour and procrastination may serve to protect the self-esteem in the short 

term, ultimately, they are counterproductive and impair achievement according to 

Helmke and van Aken (1995:624). 

In a study of sixth grade elementary school children, Boekaerts et al. (1995) 

described a model of adaptable learning that takes account of the interaction between 

affective and cognitive variables in learning situations. Although no differences were 

found between solution time and mathematical performance, gender differences in 

approach to the mathematics learning environment were noted in this study. 

Boekaerts et al. (1995) suggested that boys find the mathematical learning environment to 

be challenging and competitive. Girls, however, approach the mathematical learning 

environment in a less confident manner. These researchers suggest that the constructive 

attributional beliefs held by boys may help establish favourable scenarios which generate 

confidence rather than doubt, and underconfidence in the learning environment may 

cause girls to chronically underestimate their mathematics ability. The aim of the 

Phase 1 studies is to describe the linkages between cognitive and affective variables that 

influence student performances in basic mathematics problems. 

The aim of Phase 2 is to gain a clearer understanding of the roles that these 

variables play in the formation of the multiplicative aspect of arithmetical knowledge 

structures in basic mathematics problems. Individual student interviews permit a more 

thorough investigation of the nature of the multiplicative knowledge aspect, the cognitive 

processes, and some aspects of affect that students use in solving basic mathematics 

problems. The multiplicative knowledge aspect of arithmetical knowledge structures, 

discussed in Chapter 3, is crucial to successful performance in areas of increasingly 

complex mathematical activity, and inherent in the development of the multiplicative 

knowledge aspect is the knowledge of number. Chapter 7 presents the details for the 

Phase 2 design and analyses. The following section describes the composition of the 

research cohort. 
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4.6 SUBJECTS 

All students and their parents were provided with details of the purpose and time 

commitment for the study. Parental permission was secured prior to the commencement 

of the research for those students who accepted the invitation to participate in the study. 

(See Appendix 1 ). Students who indicated that they wished to be included in the program 

were contacted personally by the interviewer/researcher to confirm implementation 

details and to field any questions pertaining to the research. The research cohort was 

representative of the School population with students from all Year levels volunteering to 

be involved in the study. Table 2 shows the composition of the research cohort for the 

Phase 1 studies. Subjects in the Phase 2 study were drawn from a sub-sample of this 

cohort. 

Grade and Identification Number 

Year 8: 

Year 9: 

Year 10: 

Year 11: 

Year 12: 

001-023 
024-052 

053 -076 
077 - 089 
090 - 105 
106 - 119 

120 - 138 
139 - 152 
153 - 158 
159 - 164 

Males 

23 

24 

16 

19 

6 

Females 

29 

13 

14 

14 

6 

Total 

52 

37 

30 

33 

12 

Table 2: Description of Research Cohort, N = 164 at the School 

The sample size of 164 in this study is adequate for factor analysis according to 

Tabachnick and Fidell (1983:603) and is in excess of the sample size recommended by 

Stevens (1986) to minimise Type II error in multivariate analysis of variance (MANOVA) 

designs with small effect size. The research cohort may be considered in three distinct 

groups according to the differences in offerings of mathematics curricula to students in 

different Year levels described in Section 4.4.2. 

The groups are: Group 1: Grade 8 (N = 52); Group 2: Grades 9 and 10 (N = 67); 

and Group 3: Grades 11 and 12 (N = 45). 
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4.7 RESEARCH INSTRUMENTS 

The test instruments used in this research have been widely used in previous 

studies and are based on the theories outlined in this thesis. Objective tests were used to 

measure individual differences of information processing and performance on basic 

mathematics problems, and a self-report inventory was used to measure some individual 

differences of self-esteem. The Luria battery of objective tests, developed in PhD 

research programs completed at the University of New England, for example, 

Green (1977), Walton (1983), Crawford (1986), Tulloch (1986), and more recently by 

researchers including Geake ( 1995), were used to measure individual differences in 

information processing preferences based on the expanded Luria model of 

simultaneous/successive information process and cognitive control. (See Appendix 2 for 

the tests and scoring keys). 

The Self-Description Questionnaire-II is a self-report inventory of self-esteem. 

Several studies (for example Marsh, Parker, and Barnes, 1985; Marsh and Peart, 1988; 

Thomas, 1984) support the generality of the relationship between specific facets of 

academic self-concept and corresponding measures of academic achievement, such as 

test scores or grades. For example, math achievement is most highly correlated with 

Math self-concept, English achievement is most highly correlated with Reading/Verbal 

self-concept (Marsh, 1990b:59). (See Appendix 3 for a full description of the scales and 

their items). 

The Screening and Diagnostic Test in Maths Part A is an objective test that 

requires the following basic computation skills: the four basic mathematics operations of 

addition, subtraction, multiplication and division involving whole numbers, decimals and 

simple fractions; percentages; ratio and proportion. The test has been used in various 

Australian States and Territories in secondary schools and TAPE Colleges and was used 

extensively in Queensland as part of the Literacy and Numeracy Testing Project in TAPE 

Colleges. Each of the above mentioned tests is examined in detail in the following 

sections. (See Appendix 4 for the Screening and Diagnostic Test in Maths Part A, scoring 

key and support material too lengthy to incorporate in the main text.) 
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4.7.1 Tests for Cognitive Control 

Luria (1973) described the capacity to direct and select the essential elements 

from presented stimuli for mental activity as attention. One aspect of the development of 

selective attention is shown in the studies of Shepp (1978) which contained tasks 

involving speeded sorting and free classification of stimuli that varies on two dimensions. 

His findings showed that older children and adults demonstrated the capacity to attend 

independently to dimensions, whereas young children perceived dimensions as integral 

and responded on the basis of overall similarity. This ability to attend separately to the 

multiple attributes of a stimulus is crucial to thinking or problem solving performance 

where the solution relies on the correct identification to the task relevant dimension. 

The Cognitive Control ability was measured by the Visual NIL (number/letter) 

Search Test, and the Auditory Number/Letter Attention Span Test in the Luria battery of 

tests. The Visual NIL (number/letter) Search Test is a timed test containing two sub-tests 

in which subjects are required to exercise flexible attention and to choose a correct 

solution from choices between odd and even numbers, and between vowels and 

consonants. Before the start of the test the subjects were instructed to regard the letters 

'a, e, i, o, u' as vowels, and the number 'O' as an even number. 

The test is presented to subjects as twenty-four tasks on a printed sheet. An 

instruction is given in the left-hand column on the printed sheet of paper and subjects are 

required to place a cross on the letters or numbers as indicated by the instruction 

( depending on the task relevant dimension of letters or numbers). Eleven tasks contain 

twenty-four letters, and require subjects to select either vowels or consonants. Thirteen 

tasks contain twenty-four numbers and require subjects to select either odd or even 

numbers. Total time for the test is 2 minutes 30 seconds. A final score was calculated 

from the total number of correct responses and the total number of incorrect responses. 

Crawford (1986) found that a similar test, Letter Search Test, loaded .55 on the factor 

described as "executive control" and Hunter (1991) found that this test loaded .95 on a 

"cognitive control" factor. 

In the Auditory Number/Letter Attention Span Test, a shift of focus is required 

whereby subjects are required to recall the exact order of either numbers or letters as 

directed by an aural cue given by the researcher at the beginning of each item. In this test 

a correctness score was assigned to each of the twenty items. This correctness score is 

derived by rating the correctness of the series recalled. For example, if letters are to be 
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recalled from the item (6 F 2 S 9), and (F S) is the response, then the correctness score is 

2 as the entire series is recalled correctly. If (F 2 S) is the response, however, then the 

correctness score is 1 as the first letter only and not the entire series is recalled correctly. 

Crawford (1986) found that the Auditory Number/Letter Attention span Test loaded 

.38 on the "successive'' factor, as did Hunter (1991) who found it loaded even more 

strongly at . 80 on a "successive" factor. In this study the test is regarded as a measure of 

selective attention, and as such is better described, in the first instance, as a measure of 

cognitive control. Crawford (1986) described the ability to regulate and maintain 

intellectual activity that is subordinated to a conscious goal, such as attending selectively 

to a multiplicity of stimuli as "executive control." Crawford posited that such ability may 

represent the contribution of the frontal lobes of the cerebral cortex to conscious goal 

directed activity. 

4.7.2 Tests for Simultaneous Information Processing Preferences 

The Simultaneous Information Processing Preference was measured by the Form 

Board Test and the Paper Folding Test in the Luria battery. The Form Board Test and 

instructions were developed from the test used by Walton (1983) which was chosen from 

the Ekstrom, French, Harman and Dermen (1976) kit of cognitive tests. 

The Form Board Test consists of twenty-four problems, each of which contains 

five geometric shapes. Separate sheets of paper contain slx problems which related to 

each of four geometric shapes: a cross (plus sign), a hexagon, a square, and a triangle. 

Each item is divided into at least two but no more than five pieces. Subjects are required 

to indicate which of the five pieces, arranged randomly, make the complete shape when 

put together by placing a plus sign under the relevant shapes, and a minus sign under 

those shapes which do not form part of the solution. Each piece may be rotated to any 

position but none can be turned over as a reflection. 

Three practice problems are provided using a rectangle as the basic shape to be 

constructed. One possible solution to the first problem is shown on the instruction sheet 

and subjects are directed to try to solve the other two practice problems. Possible 

solutions to these two problems are drawn on a board for all subjects to see before the 

twenty-four items of the test are attempted. 

A period of eight minutes is given for completion of the test. Each problem is 

marked correct (one mark) if all pieces are correctly chosen. Part marks are not assigned 

if only some of the pieces are selected. Items not attempted are marked as incorrect and 
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all incorrect answers are assigned a mark of zero. Hunter ( 1991) found that the Form 

Board test loaded . 80 on a "simultaneous" component. 

The Paper Folding Test was used to measure simultaneous processing ability. 

The test involves the visual manipulation of a spatial configuration and contains 10 items. 

In each item, two or more drawings are provided in a left-hand column to illustrate how a 

square sheet of paper is folded. In the final folded sheet, the illustration shows one or two 

holes are punched through all the thicknesses of paper. Subjects are required to choose 

from five drawings of unfolded sheets the one that correctly shows all the holes punched 

in the folded sheet. The test instructions include a sample item that shows the processes 

of folding, hole punching, and unfolding the paper. Subjects were able to match the 

result to the appropriate drawing. Three minutes is allowed for completion of the test. 

Each correctly identified item was assigned one mark. This test was used as a measure of 

simultaneous processing ability in the main study of Cummins (1973), Walton (1983), 

and Crawford (1986). Hunter (1991) found that the Paper Folding Test loaded .91 on a 

"simultaneous" factor. 

4.7.3 Tests for Successive Information Processing Preferences 

The Successive Information Processing preference was measured by two serial 

recall tests - The Auditory Word Span Test and the Auditory Number Span Test in the 

Luria battery. Each test consists of twenty items which are series of words in The 

Auditory Word Span Test, and series of numbers in the Auditory Number Span Test. 

The instructions for each test are given aurally by the researcher to the subjects. 

The content of each test is then delivered by tape recording to the subjects. The rate of 

delivery is one symbol (word, number) per second. In the Auditory Word Span, and the 

Auditory Number Span Tests, the exact order of all the words or numbers are to be 

recalled by subjects. In each test a correctness score was assigned to each of the twenty 

items. This correctness score is derived by rating the correctness of the series recalled. 

For example, in the Auditory Number Span Test, if the number series (2 4 8 5 1) is to be 

recalled, and (2 4 8 5 1) is the response, then the correctness score is 5 as the entire series 

is recalled correctly. If (2 4 8 1 5) is the response, however, then the correctness score is 

3 as the first three numbers only have been recalled correctly in sequence and not the 

entire series. 
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Crawford (1986) found that the Auditory Word Span Test, and the Auditory 

Number Span Test loaded .75 and .93 respectively on a factor called "successive." These 

findings were supported by Hunter (1991) and Geake (1995) who reported that the 

Auditory Word Span Test loaded .81 and .76 respectively, anq the Auditory Number Span 

Test loaded . 81 and . 84 respectively on a "successive" component. 

4.7.4 Tests for Multi-Dimensions of Self-Esteem 

The Shavelson et al. Model on which the SDQ-II is based, recogmses the 

importance of the multidimensional nature of self-concept. Although a person may have 

a positive self-concept in say, Opposite Sex Relations, he/she may still have a poor Math 

self-concept. Theoretical and empirical justification for this basic assumption is 

supported by a variety of factor analytic studies including item pairs as reported in the 

SDQ-II Manual (Marsh, 1990b:33). 

In a factor analysis of the revised (1990) version of the SDQ-II, 

N = 5,494 Australian students, for example, eleven factors were clearly identified. Using 

fifty-one item pairs, iterated communality estimates, a Kaiser normalization, and an 

oblique rotation to a final solution with delta set to -2.0, factor loadings for target 

variables range from .48 to .80 (median = .68), and nontarget loadings range from 

-12 to .27 (median= -.03). The correlations among the factors range from -.02 to .41 

(median= .15), and are much smaller than the coefficient alpha estimates of reliability 

(median= .87). The General School and the other academic self-concept factors, and the 

General Self and other nonacademic factors display consistent moderate correlations, 

however despite the moderate correlation between General School and Verbal ( .41) and 

between General School and Math (.37), the correlation between Verbal and Math 

self-concepts (.03) is close to zero (Marsh, 1990b:36). 

Strong support for the psychometric properties of the SDQ-II responses includes 

an analysis of internal consistency of item responses in each of the SDQ-II scales. 

Internal consistency for the Total Self-Concept score is reported at .94, with coefficient 

alphas computed from the total normative sample, N = 5,494 for the eleven facet scores 

varying from .83 for Emotional Stability to .91 for Physical Appearance (median= .86), 

Marsh (1990b:25). The intercorrelations among items within each scale vary from 

.35 to .80 (median = .61) which further demonstrates that each individual item is 

significantly and substantially correlated with the other target items measuring the same 
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facet of self-concept (Marsh, 1990b:26). In a study of 137 high school girls, Marsh and 

Peart (1988) examined responses to the SDQ-II before and after an intervention designed 

to enhance physical fitness. 

Coefficient alpha estimates of reliability of initial test scores for the eleven factor 

scores ranged from .77 to .93, and for retest scores, taken after a 7-week interval, ranged 

from .76 to .95. The initial test-retest reliability (i.e., stability coefficients) ranged from 

.72 for Emotional Stability to .88 for Math (median= .79). These findings demonstrate 

that the SDQ-II responses display short-term stability despite the effects of the 

intervention that took place between the two data collections (Marsh, 1990b: 26,30). 

Further studies of the factor structures of the SDQ-II across sex and age 

demonstrate that factor structures are similar across such sub-groups with consistently 

high loadings of target variables and low loadings of non-target variables for all four 

sub-groups of Boys Grades 7 - 8, Boys Grades 9 - 11, Girls, Grades 7 - 8, and 

Girls, Grades 9 - 11 (Marsh, 1990b:3 8). The usefulness of the hypothetical construct of 

self-concept as described by Marsh ( 1990b) is supported by within-network and between

network studies that examine the relationship between self-concept facets and a wide 

variety of other constructs including sex, age, academic performance. These studies 

provide strong support for the validity of interpretations based on responses to the SDQ-II 

and the Shavelson et al. model on which it is based (Marsh, 1990b:96). 

The 102-item SDQ-II is intended for use by junior high and high school students 

in Grades 7 - 12 (Marsh, 1990b:2) and in the present study, the SDQ-II was administered 

to groups of students in Grades 8 - 12. The test is untimed, however, it is reported in the 

Test Manual (Marsh, 1990b:2) that most adolescents complete the SDQ-II in less than 

20 minutes. Students were asked. to respond to simple declarative sentences such as: 

"I am good looking," 

"I have trouble with most academic subjects" 

with one of six responses: 

False; Mostly False; More False Than True; More True Than False; Mostly True; or True. 

Each of the eleven SDQ-II facet scores is based on the subject's self-ratings on 

8 - 10 items, half of which are negatively worded in order to disrupt positive response 

· biases. 
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Figure 2 below shows a summary description of the scales and the number of 

items in each scale. 

Scale 

Physical Abilities 
Physical Appearance 
Opposite-Sex Relations 
Same-Sex Relations 
Parent Relations 
Honesty-Trustworthiness 
Emotional Stability 

Math 

Verbal 
General School 
General Self 

Description 

Skills and interest in sports and physical activities 
Physical attractiveness 
Interactions with peers of the opposite sex 
Interactions with peers of the same sex 
Interactions with Parents · 
Truthfulness and dependability 
Emotional well being and freedom from 
psychopathology 
Ability, enjoyment, and interest in mathematics and 
reasomng 
Ability, enjoyment, and interest in English and reading 
Ability, enjoyment, and interest in school subjects 
Self-worth, self-confidence, self-satisfaction 

Figure 2: Summary Scale Description of the SDQ-II (Marsh, 1990b:2) 

Number 
of Items 

8 
8 
8 

10 
8 

10 

10 

10 
10 
10 
10 

Eleven individual scale raw scores are obtained by assigning values to items not 

prefixed by an asterisk(*): False (1), Mostly False (2), More False Than Tme (3), More 

Tme Than False (4), Mostly Tme (5), and True (6). For items prefixed by an asterisk(*), 

the value of the response is subtracted from 7. Scores are then summed for each scale. 

Where five or fewer responses are missing, the normed mean response for the missing 

item is substituted for the missing item score. These individual scale raw scores are used 

to calculate fifty-one item-pair means that are used in further calculations in which 

normed Scale Coefficients for each item-pair are used to yield eleven factor scores. 

The primary basis for estimating reliability in SDQ-II research was the internal 

consistency of item responses in each of the SDQ-II scales and coefficient alphas 

computed from the total normative sample of N=5,494 are reported in the Manual 

(Marsh, 1990b:25). Coefficient alphas for the eleven facet scores vary from .83 for 

Emotional Stability to .91 for Physical Appearance (median = .86). The coefficient 

alphas for the academic dimensions of Math and Verbal were reported as .90 and .86 

respectively. The Manual also reported that the corrected item-scale correlations (i.e., the 

correlation between an item and the sum of responses to other items in the same scale) 

vary from .35 to .80 (median = .61). Thus each individual item is significantly and 

substantially correlated with the other items designed to measure the same facet of self

concept (Marsh, 1990b:26). 
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4. 7 .5 Test for Basic Mathematics Performance 

The Screening and Diagnostic Maths Test, Part A was selected for this study as it 

provides an opportunity to investigate a range of responses to basic maths problems 

involving different aspects of the number domain pertaining to integers and non-integers. 

In the early course of development of the test items written responses from Tasmanian 

upper primary, secondary and TAFE student populations were analysed and diagnoses of 

common errors were made. In further development of the test items, Trade and other 

teachers in Tasmanian Technical Colleges were surveyed to identify what they 

considered should be included in a diagnostic mathematics test. The results of this 

survey revealed that topics such as basic operations with whole numbers and decimals, 

percentages, ratio and proportion were considered as problematic areas for beginning 

T AFE students in trades and other vocational course areas such as commerce, secretarial, 

child minding, fashion, hospitality, etc. These topics formed the basis of the item 

categories of the Screening and Diagnostic Maths Test Part A which was subsequently 

adopted in other states including Victoria, New South Wales and Queensland. The test 

consists of fifty (50) items arranged in eight categories. The items in the test require 

basic computation skills, and sixty (60) minutes working time is allowed. All 

calculations are done manually, either mentally or by written computation. 

Figure 3 shows a summary of the item categories in the Screening and Diagnostic 

Maths Test Part A. Items in the Whole Numbers, Decimals, Mixed Operations and 

Fractions categories are expressed in open number sentence format, with the exception of 

Item 25 which is expressed in verbal format. All items in the Conversion, Percentages, 

Ratio and Proportion, and Basic Metrics categories are expressed in verbal format. 

Item Category 

(1) Whole Numbers 
(2) Decimals 
(3) Mixed Operations 

( 4) Fractions 
( 5) Conversion 
( 6) Percentages 
(7) Ratio and Proportion 
(8) Basic Metrics 

Operations and Descriptions 

Operations: Addition, Subtraction, Multiplication, Division 
Operations: Addition, Subtraction, Multiplication, Division 
Operations: Addition, Subtraction, Multiplication, Division 
of Whole Numbers 
Operations: Addition, Subtraction, Multiplication, Division 
Fraction to Decimal/Percentage Conversion 
Percentage of Totals and Totals from Percentages 
Finding Ratios/Proportions and Determining Similar Ratios 
Simple Metrics using Basic Units 

Figure 3: Item Categories in the Screening and Diagnostic Maths Test Part A 
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1-11 
12-24 
26-28 

29-32 
33-35 
36-40 
41-44 
45-50 



Subjects are asked to choose an answer for each item from three to seven choices. 

The choice "some other answer" is included for all items and is the correct answer for 

some items. Thus, the multiple choices for each item include a correct answer and 

several incorrect answers or distractors. 

The construction of the responses for each item is based on the common incorrect 

answers given in the research conducted by Kays (1983). The position of the correct 

answer amongst the distractors for each question was determined through the use of a 

computerised random number facility (Kays, 1983:46). Subsequent analysis, backed by 

input received from remedial-mathematics teachers in workshops and seminars, 

suggested that the error behaviour illustrated imperfect knowledge of number facts and/or 

the application of incorrect mathematical rules or beliefs. 

The Whole Numbers, Decimals, and Fractions categories contain items in which 

the combination of operators and operands vary according to number types, for example, 

integers, decimals, mixed decimals, fractions, mixed fractions. The Conversion, 

Percentages, and Ratio and Proportion categories contain items that require higher order 

procedural and conceptual mathematical knowledge including semantic construction. 

One-step open number sentences involving one of the four basic arithmetic functions are 

featured in the early items in the test while word items and items that rely heavily on 

specific knowledge, such as metric measure, appear in the latter items of the test. 

Kays (1985) reported that the internal consistency measure of reliability, as 

measured by the Kuder-richardson (KR20) formula was .90 (Horst modification= 0.913) 

when the Screening and Diagnostic Maths Test Part A was tried out for item-analysis 

purposes on 670 students. The frequency of choice of responses across the various 

categories of test items taken by beginning students ( mainly students who had just 

finished Year 10 and/or Year 12 in a metropolitan TAFE College in Queensland) between 

1990 and 1994, is generally consistent. A summary of the percentages of correct 

responses for each of the eight categories in the Screening and Diagnostic Maths Test 

Part A obtained from a Queensland T AFE College, is shown in Table 3 on the following 

page. 
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Categories/Cohorts 5 6 7 8 

1990 n=545 40.1% 34.5% 52.8% 52.7% 

1991 n=368 39.0% 33.3% 53.2% 52.9% 

1992 n=264 41.0% 35.3% 50.5% 56.4% 

1993 n=455 42.3% 34.0% 54.6% 53.7% 

1994 n=236 43.1% 34.8% 52.3% 54.6% 

Table 3: Summary of Correct Responses for the Eight Categories in the Screening 
and Diagnostic Maths Test Part A for Beginning TAFE Students in 
Queensland 

The consistency in the pattern of correct responses in each of the categories across 

the cohorts is very clear. Items in categories 1, 2 and 3 (Whole Numbers, Decimals and 

Fractions) are one-step number sentences involving the four operations of addition, 

subtraction, multiplication and division. The drop in performance on items in category 1, 

Whole Numbers, and category 2, Decimals is readily apparent. The decline in 

performance between category 2, Decimals, and category 4, Fractions, is even more 

severe. 

The Screening and Diagnostic Maths Test Part A is used in Queensland to identify 

gaps in students' basic mathematics knowledge and to focus remediation efforts on 

students' individual needs. Test items are used in this study as a measure of students' 

performance on the arithmetical construct (knowledge structures) that is inherent in basic 

mathematics problems. As Category 8, Basic Metrics, contains items that require specific 

knowledge of metrics measurement for solution, this category of items will be excluded 

from this study. 

This section described the research instruments used in the Phase 1 studies. The 

development of research instrumentation used in Phase 2 is described in Chapter 7. 

A Data Analysis Plan describing the Phase 1 and Phase 2 studies is presented in the next 

section. 
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4.8 DATA ANALYSIS PLAN 

The following Figure 4 shows the structure of the analysis adopted in this study. 

Phase 1: 

Study 1 

Luria's Model of 
Information 
Processing 

Confinnatory 
Factor Analysis 

Levels 
( Ordinal Measures) 

Study 2 

Marsh's Model of 
Self-Esteem 

Confinnatory Factor 
Analysis 

Levels 
( Ordinal Measures) 

Study 4 

Study 3 

Basic Maths Test 

Rasch Analysis 

Case Estimates 
(Interval Measures) 

Infonnation Processing,. Self-Esteem, Arithmetical 
Construct 

Phase 2: 

Multivariate Analysis of Variance JI 

Special Contrasts: Group, Gender 

~, 
Study 5 

Multiplicative Knowledge Aspect of the Arithmetical 
Construct in Basic Mathematics Problems 

I 
Qualitative Analysis of Interviews 

with selected students . 
. 
I 

Individual differences in 
Information Processing , 

Preferences and academic 
dimensions of Self-Esteem in 

Proceptual Multiplicative 
Knowledge 

Figure 4: Data Analysis Plan 
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Quantitative methodology guided the strategies m the Phase 1 studies. 

Confirmatory factor analysis was used in applying the Luria model of Information 

Processing and Marsh's factor model of Self-Esteem. Responses to items in the Screening 

and Diagostic Maths Test A were subjected to a Rasch analysis. This analysis establishes 

a profile of item difficulty and produces case estimates, which are interval level 

measures, that can be subjected to further analysis. Results from these studies were used 

in Multivariate Analysis of Variance (MANOVA) and One Way Analysis of Variance 

(ANOVA) studies that yield a number of contrasts that are helpful in describing the 

relationships between the variables. The results from these Phase 1 studies provide a 

research base for further investigation of the multiplicative. knowledge aspect of 

arithmetical knowledge structures that students use to solve basic mathematical problems. 

Study 1 

Factor analysis has been used traditionally as an exploratory technique in studies 

investigating cognitive abilities. This technique has also been used to investigate 

individual differences in ability in some of the cognitive processes described by Luria 

(i.e., Angus, 1984; Crawford, 1986; Geake, 1991; Green, 1977; Hunter, 1991; Tulloch, 

1981; Woodley, 1993). The goal of this research was to collapse a large number of 

variables into components that may be used to study the interrelationships between 

responses to basic mathematics problems and several different dimensions of individual 

differences. Consistent with the aim of the research, a principal components analysis, 

rather than factor analysis was used in this study. 

A Principal Components analysis, as described by Tabachnick and Fidell 

(1983:372-445), yields an empirical summary of the data set whereby a few orthogonal 

components may be identified from a large number of variables. Since common, unique 

and error variance is mixed into the components, maximum variance will be extracted 

from the data set. This variance, expressed as the sum of the values in the positive 

diagonal of the correlation matrix (R) is available for analysis. Further, principal 

components analysis will duplicate exactly the standard scores of the observed variables 

by a linear combination of components where all components are retained. 

An orthogonal rotation procedure, consistent with the theoretical independence of 

the underlying dimensions allowed for shared variance to be minimised. The Varimax 

rotational procedure was used to maximise the simple structure obtained from the various 
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component analyses of the variables included in the study. Once the underlying 

unobservable characteristics or components of individual differences within the variables 

are identified, multivariate analyses of variance can be used to allow specific 

comparisons to be made among variables in the design, and to examine their relationship 

to dependent variables. 

Study 2 

Factor analysis has been used extensively to investigate the dimensionality of 

self-concept described by Marsh ( 1990b, 1993 ). Each of the eleven scales is represented 

by scores based on a student's self-rating on 8 - 10 items, of which half are negatively 

worded to guard against positive response biases. A preliminary analysis conducted on 

the raw score data confirmed the underlying components of the model, however, these 

component scores are not suitable for use in further analyses. Calculated factor scores 

suggested by Marsh, (1993: 108-109), are suitable for input to further analysis and will be 

used for this purpose in Study 4. 

Individual raw scores for each of the 102 items in the SDQ-II test were derived by 

assigning a numeric score as shown in Figure 5. 

Response 

False 
Mostly False 
More False Than True 
More True Than False 
Mostly True 
True 

Score 

1 
2 
3 
4 
5 
6 

Figure 5: Assignment of Scores to Responses on the SQD-11 

The first stage in calculating factor scores from this raw data involves reverse

scoring those items identified in the Manual as negatively-worded items. These reverse 

scores are calculated by subtracting the value of the student's response from 7. Males and 

females are scored according to the gender-identified scale for the Same-Sex Relations 

and Opposite-Sex Relations scales. 

Factor scores are then derived from calculated Scale Coefficients based on the 

total normative sample of N = 5,4,94 by applying a formula to each of fifty-one item-pairs 

(Marsh, 1993:108-109). Figure 6 on the following page presents this formula. 
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Where: 

X 

MEAN 

SD 

FSC 

FACTOR SCORE= SUM [(X- MEAN)/SD x FSC)] 

mean of responses to the items in a particular item-pair for a given 
subject; 
normed item-pair mean; 

normed item-pair standard deviation; and 

nonned Factor Score Coefficients. 

Figure 6: Formula to calculate Factor Scores in Study 2 

Thus, each of the eleven factor scores consists of the sum of fifty-one products 

consisting of each item-pair Z score, i.e., (X - MEAN)/SD) multiplied by its 

corresponding factor score coefficient. These factor analytically derived scores are 

recommended for research purposes (Marsh, 1990b: 17) as they distinguish better among 

the SDQ-II facets than do the unweighted scale scores, and will be used in further 

analysis of variance procedures in Study 4. 

Study 3 

An exploratory factor analysis of the first forty-four items of the Screening and 

Diagnostic Maths Test Part A was used to investigate the underlying component structure 

of this test in Study 3 .1. The last six items of the test were omitted as they are not 

designed to measure student performance on basic mathematical problems. In contrast to 

the orthogonal rotation procedures used in the first two studies, an oblique rotational 

procedure that allows a wide range of factor intercorrelations is more appropriate in this 

analysis, given the interrelatedness of procedural and conceptual mathematical 

knowledge structures as described in the previous chapter. 

The Rasch model described by Adams and Khoo (1996) was used in Study 3.2 to 

obtain interval measurements that enable a clearer understanding of the construct of 

Arithmetical knowledge. The Rasch analysis yields item difficulty scores that are helpful 

in describing construct complexity and is thus superior to a simple rating of responses. 

The Screening and Diagnostic Maths Test Part A was used in this study as an instrument 

to model the hierarchical nature of the Arithmetical Construct in which both additive and 

multiplicative knowledge structures are inherent. The Rasch model permits the 

evaluation by reliability measures of the instrument in that respondents will perceive that 

there are some items that rely on the application of increasingly complex multiplicative 
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knowledge for solution while the application of relatively simple additive knowledge may 

be relied on in solving other items. The case estimates yielded from the Rasch analysis 

provide measures of student abilities that are suitable for inclusion in further analysis of 

multivariate and one-way analysis of variance in Study 4. 

Study 4 

The statistical procedure of multivariate analysis of variance (MANOV A) was 

used to explore the relationships between the independent variables of different levels of 

individual differences in Information Processing Preferences, and the academic 

dimensions of Maths and Verbal Self-Esteem and dependent· or criterion variables of 

levels of perfonnance on the Arithmetical Construct in basic mathematics problems. 

Special contrasts between Information Processing Preferences, and the academic 

dimensions of Math and Verbal Self-Esteem by Year-level Group and by Gender allowed 

further investigation of shifts in relationships of individual differences. One-way 

Analysis of Variance (ANOVA) allows for a clearer description of the numerous 

relationships including interactions to be examined. The use of planned contrasts also 

permits contrasts of linear and curvalinear relationships to be explored. Further research 

questions pertaining to the relationships between Information Processing Preferences, the 

academic dimensions of Math and Verbal Self-Esteem and the aspect of multiplicative 

knowledge in the Arithmetical Construct were formulated from the findings of 

Studies 1 - 4, and formed the basis for a second phase of investigation. 

Study 5 

The methodology to investigate further research questions in Phase 2 analysis was 

based on individual interviews with students drawn from the research cohort. Component 

scores for Information Processing Preferences obtained in Study 1 was partitioned into 

three levels and students identified through this process were invited to participate in this 

second-phase study. 

This qualitative study focuses on the multiplicative knowledge aspect of the 

Arithmetical Construct. The conceptual and procedural knowledge structures inherent in 

multiplicative knowledge structures are investigated. The findings from Study 5 yields a 

description of the multiplicative knowledge aspect of the Arithmetical Construct that may 

be termed "multiplicative proceptual knowledge" following the theoretical model of 

cognition in mathematics suggested by Crowley and Tall (1999} 

Chapter 4 - page 117 



4.9 EVALUATION OF THE METHODOLOGY 

The observational situation was typical of situations in other psychometric studies, 

and it was expected that the sample of subjects would exhibit a spread in scores with 

respect to the variables and the factors that are to be measured, as suggested in 

Tabachnick and Fidell (1983:378). The following paragraphs discuss the strengths and 

weaknesses of the design of the study and its instruments in terms of two separate but 

related concepts, external validity and internal validity. This dichotomy has been applied 

to a wide range of research settings (for example, Lecompte and Preissle, 1993). 

Although threats do not influence exclusively either internal validity or external validity, 

they provide a systematic framework for evaluating the research methodology. The 

validity of instrument design, i.e., the extent to which the variables represent the concepts 

planned to be tested, and the reliability of these instruments, i.e., the consistency of data 

collection also will be discussed. 

4.9 .1 External Validity 

Threats to external validity of a design can arise from interactions with selection 

of the research cohort and the setting. LeCompte and Preissle ( 1993) identify threats to 

external validity as selection effects, setting effects, history effects and construct effects. 

Each of these is discussed in the following paragraphs. 

Selection Effects 

As previously noted, the School was selected as it is representative of most state 

secondary schools in Queensland. Although the research cohort was selected from one 

geographical location, and hence was not a random sample drawn from a variety of 

geographical locations, the School is representative of most state secondary schools in 

Queensland in terms of curriculum offerings, staffing levels and resources. The diversity 

of socio-economic backgrounds of students attending the School, and the inclusion of 

students from all year levels, further helped to maximise the generalisability of the results 

of the research and thus minimise the limitations associated with selection effects due to 

sampling bias/error. 

Setting Effects 

As the research sample was drawn from a Queensland state secondary school, it is 

possible that students from other secondary school systems, not subject to the setting 

effects of the Queensland State mathematics curriculum, could provide a different pattern 
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of responses. Such effects are minimised, however, as most secondary school systems in 

Queensland, whether public or private, offer the same mathematics curriculum. This 

curriculum is similar to that offered in other Australian States. Data on gender and grade 

level are of interest in this study with respect to identifying different groupings within the 

secondary school setting. As all subjects were administered the same battery of tests, 

diffusion between Year and gender grouping was minimised. 

History Effects 

Different historical experiences of groups may be regarded as a threat to external 

validity. The students participating in this study may be expected to have different 

historical experiences in terms of varying mathematics curriculum experiences as 

discussed earlier, and in terms of membership of different year levels and age groups 

within the sample. Since the issues of different year levels and age groups is addressed in 

this study through the variable of membership of curriculum-related groups which are 

associated with year levels, history effects pose no additional threat to the external 

validity of the study. 

Construct Effects 

Although Le Compte and Preissle (1993:352) define construct effects under the 

category of external validity, such effects span both internal and external validity 

constructs. In relation to external validity in this study, construct effects may be 

considered as threats where students do not treat the research tasks with serious attention 

leading to less than 'best effort', and/or ineffective supervision leads to copying, and/or 

shared meanings of the stimulus items was compromised. Threats to external validity 

posed by such construct effects were minimised in this study through the direct 

involvement of the researcher/observer in the detailed planning and communication 

strategies applied in the school community prior and during the research, and through the 

voluntary participation status of subjects. Participating students displayed a keen interest 

in the purpose of the tests and were generally punctual for all testing sessions. 

4.9.2 Internal Validity 

Internal validity of this observational design is concerned with the extent to which 

there are shared meanings between the participants and the observer, and the effect of 

extraneous variables on the observed results. These threats were minimised in this study 

by direct planning of observation sessions with the school community, and direct 
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observation by the researcher/observer of all aspects of the study. LeCompte and Preissle 

( 1993) listed five threats to internal validity: history and maturation, observer effects, 

selection and regression, mortality and spurious conclusions. These headings are helpful 

in guiding the discussion of internal validity. 

History and Maturation and Mortality Effects 

History effects in relation to variability in the background experiences of groups 

was discussed with respect to external validity in the previous section. With respect to 

internal validity, history effects are related to variations in experiences during the conduct 

of the study. Scheduled sessions pertaining to Studies 1 - 3 coincided with normal 

school routines at times when subjects would be free from other commitments such as 

school camps, excursions, etc, and were conducted over the relatively short period of 

seven weeks. Of the sample of 164 students, ten students were unavailable for the 

complete range of testing owing to relocation and/or extended absences. 

Most students who missed a scheduled session through illness attended mutually 

convenient sessions with the researcher, usually within two or three days of the scheduled 

test. Some of these students took the initiative to contact the researcher to reschedule the 

missed session rather than wait to receive a written reminder. Study 5 was conducted 

subsequent to Studies 1 - 3 and the identification of the issues emerging from Study 4. 

Interviews with selected individual students were scheduled generally to coincide with 

their Mathematics class to minimise disruption to their other timetabled classes. These 

interviews were conducted over a two-month period. While some familiarisation of 

students with testing will inevitably occur during such an extended data collection period, 

the variety of instruments and their planned scheduling minimised the history and 

mortality threats to internal validity. 

Observer Effects 

Issues with which an observer must be very familiar include those of what will be 

observed and how the observations will be made. These important considerations 

(Sarantakos:1998) apply regardless of the number of observers involved in a study. 

Preparation points that were helpful in discussing the readiness of the researcher/observer 

to conduct both passive and active aspects of the observation study included knowledge 

of the population and adaptability and flexibility. The points regarding knowledge of the 

population, and hence of the sample as representative of that population, understanding 
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the nature of likely problems and the adaptability and flexibility to adjust schedules of 

data capture were particularly pertinent to the first phase of the study. Adaptability and 

flexibility and the ability to observe several categories at the same time were applicable 

in evaluating semi-structured, one-on-one interviews. 

Concurrent with the conduct of the study, the researcher/observer was based at the 

School as a Project Manager for a curriculum design project. In this role, this 

researcher/observer was very familiar with the expectations and demands of staff and 

students, particularly in the Senior School, and was familiar with the day-to-day activities 

and scheduled school commitments for the school year. Permission was sought from the 

Department of Education, Queensland and the Principal of the School, for the research to 

be conducted. (See Appendix 1 for documentation relating to permission for the research 

to be conducted). 

The researcher administered the tests over three sessions in the same sequence for 

the different grades during normal school timetabled periods. Extended classrooms 

( concertina dividers were folded back to allow simultaneous use of two individual 

classrooms) were used for all sessions. Written schedules of the sessions were given to 

each participating student prior to the commencement of the research, and written 

reminders were placed in class rolls prior to each session. Class teachers were given 

written lists of students attending the research sessions prior to each session. The 

researcher verified student attendance at each session and this information was checked 

against the class roll by the class teacher. 

The Self Description Questionnaire-II was administered first to allow subjects to 

be as unconstrained as possible by any effects of achievement levels of the Luria 

objective tests, or of the Screening and Diagnostic Maths Test Part A. As class periods at 

the School are 60 - 70 minutes in length, combinations of tests are accommodated 

without disruption to the normal school routine. Session 1 consisted of the SDQ-II 

followed by the Luria Information Processing tests 1, 2 and 3. Session 2 consisted of the 

Luria Information Processing tests 4, 5 and 6. Session 3 consisted of the Screening and 

Diagnostic Maths Test Part A. 
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4.9.3 Reliability 

This section gives a brief overview the reliability of the test instruments in this 

study that are used to measure dimensions of Information Processing, Self-Esteem and 

performance on the arithmetical construct in basic mathematics problems. 

The battery of six tests used to operationalise the Luria model of cognitive 

processing have been used in a number of studies conducted through the University of 

New England (for example, Green, 1977; Ransley, 1981; Tulloch, 1981; Crawford, 1986; 

Hunter, 1991; Geake, 1991, 1995) and others (for example, Das, Kirby and Jarman, 

1979). These tests are designed to measure the dimensions of Simultaneous Information 

Processing and Successive Information Processing Preferences and a further dimension of 

Cognitive Control that develops during adolescence, as suggested by the 

neuropsychological findings of Luria (Luria, 1970, 1973). 

The SDQ-II assesses three areas of academic self-concept, seven areas of non

academic self concept, and general self-concept derived from the Rosenberg (1965, 1979) 

self-esteem scale. These eleven scales reflect an adolescent's self-ratings in various areas 

of self-concept. The internal consistency of item responses in each of the SDQ-II scales 

gathered from Australian data has been the primary basis for estimating reliability in 

SDQ-II research (Marsh, 1990b:26). The findings from this research shows that each 

individual item is significantly and substantially correlation with the other items designed 

to measure the same facet of self-concept. 

The Screening and Diagnostic Maths Test Part A has been used in Queensland 

and other Australian States to identify gaps in students' knowledge of basic mathematics. 

The design of the fifty items and the responses was based on extensive analysis and input 

from remedial-mathematics teachers in workshops and seminars. The items are designed 

to measure basic arithmetical knowledge including knowledge of number facts and the 

application of the basic arithmetical operations of addition, subtraction, multiplication 

and division. 

This suite of tests provides a firm basis for the investigation of students' cognitive 

preferences, evaluations of academic and general facets of self-esteem and performance 

on arithmetical knowledge structures. The following section discusses the ethical 

considerations for the study. 
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4.9.4 Ethical Considerations 

In the researcher-respondent relationship, Sarantakos (1998:23-24) identified a 

number of ethical issues that should be considered as part of the research process. These 

include proper identification, clear outset, welfare of the respondent, free and informed 

consent, the right to anonymity and the right to confidentiality. 

An outline of the background of the researcher, the purposes and conduct of the 

study, together with an invitation to students to participate, issued to all parents/guardians 

through the regular School Newsletter under the signature of the Principal, ensured 

proper identification of the researcher. Parental/ guardian permission was obtained for 

those students who indicated their interest in participating in the written tests, and further 

information about the time commitment and type of tests was disseminated to each 

student. 

Students were given the opportunity to confirm their commitment to the study, to 

clarify their expectations, and for the researcher to reaffirm the confidentiality of 

responses and the assurance that subjects need not respond to test items if they considered 

them to be an invasion of their privacy. This last point was of particular relevance in 

relation to the test of Self Esteem. Anonymity was assured through the assignment of a 

numeric code to each subject in the study. 

The ethical considerations pertaining to the interviews with individual students in 

the Phase 2 study are discussed in Chapter 7. 

Summary 

This chapter outlined the rationale, methodology and instrumentation supporting 

the major research theme. The research design, contextual setting and associated 

research questions, research methodology, research instruments and evaluation of the 

quantitative data emanating from four initial studies was described. 

Studies 1 - 4 are presented in the following Chapters 5 and 6. Findings from 

these initial studies provided the basis of a Phase 2 study utilising intensive individual 

clinical-interview methodology, to yield clearer descriptions of individual differences in 

information processing preferences, self-esteem and knowledge structures of basic 

mathematics problems. The design and analysis of this Phase 2 study is presented in 

Chapter 7. 
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CHAPTER 5 STUDIES OF INDIVIDUAL DIFFERENCES IN INFORMATION 
PROCESSING PREFERENCES, DIMENSIONS OF 
SELF-ESTEEM AND ARITHMETICAL KNOWLEDGE 
STRUCTURES 

Overview 

This chapter presents three studies of individual differences. Section 5.1 

introduces the Phase 1 quantitative studies and Sections 5.2 and 5.3 present two studies of 

individual differences in Information Processing Preferences and in Self-Esteem 

respectively. Section 5. 4 presents a third study that describes student performance in 

basic mathematics problems. 

5.1 INTRODUCTION 

This chapter presents the testing of the Phase 1 research hypotheses and the 
" 

analysis of data obtained from a sample of N= 164 secondary school students drawn from 

Grades 8 - 12 in a co-educational high school in suburban Brisbane using: 

a) the administration of the criterion tests designed to quantify secondary school 

students' information processing preferences, and dimensions of self-esteem 

(Studies 1 and 2); 

b) the administration of a criterion test designed to quantify secondary school 

students' performance in basic mathematics problems, (Study 3); 

c) statistical analyses to describe the relationships between individual differences 

in dimensions of information processing, self-esteem, and the arithmetical 

construct in basic mathematics problems, (Study 4). 

A considerable body of research based upon the Luria and Marsh models, cited in 

Chapters 2 and 4 of this thesis, confirmed the validity of the tests used in this study, with 

respect to reliability and criterion validity, through relationships with external criteria 

including mathematical performance and problem-solving. The aim of Studies 1 and 2 

was to confirm the underlying dimensions of Luria's Model of Information Processing, 

and the multi-dimensions of Self-Esteem as described by Marsh (1990b ). Factor analytic 

techniques were used to derive component scores for the underlying dimensions in both 

these models in line with a large body of previous research. 

Factor analysis was also used to confirm the construct validity of the Screening 

and Diagnostic Maths Test A in Study 3. A Rasch analysis of items in the Screening and 

Diagnostic Maths Test A in Study 3 was then carried out· to determine scores of 
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item difficulty and to test the unidimensionality of the construct of arithmetical 

knowledge. The results of studies 1 - 3 were synthesised in a fourth study that focuses on 

the relationships between the simultaneous and successive information processing 

preferences, academic dimensions of self-esteem and the arithmetical construct. This 

fourth study is reported in Chapter 6. 

The following sections present three hypotheses that address the expectation of 

findings consistent with the body of previous research, and the results of the data analysis 

of the Phase 1 studies. 

5.2 STUDY 1: LURIA'S MODEL OF INFORMATION PROCESSING 
PREFERENCES 

This study was designed to examine a model of individual differences based on 

information processing dimensions - successive and simultaneous information processing 

preferences as described by Luria using Principal Component Analysis. 

Hypothesis 1: Principal Component Analysis of data obtained from the six tests drawn 

from the battery of tests to operationalise the Luria model of Information Processing will 

produce independent components of information processing preferences. 

Hypothesis 1.1: The successive processing component will be defined 

predominantly by the two serial recall tests - Auditory Word Span and Auditory 

Number Span Tests in the Luria battery. 

Hypothesis 1.2: The simultaneous processing component will be defined 

predominantly by the two tests, Form Board and Paper Folding Tests in the Luria 

battery. 

Results of Study 1 

The full battery of six tests to operationalise the Luria Model of Information 

Processing Preferences was used, including the two marker tests for Cognitive Control. 

In this study, subjects' ages range from 12 to 17 years. Although the functions associated 

with the third brain unit ( described in Section 2. 3. 1) do not develop fully until the age of 

12 years, these tests are included to test the hypothesis of the identification of two well

defined Information Processing Preferences in this study. Figure 7 on the following page 

shows the three information processing preferences and the six marker tests (variables) 

that were analysed in the study. 
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Information Processing 
Preferences 

Cognitive Control 

Successive 

Simultaneous 

Marker Tests for 
Information Processing Preferences 

( 1) Number/Letter Search, and 

( 4) Auditory Number/Letter Attention Span 

(3) Auditory Word Span, and 

( 6) Auditory Number Span 

(2) Form Board, and 

(5) Paper Folding 

Figure 7: Information Processing Preferences Variables in Study 1 

A three-factor solution was extracted using Principal Component analysis with a 

Varimax rotation. Table 4 shows the critical data obtained from this analysis. 

Information Processing Preference Variables 
Loadings on Components 

Sim Succ Cog.Con. 

(2) Form Board .82 .04 .23 

(5) Paper Folding .78 .43 -.09 

( 6) Auditory Number Span .16 .87 .14 

(3) Auditory Word Span -.06 .41 .76 

( 1) Number/Letter Search .51 .06 .68 

( 4) Auditory Number/Letter Attention Span .17 .63 .37 

Table 4: The Three-Component Solution obtained using Principal 
Components Analysis and Varimax Rotation in Study 1 

The Varimax rotated solution reflects three components that accounted for 72.6% 

of the total variance, however the eigenvalue for the third factor was substantially less 

than 1 (.69480). A closer inspection of the variable loadings reveals that two of the six 

marker tests (Form Board and Paper Folding) clearly load on one of the three 

components. Although the marker test of Auditory Number Span loaded substantially on 

the second component, the second marker test of Auditory Word Span loaded only 

moderately (.41) on this component, however it loaded substantially (.76) on the third 

component. Further, although the marker test of Number/Letter Search for Cognitive 

Control loaded substantially on the third component, the second marker test of Auditory 
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Number/Letter Attention Span for Cognitive Control loaded weakly (.37) on this 

component, and loaded substantially (.63) on the second component. 

The moderately substantial loadings of the marker test of Number/Letter Search 

for Cognitive Control on the first component (.51) and on the third component (.68) 

further confounded the definition of this three factor solution and rendered it unsuitable 

for analysis. 

A Varimax rotated solution for two factors, eigenvalues of 2.66594 and .99822 

respectively, reflected a clear structure accounting for 61.1 % of the total variance. An 

inspection of the Factor Scree Plot further confirmed the selection of the two-factor 

solution for analysis. Appendix 5 contains the report and plot obtained from the SPSS 

program (Norusis/SPSS Inc., 1993:65-67). The mortality rate of subjects completing the 

battery of tests was very low, with only 5 of the 164 subjects not completing all six tests. 

Table 5 shows the critical data for the two-factor solution. 

Information Processing Preference Variables 
Components 

Successive Simultaneous 

(3) Auditory Word Span .81 .02 

( 6) Auditory Number Span .73 .25 

( 4) Auditory Number/Letter Attention Span .69 .25 

(2) Form Board .09 .83 

(5) Paper Folding .18 .81 

( 1) Number/Letter Search .43 .55 

Table 5: The Two-Component Solution obtained using Principal 
Components Analysis and Varimax Rotation in Study 1 

An examination of the variable loadings in the two component solution indicates 

that the marker test variables (3) and (6) loaded substantially (.81 and .73) on the first 

component. As the Auditory Word Span and Auditory Number Span Tests are marker 

tests for the successive information processing dimension, this component may be 

identified as the Successive Information Processing component. This component is also 

defined by the variable (4) which also loaded substantially at .69. Although the Auditory 

Number/Letter Attention Span Test is a marker test for the Cognitive Control dimension, 

this finding is similar to the findings shown in Crawford's (1986) study where this test 

loaded .38 on the 'successive' factor, and in Hunter's (1991) study where it loaded 
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substantially at .80 on the 'successive' factor. The substantial loadings of all three serial 

recall tests are consistent with the findings from previous studies such as those of 

Crawford and Hunter where these tests were associated with successive 

synthesis/ analysis. 

The second component, which may be identified as the Simultaneous Information 

Processing component, was also clearly defined. Two variables, (2) and (5) loaded 

substantially at .83 and .81 respectively. As the Form Board and Paper Folding Tests are 

marker tests for the simultaneous information processing dimension, this component may 

be identified as a Simultaneous Infonnation Processing component. This component is 

also defined by the variable ( 1) that loaded moderately at . 5 5. 

These findings were consistent with those of previous researchers such as 

Walton (1983), Crawford (1986), Hunter (1991), and Woodley (1993) where a Form 

Board test and a Paper Folding test loaded on a 'simultaneous' processing factor. The 

substantial loadings of the two marker tests are consistent with the findings from previous 

studies such as Crawford, Hunter, and Woodley that these tests are associated with 

simultaneous synthesis/analysis. The two components were labelled as Successive and 

Simultaneous for use in further analysis in Study 4. The hypothesis that independent 

components of Simultaneous and Successive Information Processing Preferences will be 

obtained from the six tests drawn from the battery to operationalise the Luria model of 

Information Processing in this design is thus accepted. 

Discussion of Study 1 

The series of tests in the Luria battery used in this study have been used in 

previous coherent programs of research (Das, 1973; Woodley, 1993) which confirm the 

structure of the data for Successive and Simultaneous Information Processing dimensions. 

The serial recall tests of Auditory Word Span, Auditory Number Span and Auditory 

Number/Letter Span, loaded substantially on the component that could be identified as 

successive information processing (. 81, . 73 and . 69 respectively), thus supporting 

Hypothesis 1.1. The two tests of Form Board and Paper Folding loaded substantially on 

the second component that could be identified as simultaneous information processing 

(.83 and .81 respectively), thus supporting Hypothesis 1.2. 

The Number/Letter Search Test (.55) loaded moderately on the second component 

of simultaneous information processing and weakly (.43) on the first component of 
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successive information processing. These loading patterns suggest that the aptitude 

indicated by the Number/Letter Search Test is not as clearly defined in the research 

cohort of secondary school students as are the aptitudes indicated by the other tests in the 

Luria battery. The Number/Letter Search Test is a marker test for a cognitive control 

information processing dimension and indicates the ability to select between two facets of 

one dimension on the same task ( vowels and consonants on the letter dimension, and odd 

and even on the number dimension). In this study, however, this ability appears to be 

related more to other shjfts in focus such as the selection of relevant geometric shapes to 

make a complete shape, as indicated in the Form Board test. The moderate loading at .43 

of this test on the first component however, also suggests that it is related to the ability to 

shift focus between dimensions (letters and numbers) such as the serial recall ability as 

indicated in the marker tests for Successive Information Processing. 

Such relationships are consistent with the theory proposed by Luria (1973) that the 

secondary and tertiary zones of the second and third brain units develop late in childhood, 

with the tertiary zone of the third unit only completing its neurophysiological 

development around the age of 10 - 12 years. Further, as Golden (1987:103) notes, the 

subsequent neurophysiological maturation of the secondary and tertiary zones of the 

second and third units serves as a potential basis for the emergence of skills, however 

without the appropriate experience, the abilities will not develop. The zones in the third 

functional brain unit are affected by social experiences through the progressive 

processing of information in the second brain unit. In this study, it appears that the ability 

to discriminate between elements within a dimension and between dimensions is more 

closely related to the still developing secondary and tertiary zones of the second brain unit 

( associated with the processing -of afferent information) than to these zones in the third 

functional brain unit (associated with the processing of efferent information). 

This preliminary study identified a two-component structure compnsmg 

Simultaneous and Successive Information Processing Preferences and allowed 

component scores to be generated for each individual. In subsequent analysis subjects 

were partitioned into groups, according to high and low frequencies on the Successive 

and Simultaneous component scores. In the following Section 5. 3, Study 2 focuses on the 

multi-dimensionality of Self-Esteem described by Marsh ( 1990b ). 
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5.3 STUDY 2: MARSH'S MODEL OF SELF-ESTEEM 

This study was designed to examine the multi-faceted model of Self-Esteem 

described by Marsh. Two analyses were conducted. In the first, maximum likelihood 

analysis was applied to confirm the multi-faceted nature of the construct of self-esteem as 

proposed in Marsh's theory within the context of this study. In the second analysis, factor 

scores were calculated from the test data and from the scale coefficients for each of the 

eleven scales proposed in Marsh's ( 1990b) model of Self-Esteem. 

Hypothesis 2: Independent academic and non-academic factors will correspond to multi

dimensional scales of self-esteem described by Marsh ( 1990b ). 

Hypothesis 2.1: The non-academic self-esteem components will be defined 

predominantly by items that target Physical Abilities, Physical Appearance, 

Opposite-Sex Relations, Same-Sex Relations, Parent Relations, Honesty

Trustworthiness and Emotional Stability. 

Hypothesis 2.2: The academic self-esteem components will be defined 

predominantly by items that target Math, and Verbal Self-Esteem. 

Results of Study 2 

One hundred and two items assessed three areas of academic self-esteem, seven 

areas of non-academic self-esteem, and general self-esteem. Each of the eleven scale 

scores were based on a student's self-ratings on 8 - 10 items, of which half are negatively 

worded to guard against positive response biases. Individual raw scores were derived by 

assigning numeric scores to responses as shown in Figure 8. 

Response Score 

False 1 

Mostly False 2 

More False Than True 3 

More True Than False 4 

Mostly True 5 

True 6 

Figure 8: Assignment of Scores to 
Responses on the SQD-II 
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The test data were analysed usmg a Maximum Likelihood analysis with a 

Varimax rotation to confirm the multi-faceted nature of the construct of self-esteem as 

proposed in Marsh's theory. In this analysis, the negatively worded item in each item-pair 

was not reversed scored and all one hundred and two test items were entered rather than 

at the paired-item level as used in deriving the computed factor scores. An investigation 

of a scree plot suggested that a ten-component solution may be appropriate for analysis, 

however, the solution showed that only nine components were clearly required to account 

for 58.5% of the variance. The inclusion of the tenth factor, although accounting for 

another 2.3% of the variance, was not warranted as there were no variables that loaded 

above .37. 

The nine-component solution was characterised by variables loading clearly on 

one of the components, and was subsequently selected for analysis. The first component 

was well-defined by variables from two theorised target scales, and, to a lesser extent, by 

some of the variables from a third theorised target scale while the further eight factors 

were clearly defined by their respective theorised target scales. 

The clear, underlying structure of the item-pairs described by Marsh was evident 

in all nine components and it was this structure that was used in deriving the computed 

factor scores to be used in further multivatiate analysis in this study. A full description of 

the items, their target scales and primary component loadings identified in the nine

component solution in this study are presented in Appendix 6. The results for the nine 

components are presented in the following paragraphs. 

Component 1: 

Self-Esteem (Math/General School) was well-defined by the two target scales of 

Math and General School with two items from the General Self Scale also loading on this 

component. This first component clearly accounted for the major part of the total 

variance at 21. 9%. All target variables for the Math Scale loaded moderately to 

substantially on this component (-.60 to .86). In addition, nine of the ten target variables 

for the General School Scale loaded moderately to weakly (.64 to -.37), and two target 

variables for the General Self scale loaded weakly on this component (-.34 and -.29). 

These variable loadings indicated that this component be labelled as a 

Mathematics/General School Self-Concept component. 
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Inspection of the variable loadings for this component showed that all items 

stating negative attitudes had positive loadings, and all items stating positive attitudes had 

negative loadings. This pattern of loadings, although not reflecting the clear theoretical 

structure of three separate factors: Math, General School and General Self, illustrated the 

clear underlying structure of the item-pairs defining these factors according to Marsh's 

model (1990b). 

Component 2: 

The pattern of loadings for the second component, Self-Esteem (Verbal) in 

contrast with the first component, Self-Esteem (Math/General School), showed that all 

items stating positive attitudes had positive loadings, and all items stating negative 

attitudes had negative loadings. All target variables for the Verbal Scale loaded weakly 

to substantially on this component (-.36 to .88). One target variable for the General Self 

Scale also loaded weakly on this component (.34). The variable loadings indicated that 

this component can be labelled as a Verbal Self-Concept component. Further, the 

consistency of loading patterns with item statements described a favourable Verbal Self

Concept in this study. 

Component 3: 

As was the case for component 1, Self-Esteem (Math/General School), the Self 

Esteem (Physical Appearance) component was comprised of items stating negative 

attitudes having positive loadings, and items stating positive attitudes having negative 

loadings. All target variables for the Physical Appearance Scale loaded moderately to 

substantially on this component (-.60 to -.84). Five of the ten target variables for the 

General Self Scale also loaded weakly to moderately on this component (-.33 to .50). 

The variable loadings indicated that this component be labelled as a Physical Appearance 

Self-Concept component, and in this study, the pattern of loadings on this third 

component described an unfavourable Physical Appearance Self-Concept. 

Component 4: 

As for components 1 and 3, component 4, Self-Esteem (Parent Relations) was 

comprised of items stating negative attitudes having positive loadings, and items stating 

positive attitudes having negative loadings. All target variables for the Parent Relations 

Scale loaded moderately to substantially on this component (.55 to -.84). One target 

variable for the General Self Scale also loaded weakly (.39). These variable loadings 
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indicated that this component be labelled as a Parent Relations Self-Concept component, 

and in this study, this fourth component described an unfavourable Parent Relations 

Self-Concept. 

Component 5: 

The general negativity that was reflected in components 1, 3 and 4 was also 

reflected in component 5, Self-Esteem (Honesty-Trustworthiness). All target variables 

for the Honesty-Trustworthiness Scale loaded weakly to moderately (-.22 to -.63) on this 

component. In addition, one target variable for the General School Scale, one target 

variable for the General Self Scale, and one target variable for the Same Sex Relations 

Scale loaded weakly on this component (.29 to -.37). These variable loadings indicated 

that this component be labelled as an Honesty-Trustworthiness component. All items 

stating negative attitudes had positive loadings, and all items stating positive attitudes had 

negative loadings. These results indicated that, in this study, the fifth component 

described an unfavourable Honesty-Trustworthiness Self-Concept. 

Component 6: 

In contrast with components 1, 3, 4 and 5, component 6, Self-Esteem 

(Physical Ability) reflected a more positive aspect of Self-Concept in this study. All 

target variables for the Physical Ability Scale loaded moderately to substantially on this 

component (.45 to .91). These variable loadings indicated that this component be 

labelled as a Physical Ability Self-Concept component. As for component 2, an 

inspection of the variable loadings showed that all items stating positive attitudes have 

positive loadings, and all items stating negative attitudes have negative loadings. These 

results indicated that, in this study, the sixth component described a favourable 

Physical Ability Self-Concept. 

Component 7: 

Positive aspects of self-concept were also reflected in component 7, Self-Esteem 

(Opposite Sex - Girls' Relations). Target variables for the Opposite Sex Relations and 

Same Sex Relations Scales loaded moderately to substantially on this component 

(.42 to .83). Responses to items M022, M044, M055 and M077 were scored only for 

girls. The variables M077, M055, M044 and M022 yielded moderate to substantial 

loadings (-.59, -.64, .71 and .83 respectively). These variable loadings indicated that this 

component can be labelled as an Opposite Sex Relations for Girls. As for components 2 
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and 6, inspection of the variable loadings showed that all items stating positive attitudes 

had positive loadings, and all items stating negative attitudes had negative loadings. 

These results indicated that, in this study, the seventh component described a favourable 

Opposite-Sex Relations for Girls Self-Concept. 

Component 8: 

As for components 2, 6 and 7, inspection of the variable loadings for this 

component of Self-Esteem (Emotional Stability) showed that all items stating positive 

attitudes had positive loadings, and all items stating negative attitudes had negative 

loadings. All target variables for the Emotional Stability Scale loaded weakly to 

substantially on this component (.38 to .70). These variable loadings indicated that this 

component could be labelled as an Emotional Stability Self-Concept component, and in 

this study, this eighth component described an unfavourable Emotional Stability 

Self-Concept. 

Component 9: 

The ninth component, Self-Esteem (Opposite Sex - Boys' Relations), reflected a 

generally positive aspect of Self-Esteem in this study. Seven of the twelve target 

variables for the Opposite-Sex Relations Scale loaded moderately to substantially on this 

component (.49 to . 76). Two variables, M066 and M088, loading moderately on this 

component (.54 and .49 respectively) also loaded moderately on component 7 (.45 and 

.40 respectively). Responses to items M043, M054, and M021 are scored only for boys, 

and yielded substantial loadings for the variables M021, M054 and M043 (.74, -.75, and 

.76 respectively). Responses to item M076 was scored only for girls and yielded a 

moderate loading for the variable M076 (-.59). These variable loadings indicated that 

this component be labelled as an Opposite-Sex for Boys Self-Concept component. As for 

components 2, 6, 7 and 8, inspection of the variable loadings for component 9 showed 

that all items stating positive attitudes had positive loadings, and all items stating 

negative attitudes had negative loadings. These results indicated that, in this study, the 

ninth component described a favourable Opposite-Sex Relations for Boys 

Self-Concept. 
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Although these results did not produce the eleven well-defined components 

described by Marsh they approximated Marsh's model of multi-facets of Self-Esteem 

sufficiently closely to confirm the multi-dimensionality of the model, and in particular, 

the different academic and non-academic dimensions. The clear, underlying structure of 

the item-pairs described by Marsh and reported in this section, provided a basis from 

which to derive computed factor scores. These computed factor scores were used in 

further multivariate analyses reported in Chapter 6. 

Computed Factor Scores 

Eleven factor scores, corresponding to the eleven SDQ-II scales, were computed 

for each subject through application of the formula suggested in the Manual 

(Marsh, 1990b: 17). Figure 9 shows the formula used to compute the factor scores. 

Key: 

X 

MEAN 

SD 

FSC 

Figure 9: 

FACTOR SCORE= SUM [(X - MEAN)/SD x FSC)] 

mean of responses to the items in a particular item-pair for a given subject 

normed item-pair mean 

normed item-pair standard deviation 

= normed Factor Score Coefficients 

Formula for Computing Factor Scores in Marsh's Model of Self-Esteem 

Reverse-scored items were calculated by subtracting the value of the student's 

response from 7. Males and females were scored according to the gender-identified scale 

for the Same-Sex Relations and Opposite-Sex Relations scales. These derived factor 

scores, based on the normative sample of SDQ-II responses, were computed on the basis 

of the regressed factor scores reported in the Manual (Marsh, 1990b: 17). 

Inspection of the correlation coefficients for the calculated factor scores of the 

general self-esteem facets and the academic facet of General School showed that 

generally, these facets were moderately inter-correlated. Table 6 on the following page 

shows the correlations for p<.01 among the calculated factor scores for the eleven facets 

of Self-Esteem as described by Marsh. 
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1 

I 1.00 

2 

3 

4 .43 

5 .22 

6 .24 

7 

8 .23 

9 

10 

11 

Key: 
1 Math 
2 Verbal 

2 

.42 

.28 

.29 

.27 

.20 

.28 

3 General School 
4 General Self 

3 4 5 6 

1.00 

.64 1.00 

.27 .44 1.00 

.41 .38 1.00 

.30 .59 .40 .30 

.33 .58 .37 

.30 .27 

.39 .41 

.25 .47 .29 .34 

5 Emotional Stability 
6 Honesty-Trustworthiness 
7 Parent Relations 
8 Physical Appearance 

7 

1.00 

.31 

.30 

8 9 10 11 

1.00 

.27 1.00 

.51 .31 1.00 

.34 .31 .46 1.00 

9 Physical Abilities 
10 Opposite-Sex Relations 
11 Same-Sex Relations 

Table 6: Correlations Among the Calculated Factor Scores for the Eleven Facets of Self-
~ 

Esteem 

This pattern of correlations was consistent with the findings reported by Marsh 

( 1990b) that the Math and Verbal Self-Esteem facets are independent dimensions. The 

moderate correlations between the General School and the other academic facets of 

Verbal (.56) and Math Self-Esteem (.67) compared with (.41) and (.37) respectively 

reported by Marsh (1990b:34). The hypothesis that independent academic and non

academic factors will correspond to the multi-dimensional scales of Self-Esteem 

described by Marsh was accepted. 

Discussion of Study 2 

The results of the component analysis supported hypothesis 2. 1 whereby the non

academic self-esteem components were defined predominantly by items that targeted 

Physical Abilities, Physical Appearance, Opposite-Sex Relations, Parent Relations,· 

Honesty-Trustworthiness and Emotional Stability. The academic self-esteem components 

were defined predominantly by items that targeted Math · and Verbal Self-Esteem, 

supporting Hypothesis 2.2. 
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The Math/General School Self-Esteem component was clearly defined 

(eigenvalue=22.33014) with all target items for Math loading moderately to substantially 

and most of the target items for General School loading weakly to moderately. The 

loading of target items for Math and General School on this component was of interest. 

The pattern of loadings of both groups of target items suggested that the facets of Math 

Self-Esteem, General School Self-Esteem, and, to a lesser extent, General Self-Esteem 

were not clearly defined as separate facets of self-esteem in this study. A student attitude 

profile based on the nine self-esteem components is shown in Table 7. 

Component Student Attitude Loadings 

Favourable Unfavourable 

1 Mathematics/ * .86 to -.68 
General School .64 to -.37 

2 Verbal * .88 to -.36 

3 Physical Appearance/ * -.84 to -.60 
General Self .50 to -.33 

4 Parent Relations * -.84 to .55 

5 Honesty-Trustworthiness * -.63 to -.22 

6 Physical Ability * .91 to .45 

7 Opposite-Sex (Girls) Relations * .83 to .42 

8 Emotional Stability * .70 to .38 

, . .,,~.-.·.w.·.·-· Opposite-Sex (Boys) Relations ..... ,....,,, ,,....,,,,..,,, .. , . ...,,,,,~, .. , ......... -.·.·.w.·.·.w.w •.•.•.. , ... -,,,, . .,,,....,,,,""'",....,,, .•. -,,,..,,..,,,,.,, ....... -•. :..?..? .. !?.,..,;_~?,,...,,.,w 

Table 7: Student Attitude Protue based on the Nine Self-Esteem Components 

The finding that students in this study appeared to regard themselves 

unfavourably, with respect to a combination of Math and General School dimensions, 

contrasted with the finding for the Verbal component. The second component was 

clearly defined in the 9-factor solution, being clearly distinguished as an orthogonal 

component with an eigenvalue=8.79732. As all target Verbal items that reflected a 

positive attitude loaded positively at .56 to .88, and all target Verbal items that reflected a 

negative attitude loaded negatively at -.36 to -.74, it appears that the subjects in this study 

regarded themselves favourably in respect to English. 

The remaining seven components identified in the 9-factor solution were clearly 

defined by their respective target items. These components described the non-academic 

facets of Self-Esteem. Although this non-academic data was not used in further analyses, 

it provided a "snapshot" of the relative strength of various facets of self-esteem in the 
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research cohort. Subsequent discussions with senior educational staff at the School 

confirmed the favourable/unfavourable aspects of Self-Esteem reported by subjects in 

Study 2. These staff suggested that the negativity reflected in the Math/General School 

aspect was a result of the heavy reliance on quantitative assessment in the School's 

Mathematics curriculum. The more positive reports reflected in the Verbal aspect were 

attributed to the essentially qualitative nature of assessment in the School's English 

curriculum. It appeared that students' reports in this school reflected a view of 

Mathematics in terms of their performance in tests on which they were given a "mark" 

and further, that this view was associated with their general school experience. It was 

also suggested that, in contrast, students' reported views of English reflected the "softer" 

reporting of qualitative comments rather than reporting a quantitative grading, resulting in 

more positive views of this subject area than for Mathematics. Comments by these senior 

educational staff regarding the non-academic aspects suggested that the results were 

generally congruent with their own views of the School's students. It is saddening and 

alarming to note, particularly, the unfavourable views reported by subjects on the 

Emotional Stability facet of Self-Esteem. In this regard, staff expressed frustration 

associated with constraints imposed by resource allocations and curriculum requirements. 

These findings established the multi-dimensionality of the construct of 

Self-Esteem as described in the Marsh model. The nine-component solution was not used 

in further quantitative analysis. It was, however, helpful data that clarified the roles that 

the different facets of academic self-esteem in particular, played in relation to individual 

differences in information processing preferences and the arithmetical construct in this 

study. The nonnative sample on which the regressed factor scores reported by Marsh 

were based was a large sample and thus they provided good support for the SDQ-II 

structure. The academic dimensions of Verbal and Math Self-Esteem were pertinent in 

this study which focussed on the specific dimensions of Self-Esteem that are related to 

student performance in basic mathematics problems. Following the recommendations for 

administration and scoring of the SDQ-II (Marsh, 1990b: 17), these computed factor 

scores were used in further analyses in Study 4. 

The first two Phase 1 studies focussed on students' cognitive abilities and aspects 

of self-concept. The third study in Phase 1 focused on student performance in basic 

mathematics problems. The following Section 5.4 presents two analyses that examined 

the arithmetical knowledge structures which underpin basic mathematics problems. 
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5.4 STUDY 3: THE ARITHMETICAL CONSTRUCT 

This study examines the Arithmetical Construct ( arithmetical knowledge 

structures) that underpins the Screening and Diagnostic Maths Test Part A A first 

analysis of the items in the Screening and Diagnostic Maths Test Part A was conducted to 

investigate the underlying component structure of the test. A second analysis, using 

Rasch model item responses theory (IRT), was used to operationally define the 

Arithmetical Construct through interpreting the Screening and Diagnostic Maths Test 

Part A as consisting of related items located at various overlapping positions along a 

single continuous scale, and to confirm the unidimensionality of the scale. A similar 

approach was adopted by Ludlow and Guida (1991) who described a scale for test anxiety 

in children as measuring an academic anxiety construct. 

Hypothesis 3: The Screening and Diagnostic Maths Test Part A will define and 

operationalise student performance on the Arithmetical Construct. 

Hypothesis 3.1: Arithmetical knowledge structures consist of additive and 

multiplicative knowledge aspects. 

Hypothesis 3.2: The more complex levels of the Arithmetical Construct are 

defined predominantly by multiplicative knowledge structures involving non

integers. 

The first 44 items in the Screening and Diagnostic Maths Test Part A can be 

solved with basic arithmetical knowledge and were included in the analyses. The final 

six items in the Screening and Diagnostic Maths Test Part A, Items 45 - 50, require 

specific knowledge of metrics measurement for solution and were excluded. 

Unlike the confirmatory nature of the component analyses in Studies 1 and 2, the 

component analysis in Study 3 .1 is essentially exploratory given that there is a relative 

lack of available published research regarding the structure of the Screening and 

Diagnostic Maths Test Part A In keeping with the exploratory nature of the analysis, an 

oblique, rather than an orthogonal, rotation will be applied to simplify the factors by 

minimising cross products ofloadings, Tabachnick and Fidell (1983;400). 

Whereas an orthogonal rotation results in factors that are uncorrelated, an oblique 

rotation allows for correlations among the factors in the sample. The extent of 

obliqueness is controlled by the parameter delta. When this parameter is O the factors are 

most oblique. Since the factor loadings and factor variable correlations are not identical 
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when an oblique rotation is used, separate factor loading and factor structure matrices are 

displayed as part of the output. The oblique algorithm simplifies the factor pattern matrix 

and assists in describing meaningful factors (Norusis/SPSS Inc., 1993:71). 

Results of Study 3.1 

Nine components that accounted for 51 % of the total variance were extracted and 

retained through a Direct Oblimin rotation that converged in 61 iterations. Three tests 

were conducted to ensure that the inter-item correlation matrix was appropriate for 

factoring. The Bartlett Test of Sphericity (BTS = 2154.9827, p<.001) indicated that the 

correlation matrix was not an identity matrix (Bartlett, 1950). The Kaiser-Meyer-Olkin 

Measure of Sampling Adequacy (KMO = .76142) indicated that the magnititude of the 

squared partial correlations among the variables tended to be small (Kaiser, 1974) and the 

determinant of the correlation matrix was non-zero (.0000001). It was concluded from 

these results that the factor model was therefore appropriate. 

A subsequent examination of the Factor Scree Plot suggested that the nme

component solution would be the appropriate level of analysis to concisely describe the 

underlying arithmetical knowledge components in students' responses to the forty-four 

test items. The following analysis is based on the pattern matrix. The structure of the 

solution, reflected in the structure matrix, confirmed the description of the variable 

loadings on the nine-component solution. 

The results for each of the nine components are presented in the following 

paragraphs. Variables (Items) in the Screening and Diagnostic Maths Test Part A that 

loaded moderately to highly ( <.25) on components are reported in this section. Appendix 

5 contains the complete nine-component solution. 

Table 8 shows the variable loadings for component 1: Open Number Sentences. 

Variables 
Variable Loadings on Components 

Cl C3 C4 C5 C9 

20 - 5.8 = .77 

5.2 - 3.8 = .63 

3.65 + 5 = .48 .33 .25 

0.3 X 10 = .47 

684 + 6 = .46 .30 -.25 

Table 8: Component 1: Open Number Sentences 
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Component 1, accounting for 19.4% of the variance (eigenvalue=8.5) was clearly 

defined by five variables loading .77 to .46. Two variables loaded exclusively at .77 and 

. 63 on this component. 

The variable loading .48, also loaded moderately at .33 on component 3 and 

weakly at .25 on component 5. The variable loading .46, also loaded moderately .30 on 

component 4. This variable also loaded negatively at -.25 on component 9. All variables 

were -open number sentences indicating either a subtraction, division or multiplication 

operation. Four of the five variables loading on this component involved mixed numbers, 

integers and non-integers, and one variable involved integers only. 

Table 9 shows the variable loadings for component 2: Open Number Sentences. 

Variables 
Variable Loadings on Components 

C2 Cl C3 

1023 + 462 = .74 

408 X 6 = .61 

406 - 208 = .47 .26 

37.5 - 2.76 = .45 .40 .25 

Table 9: Component 2: Open Number Sentences 

Component 2, accounting for 5.9% of the variance (eigenvalue=2.6) was clearly 

defined by four variables, loading .74 to .45. Two variables loaded .74 and .61 

exclusively on this component. 

The variable loading .47, also loaded weakly on component 1 at .26. The variable 

loading .45, also loaded moderately on component 1 at .40 and loaded weakly on 

component 3 at .25. All variables were open number sentences indicating either an 

addition, multiplication or subtraction operation. Three of the four variables loading on 

this component involved integers only and one variable involved mixed numbers. 

Table 10 on the following page shows the variable loadings for component 3: 

Open Number Sentences/Word Problems. 

Chapter 5 - page 141 



Variables 
Variable Loadings on Components 

C3 C2 cs C6 C7 

211 X 32 = .63 

1.84 + 2.3 = .54 

What is 3.5% as a decimal? .46 .28 

What is 8% of $400? .42 .31 .28 

The price of bananas has just gone up .38 .31 .25 
by 10%, so that they now cost 99c per 
kilogram. What did they cost per 
kilogram before the increase? 

2 1/g + Yz = .35 .29 

Table 10: Component 3: Open Number Sentences/Word Problems 

Component 3, accounting for 4.7% of the variance (eigenvalue=2.1) was clearly 

defined with six variables loading .63 to .35. Two variables loaded .63 and .54 

exclusively on this component. 

Three word problem variables loading .46 .42 and .38 also loaded weakly on 

component 7 at .28, .28 and .25 respectively. Two of these three variables also loaded 

weakly on component 5 and component 6. The variable loading .35 also loaded weakly 

on component 2 at .29. Three variables were open number sentences indicating either a 

multiplication or division operation. Of these open number sentence variables, two 

involved mixed numbers and non-integers and one variable involved integers only. Three 

variables were word problems involving multiplicative (multiplication and/or division) 

operations and integers and non-integers. 

Table 11 shows the variable loadings for component 4: Open Number Sentences. 

Variables 
Variable Loadings on Components 

C4 C2 C9 

478 X 79 = .61 

4698 - 327 = .49 .29 -.29 

3 % - 7/g = -.47 

Table 11: Component 4: Open Number Sentences 
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Component 4, accounting for 4.1% of the variance (eigenvalue=l.8) was defined 

by three variables loading between .61 and -.47. Two variables loaded .61 and -.47 

exclusively on this component. The variable loading .49 also loaded weakly on 

component 2 at .29 and negatively on component 9 at -.29. All variables were open 

number sentences indicating either a multiplication or division operation. Two of the 

three variables involved integers only and one variable involved a mixed number and a 

non-integer. 

Table 12 shows the variable loadings for component 4: Open Number Sentences. 

Variable 
Variable Loadings on Components 

cs Cl C3 C4 C6 C7 C9 

2+ 10= .63 

36 + (6 + 3) = .61 

161 + 7 = .46 .31 

5 X 2/3 = .42 -.34 

23 + 5 X 4 = .40 -.27 

5.7 X 1.73 = .38 .35 .34 

15 - 27 + 8 = .30 .29 

Table 12: Component 5: Open Number Sentences 

Component 5, accounting for 3.8% of the variance (eigenvalue=l.7) was well 

defined by seven variables loading .63 to .30. Two of the seven variables loaded 

exclusively on this component at .63 and .61 respectively. The variable loading .46, also 

loaded weakly on component 1 at .31. The variable loading .42, also loaded negatively 

on component 4 at -.34. The variable loading .40, also loaded negatively on component 9 

at -.27. The variable loading .38, also loaded weakly on component 3 at .35 and 

component 6 at .34. The variable loading .30 also loaded weakly at .29 on component 7. 

Four variables were open number sentences indicating either a division or 

multiplication operation. One variable was an open number sentence indicating two 

division operations, with the first division operation indicated by brackets. Two variables 

were open number sentences indicating multiple operations. The first open number 

sentence indicated addition and multiplication operations, and the second open number 

sentence indicated subtraction and addition operations, however the order of operations 

was not indicated in either of these two open number sentence variables. Five of the 
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seven variables involved integers only and the other two variables involved an integer, 

mixed numbers and a non-integer. 

Table 13 shows the variable loadings for component 6: Word Problems/Open 

Number Sentences. 

Variables 
Variable Loadings on Components 

C6 Cl C4 

A calculator shows this figure: .69 
25.634817 

What is it expressed correct to 2 
decimal places? 

Divide 30m into two parts which are in .59 -.25 
the ratio of2:3. 

20.35 + 6.0 + 0.5 = .53 .39 

0.5 X 0.5 = .47 .43 

Table 13: Component 6: Word Problems/Open Number 
Sentences 

C9 

-.34 

Component 6, accounting for 3.6% of the variance (eigenvalue=l.6) was defined 

by four variables loading .69 to .47. One word problem variable loaded exclusively on 

this component at .69 and variables loading between .59 and .47 also loaded weakly to 

moderately on other components. Of the two open number sentence variables, one 

variable indicated two addition operations and the other variable indicated a 

multiplication operation. The two word problem variables involved a mixed number and 

integers. The open number sentence variables involved a mixed number, an integer and 

non-integers. Table 14 shows the variable loadings for component 7: Word Problems. 

Variables Variable Loadings on Components 

C7 Cl C2 cs C8 

A tradesman received a wage of $240 a week and .65 
then was given an 8% increase. 
What is his new wage? 

What value ofx will make the ratios 5:9 and 15:x .58 .27 
the same as each other? 

5 litres of fuel are used by a car in travelling .50 .25 
48km. How many litres would be used to travel 
72km at the same rate of fuel consumption? 

What is 2
/ 5 as a decimal? .47 .25 .30 

What is 2 
/ 5 as a percentage? .39 .30 

Table 14: Component 7: Word Problems 
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Component 7, accounting for 3.4% of the variance (eigenvalue=l.5) is well 

defined by five variables loading between .65 and .39. One variable loaded exclusively 

on this component at .65. The variables loading .58 and .50 also loaded weakly on 

component 1 at .27 and .25 on component 2 respectively. The variable loading .47 also 

loaded weakly on component 5 at .25 and on component 8 at .30. The variable loading 

.39 also loaded weakly on component 1 at .30. All variables were word problems 

involving multiplicative (multiplication and/or division) operations and integers and non

integers. 

Table 15 shows the variable loadings for component 8: Word Problems/Number 

Sentences. 

Variables 
Variable Loadings on Components 

cs C3 cs C6 C7 C9 

What is 18 as a percentage of 144? -.62 

442 + 17 = -.49 .41 -.35 

2479 .39 -.33 

+ 8716 

$175 is 7% ofthe cost ofa car. -.38 .27 

What is the total cost of the car? 

14+Y2+3/s= -.35 .31 .33 

Table 15: Component 8: Word Problems/Number Sentences 

Component 8, accounting for 3.1% of the variance (eigenvalue=l.4) was 

ill-defined. Four variables loaded negatively and one variable loaded positively. One 

variable loaded exclusively on this component at -.62. The variable loading -.49, also 

loaded .41 on component 5, and -.35 on component 7. The variable loading -.38, also 

loaded on component 7 at .27. The variable loading -.35, also loaded .33 and .31 on 

components 5 and 3 respectively. 

Two variables were word problems requmng multiplicative operations and 

integers. One variable was an open number sentence indicating a division operation 

involving integers and another variable was an open number sentence indicating multiple 

addition operations involving non-integers. One variable was a multi-digit sum displayed 

in a vertical format indicating an addition operation. 

Table 16 on the following page shows the variable loadings on the final 

component, Component 9: Word Problems/Open Number Sentences. 
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Variables 
Variable Loadings on Components 

C9 C2 cs cs 
The ratio 3: 5 may also be written in the form -.80 

120 X 0.04 -.50 .30 

603-:- 3 = -.48 .33 

6.7+3.4= -.46 .28 

3.14 + 51.2 = -.39 -.26 

Table 16: Component 9: Word Problems/Open Number Sentences 

Component 9, accounting for 3.0% ( eigenvalue=l.3) was also ill-defined. All 

variables loading on this component loaded negatively from -.80 to -.39. One variable 

loaded exclusively at -.80 on this component. The variable loading -.50, also loaded 

weakly on component 2 at .30. The variable loading -.48, also loaded weakly on 

component 5 at .33. The variable loading -.46, also loaded weakly at .28 on component 

2. The variable loading -.39, also loaded -.26 on component 8. One variable was a word 

problem involving integers and three variables were open number sentences indicating 

either a multiplication, division, or addition operation and involving integers, mixed 

numbers and a non-integer. 

These results indicated that the items in the Screening and Diagnostic Maths Test 

Part A reflect a clear, underlying arithmetical knowledge structure. 

Analysis of Study 3 .1 

The results of Study 3 .1 showed that seven components derived from the nine

component solution were well defined. Four components (1, 2, and 5) were defined 

exclusively by open number sentences and one component (7) was defined exclusively by 

word problems. Two components ( 6 and 8) were defined by open number sentences and 

word problems. Four components (3, 5, 6 and 7) were comprised of items that involve, 

primarily, multiplication and division operations and thus appeared to reflect clearly the 

multiplicative aspect of arithmetical knowledge. Three components (1, 2, and 4) were 

comprised of items that involve the four basic arithmetical operations of addition, 

subtraction, multiplication and division and appeared to reflect a combination of additive 

and multiplicative aspects of arithmetical knowledge. Although the components 8 and 9 

Chapter 5 - page 146 



were not clearly defined and therefore were not easily interpreted, they appeared to 

reflect both additive and multiplicative aspects of arithmetical knowledge. 

The least complex components ( 1 and 2) consisted exclusively of one-step open 

number sentences indicating one of the four arithmetic operations of addition, 

subtraction, multiplication and division and involving integer and mixed number 

operands and a non-integer operand. The mid-range components (3, 4, 5 and 6) consisted 

mainly of open number sentences in which the four arithmetic operations of addition, 

subtraction, multiplication and divisions are indicated, and involved integer, mixed 

number and non-integer operands. The most complex of the clearly interpretable 

components (7) consisted mainly of word problems involving equivalence, conversion, 

ratio and proportion schemas. 

Figure 10 shows a summary of these different aspects of arithmetical knowledge 

that were clearly reflected in seven of the nine components. 

Components Format 

1 Open Number Sentences 

2 Open Number Sentences 

3 Open Number Sentences/ 
Word Problems 

4 Open Number Sentences 

5 Open Nmnber Sentences 

6 Word Problems/ 
Open Number Sentences 

7 Word Problems 

8 and9 Word Problems/ 
Open Number Sentences 

Arithmetical Knowledge 
Aspects 

Additive/Multiplicative 

Additive/Multiplicative 

Multiplicative 

Additive/Multiplicative 

Multiplicative 

Multiplicative 

Multiplicative 

Not able to be interpreted 

No. ofltems 
defining the 

Aspect 

5 

4 

6 

3 

7 

4 

5 

10 

Figure 10: Aspects of Arithmetical Knowledge defined in the Nine-Component 
Solution in Study 3.1 

In summary, the nine-component solution in Study 3.1 appeared to reflect 

differences in arithmetical knowledge in respect to additive and multiplicative knowledge 

aspects. The multiplicative aspect of arithmetical knowledge was clearly distinguishable 

in the seven interpretable components, and defined exclusively four of these components. 

The additive aspect of arithmetical knowledge, however, was only distinguishable in 

three components. The findings from this study supported the hypothesis that the 

Screening and Diagnostic Maths Test Part A is defined by arithmetical knowledge 
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consisting of additive and multiplicative knowledge aspects. These aspects, however, 

-were not so clearly defined that the component scores can be used in further analyses. 

A second study of the items in the Screening and Diagnostic Maths Test Part A was 

designed to confirm arithmetical knowledge as a unidimensional construct that clearly 

reflected the additive and multiplicative knowledge aspects. Results of this second study 

are presented in the following paragraphs. 

Results of Study 3 .2 

Items 1 - 44 of the Screening and Diagnostic Maths Test A were processed 

through the QUEST software application (Adams and Khoo, 1996) of the Rasch partial 

credit modeling process provided by Masters (1982). This analysis yields an estimate of 

difficulty for each item and the ability of each respondent ( case estimates) by comparing 

the item response for each student (case) with the responses of the cohort. Separate 

statistics indicate stability of item and case separation, thus testing how well the solution 

fits the model. The resulting analysis is presented under four headings: overall 

performance, item analysis including question difficulty, student performance, and an 

analysis of clusters of items that reflected the levels of difficulty of the construct of 

arithmetical knowledge. 

Overall Performance 

The reliability of the item and case estimates is the proportion of the observed 

estimate variance that is considered true (Adams and Khoo, 1996:24). In this study, the 

reliability of the item and case estimates for the Screening and Diagnostic Maths Test 

Part A were .95 and .87, respectively, and illustrated the very good separation both 

between the items and between the cases. Further, the internal consistency parameter 

(Cronbach's alpha measure) of .90 indicated there was a good fit between the data and the 

Rasch model, i.e., the item estimates measured the same underlying construct, i.e., 

arithmetical knowledge. As both the infit and outfit mean squares for both item and case 

estimates were 1 or close to 1, and the transformed infit and outfit (Infit t, Outfit t) means 

were close to zero, this further indicated the closeness of fit of the data with the Rasch 

model. The fit statistics for the item estimates are shown in Table 17, and those for the 

case estimates are shown in Table 18. Both tables are shown on the following page. 
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Mean .99 Mean 1. 00 

SD .12 SD .27 

Mean -.01 Mean .11 

SD 1.32 SD 1.15 

Table 17: Fit Statistics for Item Estimates 

lil1llffll1lljl~llillllllll1ll)!ll l1Jll11l

1iliillli!ll&1lll1lllllllif:l!i:ll11ll!i!l\illll!Jll11!!1l 

Mean . 99 Mean 1. 00 

SD .17 SD .44 

Mean .05 Mean .09 

SD .93 SD .89 

Table 18: Fit Statistics for Case Estimates 

Item Analysis 

A quantitative indication of how well each item estimate fits the model, i.e., 

whether each item contributed to the measure of the same underlying construct as other 

items, was provided by a statistic for each item, described by Masters (1982) as the infit 

statistic which is the weighted residual-based statistic. The infit mean square for each 

item was plotted on the Item Fit map shown in Figure 11 on the following page. 
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Screening and Diagnostic Maths Test A Items 

Item Fit 

INFIT :MNSQ 

.56 

all on all (N = 153 L = 44 Probability Level= .50) 

.63 . 71 .83 1. 00 1. 20 1. 40 1. 60 
---------+---------+---------+---------+---------+---------+---------+---------+ 

1 item 1 * 
2 item 2 * 
3 item 3 
4 item 4 
5 item 5 
6 item 6 
7 item 7 
8 item 8 
9 item 9 

10 item 10 
11 item 11 
12 item 12 
13 item 13 
14 item 14 
15 item 15 
16 item 16 
17 item 17 
18 item 18 
19 item 19 
20 item 20 
21 item 21 
22 item 22 
23 item 23 
24 item 24 
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As the infit mean square values fell within the acceptable limits as indicated by 

the dotted lines, this pattern implies that the parameters for each item estimate fit 

sufficiently well into the model to contribute to the estimate of the construct being 

measured, i.e., arithmetical knowledge (Adams and Khoo, 1996). 

An important assumption of the model is that the item difficulty is represented by 

the threshold statistic. Item and case estimates were reported in the figure on a common 

logit scale. The implication of a case estimate and an item difficulty having the same 

lo git score is that the case would have an even chance ( 50%) of responding correctly to 

that item. (Adams and Khoo, 1996). Figure 12 on the following page shows the chart of 

item difficulty (thresholds) for the forty-four items of the Screening and Diagnostic Maths 

Test Part A 
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Screening and Diagnostic Maths Test Part A Items 

Item Estimates (Thresholds) all on all (N = 153 L = 44 Probability Level= .50) 

5.0 

xxxx 
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xxxxxx 

xxxx 
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xxxxxxxx 
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xxxxxx 
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xxxxxxxxx 40 

xxxxxxxxxx 38 
xxxxxx 7 24 32 
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xxxxxx 
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1 12 
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14 
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Each X represents 1 student 

Figure 12: Item Estimates (thre&holds) 
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Items and cases (students) were calibrated on a lo git scale that is shown on the left 

of the chart. The distribution of case (students) estimates are displayed as Xs on the left

hand side of the chart against the lo git scale. Each X represents a single case (student) 

estimate in relation to the.item(s) at the same position on the logit scale. The horizontal 

dashed line indicates the mean of case estimates. In this study, the mean of case 

(students) estimates was 1.22 with a range of -2.0 to +4.5. The right-hand side of the 

chart displays the items plotted according to their degree of difficulty. The greater degree 

of difficulty of an item, the higher threshold it has, and thus it is displayed at a higher 

level on the chart than an item with a lesser degree of difficulty, and, therefore, a lower 

threshold. The item difficulty estimates for the Screening and Diagnostic Maths Test Part 

A ranged from -2.3 to +2.6. 

A graphical fonn of this data is shown in Figure 13 on the following page. 

The forty-four items of the Screening and Diagnostic Test in Maths Part A are ordered 

according to the Tau values or threshold difficulty estimates. This graphical 

representation of the data illustrates clearly the differences between the Tau values of the 

more difficult items and those of the less difficult items. 
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Figure 13: Item Difficulty Estimates for Items 1 - 44 of the Screening and Diagnostic Maths Test Part A 
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Analysis of Study 3 .2 

The concentration of items along the logit scale identified from the Item 

Estimates in Figure 12 and shown graphically in Figure 13 indicated sub-groups of items 

at the various levels of threshold difficulty. These results showed that four sub-groups 

reflect characteristics of format ( word or open number sentence), knowledge structure 

(additive or multiplicative) and type of operands (integers or non-integers) within the 

Arithmetical Construct. This section presents an overview of a descriptive analysis of 

items in the four sub-groups identified in the Rasch analysis. The full descriptive analysis 

is too extensive to include in this section and is presented in Appendix 7. In the 

following overview, a figure shows the item profile for the sub-group - format ( word 

problem, or open number sentence), and operand number type. All the word problems 

relied on authentic multiplicative knowledge structures for solution and are identified 

according to their categories in the Screening and Diagnostic Test in Maths Part A This 

figure is followed by a summary description of the items in the sub-group. 

The most difficult items in sub-group 1 are described in Figure 14. 

Sub-group 1: Most Difficult (9 Items: 37, 40, 38, 32, 7, 24, 43, 21,39) 

Multiplicative Word Problem: 

Operand Number Type: 

Open Number Sentence: 

Operand Number Type: 

Percentages, Ratio and Proportion 

Integer 

Multiplication, Division 

Integer, Decimal, Mixed Decimal, Fraction, Mixed 
Fraction 

Figure 14: Item Profile for Sub-group 1: Most Difficult Arithmetical Problems 

Summary Description of Items 

Of nine items in this sub-group, five items were multiplicative word problems. 

One of these word problems indicated conversion of integer operands to a percentage 

format, and three items indicated a proportion schema of integer operands expressed in 

money and percentage formats. One item indicated a proportion schema of integer 

operands expressed in different measurement formats. 

Four items were open number sentences that indicated a single operation. Two 

of these one-step open number sentence items indicated a division operation. The 

operands of one of these items consisted of a mixed fraction and a fraction, and the 
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operands of the other item consisted of a mixed decimal and a decimal. Two one-step 

open number sentence items indicated a multiplication operation. The operands of one 

of these items consisted of integers and the operands of the other item consisted of mixed 

decimals. 

This first sub-group consisted of the nine most difficult items of the forty-four 

items in the Screening and Diagnostic Maths Test Part A, is characterised by: 

~ WORD PROBLEMS and ONE-STEP OPEN NUMBER SENTENCES 

~ MULTIPLICATIVE KNOWLEDGE ASPECT of ARITHMETICAL 
CONSTRUCT 

>- INTEGERS and NON-INTEGERS (MIXED DECIMALS) 

The items in Sub-group 2 also posed considerable difficulty. Figure 15 shows the 

item profile for this very difficult sub-group of items. 

Sub-group 2: Very Difficult (13 Items: 42, 22, 30, 34, 29, 41, 11, 28, 20, 17, 25, 44, 36) 

Multiplicative Word Problem: 

Operand Number Type: 

Open Number Sentence: 

Number Type: 

Ratio and Proportion, Conversion, Percentages, 
Unclassified 

Integer, Mixed Decimal, Fraction 

Subtraction, Division 

Mixed Decimal, Decimal, Fraction 

Figure 15: Item Profile for Sub-group 2: Very Difficult Arithmetical Problems 

Summary Description of Items 

Of thirteen items, five items were multiplicative word problems. Three of these 

items indicated direct ratio relationships of integer operands. One item indicated 

conversion of a fraction operand to a percentage format, and one item was unclassified, 

requiring rounding of a mixed decimal operand to two decimal places. 

Five items were open number sentences that indicated a single operation. Two 

of these one-step open number sentences indicated a division operation and consisted of 

integer operands. One, one-step open number sentence indicated a multiplication 

operation and consisted of an integer and a decimal operand. Two one-step open 

number sentences indicated a subtraction operation. In one of these items, the operands 

consisted of a mixed fraction and a fraction, and in the other item the operands 

consisted of mixed decimals. 
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Two items were open number sentences that indicated multiple operations. In 

one of these items, two addition operations of fraction operands were indicated, and in 

the other item, a subtraction and an addition operation of integer operands were 

indicated. 

This second sub-group consisted of thirteen very difficult items of the forty-four 

items in the Screening and Diagnostic Maths Test Part A is characterised by: 

~ ONE-STEP OPEN NUMBER SENTENCES 

>"" MULTIPLICATIVE KNOWLEDGE ASPECT of ARITHMETICAL 
CONSTRUCT 

};;> INTEGERS and NON-INTEGERS (DECIMAL, MIXED-DECIMAL, 
FRACTION) 

The items in the Sub-group 3 posed lower levels of difficulty than the items in 

either Sub-group 1 and Sub-group 2. Figure 16 shows the item profile for these 

moderately difficult items. 

Sub-group 3: Moderately Difficult (16 Items: 31, 33, 35, 16, 6, 27, 15, 19, 18, 4, 23, 9, 
26, 5, 1 o, 13) 

Multiplicative Word Problem: 

Operand Number Type: 

Open Number Sentence: 

Operand Number Type: 

Conversion 

Fraction, Mixed Decimal 

Division; Multiplication; Subtraction 

Integer, Mixed Decimal, Decimal, Fraction 

Figure 16: Item Profile for Sub-group 3: Moderately Difficult Arithmetical Problems 

Summary Description of Items 

Of sixteen items in this sub-group, two were multiplicative word problems that 

indicated conversion to a decimal format. The first of these items consisted of a 

fraction operand and the second item consisted of a mixed decimal operand expressed as 

a percentage. 

Twelve items were open number sentences that indicated a single operation. 

Three of these one-step open number sentences indicated a division operation and 

consisted of integer operands. Four one-step open number sentences indicated a 

multiplication operation. The operands in the first of these items consisted of an integer 

and a fraction. The operands in the second item consisted of integers, the operands in 

the third item consisted of decimals, and the operands in the fourth item consisted of a 
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decimal and an integer. Three one-step open number sentences indicated a subtraction 

operation. The operands in the first of these items consisted of an integer and a mixed 

decimal. The operands in the second item consisted of mixed decimals and the operands 

in the third item consisted of integers. One, one-step open number sentence indicated an 

addition operation and consisted of mixed decimal operands. 

Two items were open number sentences that indicated multiple operations. The 

first item indicated two division operations, the first of which was indicated by brackets. 

The operands in this item consisted of integers. The second item indicated an addition 

and a multiplication operation and consisted of integer operands. No order of operations 

was indicated in this item. 

This third sub-group consisted of sixteen moderately difficult items of the forty

four items in the Screening and Diagnostic Maths Test Part A is characterised by: 

? ONE-STEP OPEN NUMBER SENTENCES 

? MULTIPLICATIVE KNOWLEDGE ASPECT of ARITHMETICAL 
CONSTRUCT 

>" INTEGERS and NON-INTEGERS (DECIMALS, MIXED-DECIMALS, 
FRACTIONS, MIXED-FRACTIONS) 

The items in Sub-group 4 posed even less difficulty than the items in the previous 

three sub-groups of items. Figure 17 shows the item profile for these least difficult items. 

Sub-group 4: Least Difficult (6 Items: 12, 1, 2, 3, 8, 14) 

Open Number Sentence: Addition 

Operand Number Type: Integer; Non-integer 

Figure 17: Item Profile for Sub-group 4: Least Difficult Arithmetical Problems 

Summary Description of Items 

All six items were open number sentences. Five items were open number 

sentences that indicated a single operation. Three of these one-step open number 

sentences indicated an addition operation. The first of these items consisted of mixed

decimal operands, and the second and third items consisted of integer operands. The 

third item was displayed in vertical format in contrast with the horizontal format of all 

other open number sentences in the Screening and Diagnostic Test in Maths Part A. One, 

one-step open number sentence indicated a subtraction operation and consisted of 
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integer operands, and one one-step open number sentence indicated a division operation 

and consisted of integer operands. 

One item was an open number sentence that indicated two addition operations, 

and consisted of mixed-decimal and decimal operands. 

This fourth sub-group consisted of six of the least difficult items of the forty-four 

items in the Screening and Diagnostic Maths Test Part A is characterised by: 

;,, ONE-STEP OPEN NUMBER SENTENCES 

;,, ADDITIVE ASPECT of ARITHMETICAL KNOWLEDGE 

STRUCTURES 

;,, INTEGERS 

The findings from the Rasch analysis support the hypothesis that the Arithmetical 

Construct is a unidimensional construct and, further, that the more difficult items within 

the construct are defined clearly by the multiplicative knowledge aspect. The following 

discussion considers the major characteristics of items in the four sub-groups of the 

Arithmetical Construct. 

Discussion of Study 3.2 

The more difficult items in sub-groups 1 and 2 were characterised predominately 

by the Multiplicative knowledge aspect of the Arithmetical Construct. The word 

problems in these sub-groups involved mainly complex proportion schema, and required 

number knowledge of integers and their place values of units, tens and hundreds, 

equivalent money and percent formats, and derivation of new units of measurement, such 

as Item 40: 

"The price of bananas has just gone up by 10%, so that they now cost 

99c per kilogram. What did they cost per kilogram before the increase?" 

and Item 39: 

"A tradesman received a wage of $240 a week and then was given an 

8% increase. What is his new wage?" 

The apparent simplicity of questions such as these belies the complexities of the 

Multiplicative knowledge aspect of the Arithmetical Construct which involves conceptual 

and procedural knowledge associated with semantics, number knowledge, arithmetical 

operations and algorithms. 
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Perceptually, the most difficult item was Item 37: 

"What is 18 as a percentage of 144 ?" 

This word problem involved a proportion schema in which the base unit (integers) 

is converted to a percent format. The conceptual knowledge associated with number and 

the multiplicative operations required to operationalise the conversion algorithm, while 

not critical in obtaining a solution where the correct procedure of the conversion 

algorithm is followed, is critical in verifying the integrity of the solution according to the 

person's proportion schema. The more difficult open number sentences were 

characterised predominantly by one-step multiplication, division and subtraction 

operations involving mixed decimal and fraction operands. The less difficult items in 

sub-groups 3 and 4 were characterised by both Additive and Multiplicative knowledge 

aspects of the Arithmetical Construct. These consisted of one-step open number 

sentences involving the four arithmetical operations and integer and non-integer 

operands. 

Examination of the item feature data presented in Appendix 5 showed that integer 

and non-integer operands were represented in all four sub-groups from the Rasch 

analysis, and multiplicative and additive aspects of arithmetical knowledge structures 

were identifiable to a greater or lesser extent in these sub-groups. As one-step open 

number sentences were included within all four sub-groups, it is this feature in 

conjunction with the other major features of operand number type and knowledge aspect 

of the Arithmetical Construct that form the focus of the discussion in the following 

paragraphs. 

The major features of the less difficult one-step open number sentences in Sub

groups 3 and 4 of the Rasch analysis are shown graphically in Figure 18 on the following 

page. 
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%of Operands 

Non-Integer Integer 

Figure 18: Less Difficult One-step Open Number Sentences 

Predominant Features: INTEGER OPERANDS 

Multiplicative 

Additive 

MULTIPLICATIVE KNOWLEDGE ASPECT 

The less difficult one-step open number sentences ( sub-groups 3 and 4) were 

characterised by both Additive and Multiplicative knowledge aspects of the Arithmetical 

Construct, and by both integer and non-integer operands. In items that reflected 

predominantly the Additive knowledge aspect, the difference between the percentage of 

integer operands (27%) and non-integer operands (18%) was relatively small. There was 

a sharp difference, however, between the percentage of integer operands ( 43%) and non

integer operands ( 12%) in the items reflecting predominantly the Multiplicative 

knowledge aspect of the Arithmetical Construct. 

In summary, 70% of operands in the less difficult one-step open number sentences 

were integers. Of these integer operands, 61 % occurred in conjunction with the 

Multiplicative knowledge aspect of the Arithmetical Construct. 
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The major features of the more difficult one-step open number sentences m 

Sub-groups 3 and 4 of the Rasch analysis is shown graphically in Figure 19. 

% of Operands 

Figure 19: 

100 
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Non-integer Integer 

More Difficult One-step Open Number Sentences 

Multiplicative 

Additive 

Predominant Features: NON-INTEGER OPERANDS 

MULTIPLICATIVE KNOWLEDGE ASPECT 

The more difficult one-step open number sentences were characterised 

predominantly by the Multiplicative knowledge aspect of the Arithmetical Construct and 

the operands were predominantly non-integers. In the items that reflected a 

predominantly Additive knowledge aspect of the Arithmetical Construct, there was a 

sharp difference between the incidence of integer operands (0%) and non-integer 

operands ( 11 % ). There was also a sharp difference between the incidence of integer 

operands (33%) and non-integer operands (56%) in the items that reflected predominantly 

the Multiplicative knowledge aspect of the Arithmetical Construct. The operands in 

more difficult one-step open number sentences were predominately non-integers in items 

that reflected the Multiplicative knowledge aspect ( 56%) and to a lesser extent, the 

Additive knowledge aspect (11 %) of the Arithmetical Construct. In summary, 67% of 

operands in the more difficult one-step open number sentences were non-integers. 
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Of these non-integer operands, 84% occurred in conjunction with the Multiplicative 

aspect of the Arithmetical Construct. 

Although both Additive and Multiplicative aspects of the Arithmetical Construct 

were found in less difficult one-step open number sentences, integer operands 

predominated. Thus, the less difficult one-step open number sentence items were clearly 

distinguished from the more difficult one-step open number sentence items by the type of 

operand in conjunction with the Multiplicative aspect of the Arithmetical Construct. 

It is clear from this discussion that the Multiplicative aspect, rather than the 

Additive Aspect of the Arithmetical Construct had a greater impact on student 

performance on the Arithmetical Construct measured by the Screening and Diagnostic 

Maths Test Part A. Student performance was higher on items that involved less complex 

concepts and procedures within the Multiplicative knowledge aspect of the Arithmetical 

Construct that involved the four basic operations of addition, subtraction, multiplication 

and division, in conjunction with integer operands. Student performance was lower, 

however, on items that involved increasingly more complex concepts and procedures 

within the Multiplicative knowledge aspect of the Arithmetical Construct, particularly 

multiplication and division operations involving non-integer operands. 

Summary 

This chapter described three, Phase 1 research studies that support the major 

research theme. Two studies confirmed individual difference models of Information 

Processing Preferences and academic and non-academic facets of Self-Esteem. One 

study evaluated a model of student performance on the Arithmetical Construct. The case 

estimates derived from the Rasch analysis in Study 3 .2 were used in a fourth study using 

multivariate analysis of variance (MANOV A) that is reported in Chapter 6. This fourth 

study focused on relationships of individual differences with respect to information 

processing preferences, academic dimensions of self-esteem, school year groups and 

gender in student performance on the Arithmetical Construct. 
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CHAPTER 6 RELATIONSHIPS IN INFORMATION PROCESSING 
PREFERENCES, ACADEMIC DIMENSIONS OF 
SELF-ESTEEM, SCHOOL YEAR GROUPS, GENDER AND 
STUDENT PERFORMANCE IN THE ARITHMETICAL 
CONSTRUCT 

Overview 

This chapter presents the fourth, quantitative, Phase 1 study. After a brief 

introduction in Section 6.1, Section 6. 2 overviews the findings of Studies 1 - 3 reported in 

Chapter 5. Section 6. 3 presents Study 4 that focuses on the relationships amongst 

Information Processing Preferences, academic dimensions of Self-Esteem, Gender, 

School Year Group and student perfonnance in the Arithmetical Construct. The issues 

arising from these Phase 1 studies are discussed in Section 6.4. 

6.1 INTRODUCTION 

Three studies considered individual difference models of Information Processing 

Preferences and multi-dimensions of Self-Esteem, and evaluated a model of student 

performance on the Arithmetical Construct. A fourth study described the relationships 

between individual differences in Information Processing Preferences, the academic 

dimensions of Math Self-Esteem and Verbal Self-Esteem, School Year Group and 

Gender, and student performance in the Arithmetical Construct. 

6.2 OVERVIEW OF FINDINGS OF STUDIES 1 - 3 

The pattern of loadings reported in the first study in Phase 1 is consistent with 

Luria's theory that Successive and Simultaneous Information Processing Preferences are 

independent mental activities. Luria's theory suggests that infonnation is synthesised by 

the brain in qualitatively different ways. Successive and Simultaneous Information 

Processing abilities reflect the particular series of brain functions associated with the 

posterior zones of the hemispheres and the frontal lobes of the brain which work 

concertedly in the complex structure of practical, constructive thinking. Temporally 

related information is synthesised successively and as such is not surveyable as a whole. 

Successive tasks are those in which there is no intrinsic relationship readily apparent 

among the individual elements, for example, reproducing sequences of words or 

numerals. Simultaneous tasks are those that involve spatial synthesis, visual imagery and 

certain high level logical processes, for example, structuring spatial information about the 

surroundings into an adequate system of co-ordinates or reproducing or reversing 

geometric figures. 

Chapter 6 - page 164 



The findings from the second study in Phase 1 confirmed that the structure of 

Marsh's model of Self-Esteem reflects both non-academic and academic scales of self

esteem. The non-academic dimensions included: Physical Appearance; Parent Relations; 

Honesty-Trustwo~hiness; Physical Ability; Opposite Sex Relations for Girls; Opposite 

Sex Relations for Boys; and Emotional Stability. Within the academic sub-category, two 

further independent dimensions, Math/General School and Verbal Self-Esteem were 

identified. 

The findings from the third study in Phase 1 confinned the structure of The 

Screening and Diagnostic Maths Test Part A as reflecting a unidimensional Arithmetical 

Construct. The more complex levels of the Arithmetical Construct were defined 

predominantly by more complex multiplicative knowledge structures, particularly those 

involving non-integers. The less complex levels of the Arithmetical Construct were 

defined predominantly by less complex multiplicative and additive knowledge structures, 

particularly those involving integers. 

6.3 STUDY 4: RELATIONSHIPS IN INFORMATION PROCESSING 
PREFERENCES, ACADEMIC DIMENSIONS OF SELF-ESTEEM, 
SCHOOL YEAR GROUPS, GENDER AND STUDENT PERFORMANCE IN 
THE ARITHMETICAL CONSTRUCT 

Hypothesis 4: There are significant relationships amongst Information Processing 

Preferences, academic dimensions of Self-Esteem, Gender, School Year Group and 

performance on the Arithmetical Construct. 

Hypothesis 4.1: There are significant differences between School Year Groups in 

Information Processing Preferences and performance in the Arithmetical 

Construct. 

Hypothesis 4.2: There are significant differences between males and females in 

academic dimensions of Self-Esteem. 

Hypothesis 4.3: There are significant differences between levels of Information 

Processing Preferences and academic dimensions of Self-Esteem and performance 

in the Arithmetical Construct. 

Multivariate Analysis of Variance (MANOVA), and One Way Analysis of 

Variance (ANOVA) and Co-variance (ANCOVA) were used to explore the relationships 

between individual differences in· Information Processing Preferences, academic 

dimensions of Self-Esteem, Gender and School Year Group. and performance in the 
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Arithmetical Construct. In MANOV A procedures, the mean differences on two or more 

dependent criterion variables are evaluated simultaneously (Bray and Maxwell, 1985:7-8) 

thus allowing a clearer description of the numerous relationships, including interactions, 

to be made and to avoid the risk of escalating Type I error. In MANOV A, the equality of 

vectors of means on multiple dependent variables across groups fonns the null hypothesis 

being tested (Hair et al., 1995:263). In separate ANOVA procedures, mean differences 

on a single dependent criterion variable are evaluated and the null hypothesis being tested 

is the equality of a single dependent measure across the groups. The ANCOV A 

procedure may be used to eliminate any effects that affect only a portion of the subjects 

(Hair et al., 1995:273). 

ANOV A and MANOV A techniques are conducted as a two-step process. The 

first step is to test the overall hypothesis of no differences in the means for the different 

groups, i.e., overall or omnibus test. The multivariate test statistic reported in this study is 

Wilks' lambda which is the product of the unexplained variances on each of the 

discriminant variates (Bray and Maxwell, 1985:27). If the Multivariate F-test is 

significant at the omnibus level, the analysis proceeds to the second step to test for 

significance at the univariate level. In MANOV A, group differences on individual 

dependent measures are indicated in this second step, however, it does not disclose which 

particular measures in the set contributed to the significant difference at the multivariate 

level. Given that the omnibus tests are significant, in a post hoc sense, it is necessary to 

examine the particular dependent measures using univariate Analysis of Variance 

(ANOVA) F-tests. The three sub-hypotheses associated with the main Hypothesis 4 are 

considered in the following report. 

Results of Study 4 

The first sub-hypothesis focused on relationships in the three School Year Groups 

of Grade 8, Grades 9 - 10 and Grades 11 - 12 in respect to Information Processing 

Preferences and student performance in the Arithmetical Construct: 

Hypothesis 4.1: There are significant differences between School Year 

Groups in Information Processing Preferences and performance in the 

Arithmetical Construct. 

A MANOV A was performed with the independent variable of Group of which 

there were three levels, and a multivariate set of dependent variables. The dependent 
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variables were Information Processing Preferences, derived from factor scores for 

cognitive functions, and the Arithmetical Construct, derived from case estimates of 

responses to basic mathematics problems in a Rasch analysis. There were 149 cases 

available for analysis. Table 19 shows the MANOV A summary of Group using 

Simultaneous and Successive Information Processing Preferences and the Arithmetical 

Construct as dependent variables. 

CONTRAST: SCHOOL YEAR GROUP 

Multivariate Test 

Associated Univariate Tests 

Simultaneous Information 
Processing Preference 

Successive Information 
Processing Preference 

Arithmetical Construct 

Multi. F = 13.75 

F = 32.08 

F = 6.52 

F= 11.57 

p < .000 Eta2= .22 

p = .000 Eta2 = .31 

P = .002 Eta2 = .08 

p = .000 Eta2= .14 

Table 19: MANOV A Summary of School Year Group using Simultaneous and 
Successive Information Processing Preferences and the Arithmetical 
Construct as Dependent Variables 

The contrast of School Year Group using the multivariate set of DV s was 

significant, ;E:(2,146)=13.8, 12 < .000. The effect size of .22 indicated that the main effect 

accounted for 22% of the variance. All univariate tests were significant. 

The test for Simultaneous Information Processing Preferences was significant, 

E(2,146)=32.1, 12 < .000, Eta2 = .31. This indicated that 31% of the variability in 

Simultaneous Information Processing Preferences for this design can be accounted for by 

the contrast of School Year Group. 

The test for Successive Information Processing Preferences was significant, 

E(2,146)= 6.5, 12 < .05:, Eta2 = .08. This indicated that 8% of the variability in Successive 

Information Processing Preferences for this design can be accounted for by the contrast of 

School Year Group. 

The test for the Arithmetical Construct was significant, E(2, 146)= 11. 7, 12 <. 000, 

Eta2 = .14. This indicated that 14% of the variability in the Arithmetical Construct for 

this design can be accounted for by the contrast of School Year Group. 
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These univariate results were consistent with the multivariate results that there 

appeared to be significant differences across the three year-level groups of Grade 8, 

Grades 9 - 10, and Grades 11 - 12. 

Following these significant results for the three dependent variables, three planned 

contrasts using one-way ANOVA were carried out with the independent variable of 

School Year Group. These planned contrasts facilitated examination of the relationships 

of the dependent variables of Information Processing Preferences and the Arithmetical 

Construct in different school year groups. Table 20 shows the planned contrasts 

considered in this analysis. 

Contrast 

1 

2 

3 

Group 1 
Year8 

1 

1 

0 

Group 2 
Years 9 and 10 

0 

-1 

1 

Group 3 
Years 11 and 12 

-1 

0 

-1 

Table 20: Contrasts in the Analysis of School Year Groups 

All three contrasts in the three ANOV A analyses were significant at the omnibus 

level. These ANOVA results are reported separately. 

The contrast of School Year Group using Simultaneous Information Processing 

Preferences as the dependent variable was significant, f:(2, 155)=35.9, 12 < .000. All three 

contrasts were significant using the post hoc Scheffe test, 12 < .05. The summary of the 

results of the between group contrasts using Simultaneous Information Processing 

Preferences as the dependent variable is shown in Table 21 on the following page. 
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CONTRAST: SCHOOL YEAR GROUP (1: Year 8; 2: Years 9 -JO; 3: Years 11 -12) 

Omnibus Test 

Simultaneous Information Multi. F = 35.93 p < .000 
Processing Preferences 

Significant Between Group Contrasts 

Contrast Group 1 Mean Group 2 Mean 

Group 1 with Group 2 -.73 .03 

Group 1 with Group 3 -.73 

Group 2 with Group 3 .03 

Group 3 Mean 

.75 

.75 

Table 21: ANOVA Summary of School Year Group using Simultaneous Information 
Processing Preferences as the Dependent Variable 

Inspection of the observed means for the first between-group contrasts suggested 

that students in the Junior School Year Group 2: Years 9 - 10 (mean Simultaneous 

Information Processing Preferences= .03) had higher mean factor scores on Simultaneous 

Information Processing Preferences than did students in the Junior School Year 

Group 1: Year 8 ( mean Simultaneous Information Processing Preferences = -. 73 ). 

In the second between-group contrast, students in the Senior School Year 

Group 3: Years 11 - 12 (mean Simultaneous Information Processing Preferences= .75) 

appeared to have higher mean factor scores on Simultaneous Information Processing 

Preferences than did students in the Junior School Year Group 1: Year 8 (mean 

Simultaneous Information Processing Preferences= -.73). Finally, in the third between

group contrast, students in the Senior School Year Group 3: Years 11 - 12 (mean 

Simultaneous Information Processing Preferences = .75) appeared to have higher mean 

factor scores on Simultaneous Information Processing Preferences than did students in the 

Junior School Year Group 2: Years 9 - 10 (mean Simultaneous Information Processing 

Preferences= .03). 

The contrast of School Year Group using the Successive Information Processing 

Preferences as the dependent variable was significant, f(2, 155)=7.4, :g < .001. The first 

contrast of Group 1 and Group 2, and the second contrast of Group 1 and Group 3 were 

significant using the post hoc Scheffe test, :g < . 05. 
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Table 22 shows the summary of the results of the between-groups contrasts using 

Successive Information Processing Preferences as the dependent variable. 

CONTRAST: SCHOOL YEAR GROUP (1: Year 8; 2: Years 9 - JO; 3: Years 11 -12) 

Omnibus Test 

Successive Information 
Processing Preferences 

Multi. F = 7.40 p < .000 

Significant Between Group Contrasts 

Contrasts Group 1 Mean Group 2 Mean 

Group 1 with Group 2 -.44 .13 

Group 1 with Group 3 -.44 

Group 3 Mean 

.30 

Table 22: ANOV A Summary of School Year Group using Successive Information 
Processing Preferences as the Dependent Variable 

The size of the observed means in the first between-group contrasts suggested that 

students in the Junior School Year Group 2: Years 9 - 10 (mean Successive Information 

Processing Preferences = .13) had higher mean factor scores on Successive Infonnation 

Processing Preferences than did students in the Junior School Year Group 1: Year 8 

(mean Successive Information Processing Preferences = -.44). In the second between

group contrast, students in the Senior School Year Group 3: Years 11 - 12 (mean 

Successive Information Processing Preferences = .30) appeared to have higher mean 

factor scores on Successive Information Processing Preferences than did students in the 

Junior School Year Group 1: Year 8 (mean Successive Information Processing 

Preferences = -.44). 

The contrast of School Year Group using the Arithmetical Construct as the 

dependent variable was significant, f:(2, 152)=12.81, 12 < .000. The first contrast of 

Group 1 and Group 2, and the second contrast of Group 1 and Group 3 were significant 

using the post hoc Scheffe test, 12 < .05. 

Table 23 on the following page shows the summary of the results of the between

groups contrasts using the Arithmetical Construct as the dependent variable. 
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CONTRAST: SCHOOL YEAR GROUP (1: Year 8; 2: Years 9 -JO; 3: Years 11 -12) 

Omnibus Test 

Arithmetical Construct Multi. F = 12.81 p < .000 

Significant Between Group Contrasts 

Contrasts Group 1 Mean Group 2 Mean 

Group 1 with Group 2 .58 1.26 

Group 1 with Group 3 .58 

Group 3 Mean 

1.80 

Table 23: ANOV A Summary of School Year Group using the Arithmetical 
Construct as the Dependent Variable 

These observed means suggested that, in the first between-group contrast, students 

in the Junior School Year Group 2: Years 9 - 10 (mean Arithmetical Construct= .1.26) 

had higher mean factor scores for performance in the Arithmetical Construct than did 

students in the Junior School Year Group 1 : Year 8 ( mean Arithmetical Construct = .5 8). 

In the second between-group contrast, students in the Senior School Year 

Group 3: Years 11 - 12 (mean Arithmetical Construct= 1.80) appeared to have higher 

mean factor scores for performance in the Arithmetical Construct than did students in the 

Junior School Year Group 1: Year 8 (mean Arithmetical Construct= .58). 

These results supported the first sub-hypothesis that there are significant 

differences between School Year Group levels in Information Processing Preferences and 

performance in the Arithmetical Construct. The second sub-hypothesis focused on 

relationships in Gender and academic dimensions of Self-Esteem: 

Hypothesis 4.2: There are significant differences between males and 

females in academic dimensions of Self-Esteem. 

A MANOV A was carried out with Gender as the independent variable and the 

academic dimensions of Verbal Self-Esteem and Math Self-Esteem as the dependent set. 

There were 164 cases available for analysis. 

Table 24 on the following page shows the MANOV A summary of Gender using 

Verbal Self-Esteem and Math Self-Esteem as dependent variables. 
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CONTRAST: GENDER 

Multivariate Test 

Associated Univariate Tests 

Verbal Self-Esteem 

Math Self-Esteem 

Multi. F = 10.87 

F = 9.68 

F = 6.90 

p < .000 

p = .002 

p = .009 

Eta2= .12 

Eta2 = .06 

Eta2 = .04 

Table 24: MANOVA Summary of Gender using Verbal Self-Esteem and Math Self-Esteem 
as Dependent Variables 

The contrast of Gender using the multivariate set of the dependent variables of the 

academic dimensions of Verbal and Math Self-Esteem was significant, E(l,162)=10.9, 

12 < .000. The effect size of .12 indicated that the main effect accounted for 12% of the 

variance. Both associated univariate tests were significant. 

The test for Verbal Self-Esteem was significant, E(l,162)=9.7, 12 < .01, Eta2 = .06. 

This indicated that 6% of the variability in Verbal Self-Esteem for this design was 

accounted for by the contrast of Gender. Inspection of the observed means suggested that 

females (mean Verbal Self-Esteem = .32) had higher mean factor scores on Verbal 

Self-Esteem than males (mean Verbal Self-Esteem= -.25). 

The test for Math Self-Esteem was significant, E(l,162)=6.9, 12 < .01, Eta2 = .04. 

This indicated that 4% of the variability in Math Self-Esteem for this design was 

accounted for by the contrast of Gender. Inspection of the observed means suggested that 

males (mean Math Self-Esteem = .34) had. higher mean factor scores on Math 

Self-Esteem than females (mean Math Self-Esteem= -.07). 

The hypothesis that there are significant differences between Gender in academic 

dimensions of Self-Esteem is thus accepted. 

The third sub-hypothesis associated with Study 4 focused ·on the relationships 

amongst the levels (high and low) on Information Processing Preferences and academic 

dimensions of Self-Esteem in student performance on the Arithmetical Construct: 

Hypothesis 4.3: There are significant differences between levels of 

Information Processing Preferences and academic dimensions of 

Self-Esteem and performance in the Arithmetical Construct. 

A one-way ANOV A was carried out with the dependent variable of the 

Arithmetical Construct and levels on Information Processing Preferences and levels on 
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academic dimensions of Self-Esteem as the independent variables. There were 148 cases 

available for analysis. 

Table 25 shows the ANOV A summary of student performance in the Arithmetical 

Construct using the multivariate set of independent variables of levels of Information 

Processing Preferences and levels on academic dimensions of Self-Esteem. 

CONTRAST: STUDENT PERFORMANCE IN THE ARITHMETICAL CONSTRUCT 

Omnibus Test F= 5.25 p < .000 Eta2 = .30 

Associated Univariate Tests 

Simultaneous Information Processing Preferences F= 19.83 p < .000 Eta2= .13 

Math Self-Esteem F= 21.97 p < .000 Eta2= .14 

Successive Information Processing Preferences 
F= .83 p - Eta2 = .01 

Verbal Self-Esteem 
F= 4.11 p < .05 Eta2 = .03 

Simultaneous Information Processing Preferences 
F= .18 p - Eta2= .00 

BY Math Self-Esteem 

Simultaneous Information Processing Preferences F= .94 p - Eta2 = .01 
BY Successive Infonnation Processing Preferences 

Simultaneous Information Processing Preferences F= 1.90 p - Eta2 = .01 
BY Verbal Self-Esteem 

Math Self-Esteem BY Successive Information F= .01 p - Eta2= .00 
Processing Preferences 

Math Self-Esteem BY Verbal Self-Esteem F= 4.11 p< .05 Eta2 = .03 

Successive Information Processing Preferences F= .01 p - Eta2= .00 
BY Verbal Self-Esteem 

Simultaneous Information Processing Preferences F= 1.62 p - Eta2 = .01 
BY Math Self-Esteem BY Successive Information 
Processing Preferences 

Simultaneous Information Processing Preferences F= 2.07 p - Eta2 = .02 
BY Math Self-Esteem BY Verbal Self-Esteem 

Simultaneous Infonnation Processing Preferences F= 1.02 p - Eta2= .01 
BY Successive Infonnation Processing Preferences 
BY Verbal Self-Esteem 

Math Self-Esteem BY Successive Information F= 1.10 p - Eta2 = .01 
Processing Preferences BY Verbal Self-Esteem 

Simultaneous Information Processing Preferences F= .03 p - Eta2 = .00 
BY Math Self-Esteem BY Successive Infonnation 
Processing Preferences BY Verbal Self-Esteem 

Table 25: ANOV A Summary of Student Performance on the Arithmetical Construct 
using Information Processing Preferences and Academic Dimensions of 
Self-Esteem as Independent Variables 
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The contrast of student perfonnance in the Arithmetical Construct usmg the 

multivariate set of independent variables of Simultaneous and Successive Information 

Processing Preferences and Math and Verbal Self-Esteem was significant, 

E(l,132) = 5.25, ,Q < .000. The adjusted R2 = .30 indicated that the main effect accounted 

for 30% of the variance. 

The associated univariate test for Simultaneous Information Processing 

Preferences was significant, E(l, 132) = 19.8, ,Q < .000, Eta2 = .13. This indicated that 

13% of the variability in Simultaneous Information Processing Preferences in this design 

can be accounted for by the contrast of student performance in the Arithmetical 

Construct. Inspection of the observed means suggested that students with high 

Simultaneous Information Processing Preferences (mean Simultaneous Information 

Processing Preferences = 1.58) were more likely to give correct responses to basic 

mathematics problems than students with low Simultaneous Information Processing 

Preferences (mean Simultaneous Information Processing Preferences= .80). 

As the interaction of Math Self-Esteem and· Verbal Self-Esteem was significant, 

the effects of these independent variables could not be interpreted in this analysis 

(Hair et al., 1995:271). Figure 20 shows this interaction. 

Mean 
Evaluation 

Maths S.E. Verbal S.E. 

High 

Figure 20: Interaction Effect of Maths Self-Esteem and Verbal Self-Esteem 

The interaction of Math and Verbal Self-Esteem was disordinal, i.e., the effects of 

each of the two levels, high and low, were not constant. This is shown graphically in 

Figure 20 whereby the difference in the means for high levels of Math Self-Esteem is 

large, however it declines for high levels of Verbal Self-Esteem. The relative ordering of 
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the levels of Math Self-Esteem and Verbal Self-Esteem remain the same, i.e., high levels 

of Math Self-Esteem are higher than high levels of Verbal Self-Esteem, and low levels of 

Math Self-Esteem are lower than low levels of Verbal Self-Esteem. Thus, the differences 

of the two academic dimensions of Self-Esteem, Maths and Verbal, vary across the two 

levels (high and low). 

Given the interaction effect of the academic dimensions of Math Self-Esteem and 

Verbal Self-Esteem, a further analysis of co-variance (ANCOVA) was conducted. This 

ANCOV A analysis investigated the relationships of Simultaneous Information Processing 

Preferences and Math Self-Esteem with student performance in the Arithmetical 

Construct after partialing out the contribution to the variance of the Successive 

Information Processing Preferences and Verbal Self-Esteem. Table 26 shows the 

ANCOV A summary of student performance in the Arithmetical Construct using the 

multivariate set of independent variables of levels on Simultaneous Information 

Processing Preferences and levels on Math Self-Esteem with the co-variates of Successive 

Information Processing Preferences and Verbal Self-Esteem. 

CONTRAST: STUDENT PERFORMANCE ON THE ARITHMETICAL CONSTRUCT 

Omnibus Test 

Associated Univariate Tests 

Simultaneous Information Processing Preferences 

Math Self-Esteem 

F = 12.03 p < .000 

F = 18.34 

F = 27.38 

p < .000 

p < .000 

Eta2= .27 

Eta2= .11 

Eta2 = .16 

Table 26: AN COVA Summary of Student Performance on the Arithmetical Construct 
using Simultaneous Information Processing Preferences and Math Self-Esteem 
as Independent Variables and the Co-variates of Successive Information 
Processing Preferences and Verbal Self-Esteem. 

The contrast of student performance in the Arithmetical Construct using the 

multivariate set of independent variables of Simultaneous Information Processing 

Preferences and Math Self-Esteem, after partialing out the variability contributed by 

Successive Information Processing Preferences and Verbal Self-Esteem, was significant, 

E(S,148)=12.03, 12 < .000. The adjusted R2 = .27 indicated that the main effect accounted 

for 27% of the variance. 

The associated univariate test for Simultaneous Information Processing 

Preferences was significant, E(5,148)=18.34, 12 < .000, Eta2 = .11. This indicated that 

11 % of the variability in Simultaneous Information Processing Preferences in this design 
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can be accounted for by the contrast of student performance m the Arithmetical 

Construct. Inspection of the observed means suggested that students with high 

Simultaneous Infonnation Processing Preferences (mean Simultaneous Infonnation 

Processing Preferences = 1.56) were more likely to give correct responses to the more 

difficult basic mathematics problems than students with low Simultaneous Information 

Processing Preferences (mean Simultaneous Information Processing Preferences= .82). 

The associated univariate test for Math Self-Esteem was significant, 

E(5)48)=27.38, Q < .000, Eta2 = .16. This indicated that 16% of the variability in Math 

Self-Esteem in this design can be accounted for by the contrast of student performance in 

the Arithmetical Construct. Inspection of the observed means suggests that students with 

high Math Self-Esteem (mean Math Self-Esteem = 1.64) were more likely to perform 

well in the Arithmetical Construct than students with low Math Self-Esteem (mean Math 

Self-Esteem= .73). 

Discussion of Study 4 

The analyses of variance linking individual differences in Simultaneous and 

Successive Information Processing Preferences and the academic dimensions of Math and 

Verbal Self-Esteem to student performance on the Arithmetical Construct indicated 

significant differences. This suggested significant individual differences in the 

Information Processing Preferences based on the Luria variables, the academic 

dimensions of Self-Esteem based on the Marsh variables and student performance in the 

Arithmetical Construct in the Screening and Diagnostic Maths Test Part A. 

The findings from the contrast of School Year-level Group in the first analysis 

suggested that there was a difference in respect to Simultaneous Information Processing 

Preferences, with significant increases between each of the three School Year-level 

Groups. Simultaneous Information Processing Preferences appeared to become stronger 

in the later secondary schooling years. In regard to Successive Information Processing 

Preferences, however, there appeared to be a different pattern. Although there were 

significant differences in Successive Information Processing Preferences between Grade 8 

students (Junior School Year Group 1) and Grades 11 and 12 students (Senior School 

Year Group 3 ), it appeared that there was no significant strengthening beyond the 

mid-junior secondary schooling years of Grades 9 - 10 (Junior School Year Group 2). 

The pattern of differences in student performance on the Arithmetical Construct was 

similar to that of Successive Infonnation Processing Preferences. While performance in 
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the Arithmetical Construct appeared to improve significantly during the junior secondary 

schooling years between Grade 8 and Grades 9 - 10, there did not appear to be any 

significant improvement in performance beyond the mid-junior secondary school years of 

Grades 9 - 10. 

Differences in the strengthening of Information Processing Preferences reported in 

this study may have resulted from a "ceiling effecf' brought about through the differing 

demands of the mathematics curriculum offered in Queensland schools. The aim of 

· mathematics curricula generally is to provide appropriate learning experiences for 

students commensurate with their mathematical ability. A broad, general approach that is 

similar to the mathematics curriculum approach in the upper primary school, is usually 

adopted in Year 8 in the junior secondary school. 

The mid-junior secondary school Years 9 - 10 are often regarded as a time in 

which strengths and weaknesses in mathematics performance are identified. Students 

who are formerly ascertained as having specific learning deficits in mathematics may be 

offered remediation by specialist staff, usually external to the school. Other students who 

are not formally ascertained but who experience difficulties with mathematics are referred 

back to their Mathematics teacher with suggestions for remediation within the classroom. 

By the end of the mid-junior secondary school Years 9 - 10, it is generally accepted by 

the school community that students who achieve highly on the school mathematics 

curriculum are designated usually as "high performing= high ability." Students who do 

not achieve highly on the school mathematics curriculum are designated usually, at worst, 

as "low performing= low ability" or, at best, as "low performing= low expectation of 

success in senior secondary school mathematics." 

The apparent lack of significant improvement in student performance on the 

Arithmetical Construct beyond the middle secondary school years may have been 

attributable to a "ceiling effect" of such performance/ability designation of students. In 

the senior secondary school Years 11 - 12, students who have demonstrated high 

mathematical performance in Years 9 - 10 are more likely to be encouraged to study the 

highest level of three mathematics courses that are offered through the Board of Senior 

Secondary School Studies (BSSSS) in Queensland. The lower levels of these Board 

mathematics courses are designed to cater for students who demonstrate lower levels of 

mathematics performance in Years 9 - 10. Alternative mathematics curricula, sometimes 

drawn directly from the vocational education and training (VET) sector, may also be 

Chapter 6 - page 177 



offered to lower achieving students in the senior secondary school years. A common 

teaching strategy, particularly with lower performing students, is to encourage students to 

use calculators so that class time is not "wasted" while students perform manual 

computations (long or short). As teachers aim to cover the mathematics curriculum 

content in the time specified by work programs and syllabus documents, time-consuming 

activities are not encouraged in class time. 

The findings from the second analysis suggested that there was a significant 

difference between males and females in how they valued themselves in relation to 

mathematics and verbal activities. It appeared that male students valued themselves more 

highly in regard to mathematics than verbal activities such as are associated with the 

subject of English. Female students, on the other hand, appeared to value themselves 

more highly in regard to verbal activities than mathematics activities. 

The third and fourth analyses yielded findings that suggested that students who 

had high levels of Simultaneous Information Processing Preferences were more likely to 

perform well in the Arithmetical Construct than students who had lower levels. Further, 

it also appeared that students who valued their mathematical abilities highly were more 

likely to perform well in the Arithmetical Construct than students who valued their 

mathematical abilities at a lower level. 

The significant relationships between individual differences in Information 

Processing Preferences, academic dimensions of Self-Esteem, Gender, School Group 

Year-level, and student performance on the Arithmetical Construct identified in Study 4 

helped to clarify the roles of these variables. The findings from the four Phase 1 studies 

are considered in the following section. These gave rise to the issues which were 

examined more closely in the Phase 2 qualitative study. 

6.4 ISSUES ARISING FROM THE QUANTITATIVE PHASE 1 STUDIES 

The findings of the Phase 1 studies reported in Chapter 5 and in Chapter 6 

supported the main theme of the role of individual differences in the cognitive domain 

and the affective domain, and the interaction of cognitive and affective variables in basic 

mathematics problems. Studies 1 and 2 confirmed individual difference models of 

cognitive functioning and dimensions of Self-Esteem as had been proposed by Luria and 

Marsh respectively. The findings from Study 3 showed that the Arithmetical Construct 

underpined basic mathematics problems in the Screening and Diagnostic Maths Test 

Part A, and further, that the multiplicative knowledge aspect involving non-integer 
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operands was critical to student performance in this construct. Finally, the findings from 

Study 4 showed that there appeared to be significant relationships among Information 

Processing Preferences, the academic dimension of Math Self-Esteem and secondary 

school Grade Year-level in student performance In the Arithmetical Construct, and 

between Math Self-Esteem and Gender. The following paragraphs present a discussion of 

the issues raised from the significant findings of these Phase 1 quantitative studies. 

Issue 1: 

The first issue pertains to individual differences in cognitive processing in respect 

to basic mathematical knowledge structures. The spread of scores reported in Study 4 

suggested that there was significant strengthening of Simultaneous Information 

Processing Preferences across all school group year-levels, however, Successive 

Information Processing Preferences did not appear to strengthen significantly beyond the 

middle school years. The significant relationship between high levels on Simultaneous 

Information Processing Preferences and student performance In the Arithmetical 

Construct in this study appeared to indicate that increasingly flexible cognitive units, 

associated with the tertiary zones of the third functional brain unit, are involved in the 

development of basic mathematical knowledge structures. 

Given the pervasiveness of the multiplicative knowledge aspect in the 

Arithmetical Construct, these significant relationships suggest that individual differences 

in these cognitive processes are implicated in the development of increasingly complex 

arithmetical knowledge structures. The lack of significant improvement in student 

performances In the Arithmetical Construct during the senior secondary school years is 

problematic, especially in light of the continued significant strengthening of Simultaneous 

Information Processing Preferences during these later school years. 

Issue 2: 

Student performance In basic mathematics problems also appeared to differ 

according to operand type, i.e., more difficult items were characterised predominantly by 

non-integer operands and less difficult items were characterised predominantly by integer 

operands. This issue relates to differences in the connectedness of proceptual knowledge, 

especially that of number, in increasingly complex multiplicative knowledge structures in 

basic mathematics problems. In this study, the authenticity of multiplicative knowledge 

structures is problematic in relation to non-integers. 
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Issue 3: 

The significant relationship between high levels on the academic dimension of 

Math Self-Esteem and high levels of student performance in the Arithmetical Construct 

raises a further issue of individual differences in perceived mathematics ability and the 

fonnation of increasingly complex multiplicative knowledge structures. The significant 

differences in Gender in respect to Math Self-Esteem contributed to the complexity of this 

issue. The problem becomes one of reconciling gender-specific differences in self

perceptions of mathematics ability in the fonnation of authentic multiplicative knowledge 

structures. The significant relationship between the academic dimension of Verbal 

Self-Esteem and high levels of student performance in the Arithmetical Construct thus 

extends this issue to include individual differences in perceived verbal ability and the 

fonnation of increasingly complex multiplicative knowledge structures. The interaction 

of the two academic dimensions of Math and Verbal Self-Esteem in respect to student 

perfonnance in the Arithmetical Construct, however, confounds the issue of individual 

differences in academic dimensions of self-perception and the formation of increasingly 

complex multiplicative knowledge structures. 

The findings of the Phase 1 quantitative studies indicated that individual 

differences in Information Processing Preferences and the academic dimensions of Math 

and Verbal Self-Esteem were related significantly to increasingly complex multiplicative 

knowledge structures in basic mathematics problems. These issues focus on the dynamics 

generated by individual differences in cognitive processes and self-perceptions in respect 

to the formation of increasingly complex multiplicative knowledge structures. 

The Phase 2 qualitative study supplements the Phase 1 quantitative studies 

through facilitating in-depth study of student behaviours that indicate increasing 

flexibility in mathematical thinking and increasing confidence in those academic abilities 

that are related to increasingly complex multiplicative knowledge structures. The Phase 2 

study complements the Phase 1 studies by examining the processes that individual 

students employ as they solve basic mathematics problems. Specific research questions 

addressing these issues are presented in Chapter 7. 
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Summary 

This chapter described the fourth quantitative study in Phase 1 of the research. 

These studies supported the major research theme of individual differences in cognitive 

and affective variables and secondary students' arithmetical knowledge structures in basic 

mathematics problems. The findings from these Phase 1 quantitative studies gave rise to 

issues that required more in-depth investigation in the Phase 2 qualitative study. This 

fifth study focused on the explicit nature of the roles that cognitive and affective variables 

play in the formation of increasingly complex multiplicative knowledge structures in 

basic mathematics problems. The design and analyses for this Phase 2 study is described 

in the following Chapter 7. 
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CHAPTER 7 PHASE 2 QUALITATIVE STUDY DESIGN AND ANALYSES 

Overview 

This chapter describes the design and analyses for the Phase 2, qualitative study 

which complements and supplements the quantitative Phase 1 studies by investigating, in 

greater depth, the issues raised in those studies. Section 7.1 introduces the focus and 

methodology for the fifth study, and Section 7.2 presents the rationale and associated 

research questions for Study 5. Section 7. 3 details the methodology, and Section 7. 4 

describes the subjects in Study 5. Section 7.5 presents the stimulus items that were the 

focus of discourse in individual interviews with students and finally, the research 

methodology is evaluated in Section 7. 6. 

7.1 INTRODUCTION 

The issues raised rn Chapter 6 have important implications in mathematics 

education, particularly for the secondary schooling sector .. The complex web of inter

relationships between student performance on basic mathematics problems and individual 

differences of cognitive and affective aspects, gender and school mathematics experience 

required further investigation to explicate behaviours which optimise growth of authentic, 

multiplicative knowledge structures. 

The dynamics generated by individual differences in Information Processing 

Preferences, in respect to the flexibility of connectedness in multiplicative knowledge 

structures, formed the primary focus of the Phase 2 study. Linkages between individual 

differences in Information Processing Preferences, aspects of connectedness and self

reported ratings of the academic dimensions of Verbal Self-Esteem and Maths 

Self-Esteem formed a secondary focus for investigation. 

The Phase 2 qualitative study used clinical interviews which examined behaviour 

differences in cognition and affect arising from the issues identified in the Phase 1 

quantitative studies. Five basic arithmetical items that relied on authentic, multiplicative 

knowledge structures of increasingly complex conceptual and procedural inter

connections, provided the stimulus for discourse between the researcher/interviewer and 

individual students. This methodology is discussed within a framework of external and 

internal validity to evaluate the strengths and weaknesses of the design of the study and its 

instruments. 
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7.2 RATIONALE AND RESEARCH QUESTIONS 

The fifth study focused primarily on the nature and role of individual differences in 

Information Processing Preferences and the academic dimensions of Verbal Self-Esteem 

and Maths Self-Esteem in relation to the inter-connectedness of flexible, multiplicative 

knowledge structures in basic mathematics problems. Subjects of particular interest in this 

study were those in the Junior School Grade Year 8 and the Middle School Grade 

Years 9 - 10. Results from Study 4 indicated that both Simultaneous and Successive 

Information Processing Preferences appeared to strengthen significantly during these 

school years. The significant relationship between Simultaneous Information Processing 

Preferences and student performance on the Arithmetical Construct in the fourth study in 

Phase 1 implied that flexibility in processing information is critical in arithmetical 

thinking. 

According to the model proposed by Gray, Pita and Tall (1997) and discussed in 

Chapter 3, the proceptual divide increases in proportion to increased dependence on 

procedural rather than synthesised, proceptual thinking. The flexibility of proceptual 

thinking in respect to authentic multiplicative knowledge structures can be observed in the 

kinds of connections students make and can be described in two ways: flexible 

connections between procedural and conceptual knowledge aspects, and flexible 

connections between arithmetic operations and real-world situations on which they are 

based. Identifying explicit behaviours that are attributable to differences in specific 

connections between and within procedural and conceptqal knowledge is problematic. 

This is exacerbated by the differences in the flexibility of such connections. This problem 

can be ameliorated through identifying those behaviours that explicate differences in the 

inter-connections of flexible, proceptual knowledge that students rely on to support their 

multiplicative knowledge at the schema level. 

The issues arising from the Phase 1 studies formed the basis for the following 

research questions in this qualitative fifth study: 

1: What are the behaviours that reflect authentic Multiplicative 
Knowledge in basic mathematics problems in respect to 
differences in Simultaneous and Successive Information 
Processing Preferences? 
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2: What are the variations in behaviours associated with 
Multiplicative Knowledge in basic mathematics problems that 
indicate individual differences in Simultaneous and Successive 
Information Processing Preferences? 

3: What are the variations in behaviours associated with 
Multiplicative Knowledge in basic mathematics problems that 
indicate individual differences in the academic dimensions of 
Verbal Self-Esteem and Maths Self-Esteem? 

4: What are the variations in self-reported academic dimensions of 
Verbal and Maths Self-Esteem that indicate differences in 
Gender? 

The Phase 1 quantitative analyses used a passive observation approach to confirm 

the role of cognitive and affective individual differences in student understanding of 

multiplicative knowledge in basic mathematics problems. A more active approach in 

Phase 2 was required to facilitate in-depth investigation of individual differences in 

Information Processing Preferences and academic dimensions of Verbal and Maths 

Self-Esteem in relation to flexibility of connections of multiplicative knowledge that 

underpin basic mathematics problems. 

Clinical interviews were chosen as the most effective methodology. The following 

section describes this approach. 

7.3 METHODOLOGY 

The dynamics generated by individual differences in Information Processing 

Preferences and the academic dimensions of Verbal and Maths Self-Esteem in student 

understanding of conceptual and procedural aspects of multiplicative knowledge was 

investigated through audio-taped clinical interviews with selected participants. 

Mulligan and Mitchelmore (1997:313) conducted audio-taped clinical interviews 

as part of an extensive study of young children's intuitive models of multiplication and 

division. Stimulus problems, presented to students in a fixed order, were designed to 

focus on both aspects of understanding in multiplication and division operations; 

connectedness within and between procedural and conceptual knowledge, and also 

between arithmetic operations and real-world situations on which they are based. Results 

were expected to indicate differences in student conceptual and procedural knowledge in a 

number of areas including: the conceptual underpinnings of familiar algorithms, the 

relationship between symbolic multiplication and symbolic division and real-world 

problems, and the relationship between partitive and quotitive division. 
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Each interview took approximately 50 minutes, and was conducted in a private 

room allocated by the school administration specifically for these interviews. Students 

were welcomed by the researcher/interviewer and invited to comment on the procedure 

that the interview would follow. Introductory activities included identifying the 

equipment and materials (tape-recorder, pen/pencil, writing paper, folder of interview 

items) that were used during the interview. These activities were designed to settle the 

student into the interview situation and to allow time for rapport to be established between 

the student and the researcher/interviewer. 

Once settled, the subject was asked to read aloud the first of five stimulus items 

that were presented on separate A4 sheets. (See Appendix 8). Each of the stimulus items 

began with the question: "Can you solve the following problem?" This question was 

designed to provide an open-response environment and to stimulate discourse between the 

subject and the researcher/interviewer. 

Following the guidelines adopted by Mulligan and Mitchelmore (1997:315) 

subjects were encouraged in their problem solving attempts, but no feedback was given in 

relation to the correctness of their responses. Probing questions were asked of subjects as 

they thought aloud in solving each of the stimulus problems. Most commonly, these 

probes were of the type: "What do you mean by ... T' or "vVhy did you ... ?" Each subject 

was thanked by the researcher/interviewer at the end of the interview to show appreciation 

for their participation in the study. 

Analysis of interview transcripts was "interpretive" according to the taxonomy 

developed by Konold and Well (1981). Two of their principles of analysis guided this 

work. Firstly, the descriptions developed of subjects' understandings needed to be 

powerful enough to capture important individual differences yet general enough that they 

were useful beyond the individual subject to the interview cohort. This principle was 

applied by alternating between in-depth analysis of each subject's responses and analysis 

of the sub-group of subjects in respect to particular ideas or problems. Secondly, 

interpretations of individual protocols were modified until they could account for 

statements by a particular subject in such a way that no statement seemed contradictory or 

incompatible with another statement. 

This approach led to the identification of key episodes and interpretations were 

developed that were increasingly useful for explaining the data. Interpretations of 

individual protocols were examined in order to identify themes across tasks and subjects. 
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7.4 SUBJECTS 

A four-step process was used to identify a sample of n=36, (18 male and 

18 female) subjects who were available and willing to be interviewed. The first step was 

to partition the variable scores of the Simultaneous and Successive Information Processing 

Preferences of the N= 164 students who participated in the Phase 1 studies into nine 

groups: high, medium and low. Such partitioning facilitated analysis of the relative 

strengths of these two quantitatively different preferences that each person applied in 

solving basic mathematics problems. 

The second step confirmed access to Year 8 and Year 9 students who had already 

participated in the Phase 1 studies. Access to students in Grades 10, 11 and 12 was not 

approved by the School Administration as these students were engaged in other school 

activities. The third step ensured that a balanced sample in terms of gender was selected. 

Available male and female students, identified by using the partitioning of Information 

Processing Preferences described above, were invited to participate in individual 

interviews at times that were mutually convenient for the student, their teachers and the 

researcher/interviewer. The fourth step confirmed with subjects their availability and 

willingness to participate in the interviews. 

Figure 21 shows the composition of the interview cohort. 

2 Females: 2 Males: 2 Females: 2 Males: 2 Females: 
Year 8 Year8 Year9 Year9 Year 8 

Year9 Year9 

2 Females: 2 Males: 2 Females: 2 Males: 2 Females: 
Year 8 Year9 Year8 Year 8 Year9 

Year9 Year9 Year9 

2 Females: 2 Males: 2 Females: 2 Males: 2 Females: 
Year 8 Grade 8 Year8 Year8 Year 8 Year 8 

Year 9 Year9 Year 9 Year9 

Figure 21: Composition of Interview Cohort n=36 according to Levels on Information 
Processing Preferences 
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The levels: high, medium and low on variable scores of the academic dimensions 

of Maths and Verbal Self-Esteem derived from self-reports in the second Phase 1 study, 

were also identified for each of the interview subjects. Comparison of responses gathered 

during the interviews with the levels of these academic dimensions of Maths and Verbal 

Self-Esteem obtained in the Phase 1 quantitative studies assisted in describing the roles 

that Maths and Verbal Self-Esteem played in the flexibility of connectedness of subjects' 

multiplicative knowledge in basic mathematics problems. 

7.5 STIMULUS ITEMS 

A set of five problems were designed to provide a framework for multiplicative 

knowledge by which to assess flexibility of connectedness within and between procedural 

and conceptual knowledge aspects, in basic mathematics problems. According to 

Kerlinger (1973:483) open-end questions provide a frame of reference for respondents' 

answers with a minimum of restraint on the answers and their expression, and: 

Open-end questions are flexible; they have possibilities of depth; they 
enable the interviewer to clear up misunderstanding (through probing); 
they enable the interviewer to ascertain a respondent's lack of knowledge, 
to detect ambiguity, to encourage cooperation and achieve rapport, and to 
make better estimates of respondents' true intentions, beliefs, and 
attitudes. Their use also has another advantage: the responses to open
end questions can suggest possibilities of relations and hypotheses. 

Kerlinger (1973 :484). 

The five problems constituted a concise set to enable observation of individual 

differences of conceptual and procedural knowledge aspects associated with: familiar 

algorithms in the basic mathematics operations, particularly symbolic multiplication and 

symbolic division; real-world problems involving multiplication and division and models 

of partitive and quotitive division. Constraints associated with number type and semantics 

that challenge student understanding of multiplicative knowledge structures were reported 

by researchers including Fischbein et al (1985), Tirosh and Graeber (1989), Ball (1990), 

Harel, Post and Lesh (1991), Simon (1993), and Mulligan (1997). Similar constraints 

were applied in selecting interview items to stimulate discourse pertaining to conceptual 

and procedural knowledge and to provoke subjects to comment on how they regarded 

themselves in relation to mathematics. 

Three problems from the Screening and Diagnostic Maths Test Part A used in the 

Phase 1 analysis were retained in their original open number sentence format. These items 

were included in Sub-group 3, Moderately Difficult Arithmetical Problems, in the Rasch 

Analysis reported in Chapter 5. Two of these items posed conceptual constraints of 
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familiar algorithms. The first item, originally Item 19 in the Screening and Diagnostic 

Maths Test Part A, placed constraints on the multiplication algorithm in that the 

multiplicand and multiplier were identical decimals and resulted in a decimal that is 

smaller than either of the two operands. The second item, originally Item 23 in the 

Screening and Diagnostic Maths Test Part A, placed constraints on the division operation 

in that the integer dividend was smaller than the integer divisor and resulted in a non

integer quotient. 

Two Construct-a""Story problems required subjects to construct real-world 

scenarios that represented given operations. One of these problems was based on Item 20 

from the Screening and Diagnostic Maths Test Part A This item was designed to 

constrain connectedness with real-world situations through using an integer as the 

multiplier and a decimal as the multiplicand. The second Construct-a-Story problem was 

drawn from a study of Simon (1993:239) and was designed to assess subjects' 

understanding of the connection between the real-world context and interpretation of the 

remainder or fractional part of the quotient. The word problem was also identified from a 

previous study by Simon ( 1993 :241 ). This problem was designed to assess connections 

between the computation and the problem context 

The five items were presented in the order indicated in Figure 22 shown on the 

following page. 
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Item 1: 0.5 x0.5 

Item 2: 2 + 10 

Item 3: (Division) 

Jack has 35 cups of flour. He makes cookies that require 3/8 of a cup each. Ifhe 
makes as many such cookies as he has flour for, how much flour will be left over? 

Item 4: (Multiplication) 

Write a stoty problem for which 120 multiplied by 0.04 would represent the 
operation used to solve the problem. 

Item 5: (Division) 

Write three different story problems that would be solved by dividing 
51 by 4 and for which the answers would be respectively: 

(a) 12 3
/ 4 (b) 12 (c) 13 

You should have three realistic problems. 

Figure 22: Description of Stimulus Items focussing on the Multiplicative Knowledge 
Aspect of the Arithmetical Construct 

This set of items offered further opportunities to investigate in-depth, synthesised 

flexibility of connectedness within and between procedural and conceptual knowledge 

aspects in multiplicative knowledge structures. 

7.6 EVALUATION OF THE METHODOLOGY 

This section discusses the strengths and weaknesses of Phase 2 in the design of the 

study and its instruments within the framework of external and internal validity described 

by Lecompte and Preissle (1993) and discussed previously in Chapter 4, Section 4.3. 

7.6.1 External Validity 

Threats to external validity include selection effects, setting effects, history effects 

and construct effects according to LeCompte and Preissle ( 1993 ). These effects are 

discussed in the following paragraphs. 
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Selection Effects 

The sample was drawn from the Junior School Grade Year-levels 8 - 9 research 

cohort who had participated in the Phase 1 studies. This sample was selected according to 

levels (high, medium and low) of scores on Simultaneous and Successive Information 

Processing Preferences derived from Study 1. The three by three design facilitated data 

collection across as broad and balanced a sample as possible within the constraints of 

relatively small numbers of students who were suitable, available, and willing to 

participate in the Phase 2 study. Effects of gender bias were minimised by including equal 

numbers of males and females in each of the nine cells. Grade Year-level effects were 

also minimised by including, as far as possible, equal numbers of Grade 8 and Grade 9 

subjects in each of the nine cells. 

Setting and History Effects 

Setting effects in relation to bias produced by differing mathematics knowledge 

and experiences were minimised by the sample being selected from Junior School Grade 

Year-levels of Grades 8 and 9. Since differences in the mathematics curriculum were 

minimal between these Grade Year-levels within the Junior School, neither setting nor 

history effects posed additional threats to the external validity of the Phase 2 study. 

Construct Effects 

Intensive clinical interviews with individual subjects allowed the submission of 

personal, sensitive issues, or causes and consequences of phenomena to be investigated. 

The time commitment required of a sole researcher/interviewer in conducting interviews 

with individual subjects, however, constrained the number of subjects to n=36 in this 

qualitative study. 

7 .6.2 Internal Validity 

History, Maturation and Mortality Effects 

The Phase 2 Study was conducted over a two-month period. Inevitably, growth in 

mathematical knowledge and experiences of individuals posed threats to external and 

internal validity of the study. History and maturation effects, in relation to such 

. variability, however, were minimised as the interviews were conducted within a short 

time-frame. The threat of mortality effects was minimised by forward planning with the 

school administration and teachers to schedule interviews for times during which selected 

students would be available according to the school calendar of events and class 

timetables. The time-frame for interviews was also flexible enough to allow the 
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researcher/interviewer to reschedule interviews for those students who had been unable to 

keep scheduled interviews. 

Observer Effects 

A limitation of collecting data face-to-face can be that there is an observer 

interference effect. As the researcher/interviewer was engaged in the process and purpose 

of the interview, strategies to mitigate the threats associated with these observer 

interference effects were included in the design. These strategies related to preparing 

subjects by informing them of the nature of the interview and the identity of the 

interviewer when seeking their consent to be interviewed, and the researcher/interviewer's 

familiarity with the content of the interviews and context within which the interviews were 

conducted. 

Each privately conducted interview was tape-recorded. The advantage of tape

recording the interviews which contained dense events was that the tapes could be 

replayed and listened to by the researcher/interviewer as many times as required to 

produce accurate transcripts and valid analysis. 

Reliability 

This section discusses the advantages and threats to the content and context of the 

set of stimulus items that were presented to subjects during the interviews. The content of 

the stimulus items focused on multiplication and division operations involving non .. 

integers in basic mathematics problems. The advantage of such focus allowed the 

connectedness of procedural and conceptual knowledge aspects of multiplicative 

knowledge to be examined. 

The approach of presenting the set of stimulus items in a fixed order and the use of 

a uniform questioning technique yielded the advantage of data that could be more readily 

categorised. Individual interview settings were relatively unstructured in that interviewees 

were encouraged to engage in a level of discourse with the researcher/interviewer in a 

context that was challenging to the interviewee. 

The coding protocol developed by the researcher/interviewer to analyse the 

responses was reviewed by a practicing secondary school mathematics teacher external to 

the School and produced an inter-coder reliability of 90%. This indicated a high level of 

reliability for the data generated from responses behaviours in this study. 
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Ethical Considerations 

All subjects were assured of confidentiality. Individual transcripts and audio-tapes 

were not released to subjects, however, any subject or their parent/guardian who wished to 

obtain individual feed-back were invited to make an appointment with the researcher for 

further discussions. One parent accepted the invitation for further discussion. Subjects 

attended a general feedback session on the five stimulus items when all interviews were 

concluded. 

Summary 

This chapter presented the research design and analyses for the Phase 2 qualitative 

study which was implemented to complement and supplement the quantitative Phase 1 

studies. The research methodology adopted a more inter-active approach where the 

researcher/interviewer and individual subjects discussed the processes used by each 

individual subject to solve five basic mathematics problems. This interaction allowed for 

in-depth investigation of individual differences of Simultaneous and Successive 

Information Processing Preferences, the academic dimensions of Maths and Verbal 

Self-Esteem and Gender in the connectedness of multiplicative knowledge in basic 

mathematics problems. This Phase 2 qualitative study is presented in the following 

Chapters 8 and 9. 
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CHAPTER 8 INDIVIDUAL DIFFERENCES IN COGNITION AND AFFECT IN 
BEHAVIOURS WHICH REFLECT MULTIPLICATIVE 
KNOWLEDGE IN BASIC MATHEMATICS PROBLEMS 

Overview 

This chapter presents a Phase 2 study that was designed to complement and 

supplement the quantitative Phase 1 studies. Section 8.1 introduces Study 5 that 

investigated qualitatively, individual differences in cognition and affect in increasingly 

flexible, multiplicative knowledge in basic mathematics problems. Section 8.2 reports a 

detailed, within-group analysis of differences in behaviours that reflected multiplicative 

knowledge in basic mathematics problems. The subjects were divided into nine groups of 

levels on Simultaneous/Successive Information Processing Preferences. Section 8. 3 

presents a discussion of differences in behaviours that reflected multiplicative knowledge 

in basic mathematics problems between these Simultaneous/Successive Information 

Processing Preferences 'comer' groups. Section 8.4 synthesises individual differences of 

cognition and affect and variations in behaviours that reflected multiplicative knowledge. 

Finally, Section 8.5 presents a discussion of Gender differences in cognitive and affective 

behaviours that reflected multiplicative knowledge in basic mathematics problems. 

8.1 INTRODUCTION 

Significant relationships between high levels on Simultaneous Information 

Processing Preferences, the academic dimension of Maths Self-Esteem and high levels of 

student perfonnance on the Arithmetical Construct identified in the Phase 1 Study 4 

raised further issues of individual differences in perceived mathematics ability and the 

formation of increasingly complex multiplicative knowledge in basic mathematics 

problems. The interaction of the two academic dimensions of Maths and Verbal 

Self-Esteem in respect to student performance in the Arithmetical Construct further 

confounded the issue of individual differences in academic dimensions of self-perception 

and the formation of increasingly complex multiplicative knowledge. 

Significant differences in gender in relation to Maths Self-Esteem identified in 

the Phase 1 quantitative Study 4, also contributed to the complexity of the issues of 

individual differences in academic dimensions of self-perception and the formation of 

increasingly complex multiplicative knowledge. This chapter addresses the research 

questions on the following page: 
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Question 5: What are the behaviours that reflect flexible 
multiplicative knowledge in basic mathematics 
problems? 

5.1 What are the variations in behaviours associated with 
flexible multiplicative knowledge in basic mathematics 
problems that indicate individual differences in 
Simultaneous and Successive Information Processing 
Preferences? 

5.2 What are the variations in behaviours associated with 
flexible multiplicative knowledge in basic mathematics 
problems that indicate individual differences in the 
academic dimensions of Verbal Self-Esteem and Maths 
Self-Esteem? 

Question 6: What are the variations in affective and cognitive 
aspects of behaviours associated with flexible 
multiplicative knowledge in basic mathematics 
problems that indicate Gender differences? 

Although conceptual and procedural knowledge aspects are not discrete, they are 

sufficiently differentiated to allow the major characteristics of each aspect to be 

identified. An analysis of the thirty-six audio-taped transcripts indicated that behaviours 

could be classified as demonstrations of essentially procedural knowledge aspects or 

essentially conceptual knowledge aspects of multiplicative knowledge for each of these 

five items. 

Procedural knowledge aspects were those that were characterised primarily, by 

more sequential, linear connections of rule-based knowledge structures. In the first 

Number Sentence item, "0.5 x 0.5," for example, behaviours such as "correct written 

display of a multiplication algorithm, vertical or horizontal format," and "placement of 

the decimal point in the answer results from there being two decimal places in the 

number problem," reflected essentially procedural knowledge aspects. In contrast, 

behaviours that reflected essentially conceptual knowledge aspects were characterised 

primarily, by more flexible, simultaneous, dense inter- and intra-connections of 

multiplicative knowledge. In the item referred to above, the behaviours of "using 

knowledge of the relationship of the decimal number 0.5 to whole integer, (half of one, 

smaller than 1)" and "recognition of .25 as a smaller number than the operands of 0.5 in 

the stated problem ( either decimal or fractional form)," reflected essentially conceptual 

aspects of multiplicative knowledge. 
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The clinical setting m which the interviews were conducted provided 

opportunities to examine behaviours that demonstrated constraining aspects to 

multiplicative knowledge. These included violations of assumption associated with 

multiplication and division operations, for example, multiplication always makes bigger, 

and, a smaller number can only be divided into a larger number, reliance on additive 

knowledge structures, and semantic misunderstandings. Affective aspects of behaviours 

such as unprompted negative comments, and other anecdotal evidence offered by 

subjects during the interviews are also reported. 

8.2 DIFFERENCES IN BEHAVIOURS WHICH REFLECT 
MULTIPLICATIVE KNOWLEDGE IN BASIC MATHEMATICS 
PROBLEMS WITHIN INFORMATION PROCESSING PREFERENCES 
GROUPS 

Detailed discussions of the differences in behaviours of subjects within the 

groups of Simultaneous and Successive Information Processing Preferences are now 

presented. Reported behaviours were sub-divided into four categories - Procedural 

Aspect of Multiplicative Knowledge, Conceptual Aspect of Multiplicative Knowledge, 

Multiplicative Knowledge Constraints and Semantic Constraints. The first two 

categories form the 'Proceptual' (Procedural and Conceptual) Aspect of Multiplicative 

Knowledge and the second two categories form the 'Multiplicative Knowledge 

Constraints' for these Proceptual Aspects. Table 27 on the following page shows details 

of the categories of frequencies of behaviours associated with multiplicative knowledge 

developed from key episodes in respect to the five stimulus items per group of four 

subjects. 
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Procedural Aspect of Multiplicative 12 12 24 24 12 84 
Knowledge 

Conceptual Aspect of Multiplicative 28 40 24 48 76 216 
Knowledge 

Table 27: 

40 52 48 72 88 

4 12 4 8 4 

n/a 8 4 n/a n/a 

4 20 8 8 4 

44 72 56 80 92 

Frequencies of Categories of Behaviours associated with 
Multiplicative Knowledge in the Stimulus Items per Information 
Processing Preferences Group 

An icon, placed to the right of the item heading, as shown on page 197, aids the 

reader to identify readily, the group being discussed. Subjects' verbatim comments are 

quoted including the pauses which are shown as continuous periods. The number of 

periods indicates the relative length of the pauses. Appendix 8 contains the coding 

protocol used to explain the data in Study 5. 

The four 'comer' groups identified in Figure 21 in Chapter 7, page 186, as: 

High Simultaneous/High Successive, High Simultaneous/Low Successive, Low 

Simultaneous/High Successive and Low Simultaneous/Low Successive Information 

Processing Preferences are included in this section. Appendix 9 contains detailed reports 

for subjects in the remaining five groups of Information Processing Preferences. 
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L Succ. H 
8.2.1 High Simultaneous/High Successive 

Information Processing Preferences Group 

Item 1: Number Sentence 0.5 x 0.5 

All subjects identified the item as multiplication of decimal numbers and 

calculated the solution of'' .25." Instances of behaviours associated with the Conceptual 

Aspect included those demonstrated by the subject, C.L. who referred to the item as "a 

half multiplied by a half," and N.H. who expressed "0.5'' as "smaller than one." Further 

instances included those where C.L., S.K. and S. W. identified the value of decimal 

places as tenths, hundredths, etc., and expressed "0.5'' as equivalent to "Yz." S.K. 

referred to "0.5 x 0.5'' as "52
" and N.H. referred to ".25" as "twenty-five hundredths." 

S.K. gave the answer originally as "2.5," lining up the decimal places according 

to the addition algorithm, then identified the answer correctly as ".25." In the following 

excerpt S.K. explains why he changed his mind, 

"In a way I thought it was five tenths because that's what it is ...... plus, 
times, which is a half times a ........ times a half." 

"Equals .... um .... no this is not the way ... .I just remembered that the place 
the placing of the decimal point must equal that (S.K. pointed to 0.04)." 

In this instance, S.K. appeared to rely more on the Procedural Aspect of a recalled 

algorithm for multiplication involving decimal numbers, than he did on deep number 

knowledge structures that are inherent in the Conceptual Aspect. 

In contrast, N.H. explained, 

"It's ... you move it to the left so it's getting smaller ..... once you move it in 
two decimal places." 

"Um .... because the numbers are decimal, usually if you multiply two 
decimals together .... .it becomes a smaller answer." 

N.H. expressed deep structure of non-integer number knowledge, firstly, m her 

understanding of the change in number size according to the position of the decimal point, 

and secondly, in her understanding of the consequences of the operation of multiplying 

two positive numbers less than one expressed as a decimal. 
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L Succ. H 

Item 2: Number Sentence 2 + 10 

All subjects calculated the solution of" .2," identifying the decimal place value as 

"tenths." Instances of dense inter- and intra-connections were observed in both the 

Conceptual and Procedural Aspects of Multiplicative Knowledge. S.K. demonstrated 

sound knowledge of non-integers by forecasting the answer as "two in the tenths place" 

and writing the division algorithm in the fractional fonnat of "2
/ 10." C.L. forecast that the 

answer would be "a decimal," and S.W. and N.H. forecast that the answer would be "less 

than one." These subjects performed the division operation according to the long division 

algorithm and explained that placement of the decimal point in the answer resulted from 

the grouping of "2" and "O" to make "20" in the dividend. C.L. and S.W. recognised the 

fractional form of "2
/ 10" as equivalent to " 1

/ 5," and C.L. also recognised ".2" as equivalent 

to "1
/ 5." Further, C.L. and N.H. referred to other representations such as "2 + 10'; is "2

/10," 

and "2
/10" can be written as " 1/s." 

An instance of intrusion of the partition aspect of the primitive division algorithm 

was observed when C.L. said, 

"Well, first of all if you divide ... .I looked at it first and I said it was ten 
divided by two." 

C.L. continued to explain his rationale for rejecting this initial constraint. The following 

extract from C.L.' s transcript shows that C.L. faced further constraints associated with 

number knowledge as, 

"and if you do that you get a positive answer ..... and I was thinking no, it's 
not, that it's the other way round .... and I was ... :thinking it was a 
negative answer.. ... so that's how it came to have a .... negative .... So it 
would ..... the answer would be a decimal." 

C.L. overcame these initial constraints however, and expressed further, in-depth number 

knowledge, instances of grouping and solid multiplicative algorithmic knowledge. 
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L Succ. H 

Item 3: Word Cups of flour left over 

S.K. identified the goal of finding the amount of flour left over, however he was 

unable to calculate the solution. Although C.L. expressed confusion at each step of the 

solution strategy, both he and N.H. calculated the solution of "1
/ 8" or ".125" cup of flour. 

C.L., S. W. and N.H. selected the division operation in a first step of a strategy to 

calculate "how many 3/g are in 35." Instances of flexible multiplicative thinking were 

demonstrated by C.L. and N.H. Both subjects identified the basic unit in the first step as 

cookies "931
/ 3 or 93.3 cookies," selected the multiplication operation in a second step to 

find " 1
/ 3 of 3

/ 8," and verified the amount of flour left over as a proportion of the basic unit 

of "3 
/ 8 of a cup of flour," These instances illustrated rich inter- and intra-connections in 

Multiplicative Knowledge in both the Conceptual and Procedural Aspects. 

S.K. and N.H. chose the fractional format for the division operation of 

"35 -;-- 3 
/ 8," and inverted the fraction to display ''35 x 8h" in their working. N.H. was the 

only subject to operationalise this multiplication algorithm eventually, achieving "93 1
//', 

and to explain the associated concepts and procedures with confidence. In the following 

extract from the transcript, N.H. explains how she tracked the transformation of basic 

units of measure as, 

"So if he's got enough um, to make another third ... that's three-eighths in 
each cup ... I mean three-eighths of a cup in each cookie." 

"Well, he's got one-third .... um ... say dough left over. .... to make one-third 
of. ... a cookie, and there's three-eighths ... .in each cup .... um so ifwe 
multiply .... them together we should get the answer of how much flour he 
has left over." 

Not only did N.H. maintain her focus on the goal of finding how much flour is left over, 

she also conceptualised basic units as members of different measure spaces 

simultaneously. Further, N.H. demonstrated her ability to track through the two 

transformation points, firstly, as cups of flour to cookies, and secondly, as a proportion 

of a cup of flour. 
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L Succ. H 

Item 4: Construct-a-story 120 x 0.04 

S.K., C.L. and N.H. attempted to identify a context for a story before calculating 

and N.H. compiled her story without any prompting. C.L. and N.H. compiled a plausible 

written story, expressing the multiplier as "four cents" shown in the following excerpts 

of their written scripts. C.L. wrote, 

"A fruit shop owner bought 120 apples for $0.04 each. How much did it cost 
altogether?" 

And N.H. wrote, 

"A boy buys 120 musk sticks for $0.04 (4c) each how much would he spent (sic)." 

S.W. identified a story context after calculating, demonstrating a good sense of 

non-integers in respect to Multiplicative Knowledge. S. W. wrote, 

"There are 120 students and only 0.04 of them are needed, how many are needed?" 

In this story, S. W. referred to the multiplier simplistically as "four-hundredths" rather 

than as the more intuitively acceptable "four percent." 

C.L., S.W. and N.H. calculated the answer of "4.8" and also identified the 

fractional relationship of "0.04" as ''4/i00." C.L. and S.W. explained that the two decimal 

places in the arithmetical solution resulted from there being "two decimal places in 

0.04." 

S.K. wrote the following story, 

"I have 120 apples and I will get supplied with 0.04 times more, how many apples 
in total will I obtain?" 

Although S.K.'s story is plausible:, he calculated the solution incorrectly as "48.0000." 

S.K. displayed the multiplication algorithm in a two-line vertical fonnat, showing the 

multiplicand as "120.00" and the multiplier as ''.04." S.K. explained that he included the 

zeros after the decimal point in "120.00" as it made it easier for him to understand. S.K. 

calculated the solution as "48" explaining that the decimal point is moved according to 

the number of decimal places as, 

"So I take four .... four places because it's like that rule I told you before." 

Chapter 8 - Page 200 



S.K. responded to prompting to read his solution again, as, 

"Yes, because always when you multiply .... ah .... zero .... a decimal 
number. ... .it always looks smaller. ... .looks smaller when you do it .... ah 
(the answer)." 

"Yes, because it's so1t of like division, it gets .... (works on the calculation) 
yes, as I said ....... .I'll just check my ....... " 

"Yes ... So I go back four places ............ Yes, I think this is right." 

S.K. 's comments shown above illustrate instances of procedural knowledge inherent in 

the multiplicative algorithm and non-integers in Multiplicative Knowledge. S.K. 

accommodated an earlier, learnt procedure, to include zeros in the multiplicand, however 

he failed to assimilate the number concepts inherent in this procedure flexibly in 

Multiplicative Knowledge. Although S.K. did not express complete confidence in his 

solution, he was forced to accept it, based on his stores of available knowledge. 

L Succ. H 

Item 5: Construct-a-story 51 -=- 4 

All subjects calculated "12.75" using the long division algorithm and recognised 

".75" as equivalent to "%." All subjects then compiled a realistic story, based on the 

partition model of division, for the required answer of" 12%." 

Although S.K. and S. W. stated initially, that there was only one answer to the 

calculation, they persisted, unsuccessfully, in their attempts to compile a plausible story 

for the required answer of "12." S.K. introduced a third element to the problem 

condition by adopting a 'planned disposal' strategy for the remainder portion in the 

quotient as, 

"I have 51 litres of fuel and 4 cars. I have to share the fuel equally with all four 
cars and I also need . 7 5 litres of fuel for my lawn mower, how much fuel does 
each car receive?" 

The interference of the concept of 'equal shares,' inherent in the partition model 

of division, was evident in S.K.'s and S.W. 's attempts to compile a story for the required 

answer of" 13" as shown in the following comments. 

S.K. wrote, 

"I have 51 litres of modle (sic) airoplane (sic) fuel. I also have 4 planes to equally 
divide the fuel with, how many whole litres would each plane receive?" 
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S.W. adopted a 'guessing' strategy to qualify her written story as, 

"If there were 51 apples and 4 people wanted some each approx. (sic) how many 
would each person get? (guessing how many rounded to 13)." 

In the above instances, the subjects appeared to invoke the concept of "3 
/ 4" as 

"almost a whole," and considered that 'approximation' is a realistic context that satisfies 

the condition of the item. 

Summary of Behaviours associated with Multiplicative Knowledge 
for the High Simultaneous/High Successive Information 
Processing Preferences Group 

L Succ. H 

Figure 23 shows a profile of behaviours demonstrated by subjects who scored 

"High" on Simultaneous and Successive Information Processing Preferences. 

Behaviours associated with Multiplicative Knowledge 
Structures in Group 1 

Knowledge Constraints: 4 Proceptual Knowledge: 157 

4 

Cl Procedural Know ledge Conceptual Know ledge D Multiplicative Constraints 

Figure 23: Frequency Profile of Behaviours associated with 
Multiplicative Knowledge for the High Simultaneous/ 
High Successive Information Processing Preferences Group 
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This group of subjects demonstrated levels of behaviours that indicated relatively 

advanced development of both Conceptual and Procedural Aspects of flexible 

Multiplicative Knowledge in basic mathematics problems. One subject demonstrated 

consistently, behaviours that are associated with high levels of densely connected 

ivfultiplicative Knowledge. Although two subjects demonstrated behaviours associated 

with constraints associated with Multiplicative Knowledge in the Number Sentence 

items, they countered these constraints successfully to solve the item. 

Challenges to the cohesiveness of Multiplicative Knowledge were demonstrated 

by subjects in relation to the Word item. Two subjects identified the need for both 

multiplicative operations and tracked multiple transfonnations of basic units through the 

stages of calculation to solution. Three of the four subjects commented on the difficulty 

of this item. 

Two subjects compiled a realistic story for the first Construct-a-story item, 

demonstrating instances of behaviours associated with inter-connected Conceptual and 

Procedural Aspects of Multiplicative Knowledge. It should be noted however, that these 

connections were restricted to a money measurement context. 

In the second Construct-a-story item, all subjects compiled a realistic story, based 

on the partition model of division, for the arithmetical solution. All subjects persisted 

with this item, however their stories for the required answers of "12" and "13," did not 

reflect appropriate models of division. Two of the subjects who had previously 

commented on the difficulty of the Word item also commented on the difficulty of this 

second Construct-a-story item. 
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8.2.2 High Simultaneous/Low Successive 
Information Processing Preferences Group 

Item 1: Number Sentence 0.5 x 0.5 

L Succ. H 

All subjects identified the item as multiplication of decimal numbers and 

explained that the solution of ".25" contained two decimal places as there are two 

decimal places in the number problem. B.G., D.H. and T.H. demonstrated instances of 

dense connections in the Conceptual Aspect in relation to non-integers by identifying 

"0.5'' as "smaller than one." Further instances of connectedness within the Coneptual 

Aspect were observed in the behaviours of B. G. and T.H. who expressed "O .5'' as 

equivalent to "Yi," and T.H. who also expressed ".25" as equivalent to "114." 

B.G. originally added the operands, identifying the answer incorrectly as "1.0." 

After considerable encouragement to reflect and to explain how he arrived at this answer, 

B.G. realised he had added by mistake and multiplied, lining up the decimal places and 

'carrying' the "2" over the decimal point in his written working of the item, and 

identified the answer as "2.5." The constraint ofrelying on an inappropriate algorithm in 

the Procedural Aspect of Multiplicative Knowledge was evident in B. G. 's comments, 

"So, you put the five in the ...... there ...... (um) ........ and the two in the other 
................ side." 

B. G.' s comments illustrated the paucity of expression that was demonstrated by subjects 

overall. 
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L Succ. H 

Item 2: Number Sentence 2 + 10 

T.H. demonstrated consistently, behaviours that indicated dense connections 

within and between the Conceptual and Procedural Aspects of Multiplicative 

Knowledge. T.H. forecast that the answer would be "less than one, a fraction, a 

decimal," calculated the solution as ".2" and recognised the equivalent forms of "1
/ 5," or 

"
2

/ 10." Further instances of well-developed inter-connections were observed in the 

behaviours demonstrated by D.P. and D.H. who also calculated the solution as ".2." 

These three subjects explained that the decimal place in the answer results from the 

grouping of "2" and "O" in the dividend, thus resulting in a non-integer quotient. 

In contrast, B. G. read the problem as "two divided by ten" and asserted that it 

meant "how many times two goes into ten." B. G. gave the answer as "5" and 

commented that "sums are plus," however he commented that he was unsure whether or 

not the problem could be referred to as a "sum." B.G.'s behaviour suggested that the 

partition aspect of the primitive division model and semantics associated with the nature 

of the addition operation constrained the inter-connectedness of the Conceptual and 

Procedural Aspects of his Multiplicative Knowledge. 

D.P. read the problem first as "ten divided by two" and then remarked, 

"I think I've done it wrong." 

"I don't know, it's a bad day for me." 

D.P. re-read the item as "two divided by ten," and explained his calculation of ".2" as, 

"Um ..... and because ten can't go into two ....... because you can't divide 
two by ten ...... you have to add an extra decimal place ...... and um but 
you ...... put a decimal place up there on the top line .... .it's ten divided by 
twenty ... now ....... just imagine ....... and that's ...... " 

D.P. explained further that by imagining (that the decimal point was not there) it was 

easier for him to perform the calculation. In these instances, although the behaviours 

suggested intra-connections in both Conceptual and Procedural Aspects, the flexible 

inter-connections between these aspects of Multiplicative Knowledge appear to be not so 

well developed. 
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L Succ. H 

Item 3: Word Cups of flour left over 

Although all subjects commented that they "didn't know" or remarked on the 

difficulty of this item, they persevered nonetheless to find ways in which the item could 

be solved. 

D.P. adopted a 'building up' strategy initially, but abandoned it after he 

detennined that "4 cookies = 12/s." D.P. then explained that he needed to divide to 

determine "how many eights (sic) of a cup thirty-five is." D.P. proceeded to divide 

"280" by "3," using a long division algorithm, explaining the solution as, 

"It goes ninety-three point three recurring." 

"I don't know if this is helping me ....... .I am lost." 

After much "thinking of how to do it," B.G. posited that "three point eight" be 

divided by "thirty-five." B.G. then decided that he should calculate "how many times 

three point eight goes into thirty-five" before reverting, yet again, to his first position and 

stating finally, 

"I don't know." 

D.H. responded to the Interviewer's encouragement to explain how she would 

find out how much flour was left over as, 

"Um ....... three-eigh (sic) ...... how many times three-eighths will go into 
thirty-five." 

"(sighs) ....... .I'm not sure." 

D.H. then concentrated her efforts on changing "3 
/ 8" into a "proper number" so that it 

could be divided into "35," however, after calculating "4.375" she commented, 

"I don't know what to do next." 

T .H. persisted with this item, experimenting with a range of strategies to 

calculate the number of cookies that could be made from the thirty-five cups of flour. 

T .H. explained her initial strategy as, 

"For a full cup of flour you will have ....... There will have to be ..... for two 
cookies you would have about for about ..... for one ..... for two cookies .... .is 
about once (sic) cup of flour." 
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Following further discussion, T.H. re-read the item and commented, 

"O.K., well this leaves one-quarter of the flour left, one-quarter of a cup of 
flour left .... over, O.K., so um .... .I'll just put the one-quarter over here so I 
can remember it (laughs) .... um and so if you um .... say that is one cup, for 
one cup of flour you round about get two um .... two cookies ..... O.K., so 
thirty-five cups of flour, um ..... and two for each cup, so you multiply that 
together." 

T .H. estimated that "seventy cookies" could be made from thirty-ft ve cups of flour then 

turned her attention to the quarters of cups left over from the previous step in her 

calculation as, 

"You have still got this .... um ..... this fl.om left and you have to try and use it 
up, because you don't want to waste it, so you have to try and use it up O.K.?" 

T .H. attempted to track the transformation of the basic units of measure from cookies to 

cups of flour, calculating that half of three-eighths would yield half a cookie . T.H. 

persisted further to identify that she needed to divide three-eighths by two, however, at 

this stage she commented, 

"It's a bit hard to divide three-eighths by two." 

T.H. attempted to calculate this operation, however she was not able to apply the 

algorithm for multiplying non-integers. 

The behaviours reported above suggested that although the intra-connections of 

the Conceptual Aspect appear to be developing, the intra-connections of the Procedural 

Aspect, in particular, are constrained by inadequate algorithmic knowledge of 

multiplication of non-integers. 
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L Succ. H 

Item 4: Construct-a-story 120 x 0.04 

Both B.G. and D.H. were less enthusiastic to discuss this item than they were in 

the previous items. Their demeanor was quieter, there was reduced eye-contact with the 

Interviewer, and they required higher levels of prompting than in the previous items. 

After considerable encouragement, these subjects chose a story context before 

calculating an answer. B.H. decided finally, that his hobby of football would provide an 

appropriate context, however he was reluctant to proceed with the compilation of the 

story and agreed with the Interviewer's suggestion that it would be of help to "work it 

out first." B.G. displayed the multiplicand as "120.00'' and the multiplier as "0.04," 

calculating the answer as "480.00" and explained that the decimal point is "in line." 

After further encouragement, B. G. wrote, 

"My team scored 120 points and then scored 0.04 times that amount how many 
points have they scored." 

This story reflected limited intra- and inter-connections in both Conceptual and 

Procedural Aspects. Firstly, B.G. situated the multiplier in an ill-defined conceptual 

field of "times," and it is unclear from the story whether or not B. G. was attempting to 

invoke the concept of 'rate.' Secondly, B.G. appeared to be constrained by 

inappropriate, additive algorithmic procedures in determining the decimal place in the 

solution. The following comments illustrate B. G. 's reduced level of enthusiasm to 

engage in this item as, 

I: "Right, and this is how you would work it out? 
Is that right? Just to make sure that that is want we want?" 

B.G.: "I suppose ..................................... Yes." 

I.: "OK, so the answer would be?" 

B.G.: "(laughs slightly) ... four hundred and eighty point zero zero." 

D .H. read the item without much enthusiasm and after a pause, the Interviewer 

inquired, "Would it help if I read it?" D.H. smiled and replied quietly, "Yes." After 

listening to the Interviewer's reading, and the prompt, "Do you understand what that 

means?" D.H. smiled wanly and replied, "No." 
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Following more encouragement and suggesting by the Interviewer, D.H. 

compiled a story, however she decided that it did not make sense and compiled another 

story as, 

"There was 120 balls and if each ball weighed 0.04g how much would they weigh 
altogether?" 

Although D.H.'s story was plausible and was 'realistic' in terms of a micro-context of 

weight, her apparent 'slip' in calculating "four times two is six" resulted in an incorrect 

arithmetical answer. 

After considering the item and following some discussion, D .P. wrote, 

"Jack had $120. He was buying chewing grun@$0.04 a piece How many pieces 
of gum could he buy?" 

D.P. wrote his calculation firstly with "120" as the multiplicand and "0.04" as the 

multiplier, calculating the solution as "4.80," however he decided that this answer was 

incorrect and explained, 

"I think it is going to be a bit more than four point eight." 

"A hundred and twenty by .... um ..... zero point zero four is the same as 
... twelve thousand by four. .... um ..... and so I'll work that out ..... It won't 
get me anywhere, but." 

D.P. calculated that the answer as "forty-eight thousand pieces of gum." D.P. 's 

behaviours indicated that the inter-connectedness of the Conceptual and Procedural 

Aspects of Multiplicative Knowledge was constrained by limited intra-connections in the 

Conceptual Aspect in relation to non-integers. 

T .H. calculated before compiling a story and emphasised the importance of 

alignment of digits according to their place values, displaying her working as, 

120 .00 
X O .04 

T.H. identified that there were two decimal places in the answer, then she decided that 

the answer would have four decimal places, as there were four decimal places in the 

"proper sum." T.H. still was uncertain of her answer, changing it to "480," however, 

after testing it in her story context, she verified that the answer would be "4.8." T.H. 

wrote, 

"If you have 120 birds and each one can only eat 0.04 cups of seed how many 
cups 

would you need to feed them all?" 
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These instances suggested that intra-connections in the Conceptual Aspect were 

constrained by T.H. 's choice of a plausible but unrealistic conceptual field for the 

multiplier as "0.04 cups of seed." The intra-connections in the Procedural Aspect 

appeared to be constrained by T.H.' s reliance on primitive, 'taught' procedures · of 

displaying the multiplication algorithm, for example, including the zeros in the 

multiplicand as "120.00." There appeared to be further constraints to the inter

connections between the two aspects as illustrated in her consideration of three versions 

of answer before she settled on the solution. 

L Succ. H 

Item 5: Construct-a-story 51 + 4 

All subjects compiled a realistic story, based on the partition model of division 

for the required solution of "12%" and demonstrated good procedural knowledge of the 

long division algorithm and conceptual knowledge associated with 'grouping' of digits. 

D.P., D.H. and T.H. identified a context for a story prior to attempting any calculation 

and recognised ".75" as equivalent to"%." 

D.P. compiled a plausible story, based on the quotition model, for the required 

solution of "13," however the conditions of the problem were violated by including extra 

information to qualify his story. 

In her story, D.H. resorted to qualifying the required solution of "12" as an 

"approximation," stating that "rounding up" is harder and that this strategy would be 

needed for the required solution of "13." 

E.G. and T.H. did not persevere with stories for "12" or "13." Following 

encouragement to think of a story context, T .H. stated, 

"Um .......................... No, because there is only one answer." 

B. G. likewise responded, 

"Because fifty-one divided by four comes to twelve and three-fourths, 
not thi11een or twelve." 

It is clear from the instances described above that the behaviours demonstrated by 

subjects indicated that intra-connections in the Conceptual Aspect are constrained by the 

primitive partition model of division. Further, inter-connections between Conceptual 
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and Procedural Aspects of Multiplicative Knowledge appeared to be constrained by the 

belief that there is only 'one right answer to an arithmetical operation. ' 

Summary of Behaviours associated with Multiplicative Knowledge 
for the High Simultaneous/Low Successive Information 
Processing Preferences Group 

L Succ. H 

Figure 24 shows a profile of behaviours for subjects who scored "High" on 

Simultaneous Information Processing Preferences and "Low" on Successive Information 

Processing Preferences. 

Behaviours associated with M ultplicative Knowledge Structures 
in Group 3 

Knowledge Constraints: 7 Proceptual Knowledge: 122 
6 1 

Bl Procedural Know ledge 

D Multiplicative Constraints 

Conceptual Know ledge 

D Serrantic Constraints 

Figure 24: Frequency Profile of Behaviours associated with 
Multiplicative Knowledge for the High Simultaneous/ 
Low Successive Information Processing Preferences Group 

This group of subjects demonstrated levels of behaviours that indicated 

developing Conceptual and Procedural Aspects of relatively flexible Multiplicative 

Knowledge in basic mathematics problems. Dense intra-and inter-connections of both 

Conceptual and Procedural Aspects were apparent in the Number Sentence items. The 

inter-connectedness of one subject's Multiplicative Knowledge, however, appeared to be 

constrained by the partition aspect of the primitive division model, particularly in the 

second Number Sentence item. 

In the Word item, although subjects demonstrated behaviours associated with 

intra-connected knowledge in the Conceptual Aspect, fewer instances of intra

connections in the Procedural Aspect were observed. All subjects commented on the 

difficulty of this Word item. 
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After completing the Word item, two participants appeared to be considerably 

less enthusiastic in pursuing solution strategies. This reduced level of enthusiasm was 

apparent not only in verbal interactions but also in non-verbal behaviours. Although 

these subjects were given high levels of prompting, they were unsuccessful in compiling 

a realistic story for the first Construct-a-story item. 

All subjects compiled a realistic story for the arithmetical solution in the second 

Construct-a-story item, and one subject also compiled at least a plausible story, based on 

the quotition model of division, for the required answer of "13." 

Although this group of subjects demonstrated behaviours that indicated 

developing intra- and inter-connectedness of both the Conceptual and Procedural 

Aspects of flexible Multiplicative Knowledge, the frequency of subjects' unprompted 

comments of perceived difficulty were prominent. 
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8.2.3 Low Simultaneous/High Successive 
Information Processing Preferences Group 

Item 1: Number Sentence 0.5 x 0.5 

L Succ. H 

All subjects identified the operation of multiplication of decimal numbers, and 

C.F., A.M. and M.O. calculated the solution, explaining that the position of the decimal 

point in the answer resulted from there being two decimal places in the number problem. 

C.F. explained how he would display the item in a vertical algorithmic format and that 

he would "times five times five is twenty-five." C.F. was unable to determine the 

placement of the decimal point, however, and followed the prompt to write down his 

calculation. These behaviours suggested that C.F. had made strong intra-connections in 

the Procedural Aspect and intra-connections in associated concepts, however, they did 

not suggest strong inter-connections between the Procedural and Conceptual Aspects of 

Multiplicative Knowledge in relation to non-integers. 

AM. declined to engage in any preliminary discussion about the item and 

proceeded with the calculation, explaining the procedure as he wrote. After discussing 

the placement of the decimal point in the answer, AM. responded to the Interviewer's 

invitation for any further comments as, 

"It's a very nice question." 

The Interviewer inquired, 

"You like that question?" 

AM. replied, ''Yes." and laughed, with the Interviewer joining in, before turning 

attention to the second item. These behaviours suggested that although AM. had 

developed strong intra-connections in the Procedural Aspect he appeared to be 

unconcerned with inter-connections in the Conceptual Aspect of Multiplicative 

Knowledge. 

M.H. expressed "0.5 x 0.5'' as "52
" and explained, "because it's multiplied by 

itself." M.H. then explained the placing of the decimal point according to the vertical 

addition algorithm, lining up the places in the sum and the answer and identifying the 

answer firstly as "2.5" and then as "25.5." These behaviours indicated that although 

M.H. appeared to have made some conceptual connections, the inter-connections of the 
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Procedural Aspect in relation to the algorithm for multiplication of non-integers 

appeared to be constrained by her reliance on the inappropriate algorithm for addition. 

M.O. recognised "0.5" as equivalent to "1/z'' and forecast that there would be two 

decimal places in the answer. After calculating the answer as ".25," M.O. identified ''W' 

to be equivalent as, 

(1) "Then twenty-five over a hundred, but I don't know if that would be equal? 
Because that's got decimal places." 

(2) "Four times twenty-five ......... .is a hundred so one times twenty-five is 
twenty-five, and if you multiply that by four .......... you get a hundred 
so that makes twenty-five a quarter." 

M.O. followed a sequential, step-by-step approach, however, her doubts concerning 

equivalence persisted as reflected in her comment, 

(3) "You could say, as a ...... ahalfmultiplied by ahalf. .... but. .. .in your answer 
you would have to have the decimal point still." 

Instances (2) and (3) described above reflected behaviours that are associated with strong 

intra-connections of the Procedural Aspect in respect to non-integers and associated intra

connections with the Conceptual Aspect of Multiplicative Knowledge. Instances ( 1) and 

(3), however, reflected behaviours that suggested a lack of strong inter-connections with 

the Conceptual Aspect. In Instance (1) M.O. did not recognise equivalent forms readily, 

and in Instance (3) M.O. appeared to rely on the 'correct representation' of decimal 

notation. 

L Succ. H 

Item 2: Number Sentence 2 + 10 

All subjects identified the order of division operation as "two divided by ten." 

M.O. and A.M. calculated the correct solution. M.O. forecast that, 

"There's going to be decimal points in the answer, because ten is bigger 
than two." 

M.O. explained that the placement of the decimal point in the answer results from the 

grouping of "2" and "O" in the dividend to form the number "20," and referred to the 

value of the decimal place in the answer as "tenths." 
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A.M. forecast that the answer would be in fraction fonn as, 

"Because nom1ally when you are dividing you put the two over the ten, so 
it's like saying it's over .......... and that's what a fraction is." 

Both M.O. and A.M. expressed "2
/ 10" as "1/s'' and ".2" as "1/s'' or "2

/ 10." These instances 

suggested behaviours of 'grouping,' decimal place value, equivalent representations of 

the division operation and its relationship to the fractional format that are associated with 

strong intra-connections in the Conceptual Aspect of Multiplicative Knowledge in respect 

to non-integers. 

In contrast, M.H. commented that, 

"The first digit always divides into the larger digit. ... .if it doesn't you just 
can't do the smn." 

"But ifit doesn't divide equally ..... the ..... sum ..... can't do it. ..... or there's 
just a large answer. ......... a difficult answer." 

"It would be points and keep going." 

Accordingly, M.H. divided "2" into "10" to obtain an answer of "5." 

C.F. also calculated the answer as "5," asserting that it must be "ten divided by 

two" as, 

"Because that's how most people say it. That's how my teacher says it." 

"Oh, oh, I think it is because I think that's the way you say it, you don't say 
two divided by ten, because when you put it in your computer, I mean 
your calculator, it doesn't work out when you are doing two divided by ten." 

These instances of behaviours suggested that intra- and inter-connections in both the 

Conceptual and Procedural Aspects were constrained. The partition aspect of the 

primitive division model, combined with a lack of appreciation of the nature of non

integers, particularly in relation to multiplicative manipulations, appeared to block the 

connections that are characteristic of flexible Multiplicative Knowledge in basic 

mathematics problems. 
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L Succ. H 

Item 3: Word Cups of flour left over 

All subjects carried out a division operation as a first step although their reasons 

for doing so were varied. C.F. explained, 

"Three and eight ..... divide by thirty-five but, that doesn't work because 
you can't have ..... oh, I think I can, I don't know how to work it out." 

C.F. then expressed that the calculation would be, "Three over eight into thirty-five," 

however, he could not proceed. 

M.H. decided that she needed to find "how many three-eighths there are in a 

cup," then "add up" how many three-eighths in thirty-five cups and, finally, subtract this 

answer from thirty-five. M.H. spent considerable effort in searching for "whole 

numbers" as, 

"They are easier to add up ...... Like changing fractions." 

M.H. abandoned this search eventually without attempting any calculations. These 

instances of behaviours suggested that inter-connectedness of Conceptual and Procedural 

Aspects are constrained by reduced levels of intra-connectedness in the Procedural 

Aspect associated with manipulation of fractions in a multiplicative context. 

In contrast to the previous two subjects, AM. stated that "thirty-five divided by 

three-eighths," 

"Is the same as saying, thirty-five multiplied by eight over three." 

AM. divided "280" by ''3" obtaining an answer of "ninety-three point three recurring," 

then commented that he thought he was wrong as, 

'"Cause the answer's in recurring things ..... and .... .I don't have a feeling 
that. ... .I am doing it right." 

This behaviour suggested that intra-connections m the Conceptual Aspect are 

constrained by a lack of non-integer number knowledge. After re-reading the item, A.M. 

concluded, 

"There's a trick in this question." 

"You have just said such cookies as he has flour for. .... and how much flour 
will be left over ........... that would be zero." 
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M.O. converted "3 
/ 8" to ".375" and divided this into "35," obtaining "ninety-three 

point three recurring cookies." M.O. then multiplied "93" by "3/s" to find out how much 

flour was used up, calculating this as "34.875." M.O. subtracted "34.875" from ''35," 

obtaining "0.125," and converted this to "1
/ 8 of a cup of flour left over." These 

behaviours suggested strong intra-connections in the Procedural Aspect associated with 

algorithmic knowledge and associated intra-connections in the Conceptual Aspect in 

respect to non-integers. There was a marked lack of evidence, however, of inter

connectedness between Procedural and Conceptual Aspects of Multiplicative Knowledge 

in basic mathematics problems. 

Item 4: Construct-a-story 120 x 0.04 

Although C.F. calculated the arithmetical solution of "4.8," he was unable to 

compile a story to support it. A.M. and M.O. also calculated the arithmetical solution, 

however the stories they compiled were implausible. AM. wrote, 

"You have 120 apples you want to cut the apples in to .04 pieces. How would 
you do that." 

In response to the Interviewer's prompt to explain "what point oh four piece of an apple 

would be," AM. replied, 

"(laughs) ...... Ah, I don't know. Well, I couldn't think of anything else. 
Just changing this I guess, the apples bit and make it into something that 
could tum to point oh four." 

M.O. wrote, 

"You are having a party. When you order pizzas for this party, they will each 
have 1 piece. You are inviting 120 people to your party, and each person will 
eat O. 04 of the pizza. How many pizzas will you have to order?" 

The Interviewer prompted M.O. to review her story by explaining each sentence. M.O. 

responded, keeping the story intact and offered no further explanation, then commented, 

"You would need to round it up to five, because four point eight, you look 
at the last number ...... and it's eight, and eight is closer to ten than it is to 
one, so you round it ..... eight goes to zero and then your answer zero on to 
the four .... add the one on to the ..... yes ...... and you rounded the four up to 
five." 
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The instances described above indicated evidence of intra-connectedness of the 

Procedural Aspect, however, there appeared to be a significant lack of evidence to 

indicate intra-connectedness of the Conceptual Aspect of Multiplicative Knowledge. 

M.H. chose compatible conceptual fields for the operands, although she did not 

preserve the order of the operands in her story as, 

"A person wanted to buy 0.04 cm of material in width and 120 metres in length. 
Find the amount needed." 

M.H. performed a three-line multiplication, preserving the order of the operands, and 

lining up the decimal places according to an addition algorithm. M.H. calculated that 

"480m" was the answer. M.H.'s behaviours suggested more intra-connections in the 

Conceptual Aspect than in the cases of the other three subjects in the group. It appeared, 

however, that the inter-connectedness of the Conceptual and Procedural Aspects is 

constrained by lack of intra-connections in both aspects in respect to knowledge of non

integers and a rudimentary concept of area. 

L Succ. H 

Item 5: Construct-a-story 51 + 4 

The 'equal shares' aspect of the partition model of division was clearly evident in 

the stories offered by subjects in this group. All subjects performed a long division of 

fifty-one by four. A.M. and M.O. recognised ".75" as equivalent to "%," and M.H. 

expressed the "remainder" as "%." AM. and M.O. compiled a plausible story for the 

required answer of" 12%." AM. wrote, 

"You have just bought 51 pears and you would like to share them out equally 
with three other people and yourself. How many pears will every one get 
including me?" 

M.O. wrote, 

"There are 51 pies. To share them equally among 4 people, how many will each 
person get?" 

Both these stories reflected the partition model of division, particularly the concept of 

'equal shares.' M.H. 's story also reflected the partition model of division, however the 

basic unit of measure was not identified clearly, and further, there appeared to be three 

discrete elements that were intended to be used in the calculation as, 
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"A teacher had a recipe for a class which required 4 cups per each recipe and had 
a class of 51 students. How many recipes can be made." 

After reading the item, and further re-reading by the Interviewer, C.F. 

commented, 

"OK then um ..... (long pause) So I work out that and the answer would be 
one of those?" 

C.F. said that he could not remember how to do long division, however after the 

Interviewer's prompting, C.F. calculated the answer as "12r3." C.F. 's story read, 

"How many 4' s are there in 51." 

AM. stated, and wrote, that the only possible answer would be "12%" as 

"51 divided by 4 equals 12%." M.H. offered the following implausible story for the 

required answer of "12" as, 

"A swimming carnival was held at the pool with 4 students competing in each 
race and 51 students attended. How many students gained places?" 

M.O. 's story attempted to illustrate the concept of 'average,' as, 

"You are finding the average numbers of matches in a small matchbox. You 
have picked four boxes, and the total number of matches is 51. The answer 
must have no decimal places. What is the average mnnber of matches in a box." 

M.H. also attempted to compile a story for the required answer of "12," as, 

"There was 4 cakes baked for 51 students but someone took 3 
/ 4 of one cake. 

How many people got a piece each?" 

These instances reflected behaviours that appeared to be associated with quite marked 

constraints of the primitive partition model of division, particularly in the Conceptual 

Aspect of Multiplicative Knowledge in basic mathematics problems. 
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Summary of Behaviours associated with Multiplicative Knowledge 
for the Low Simultaneous/High Successive Information 
Processing Preferences Group 

L Succ. H 

Figure 25 shows a profile of observed behaviours for subjects who scored "Low" 

on Simultaneous Infonnation Processing Preferences and "High" on Successive 

Information Processing Preferences. 

Behaviours associated with Multiplicative Knowledge Structures 
Group 7 

Knowledge Constraints: 14 Proceptual Knowledge: 106 

12 2 

rm Procedural Know ledge 

D Multiplicative Constraints 

Conceptual Know ledge 

D Serrentic Constraints 

Figure 25: Frequency Profile of Behaviours associated with 
Multiplicative Knowledge for the Low Simultaneous/ 
High Successive Information Processing Preferences Group 

This group of subjects demonstrated behaviours that indicated constrained 

Conceptual and Procedural Aspects of Multiplicative Knowledge in basic mathematcs 

problems. These constraints were apparent in all stimulus items. In the first Number 

Sentence item, one subject identified an alternative representation of the item in a 

squared fonnat, however she ignored the value of the multiplicand/multiplier as a non

integer. This subject also relied on the vertical addition algorithm to calculate firstly, 

"2.5" then recalculated as "25.5 ." In the second Number Sentence item this subject 

appeared to be constrained by a primitive division model, explaining that it would be 

difficult to try to divide a smaller number by a larger number, thus the answer would be 

"5." Another subject expressed a similar concern that it "does not work out" and 

referred to the output of a calculator as verification. 

One subject solved the Word item in a highly sequential manner. This subject 

converted vulgar fractions to decimals and tracked the transformation of basic units to a 
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second stage of calculation where she focused on the amount of flour consumed in the 

baking of the cookies, rather than on the amount remaining. This subject maintained her 

focus through two more stages of calculation, multiplication and subtraction, before 

converting the decimal quotient to a vulgar fraction. 

Three subjects calculated the arithmetical solution to the first Construct-a-story 

item, however no subject compiled a realistic story. Three subjects also calculated the 

arithmetical solution to the second Construct-a-story item and composed a plausible 

story. The fourth subject could not relate the remainder in the quotient to either decimal 

or fraction formats and was unable to compile a story. 

Although Multiplicative Knowledge Constraints and Semantic Constraints 

accounted for 65% of the behaviours observed in this group, there were only four 

instances of comments regarding the difficulty of items made by the subjects. One 

subject commented on the difficulty of the Word and second Construct-a-story items and 

another two subjects commented on the difficulty of the first Construct-a-story item. 

In this group, lack of flexibility in Multiplicative Knowledge in basic 

mathematics problems was reflected in the very few demonstrations of behaviours 

associated with inter-connections between the Conceptual and Procedural Aspects. Of 

interest is the low incidence of comment by subjects in relation to difficulties that.they 

had encounted in the stimulus items. Despite subjects' lack of success in solving the 

stimulus items, they persisted with their inappropriate strategies. These behaviours 

suggested that subjects accepted unrewarding outcomes unquestioningly. 
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8.2.4 Low Simultaneous/Low Successive Information 
Processing Preferences Group 

Item 1: Number Sentence 0.5 x 0.5 

All subjects identified the operation of multiplication of decimal numbers, 

displaying their working in a vertical multiplication format. J.Q., J.B. and A.B. 

expressed "0.5'' as equivalent to "Yz." J.B. and S.H identified the solution as ".25" and 

explained that the placement of the decimal point in the answer resulted from there being 

two decimal places in the number problem. J.B. also expressed ".25" as equivalent to 

"'l'4." 

S.H. identified "2.5" as the answer originally, however, after recalling the rule for 

placement of the decimal point, she amended the answer to ".25." J.Q. and AB. lined up 

the decimal places according to the algorithm for addition, obtaining the answer, "2.5." 

These instances appeared to reflect behaviours that were associated with 

constraints particularly to the Procedural Aspect of Multiplicative Knowledge in basic 

mathematics problems. Associated concepts of non-integers and their manipulation in a 

multiplication operation appeared to be faulty, thus affecting significantly the intra

connectedness of both Conceptual and Procedural Knowledge Aspects. 
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L Succ. H 

Item 2: Number Sentence 2 + 10 

All subjects read the item as "two divided by ten." S.H., however, re-read it as 

"ten divided by two." After a pause, S.H. replied to the Interviewer's prompting to 

explain further as, 

"I don't know. It sounds better." 

"You can't divide .... oh ..... um ..... you can't divide ten into two ..... you 
can divide two into ten." 

Following the Interviewer's prompting to explain what would happen if two was divided 

by ten, S.H. replied, 

"It wouldn't work." 

"You would get. ... Lots oflike points ..... Decimal points ..... Like it would 
be a continuing number after the decimal." 

The Interviewer invited S.H. to show how that might happen, however S.H. replied, 

"(laughingly) No ... .I don't know how." 

J.Q. explained his interpretation of "two divided by ten" as, 

"Um .... two ... .is ... .if you time .... multiply two by a number ...... you get 
ten and that number will be five ......... So I think if you divide .... ten by 
two ...... it would be five." 

J.Q. also explained that "ten divided by two" could be another way of representing the 

item, however, upon reflection, J.Q. stated, 

"Not really 'cause if you divided two .... ten into two that would equal 
...... like there's no tens in two. Ten is a higher number than two so it 
would have to be two divided by ten." 

A.B. considered that the item was "a bit confusing" as, 

"Because it's normally ten divided by two ........ can't put ten into two." 

"It makes sense." 

A.B. wrote "2" as the divisor and "10" as the dividend, explaining it as, 

"How many tens in two." 

"Zero ...... 'cause it can't be done." 
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J.B. wrote "10" as the divisor and "2" as the dividend, then remarked, 

"That's not right." 

"Well, ten doesn't go into two, so you put the ...... You carry the two over to 
the zero, the point zero." 

'"Cause ten's bigger than two." 

J.B. solved the item, explaining his working as, 

"You take the two over to the zero (J.B. writes 2.200) to make it twenty, 
twenty divided by ten is two." 

J.B. explained further, that the decimal point in the answer "lined up" with the 

decimal point in the working because he had been "taught that." 

The instances described above reflected behaviours that were associated with 

severely constrained Conceptual and Procedural Aspects of Multiplicative Knowledge in 

respect to non-integers. The primitive model of "a smaller number must be divided into 

a larger number" was prevalent in the responses of most participants. In J.Q. 's case, 

Semantic Constraints also appeared to compound the Multiplicative Knowledge 

Constraints, not only in the intra-connectedness of the Conceptual Aspect, both in 

relation to concepts of integers and non-integers, but also in the inter-connections 

between both the Conceptual and Procedural Aspects of Multilicative Knowledge m 

basic mathematics problems. 

L Succ. H 

Item 3: Word Cups of flour left over 

J.Q. attempted initially, to 'build up' the number of cookies that could be made 

with the thirty-five cups of flour. J.Q. abandoned this strategy however, as, 

"'Cause when you have finished .... .it would be a higher number you'd be 
able to .... ah ...... when it's all done, the three-eighths is .... a .... a ... fraction 
and thirty-five is a whole." 

J.Q. then adopted a 'building down' strategy, as, 

"I think you can just like thirty-five and thirty-five minus three without 
putting a line or a dot or anything, just put .... eight like thirty-eight ..... and 
then you can just .... have thirty-five ...... take away thirty-eight, and when 
you have finished the sum, just add it in at the end." 

J. Q. persisted with this strategy, arriving at the following, 
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"A cup. He's got three-tenths of one ..... flour .... flour left ..... and he can't 
make a cookie with that because he needs three-eighths." 

J. Q. 's behaviours appeared to reflect severe limitations in the Conceptual Aspect, 

particularly in respect to identifying basic units of measure. AB. decided the thirty-five 

cups would need to be divided into eighths explaining, 

"Because um ..... there's thirty-five cups, and you have to work out ..... how 
many .... um .... how much flour has to be ...... how much flour is left over 
from that ...... We have to fmd how many cups he uses of flour .... one 
oh, that's confusing." 

AB. divided "35" by "8,'' displaying her working in a long division format and 

calculated "4.375." AB. identified this answer as equal to one-eighth of a cup and 

added three of "4.375" to obtain "13.125" which she identified as equal to "three-eighths 

of a cup." AB. devoted considerable effort to her long division and addition working, 

then reflected on her calculations and commented, 

"Um .... so he has thirty-five cups of flour. .... And that's still confusing me." 

After further consideration, AB. recalled, 

"One three-eighths of a cup equals ........ one cookie." 

"( "gh ) 11 d . thi ?" s1 s ........ um ........... are you a owe to give up on s. 

S.H. suggested initially, 

"Um ...... he had to find out how much is in a cup ...... and then take out the 
three-eighths of a cup and then you fmd out how much is left over ..... and 
then you time ...... whatever is left over by thirty-five." 

S.H. 's behaviours suggested severe constraints to the intra-connections of the 

Conceptual Aspect of Multiplicative Knowledge in basic mathematics problems. The 

pervasiveness of both Multiplicative Knowledge Constraints and Semantic Constraints 

became more evident as S.H. explained further, 

"So they have thirty-five cups of.. ... they have ..... thirty-five ...... Lots of 
three-eighths ...... of a cup ..... and then it says if he makes ..... as many 
such cookies as he ..... has flour ..... as he has flour for. ..... That means he 
uses up all the flour." 

J.B. calculated that there were "280" eighths in thirty-five cups of flour and 

divided this answer by "3" to obtain "93.3 cookies." J.B. then decided that he needed to 

find how much flour was left over by dividing "93" by "3/s" which he displayed in 

fractional fonn. J.B. multiplied the numerator, "3" by "93" to obtain "279/s," then 

divided "279" by the denominator,"8" in a long division format, calculating that "34.87 

cups of flour would be needed to make ninety-three cookies." J.B. then subtracted 
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"34.87" from "35," displaying his working in a vertical subtraction format and obtained 

"0.13" which he stated was the amount of cups of flour left over. J.B. 's behaviours 

suggested intra-connected Procedural "Knowledge, particularly with respect to 

algorithmic sequencies in manipulating non-integers. Connections in the Conceptual 

Aspect appeared to be more constrained as reflected in J.B.' s failure to achieve the first 

transformation point in which the second operation needed to be applied to the decimal 

part, rather than the integer part of the quotient. 

L Succ. H 

Item 4: Construct-a-story 120 x 0.04 

J.Q., AB. and S.H. attempted to context a story prior to calculation, however no 

subject devised a plausible story. AB.' s story read, 

"If some rope is 120 m long and .04 cm wide. What the total area of the rope?" 

AB. calculated "4.8" as the answer, lining up the decimal points according to an 

inappropriate addition algorithm. 

J.Q. calculated ''$4.0" as the answer to support his story as follows, 

"Jim had $120 for 1 weeks work then he done overtime and got $0.04." 

J.W. reflected on his story then commented, 

"I've worked out one thing, but its wrong. Like, how would he get .... how 
much would he earn." 

S.H. multiplied "120.00'' by "0.04" and identified the answer as "480," lining up 

the decimal places according to an addition algorithm. S.H. considered that the answer 

could be "48," however she decided that "480" was more "realistic." 

J.B. commented, 

"I just can't think of a place where point oh four is used." 

These behaviours appeared to reflect constraints in the Procedural Aspect of 

Multiplicative Knowledge in relation to non-integers. Intra-connections in the 

Conceptual Aspect also appeared to be constrained by a lack of appreciation of the nature 

of non-integers, thus preventing dense inter-connections between these two Aspects of 

Multiplicative Knowledge to be established and maintained. 
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L Succ. H 

Item 5: Co~struct-a-story 51 + 4 

J.B. stated initially, that "12%" was the correct answer, however, after lengthy 

discussion, he compiled a story, based on a partition model of division, for the three 

required answers. Although J.B. explained that 'rounding up' and 'rounding down' 

strategies would be appropriate for the required answers of "12" and "13," he regarded 

"12%" as the "correct" answer. Despite J.B. 's view of the 'correct answer' his story in 

support of the required answer of "13" reflected a quotition-based division model as, 

"If 51 people are coming to a party and each one gets 1 can of drink, which 
come in packs of 4, how many packs are required?" 

J.Q. considered this item carefully, dividing "51" by "4" and stating the answer as 

"12r3." J.Q. identified this answer as equivalent to "12%" and appeared to concentrate on 

finding ways to dispose of the 'remainder' in his unsuccessful attempts to compile a story 

for each of the required answers. 

S.H. concluded that "12%" was the only answer as, 

"Because you have ah-eady got this answer, and there can only usually be 
one answer ....... to one problem." 

AB. appeared to attempt a 'repeated partition' stTategy as, 

"Um .... .I know that is um ..... ten ..... oh, if you divide it by forty it is ten 
each ........ But there is still eleven." 

After completing the operation of "51 minus 40" then "11 minus 8," A.B. identified an 

answer of "IO remainder 3." AB. remarked, 

"That still doesn't get twelve and three quarters ...... um .... maybe ifl add 
on ........ Oh ................. Can I do 'c'?" 

The instances of behaviours described above suggested that the notion of "one 

right answer" constrains intra-connectedness especially of the Conceptual Aspect of 

Multiplicative Knowledge in basic mathematics problems. Such severe constraints were 

evident in S.H. 's story about swimming laps in a pool as, 

"You had to do 51 turns and you didn't want to do all of the 51 turns so you 
divided 51 by 4 and that means there is more time to do other things because 
there are less turns to do." 
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S.H. calculated that the answer to this story problem was "12r3." As in the cases of J.Q. 

and AB., S.H. expressed the remainder part of the quotient as "r" or "remainder." These 

behaviours suggested that the Conceptual Aspect and associated procedures of 

manipulating decimals and fractions were severely constricted by a lack of intra

connections supported by knowledge of non-integers generally. 

Summary of Behaviours associated with Multiplicative Knowledge 
for the Low Simultaneous/Low Successive Information Processing 
Preferences Group 

L Succ. H 

Figure 26 shows a profile of observed behaviours for subjects who scored "Low" 

on Simultaneous Information Processing Preferences and "Low" on Successive 

Information Processing Preferences. 

Behaviours associated with Multiplicative Knowledge Structures 
Group 9 

Knowledge Constraints: 23 Proceptual Knowledge: 81 
3 

56 

D Procedural Know ledge 

o Multiplicative Constraints 

Conceptual Know ledge 

D Serrantic Constraints 

Figure 26: Frequency Profile of Behaviours associated with 
Multiplicative Knowledge for the Low Simultaneous/ 
Low Successive Information Processing Preferences Group 
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This group of subjects demonstrated behaviours that indicated severely 

constrained development of flexibility in Conceptual and· Procedural Aspects of 

Multplicative Knowledge in basic mathematics problems. Two subjects solved the first 

Number Sentence item, and one of these subjects identified the equivalent fraction forms 

of the multiplicand/multiplier and the answer. The second of these subjects placed the 

decimal point in the answer initially according to the addition algorithm, however, after 

recalling the 'rule' for placing of decimal points in a multiplication context she solved 

the item. The remaining two subjects were clearly constrained by the inappropriate 

algorithm for addition of decimal numbers, aligning the decimal points in the sum and 

the answer. Only one subject solved the second Number Sentence item. Three subjects 

appeared to be severely constrained by the primitive division model of partition in intra

connections of the Conceptual Aspect of Multiplicative Knowledge. 

The same subject who solved the Number Sentence items, calculated a first stage 

operation in the Word item. The other three subjects concentrated their efforts on 

additive strategies of 'building up' and 'building down.' After persisting with the item 

for a time, two of these subjects abandoned their efforts. Searching behaviours that 

suggested associations with the Conceptual Aspect .appeared to be constrained by the 

Semantics of this item in the case of the third subject who decided finally, that the item 

indicated that there would be no flour left over. 

Severe Multiplicative Knowledge Constraints to the intra-connections of the 

Conceptual Aspect and inter-connections with the Procedural Aspect were observed in 

the behaviours with resepect to the first Construct-a-story item. In the second Construct

a-story item, the primitive belief that there is "only one right answer" appeared to 

constrict markedly, the intra-connections of the Conceptual Aspect of Multiplicative 

Knowledge. 

This section reported variations in behaviours associated with Conceptual and 

Procedural Aspects of increasingly flexible Multiplicative Knowledge in basic 

mathematics problems within the four 'comer' groups of Simultaneous and Successive 

Information Processing Preferences. The following Section 8.2.5 discusses the 

variations in behaviours between these groups. 
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8.3 V ARIA TIO NS IN BERA VI OURS AS SOCIA TED WITH 
MULTIPLICATIVE KNOWLEDGE IN BASIC MATHEMATICS 
PROBLEMS BETWEEN THE SIMULTANEOUS/SUCCESSIVE 
INFORMATION PROCESSING PREFERENCES 'CORNER' GROUPS 

Figure 27 shows a graphical summary of the frequency profiles of behaviours 

associated with Multiplicative Knowledge in basic mathematics problems for the four 

Simultaneous and Successive Information Processing Preferences 'comer' groups. 
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Frequency Profiles of Behaviours associated with Multiplicative 
Knowledge for the Simultaneous/ Successive Information Processing 
Preferences 'Corner' Groups 

Variations in frequencies for the four categories of behaviours associated with 

Multiplicative Knowledge in basic mathematics problems show a linear relationship 

primarily according to levels of Simultaneous Information Processing Preferences. 

Frequencies of behaviours associated with Procedural and Conceptual Aspects of 

Multiplicative Knowledge are higher in Groups 1 and 3, (High Simultaneous/High 

Successive and High Simultaneous/Low Successive) than in Groups 7 and 9 

(Low Simultaneous/High Successive and Low Simultaneous/Low Successive. 

Further, the frequencies of behaviours associated with Procedural and Conceptual 

Aspects are higher in Group 1: High Successive Information Processing Preferences than 

in Group 3: Low Successive Infonnation Processing Preferences. This frequency pattern 

is replicated between the levels of Successive Information Processing Preferences with 

higher frequencies in Group 7: High Successive Information Processing Preferences than 

in Group 9: Low Successive Information Processing Preferences. 
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The pattern of frequencies of behaviours associated with Multiplicative 

Knowledge Constraints and Semantic Constraints between the groups, however, appears 

to be reversed. Frequencies of behaviours associated with Multiplicative Knowledge 

Constraints reflect a clear trend in which frequencies are lower in the High Simultaneous 

Information Processing Preferences Groups 1 and 3 than in the Low Simultaneous 

Information Processing Preferences Groups 7 and 9. Further, the frequencies of 

behaviours associated with Multiplicative Knowledge Constraints are lower in Group 1: 

High Successive Information Processing Preferences than in Group 3: Low Successive 

Information Processing Preferences. This pattern is also apparent in the pattern of 

frequencies in Group 7: High Successive Information Processing Preferences than in 

Group 9: Low Successive Information Processing Preferences. Although the level of 

frequencies of behaviours associated with Semantic Constraints are low in all groups, a 

similar trend to that of Multiplicative Knowledge Constraints is also discernable. 

The trend in frequencies of subjects' unprompted comments in relation to the 

difficulty of items are also shown in Figure 27. In the opposing comer groups, Group 1: 

High Simultaneous/High Successive Information Processing Preferences and Group 9: 

Low Simultaneous/Low Successive Information Processing Preferences, frequencies of 

these comments were lower than they were in the opposing corner groups, Group 3: 

High Simultaneous/Low Successive Infonnation Processing Preferences and Group 7: 

Low Simultaneous/High Successive Information Processing Preferences. There is little 

discernable difference in the frequencies between Groups l and 9 in the frequencies of 

comments in relation to the difficulty of items. The difference in frequencies between 

Groups 3 and 7 are of interest in that these groups represent opposing levels of 

Simultaneous and Successive Infonnation Processing Preferences. 

The discussion thus far has focussed on the contrasts in behaviours associated 

with :flexible Multiplicative Knowledge in basic mathematics problems in respect to high 

and low levels of Simultaneous and Information Processing Preferences. In the 

following paragraphs, the discussion overviews the trends in variations of behaviours 

across the nine Information Processing Preferences groups. Figure 28 shows profiles of 

behaviours associated with Multiplicative Knowledge in basic mathematics problems for 

the nine groups of Infonnation Processing Preferences. 
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Figure 28 shows that the trends noted previously in comparing the four 'comer' 

groups are confirmed across the nine groups of Information Processing Preferences. This 

pattern shows that behaviours associated with 'Proceptual' Knowledge Aspects are less 

constrained for subjects primarily with high Simultaneous Infonnation Processing 

Preferences and secondarily with high Successive Information Processing Preferences 

than they are for subjects with reduced levels of both Simultaneous and Successive 

Information Processing Preferences. 

This trend is consistent with Luria's theory of Information Processing Preferences 

where increased levels of sequential thinking are associated with increased levels of 

Successive Information Processing Preferences and increased levels of flexible thinking 

are associated with increased levels of Simultaneous Information Processing Preferences. 

These patterns support and complement the first phase studies and provide the basis for 

further investigation. 
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8.4 INDIVIDUAL DIFFERENCES IN INFORMATION PROCESSING 
PREFERENCES AND VERBAL AND MATHS SELF-ESTEEM IN 
PROCEPTUAL MULTIPLICATIVE KNOWLEDGE IN BASIC 
MATHEMATICS PROBLEMS 

High, medium and low levels of self-reported academic dimensions of Verbal 

and Maths Self-Esteem were identified in the first phase Study 4. Numeric values of 3, 

2, and 1 were assigned to the high, medium and low levels of Verbal and Maths 

Self-Esteem respectively. These numeric values were used to generate graphical 

representations that illustrated the differences between Information Processing 

Preferences and affective and cognitive aspects of behaviours associated with flexible 

Multiplicative Knowledge in basic mathematics problems. 

Figure 29 on the following page shows the frequencies of behaviours associated 

with cognitive and affective aspects of Multiplicative Knowledge in basic mathematics 

problems and nominative values of self-reported Maths and Verbal Self-Esteem for the 

nine groups of Simultaneous/Successive Information Processing Preferences groups. 
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Differences in levels of self-reported Verbal Self-Esteem indicate that Groups 1, 4 

and 7 self-report higher than Groups 2, 3, 5, 6, 8 and 9. This shows that within the three 

Simultaneous Information Processing Preferences strata, the relationship between higher 

levels of self-reported Verbal Self-Esteem and higher levels of Successive Information 

Processing Preferences are clearly distinguishable. 

Variations in levels of self-reported Maths Self-Esteem are related to behaviours 

associated with Multiplicative Knowledge structures. Higher levels of self-reported 

Maths Self-Esteem appear to be associated generally with higher levels of Proceptual 

Knowledge Aspects and lower levels of Multiplicative Knowledge Constraints. A 

noticeable anomaly in this general trend is that of Group 3: High Simultaneous/Low 

Successive Information Processing Preferences where the level of self-reported Maths 

Self-Esteem is the lowest of the nine groups. 

As discussed previously in Section 8. 3, a comparison of the opposing 'comer' 

Group 3: High Simultaneous/Low Successive and Group 7: Low Simultaneous/High 

Successive Information Processing Preferences showed that the frequency levels of 

'Proceptual' Knowledge Aspects are clearly higher in Group 3 than in Group 7. 

Conversely, the frequency levels of Semantic and Multiplicative Knowledge Constraints 

are higher in Group 7 than in Group 3. 

In comparing the levels of self-reported Maths and Verbal Self-Esteem in these 

groups, however, Figure 29 shows subjects in Group 7 self-reported higher levels of both 

Verbal Self-Esteem and Maths Self-Esteem than subjects in Group 3. The variation in 

frequencies of unprompted comments in relation to the difficulty of items between 

Groups 3 and 7, although not large, is also noteworthy with subjects in Group 3 

commenting more often than subjects in Group 7. 

This pattern of frequencies shows that subjects in the High Simultaneous/Low 

Successive Information Processing Preferences Group 3 had a generally lower self-regard 

for their academic ability than subjects in Group 7: Low Simultaneous/High Successive 

Information Processing Preferences despite the higher levels and proportionally less 

constrained Proceptual Knowledge Aspects of Multiplicative Knowledge reported for 

Group 3 than for Group 7. 
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Comments made by subjects in Group 3 included, 

"I don't know if this is helping me 

"I don't know what to do next." 

"I think I've done it wrong." 

I am lost." 

"I don't have Maths today thank goodness." 

"Oh, I don't know, I just feel it's harder." 

The subjects in the High Simultaneous/Low Successive Information Processing 

Preferences group generally perceived themselves as having lower academic ability than 

subjects in the Low Simultaneous/High Successive Information Processing Preferences 

group. These findings show that self beliefs about capabilities rather than actual 

capabilities determine what these students do with the knowledge and skills they have. 

These varying patterns prompt further questions regarding differences in the dimensions 

of Simultaneous and Successive Information Processing Preferences, perceived academic 

abilities and self-efficacy in solving basic mathematics problems. 

8.5 GENDER DIFFERENCES IN AFFECTIVE AND COGNITIVE 
BERA VI OURS ASSOCIATED WITH MULTIPLICATIVE KNOWLEDGE 
IN BASIC MATHEMATICS PROBLEMS 

The following discussion extends the analyses presented in the previous section 

and complements the significant results of gender differences in the academic dimensions 

of Verbal and Maths Self-Esteem reported in the Phase 1 Study 4 in Section 6.3. 

Figure 30 on the following page shows the profiles of frequencies of levels of self

reported Verbal and Maths Self-Esteem and frequencies of cognitive and affective aspects 

of behaviours for males and females. 
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Figure 30 shows that overall, females self-reported considerably higher levels of 

Verbal Self-Esteem than did males. This overall trend was also identified between the 

Infonnation Processing Preferences groups in all but Group 9: Low Simultaneous/ Low 

Successive Information Processing Preferences. 

Overall, females self-reported lower levels for Maths Self-Esteem than for Verbal 

Self-Esteem. Variations in levels of self-reported Maths Self-Esteem between the 

Information Processing Preferences groups indicated that males self-reported higher 

levels of Maths Self-Esteem in six of the nine groups of Information Processing 

Preferences than did females. Males demonstrated slightly higher levels of behaviours 

associated with Proceptual Knowledge Aspects than females. Females demonstrated 

slightly higher levels of Semantic and Multiplicative Knowledge Constraints and 

unprompted comments on the difficulty of items than did males. 

Figure 31 shows a selection of unprompted comments made by subjects. 

Males 

"I' don't really get it. I wouldn't have 
a clue." 

"Um ...... pretty annoying." 

"I don't know, it's a bad day for me." 

"I've confused myself now." 

"I'm finding it hard to say, to hold all 
that in my mind." 

"I can't figure them out." 

Females 

"I don't know how to do that though 
I'm not really sure." 

"I don't know .... .it just bothers me." 

"I don't think that question makes 
sense." 

"Um I'm not sure ifl can .... because 
it's a fraction ...... .I'm stuck on 
fractions." 

"I don't know ..... people try to teach me 
but I just. .. .I don't know, never quite 
got it." 

"I think I am doing this totally wrong." 

Figure 31: Selected Unprompted Comments made by Male and Female 
Subjects in Study 5 

These comments reflected the general feelings of frustration subjects experienced 

in trying to solve basic mathematics problems. Although females reported higher self

perceptions of their Verbal ability, and Males reported higher self-perceptions of their 

Maths ability, there were few Gender differences in the connectedness of Proceptual 

Multiplicative Knowledge or in the Constraints on Proceptual Multiplicative Knowledge. 

Gender differences in the comments on the difficulty of items however, indicated 

Chapter 8 - Page 23 9 



different orientations in dealing with difficulties encountered in solving the stimulus 

problems. 

Further investigation of the inter-relationships between male and female 

verbalisations and cognitive and affective aspects of knowledge in basic mathematics 

problems is beyond the scope of this study. Given the association of dimensions of Math 

Self-Esteem and General School Self-Esteem reported in the Phase 1 Study 4 in 

Section 6.3, however, further investigation of the inter-relationships between these 

dimensions of self-perceived abilities and other academic areas appear to be warranted. 

Summary 

This chapter presented the findings of the qualitative study of a sample of n=36 

subjects selected from Grade Year levels 8 and 9 from the original cohort Subjects were 

presented with five stimulus items in a clinical interview setting and responses in relation 

to these stimulus items were observed and recorded. Cognitive and affective behaviours 

associated with Proceptual Aspects of Multiplicative Knowledge in basic mathematics 

problems were analysed. Levels of flexibility in Proceptual Aspects were observed to 

increase in the higher levels of Simultaneous Information Processing Preferences. 

Although Constraints to Proceptual Aspects of Multiplicative Knowledge at all levels of 

Simultaneous Information Processing Preferences were marked, such constraints shown 

by subjects at the higher levels were less than those shown by subjects at the lower levels. 

Patterns of differences in Information Processing Preferences in relation to self

reported Verbal and Maths Self-Esteem were identified. Subjects in the higher levels of 

Simultaneous Information Processing Preferences self-reported higher levels of Verbal 

Self-Esteem than did subjects in the lower levels of Simultaneous Information Processing 

Preferences. Further differences were also noted within the levels of Successive 

Information Processing Preferences within the strata of Simultaneous Information 

Processing Preferences. Constraints in language usage demonstrated by subjects in their 

responses reflected this pattern of self-perceived Verbal Self-Esteem. 

Subjects who self-reported low levels of Maths Self-Esteem in the higher levels of 

Simultaneous Information Processing Preferences demonstrated lower levels of 

perseverance in solving the problems than did subjects in the lower levels of 

Simultaneous Information Processing Preferences. Unprompted comments regarding 

difficulty of items reflected differences in self-efficacy within the strata of Simultaneous 

Information Processing Preferences. These unprompted comments also reflected Gender 
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differences in orientation to problems. Male subjects adopted a less reflective approach 

to more challenging problems than did female subjects. 

The final chapter reviews the study. Theoretical implications arising from the 

findings are discussed and a model of Individual differences in Information Processing 

Preferences, Maths Self-Esteem and Proceptual Multiplicative Knowledge following the 

model formulated by Gray and Tall (1997) is proposed. Implications for Mathematics 

Education are discussed and further research directions identified. 
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CHAPTER9 REVIEW AND CONCLUSION 

Overview 

This concluding chapter reviews the study. Section 9.1 introduces the chapter. 

Section 9.2 states the major theoretical implications arising from the findings of the study. 

Section 9. 3 proposes a description of individual differences of cognition and affect in 

Multiplicative Knowledge in basic mathematics problems. Section 9. 4 discusses the 

limitations of the study and Section 9. 5 outlines the implications of the findings of the 

study for mathematics education. The chapter concludes with Section 9.6, which presents 

possible further research directions. 

9.1 INTRODUCTION 

This study focussed on individual differences in Information Processing 

Preferences and academic dimensions of Self-Esteem in respect to Multiplicative 

Knowledge in basic mathematics problems. The Phase 1 quantitative studies examined 

cognitive and affective constructs within a co-operative environment that minimised 

external threats to the integrity of the data. Study 1 confirmed a model of individual 

differences in cognition according to Luria's model of Successive and Simultaneous 

Information Processing Preferences. Study 2 confirmed the multi-dimensionality of 

Self-Esteem according to Marsh's model of academic and non-academic dimensions. 

The statistically significant results of a Rasch analysis of student performances in basic 

mathematics problems in Study 3 revealed an underlying structure of Multiplicative 

Knowledge. The more difficult problems were characterised by more complex inclusion 

relationships in the number domain, particularly non-integers, and associated complex 

algorithmic knowledge of multiplicative operations. The less difficult problems, 

characteristically, involved fewer inclusion relationships in the number domain and less 

complex algorithmic knowledge of multiplicative operations. 

Results of multivariate analyses in the fourth Phase 1 study showed a number of 

statistically significant relationships including higher levels of Simultaneous Information 

Processing Preferences derived from Study 1 and student performances in the more 

difficult problems identified in the Rasch analysis in Study 3. Other significant 

relationships included those of higher levels of the academic dimensions of Maths 

Self-Esteem and Verbal Self-Esteem derived from Study 2 and student performances in 

relation to the more difficult problems. Finally, significant differences in gender in 

respect to Maths Self-Esteem added another facet to the emerging pattern of complex 
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relationships between cognition and affect and student performances in basic mathematics 

problems. 

The Phase 2 qualitative study supplemented and complemented the statistically 

significant findings of the Phase 1 studies. This fifth study analysed behaviours 

associated with cognition and affect in Multiplicative Knowledge in basic mathematics 

problems. Differences in flexibility of thinking in Multiplicative Knowledge in respect to 

cognition and affect were identified between and within the strata of high, medium and 

low Simultaneous Information Processing Preferences and to a lesser extent in Successive 

Information Processing Preferences. 

The findings from the study focus on important theoretical issues that have 

implications for inquiry across the disciplines of psychology, sociology, mathematics and 

mathematics education. Some aspects of the methodology and scope of the study limited 

the extent to which the findings could be generalised. Through delimiting further 

research, the inter-relationships between cognitive abilities, self-esteem and 

Multiplicative Knowledge in basic mathematics problems could provide insights that 

have important implications for educational practice. 

9.2 THEORETICAL IMPLICATIONS 

The literature reviewed in Chapter 3 supported multiplicative thinking as a unique 

paradigm that is central to the contemporary 'integrated' view of the growth of 

mathematical understanding and the nature of what it is to "think mathematically." Major 

theoretical implications from the findings of the Phase 1 and 2 Studies include the 

development of authentic Proceptual Multiplicative Knowledge and the interrelationships 

of 'Proceptual' schemata and cognitive and affective variables that impact on the 

versatility of flexible Multiplicative Knowledge. These theoretical issues are discussed 

within the context of this study. 

9.2.1 Authentic Multiplicative Knowledge 

Authentic Multiplicative Knowledge, inherent in higher order mathematical 

thinking such as algebra and calculus, has its genesis in early arithmetical situations. 

Concomitant with increasing numbers of 'made' concepts is the need to 'have' these 

concepts readily available for future development. Such need places increasing strain on 

the cognitive load and the need for efficiency and effectiveness in ways of thinking is 

imperative. 
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Clark and Kamii ( 1996) described multiplication as requmng thinking 

simultaneously about two kinds of relations which is not required in addition. The many

to-one correspondence between single units and the single unit as a unit of say, three 

units, is an abstraction at a higher level than thinking only of single units. Concurrent 

with this set of inclusion relations are the inclusion relations both at the single unit level 

and the 'units of three level' in the above example, and in higher levels of abstraction. 

The many inclusion relations that are implicit in the non-integer domain impose still more 

complexity on Multiplicative Knowledge. Baturo (1998) who proposed that a 

hierarchical model of knowledge representing cognitive complexity is embedded in 

decimal-number numeration processes supports this view. Multiplicative Knowledge can 

be described as thinking simultaneously about the representation of different inclusion 

relationships to form tightly-compressed cognitive units that 'flex' according to the 

dynamics of different situations. 

Renaming and regrouping of digits in multiplication and division to form new 

operational units provided opportunities to use conceptual and procedural aspects of 

connected Proceptual Multiplicative Knowledge. In the quantitative Phase 1, Study 3, 

Multiplicative Knowledge was described as underpinning the Arithmetical Construct. 

The easier items in the Screening and Diagnostic Maths Test Part A were characterised by 

less complex Multiplicative Knowledge involving less complex inclusion relationships, 

mainly in integers and the harder items were characterised by increasingly more complex 

Multiplicative Knowledge involving more complex inclusion relationships, mainly in 

non-integers. 

The five stimulus items in Study 5 provided opportunities to use connected 

Proceptual Multiplicative Knowledge 

Stimulus Item 1: 0.5 x 0.5 

This item required subjects to demonstrate flexibility in multiplicative thinking in 

applying non-integer concepts and associated multiplication procedures. This item also 

provided potential opportunities for the explication of complex inclusion relationships 

inherent in the non-integer domain. 

Stimulus Item 2: 2 + 10 

This item provided the opportunity for subjects to demonstrate knowledge of 

structure of integer and non-integer place and value. Many subjects explained the 

grouping of ''2" and 'W' to form "20." Although this evidence of 'grouping' is 
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characteristic of 'flexibility' in Multiplicative Knowledge, it does not provide sufficient 

evidence of deep structure of number place and value which is fundamental to the 

development of authentic Multiplicative Knowledge. In the instance of this item, only 

one subject identified the new operational unit as "twenty-hundredths" that, when divided 

by the divisor "1 O" yields "two-tenths." 

Stimulus Item 3: "Jack has 35 cups of flour. He makes cookies that require 
3 

/ 8 cup of flour each. If he makes as many such cookies as 
he has flour for, how much flour will be left over?" 

This item required subjects to use higher abstractions of inclusion relationships in 

proportional thinking. The transfonnation points of recognising "113 cookie" as relating to 

a proportion of the quantity of "3 Is cup of flour/' and the outcome of "1 Is" as relating to a 

whole cup of flour, required even higher levels of abstraction. These higher levels of 

abstraction are characteristic of flexible cognitive units in authentic Multiplicative 

Knowledge. 

Stimulus Item 4: Construct-a-story for 120 x 0.04 

This item required subjects to demonstrate the true semantic meaning of a real-life 

situation preserving the multiplication operation. A range of properties governs the 

simultaneous nature of multiplicative thinking according to Anghileri & Johnson (1988) 

as discussed in Section 3.5.2. The first is the commutative property of multiplication. 

This property of numbers, although not affecting the mathematical solution, is crucial in 

relating to real situations where the expressed order of . operations reflects the true 

semantic meaning of the problem. 

The second property is the distributive property for multiplication over addition 

and multiplication over subtraction. The number triple in multiplication and division is 

the same and division can be construed as a special case of multiplication in that the 

division process can be considered as finding a missing factor in a multiplicative 

situation. 

Stimulus Item 5: 51 7 4 

This item required subjects to apply high levels of the distributive property to 

context each of three quotients in realistic situations. 
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The third property for division is the non-commutative property where, unlike 

multiplication, the order of operation will affect the solution. 

Stimulus Item 2: 2-;- 10 required subjects to apply this property. 

Stimulus Items 2 and 5 also required application of the partition and quotition models of 

division. Stimulus Item 2 can be construed as a partitive model of division in that the 

total "2" is divided by "10" the number of groups, to find the number in each group. 

Stimulus Item 5, however, may be construed as either a partitive or quotitive model of 

division depending on the semantic meaning of the problem context. When the divisor 

"4" represents the number of groups, the multiplicative meaning situation represented by 

"51 -;- 4" may be construed as a partitive model of division. Implicit in the primitive 

partitive model is the more concrete 'equal shares' aspect. When the divisor ''4" 

represents the number in each group, however, the multiplicative meaning situation 

represents the more abstract quotitive model of division. 

The diversity of behaviours displayed by subjects in relation to the set of five 

stimulus items in Study 5 indicated differences in Multiplicative Knowledge in basic 

mathematics problems. While some subjects displayed behaviours associated with dense 

and flexible connections, other subjects did not show evidence that these connections 

were readily available to them. 

9.2.2 Proceptual Schemata in Multiplicative Knowledge 

As discussed in Chapters 2 and 3, densely-connected 'Proceptual' units with 

strong internal links in Multiplicative Knowledge are defined by Procedural and 

Conceptual Knowledge Aspects. Although these aspects are difficult to separate, they 

may be distinguished from each other in that the Procedural Aspect is observable in 

behaviours that require more sequential linear thinking and the Conceptual Aspect is 

observable in behaviours that depend on simultaneous hierarchical thinking. Proceptual 

Aspects of Multiplicative Knowledge therefore, may be described as the boundaries of the 

proceptual schemata of Multiplicative Knowledge in basic mathematics problems. This 

proceptual schemata is a dynamic environment in which dense connections are 

continually forming and refonning. The versatility of Proceptual Multiplicative 

Knowledge, however, can be constrained to a greater or lesser extent by semantic and 

multiplicative knowledge misconceptions, beliefs and attitudes. 

Fischbein, Deri, Nella and Marino (1985) stated that primitive models of 

multiplication and . division constrain the search for the required arithmetical operations 
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for solving word problems. These primitive models foster the misconceptions that 

multiplication always makes bigger, and division always makes smaller and become 

conceptual obstacles for more complex mathematical thinking, particularly ratio and 

proportional thinking. Subjects while working on the Stimulus Items in Study 5 

demonstrated such constraining behaviours. In Stimulus Item 1, "0.5 x 0.5," the most 

common error response was "2. 5." In Stimulus Item 2, "2 + 10" subjects explicitly 

reversed the order of operation, declaring that a smaller number cannot be divided by a 

larger number. In Stimulus Item 4, Construct-a-story for "51 + 4" the majority of subjects 

who were successful in constructing a story to support the required answers of "12" and 

"13" asserted that "123
/ 4" was the only "right" answer. These findings are consistent with 

the views of Anghileri and Johnson (1988) who stated that children may be under the 

mistaken impression that, given any two numbers and an operation, the resulting solution 

is unique; there can only ever be one correct solution. 

Phase 1 Studies 3 and 4 showed that there were statistically significant 

relationships between knowledge of non-integers and flexible Multiplicative Knowledge 

and these provided a focus for further inquiry. Greer (1992) identified various conceptual 

obstacles to the development of knowledge domains. The. findings from Study 5 were 

supported by the previous work of Greer in that they showed a range of cognitive 

constraints associated with Semantics and Multiplicative Knowledge which posed threats 

to developing Proceptual Multiplicative Knowledge in basic mathematics problems. 

Behaviours reflecting Semantic constraints were observed in the Stimulus Item 2, 

"2 + 10" firstly when subjects read the item as "two into ten" and then secondly when 

subjects interpreted "two into ten" as meaning the same as "two divided by ten." 

Instances of behaviours reflecting Multiplicative Knowledge Constraints were 

demonstrated more frequently than behaviours reflecting Semantic Constraints and 

encompassed a variety of misconceptions associated with primitive multiplicative models. 

Phase 1 Study 4 showed significant relationships exist between Simultaneous 

Information Processing Preferences and student performance on items involving more 

complex Multiplicative Knowledge structures, and between Maths Self-Esteem and 

Verbal Self-Esteem and student performance on these more complex items. Individual 

differences in cognitive and affective variables in respect to the Proceptual Schemata in 

Multiplicative Knowledge are discussed in the following section. 
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9.2.3 Cognitive and Affective Variables in Multiplicative Knowledge 

The confirmatory Phase 1 Studies 1 and 2 and the relationships identified in Study 

4 provided a framework within which to observe, in more depth, individual differences in 

cognition and affect in respect to Multiplicative Knowledge in basic mathematics 

problems. The Phase 2 Study 5 was designed to complement the Phase 1 studies by 

confinning these statistically significant results through observed cognitive and affective 

behaviours of groups of subjects according to levels of Simultaneous and Successive 

Information Processing Preferences. 

In Study 5, frequencies of behaviours reflecting Proceptual Aspects of 

Multiplicative Knowledge in basic mathematics problems varied firstly, according to 

levels of Simultaneous Information Processing Preferences and secondarily, according to 

levels of Successive Information Processing Preferences. Higher levels of Simultaneous 

Information Processing Preferences were related to higher frequencies of behaviours that 

reflected more densely-connected Proceptual Aspects of Multiplicative Knowledge. The 

connectedness of Proceptual Aspects also varied according to levels of Successive 

Information Processing Preferences, with higher levels being related to enriched 

proceptual connections. A pattern, which was the converse of the connectedness of 

Proceptual Aspects described above, was identified in the frequencies of behaviours 

reflecting Constraints to Proceptual Aspects of Multiplicative Knowledge. 

The relationships between levels of Simultaneous and Successive Information 

Processing Preferences and levels of the academic dimensions of Maths and Verbal 

. Self-Esteem were less clear. There did, however, appear to be a relationship between 

higher levels of self-reported Verbal Self-Esteem and higher levels of Successive 

Information Processing . Preferences within each stratum of Simultaneous Information 

Processing Preferences. This trend is consistent with Luria's Information Processing 

theory in which Successive Information Processing Preferences are associated with the 

more temporal and sequential thinking required in the verbal domain. 

Higher levels of Maths Self-Esteem appeared to be related to higher levels of 

Proceptual Knowledge Aspects. This suggests that connectedness of Proceptual Aspects 

of Multiplicative Knowledge in basic mathematics problems varies according to 

individual differences in Maths Self-Esteem. These findings are consistent with theories 

in affect such as that of McLeod's (1992:579) which described beliefs as relating to 
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mathematics as a discipline, or about oneself in relation to mathematics, and are mainly 

cognitive, developing comparatively slowly. 

According to Marsh, Waker and Debus ( 1991) findings from studies consistently 

showed that mathematical self-concept is related to mathematics performance. Marsh, 

Skaalvik and Rankin (1995:165) described a dynamic equilibrium model and predicted 

that: 

as: 

... student domain specific self-perceptions (math self-concept, self
perceived aptitude and self-perceived ability to learn), which are 
assumed to be based on external and internal comparisons affect intrinsic 
motivation, effort and anxiety and are affected by academic 
achievement. 

DeBellis and Goldin (1997:209) supported the links between affect and cognition 

We have come to the view that affect - and its detailed interplay with 
cognition - is the most fundamental and essential system of 
representation in powerful mathematical learning and problem solving. 

It is suggested that in relation to the High Simultaneous/Low Successive 

Information Processing Preferences group in Study 5 the sharp reduction in behaviours 

reflecting Proceptual Aspects of Multiplicative Knowledge combined with a lack of 

evidence of a corresponding sharp increase in behaviours reflecting Multiplicative 

Knowledge Constraints, may be explained in accordance with the theories of Marsh et al. 

and DeBellis and Goldin. It appeared that although these subjects had the capacity to 

form increasingly abstract concepts, the lack of readily-available, tightly integrated 

Proceptual Multiplicative Knowledge appeared to impede their initial enthusiasm to 

persevere in the search for more complex proceptual connections in solving basic 

mathematics problems. These participants had self-reported generally lower levels of 

Maths Self-Esteem in Study 2. 

In contrast, subjects in the High Successive/Low Simultaneous Information 

Processing Preferences group maintained a focus on searching for procedures to apply to 

solve the problem although they displayed higher frequencies of behaviours reflecting 

constraints to Multiplicative Knowledge. These subjects self-reported higher levels of 

Maths Self-Esteem in Study 2 than did subjects in the High Simultaneous/Low 

Successive Information Processing Preferences group. It appeared that lower levels of 

perceptions of mathematical ability constrain the flexibility of thinking in Proceptual 
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Aspects of Multiplicative Knowledge for subjects with High Simultaneous/Low 

Successive Information Processing Preferences. 

9.3 PROPOSED MODEL OF PROCEPTUAL MULTIPLICATIVE 
KNOWLEDGE 

Gray, Pitta and Tall's (1997:115) model posited that there are differences m 

Proceptual and Procedural thinking in mathematics. Some people manage the 

compression process of encapsulating or shifting focus from concrete objects to actions 

on those objects. These actions have the potential to form a concept or 'object of the 

mind' such as in the cognitive shift in which the concept of number becomes conceived as 

a construct that can be manipulated in the mind. For others, however, meaning appears to 

remain at an enactive or process level where cognitive units are uncompressed or 

unencapsulated. Although the objects that are the catalysts for both strands of 

development are the same, the conceptual development is different. Researchers 

including Gray and Tall (1991, 1994), Gray, Pitta and Tall (1997) and Crowley and Tall 

( 1999) proposed that bifurcation in thinking manifests as cognitive shifts in flexible 

Proceptual thinking and more diffuse Procedural thinking. More recently, a new quality 

of the proceptual divide was described by Tall et al. (2000) as: 

the growing ability to use symbols as a pivot between process and 
concept that gives the power to numerical symbols as procepts. 

The model proposed by Gray, Pitta and Tall (1997) discussed in Chapter 3, 

page 70 focused on the proceptual divide as the division space between these qualitatively 

different thinking styles. This model provided a useful basis for developing the proposed 

model of Proceptual Multiplicative Knowledge that acknowledges the inherent 

connectivity between the Conceptual and Procedural Knowledge Aspects in respect to 

symbolic representation of mathematical understanding in basic mathematics problems. 

The following is a discussion of the explicit nature of differences in Simultaneous 

and Successive Information Processing Preferences and academic (Verbal and Maths) 

Self-Esteem in respect to differences in the connectivity in Proceptual Aspects of 

Multiplicative Knowledge in basic mathematics problems. 

The findings of Study 5 described behaviours associated with increasing 

flexibility of Proceptual Aspects in Multiplicative Knowledge and behaviours associated 

with constraints to the development of these structures. Early Multiplicative Knowledge 

is predominantly sequential and object-oriented as it is predicated on integers. 
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When children encounter increasing numbers of inclusion relationships particularly in 

non-integers, however, they are challenged to exercise increasing flexibility in thinking. 

In this study, subjects who displayed lower levels of Simultaneous Information 

Processing Preferences appeared to have continued at an essentially enactive or process 

level of largely unencapsulated arithmetical knowledge. In contrast, subjects who 

displayed higher levels of Simultaneous Information Processing Preferences appeared to 

have developed increasingly complex Proceptual Multiplicative Knowledge that is 

predominantly simultaneous, action-oriented and versatile. 

Further differentiation of the development of Proceptual Multiplicative 

Knowledge within the levels of Simultaneous Information Processing Preferences 

appeared to be rel~ted to levels of Successive Information Processing Preferences. 

Higher levels of Simultaneous Information Processing Preferences are essential for the 

formation of dense intra-connections of more conceptual aspects of Multiplicative 

Knowledge (thinking of multi-levels of inclusion relationships simultaneously). Higher 

levels of Successive Information Processing Preferences are required for the more 

procedural aspects of Multiplicative Knowledge inherent in algorithmic processes. 

It is suggested that affective variables impact also on the versatility of Proceptual 

Multiplicative Knowledge. The findings of Study 5 indicated that levels of self-reported 

Verbal Self-Esteem were generally higher, the higher the levels of Simultaneous 

Information Processing Preferences and generally higher the higher the levels of 

Successive Information Processing Preferences within the Simultaneous Information 

Processing Preferences strata. The findings of Study 5 also indicated a similar pattern for 

self-reported Maths Self-Esteem. However, there were differences in affective 

behaviours associated with Proceptual Multiplicative Knowledge in subjects' problem

solving strategies where levels of Simultaneous Information Processing Preferences were 

high and Successive Infonnation Processing Preferences were low. 

The proposed model of shifts in Simultaneous and Successive Information 

Processing Preferences and academic (Verbal and Maths) Self-Esteem in Multiplicative 

Knowledge in basic mathematics problems is described in Figure 32 on the following 

page. 
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Proposed Model of Individual Differences in Information Processing 
Preferences and Academic Self-Esteem in Proceptual Multiplicative 
Knowledge in Basic Mathematics Problems 

This model proposes that differences in the flexibility of thinking are evident in 

Multiplicative Knowledge in basic mathematics problems. Proceptual Multiplicative 

Knowledge develops from flexible interconnections of the Conceptual and Procedural 

Aspects of Multiplicative Knowledge that enable further development of increasingly 

versatile connections, characteristic of authentic Multiplicative Knowledge. 

Discontinuous development of disparate concepts and procedures, or Constrained 

Multiplicative Knowledge, is characteristic of low connectivity. It is proposed that the 

flexibility of thinking inherent in Simultaneous Information Processing Preferences is the 

catalyst (point A in Figure 32) for the development of Proceptual Multiplicative 

Knowledge. These cognitive processes are essential in maintaining the integrity of 

increasingly dense and complex inter-connections of Conceptual and Procedural Aspects 

of authentic Multiplicative Knowledge. Development of Early Multiplicative Knowledge 

(leading to point A in Figure 32) is beyond the scope of this study. Further investigation 

of the relationships between developing cognitive processes, affect and knowledge 

structures in young children is needed to facilitate optimum development of Proceptual 

Multiplicative Knowledge. 

In the Integer domain, Multiplicative Knowledge Constraints including 

inappropriate models and procedures are more easily masked. Concepts and procedures 
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associated with repeated addition and repeated subtraction procedures can mask the 

process of compression (formulated in Gray and Tall 1994, based on Thurston, 1990) 

necessary for the formation of authentic Multiplicative Knowledge. In the non-Integer 

domain, however, concepts and procedures based on these primitive models fail and the 

development of flexible Multiplicative Knowledge is dismpted and becomes increasingly 

constrained and discontinuous. Procedural Aspects of Multiplicative Knowledge, reliant 

more on process, are more vulnerable to Multiplicative Knowledge Constraints. Such 

constraints imposed by primitive and/or fallacious knowledge and beliefs can disrupt the 

development of authentic Multiplicative Knowledge. 

As discussed above, the catalyst in developing Proceptual Multiplicative 

Knowledge is the flexibility in thinking inherent in Simultaneous Information Processing 

Preferences. The findings of Study 5 indicated that the higher the levels of Simultaneous 

Infonnation Processing Preferences (points Band C in Figure 32) the higher the density 

of complex inter-connected Proceptual Multiplicative Knowledge and the lower the 

dismptive potential of increasingly disparate Multiplicative Knowledge Constraints. 

Conversely, the lower the levels of Simultaneous Infonnation Processing Preferences 

(point D in Figure 32) the lower the density of complex inter-connected Proceptual 

Multiplicative Knowledge and the higher the disruptive potential of increasingly disparate 

Multiplicative Knowledge Constraints. Threats to the connectivity of Proceptual 

Multiplicative schemata from the mediating effects of self-perceived low Maths Self

Esteem, appear to be higher in the higher levels of Simultaneous Information Processing 

Preferences than in the lower levels of Simultaneous Information Processing Preferences. 

In Study 5, for example, subjects who exercised high Simultaneous/low Successive 

Infonnation Processing Preferences displayed behaviours that indicated disconnection 

with the cognitive process when they encountered problems that they could not solve 

easily. In contrast, subjects who exercised low Simultaneous/high Successive 

Information Processing Preferences did not display such behaviours and continued to 

persevere independently with problems. 

In this dynamic model, it is conjectured that the effectiveness of strategies to 

optimise the development of authentic Multiplicative Knowledge will vary, primarily 

according to the level of Simultaneous Information Processing Preferences. Further 

variation will also occur according to the level of Successive Information Processing 

Preferences within the strata of Simultaneous Infonnation Processing Preferences. This 

view follows Gray, Pitta and Tall (1997:121) who found that lower achievers in programs 
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to shift the focus from processes to thinking strategies tend to resist a change from the 

security offered by their well-known counting procedures. This suggests that efforts to 

make the relationships implicit in proceptual thinking explicit to those who do not have 

the associated flexibility of thinking may fail as these people may perceive these efforts 

as a new set of procedural rules. Gray and Tall (1994) hypothesised this (helping students 

to thinking proceptually may simply lead them to treating the ideas as new procedures). 

Gray and Pitta, working with the student Emily (paper downloadable from 

www.eddiegray.co.uk) show that problem-solving using a multi-line calculator can improve 

matters. This view has important implications for those learners who exercise high levels 

of Successive Information Processing Preferences coupled with low levels of 

Simultaneous Information Processing Preferences. 

The success of cognitive mitigating strategies, therefore, would appear to vary 

according to each individual's ability to focus attention on the intrinsic flexibility within 

the encapsulated object, the concept, rather than on concrete objects and actions upon 

these objects. Fischbein (1989: 13) considered that the robustness of implicit models of 

multiplication and division, for example, can be explained by their fundamental 

importance for the reasoning process and that they inspire and, very often, even control it. 

Fischbein suggested that the intrinsic qualities of these primitive models of simplicity, 

concreteness and immediacy correspond to basic tendencies of our reasoning processes in 

general. 

In the proposed model the encapsulated object or procept, is defined by both 

Procedural and Conceptual Knowledge Aspects as these aspects are not mutually 

exclusive; they provide an organised context or schema in which the procept exists. This 

description is comparable with that of Anderson ( 1995) who considered that organised 

mathematical knowledge encompasses both declarative and procedural knowledge. In 

Study 5, the more powerful and better-connected Multiplicative Knowledge schemas 

exhibited by subjects who exercised higher Simultaneous Infonnation Processing 

Preferences were reflected in more efficient strategies to track transformation of units 

leading to correct solutions in the more complex Word and Construct-a-story Stimulus 

Items. 

It is also proposed that the effectiveness of strategies to facilitate self-efficacy 

through raising self-perceptions of academic ability, particularly Maths Self-Esteem will 

vary according to the level of Simultaneous Information Processing Preferences. The 

fonnulation of effective strategies to raise self-perceptions of mathematical ability for 
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people who exercise higher Simultaneous Information Processing Preferences, yet who 

perceive their mathematical ability to be lower than their actual mathematical 

performance is problematic. Such strategies are critical however, to optimising student 

potential in developing Proceptual Multiplicative Knowledge. 

9.4 LJMITATIONS OF THE STUDY 

These can be considered from two interacting aspects - the aspect of methodology 

employed in the study and the aspect of the scope of the study. The main limitation with 

this study is the sampling technique that was highly selective, specific and non-random. 

The subjects were self-selected from a co-educational, urban, state secondary school in 

Queensland, Australia. 

9.4.1 Methodological 

Although it may be more usual to conduct qualitative research in order to identify 

a focus for further quantitative analysis, the availability of confirmed theoretical 

frameworks facilitated quantitative methods to be used in a first analysis. In this research, 

the qualitative methodology grew as a result of the analysis of the quantitative Phase 1 

methodology. 

Confirmed theoretical frameworks were used to gather data and to conduct 

analyses of variables of Information Processing Preferences and Self-Esteem in the first 

two studies. A Rasch analysis was used to statistically analyse responses to basic 

mathematics problems in the third study. Multivariate analysis of data from Studies 1 - 3 

showed significant relationships that provided the impetus for a more in-depth, Phase 2 

qualitative investigation that extended and enriched the findings of the Phase 1 

quantitative studies. 

The sample for the quantitative Phase 1 studies was N = 164 and the theoretical 

frameworks were interpreted with a high degree of confidence (p =or> .95.) Recovery 

of a two-factor solution rather than a three-factor solution in the Information Processing 

Preferences study may limit this analysis in that a clearly defined "planning" factor was 

not identified. A larger sample size could enable more effective and further analysis of 

the variables gender and age in relation to Information Processing Preferences in solving 

basic mathematics problems. 

The availability of students to participate in the Phase 2 study was restricted to 

Years 8 and 9. This restriction was imposed by the School administration in light of 

curricular and other school commitments for students in Years 10 - 12. The Year 8 and 9 
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students who volunteered to participate in the Phase 2 qualitative study represent 40% of 

the original Year 8 and 9 cohort and 22% of the original cohort of Years 8 - 12 inclusive. 

This sample was partitioned according to levels of high, medium and low Information 

Processing Preferences and was balanced in terms of gender within these levels. 

Open-ended questioning techniques in clinical interviews were used to gam a 

greater understanding of respondents' true intentions, beliefs and attitudes ( in relation to 

Proceptual Multiplicative Knowledge in basic mathematics problems) as these 

opportunities are not available in other methodologies according to Kerlinger (1975:484). 

The Stimulus Items used in the fifth study produced a number of different data elements. 

This data allowed for deeper analysis of a restricted sample size than would psychometric 

analysis. Further development would allow this set of Stimulus Items and response 

scoring protocol to be further refined for use in a variety of other settings. 

Qualitative methods such as group discussion and "second story telling" may also 

be useful in identifying more in-depth and richer understandings of the roles of cognition 

and affect in solving basic mathematics problems. Such qualitative methods facilitate 

nuances of meaning, motivation and cultural differences to be more easily identified and 

explained than quantitative methods in small samples. A larger sample size would 

facilitate analysis of student responses to stimulus items using quantitative methods. 

9.4.2 Scope of the Study 

The study was limited to one urban state secondary school in Queensland, 

Australia. Although the school was considered to be representative of most state 

secondary schools in Queensland, Australia in terms of curriculum offerings, staffing 

levels, resources and student profiles, the research cohort was nonetheless restricted to 

one educational environment. A selective sample was drawn from Grade levels 8 - 12 

inclusive. As all subjects were volunteers, the self-selection process may bias results of 

this study. Investigation of Infom1ation Processing Preferences and Self-Esteem in 

relation to problem solving in basic mathematics in early childhood, primary school, 

tech11ical and further education sectors was beyond the scope of this study. Replication of 

this study, extending its scope geographically, numerically and demographically within 

other educational sectors may enrich and extend the findings and identify further 

opportunities for their application. 

Longitudinal studies would be of particular value in describing the developmental 

paths in cognition and affect in relation to Proceptual Multiplicative Knowledge. 
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Where such studies encompass a diversity of geographic, demographic and linguistic 

bases, and subjects were randomly selected within such diverse confines, findings could 

be more universal in their scope. 

9.5 IMPLICATIONS FOR MATHEMATICS EDUCATION 

Contemporary views of mathematics education favour an integrated approach to 

thinking mathematically whereby students are encouraged to be active participants in the 

construction of their own mathematical knowledge. Resnick and Nelson-Le Gall (1997), 

for example, believe that intelligence has as much to do with how individuals construe 

themselves and their action-:-in-the-world as with the specific skills they possess at any 

given moment. The didactic relationship between teacher and student is traditionally a 

hierarchical one in which the teacher is regarded as the authority ( and therefore 

powerful) figure, and the assessment relationship one of judgment or surveillance. The 

findings of the Study raise serious implications for pedagogy as they question this model 

of learning. 

Teacher-student power relationships need to be reconstructed in relation to both 

learning and assessment in a more dynamic interactive educational environment. Such 

an environment would provide opportunities for individuals to engage in discourse with 

others, including teachers, fellow students and other interested individuals and to 

contribute to the success of major tasks that emphasize distributed expertise and the 

sharing of knowledge. Individuals would be allowed and encouraged to test the 

flexibility of their 'constmction' and their perception of themselves as mathematical 

thinkers. Individual student's development of competency in such construction would 

need to be facilitated in supportive learning environments that focus on social interaction 

in the Vygotskyian sense. 

Competence in construction is defined in part by the extent to which knowledge 

and skills are transferable and applicable in a variety of tasks and circumstances and is 

especially important in group situations (Pellegrino, Baxter and Glaser, 1999.) When 

students participate in collaborative discourse, they have to concentrate at a deeper level 

of understanding and reasoning than they would when working individually (Schoenfeld, 

1989) thus building community and reasoning. Sherin, Mendez and Louis (2000:188) 

supported the move to improve students' learning and help teachers make sustained 

changes in their teaching practices by developing discoursive communities. 
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The overall pattern of responses students generate across a set of items or tasks 

explicitly constructed to discriminate between alternative profiles of knowledge can 

reflect differences in the connectedness of the underlying knowledge structures in basic 

mathematics problems. In the Phase 1 Study 3, students performed better on integer 

items than on non-integer items. This significant finding formed the basis for a Phase 2 

study. The Phase 2 study using specially constructed stimulus items investigated in 

greater depth, individual differences in cognitive and affective aspects in proceptual 

multiplicative knowledge that underpin performance in basic mathematics problems. 

Lunt ( 1994: 167) argued that at the classroom level, the task for the future is to 

develop assessment procedures that, 

combine the strengths of qualitative descriptions of processes of learning 
with quantitative information on individual differences ... . Such 
assessment will need to take into account both the social and contextual 
factors surrounding individual learning and the interactions involved in 
instruction and the way that these affect an individual's learning. 

According to the National Research Council (1999) the assessment of 

achievement in the future will encompass cognitive abilities, disciplinary performance 

objectives, measurement procedures, and instructional practices rather than (at present) 

largely decoupled, co-existing standardised assessment and conditions of instruction. 

Within this context, the theory-based constructs to be measured must be emphasised 

prior to test development and then used to generate item or task characteristics that are 

intended to influence the performance of more or less proficient students (National 

Research Council, 1999). 

Pedagogy needs to provide for individual differences in cognition and affect in 

developing Proceptual Multiplicative Knowledge structures. Mathematics education 

within contemporary classrooms is typically dominated by enactive methods of 

instruction, based on the belief that given the appropriate experience, all children will 

"encapsulate" arithmetical processes to form arithmetical concepts. The findings of both 

the quantitative and qualitative studies showed that there is wide variability in 

secondary-school students' "encapsulation" of arithmetical processes. The Phase 2 study 

confirmed and enhanced the findings of the third quantitative study in Phase 1 which had 

shown statistically significant differences in student performance on the Arithmetical 

Construct. Findings of the first and fourth studies in Phase 1 showed that there are 

statistically significant relationships between individual differences in Simultaneous and 
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Successive Information Processing Preferences and student perfonnance on the 

Arithmetical Construct. 

The Phase 2 qualitative study supplemented and complemented these significant 

findings by identifying relationships between behaviours indicating cognitive and 

affective aspects of developing Proceptual Multiplicative Knowledge structures in basic 

mathematics problems. Subjects who exercised high levels of Simultaneous and 

Successive Information Processing Preferences clearly were more likely to form dense 

interconnections between Conceptual and Procedural Aspects of Multiplicative 

Knowledge structures than subjects who exercised high levels of Successive Information 

Processing Preferences and lower levels of Simultaneous Information Processing 

Preferences. 

The relationship between these cognitive aspects and Maths Self-Esteem, while 

generally higher for subjects who exercised higher levels of Simultaneous Information 

Processing Preferences, was not as clearly defined as idiosyncratic behaviours were 

apparent within these higher levels. The implication of these findings for mathematics 

education is the recognition of self-perception as an important enabling aspect, 

particularly for students who exercise high levels of Simultaneous Information Processing 

Preferences. 

Glenn (2000: 17) challenged America to capture a vision of high-quality teaching 

that uses "hands on" approaches to learning in which students not only learn the 'what' 

but also the 'how' to learn, and most importantly, learn to care about their own learning 

(they learn to learn). This challenges the traditional view of "mathematics [is seen] as a 

rigid system of externally dictated rules governed by standards of accuracy, speed and 

memory" (National Research Council, 1989:44). 

Among the desc1iptions of the kind of instruction in mathematics and science that 

can justifiably be called "high-quality teaching" Glenn (2000) suggested that, 

High-quality teaching allows for, recognizes, and builds on differences 
in the learning styles and abilities of students. It has the deepest respect 
for students as persons; it corrects without squelching; it builds on 
strengths rather than trying to stamp out weaknesses. 

A positive, encouraging approach will empower learners through their 

knowledge of their strengths of their learning preferences. Teachers who become 

proficient in facilitating learning experiences will capitalise on such strengths. Such a 

meta-cognitive approach also suggests that the strengths of less preferred learning 
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preferences of learners are optimised through ''constructing their own meaning as they 

are confronted with learning experiences which build on and challenge existing 

knowledge" (Anderson, 1996:31 ). 

Professional development of practicing Mathematics teachers is imperative. In 

Before It's Too Late: A Report to the Nation from the National Commission on 

Mathematics and Science Teaching for the 2J51 Century Glenn (2000:15) defined the 

term "professional development" as meaning, 

a planned, collaborative, educational process of continuous 
improvement for teachers that helps them do five things: (1) deepen their 
knowledge of the subject(s) they are teaching; (2) sharpen their teaching 
skills in the classroom; (3) keep up with developments in their fields, and 
in education generally; ( 4) generate and contribute new knowledge to the 
profession; and ( 5) increase their ability to monitor students' work, so 
they can provide constructive feedback to students and appropriately 
redirect their own teaching. 

Continual renewal and growth of knowledge is equally imperative in the 

Australian context. Kaminski's (2000:185-186) findings of student teachers' experiences 

as learners of mathematics indicated that the future focus of research into learning 

approaches for student teachers should emphasise engagement of student teachers as 

learners: 

in active knowledge construction, in making sense of mathematical 
experiences and in communicating their mathematical thinking. 
Opportunities will be planned for exploring and developing non-standard 
mathematical procedures and for student teachers to engage in reflective 
practices to examine their mathematical learning, beliefs, assmnptions and 
attitudes. 

The "enculturation" of practicing Mathematics teachers, particularly in the 

Queensland state secondary education sector is also imperative. In this sector teachers 

typically teach prescribed programs of study. Students are guided in their choice of the 

. level of Mathematics they will study for Grade Year levels 9 and 10, primarily, according 

to their Mathematics performance in the first year of secondary school (Grade 8 in 

Queensland). Change from such a 'program based' culture to one of recognising the 

strengths inherent in different cognitive styles and fostering the growth of students' 

perceptions of themselves as "mathematical thinkers" would require large-scale 

professional development initiatives. In the Australian context, the high cost of such 

initiatives may be a significant obstacle. The cost of not implementing such initiatives 

will be immeasurable. 
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9 .. 6 FURTHER RESEARCH DIRECTIONS 

A number of strategic research recommendations and suggestions emanate from 

the findings of this study. Firstly, the patterns of variability in cognition and affect 

identified in Phase 2 in a large quantitative study need to be confirmed using a large 

quantitative study. Such investigation could provide a more complete explanation of the 

variability of Multiplicative Knowledge in basic mathematics problems. Secondly, an 

extension to the understanding of the development of Information Processing Preferences, 

particularly Simultaneous Infonnation Processing Preferences, the inter-relationships with 

academic dimensions of Self-Esteem and Proceptual Multiplicative Knowledge may be 

achieved through longitudinal studies. Thirdly, the utility of the stimulus items used in 

Study 5 as explicators of the connectedness of Proceptual Multiplicative Knowledge in 

basic mathematics problems could be helpful in profiling the connectedness of 

Multiplicative Knowledge in basic mathematics problems. Fourthly, appropriate teaching 

strategies to optimise the development of connectedness of flexible Proceptual 

Multiplicative Knowledge in basic mathematics problems need to be explored and 

developed. Gray, Pitta and Tall (1997:128) suggested that, 

Children may be focusing on different aspects of their experience. For 
some the dominant focus is on objects and the actions on those objects, 
others are able to focus more flexibly on the results of those actions 
expressed as number concepts. The former may seek the security of 
counting procedures on objects rather than the longer-tenn development of 
flexible arithmetic. We need to determine which, so that we may provide 
the necessary support both to those who develop flexibly and also to those 
who, at the very start of their mathematical development, appear to be 
travelling along the wrong road. 

A major limitation of the first three research recommendations may be lack of 

resources. Clinical interviews are highly invasive and demand high levels of intellectual 

and emotional investment by both subject and researcher/interviewer. A number of 

interviewers would be required to gather enough data for statistical confinnation and this 

places a further limitation on temporal and physical resources in identifying, preparing 

and co-ordinating interviewers and research subjects. 

This study demonstrates that· there are significant individual differences in 

Information Processing Preferences, academic dimensions of Self-Esteem, and Proceptual 

Aspects of Multiplicative Knowledge in basic mathematics problems. Further research 

could provide opportunities for major contributions to psychology, sociology, 

mathematics and mathematics education globally. 
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APPENDIX l 

Research Program Establishment: 

Systemic Permission 

Parental Pennissi on 



Department 
of Education 

Education House 
2,Ci :\la:·: Street. Bris·oane 

Quee;island .. ~us::ralia 

Mrs Glenda Jean Hunter 
4 Graduate Street 
Manly West Q 4179 

Dear Mrs Hunter 

Refer to: 
Telepiwrw: 
Our ref: 56/94 

I refer to your application seeking approval to conduct a research study in Queensland 
state schools. 

Approval has been granted for you to approach the principal of-State High 
School to seek cooperation in the study. The attached outline of the research describes 
briefly the nature and requirements of the study and specifies any conditions which we 
wish to impose. The principal of the school has been provided with this outline and has 
been advised you will be in contact in the near future. 

Although approval has been granted by this department, it should be noted that the 
school is under no obligation to participate in the study. 

This approval is subject to the condition that, on completion of your study, a copy of your 
research report be forwarded to the department. This should be accompanied by an 
abstract and summary of the study where appropriate. 

Should you have any queries relating to this study I can be contacted on telephone: (07) 
237 1091. 

Yours sincerely 

plvft 
Chief Research Officer 
Quality Assurance Directorate 

tP-1"~+· ,~ 

PO Box 3:3. Bri:;bane Albert Street. Queensland 4002. Telephone 1 ()-;', 2:fi O 111. Fax I O'i, ~:29 !J996. :2'.29 0:2fii1. 'foll!X A.\-t:2:l:)n. 
Ap l - I 



Telephone: (071 
Fax: (0 7) 

State lligh School 

Principal: P.A. Harricon 

Dear Parents/Guardians 

Mrs Glenda Hunter, the Project Manager of the 
- based at State High School has been approved by the 

Department of Education to conduct research across years 8 to 1 2 at State High 
School during school hours. 

The research will benefit our school directly by providing useful data and suggestions on how 
we might enhancr=; our mathematics teaching and learning strategies. 

I encourage your support for this worthwhile research project. 

Please sign the attached parental permission slip if you are willing to allow your child/chiidren to 
participate in this research. 

Ali results will be confidential. 

Yours sincerely 

Peter A Harrison 
Principal 

10 May 1994 

---

PARENTIAL PERMISSION FORM 

PLEASE RETURN THIS FORM TO YOUR FORM TEACHER 
BY MONDAY 23 MAY 1994 

I hereby give permission for the child/children listed below to participate in tha research project 
to be conducted by Mrs Glenda Hunter a State High School. 

NAME OF PARENT/GUARDIAN: ........................................................ . 

SIGNATURE: ...................................................................... . 

0./\TE: ................................ . 

NAME OF CHILO/CHILDREN: CLASS 

................................................................................................................................ 

.............................................................................................................................. 

.............................................................................................................................. 
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APPENDIX2 

Information Processing Preferences (Luria): 

Tests for Cognitive Control 

Test 1: 

Test 1: 

Test 1: 

Test 4: 

Test 4: 

Test 4: 

Visual NIL (Number/Letter) Search Instructions 

Visual NIL (Number/Letter) Search Response Sheet 

Visual NIL (Number/Letter) Search Scoring Key 

Auditory Number/Letter Attention Span Instructions 

Auditory Number/Letter Attention Span Response Sheet 

Auditory Number/Letter Attention Span Test and Scoring Key 

Tests for Simultaneous Information Processing Preferences 

Test 2: Form Board 

Test 2: Form Board Scoring Key 

Test 5: Paper Folding 

Test 5: Paper Folding Scoring Key 

Tests for Successive Information Processing Preferences 

Test 3: 

Test 3: 

Test 3: 

Test 6: 

Test 6: 

Test 6: 

Auditory Word Span Instructions 

Auditory Word Span Response Sheets 

Auditory Word Span Scoring Key 

Auditory Number Span Instructions 

Auditory Number Span Response Sheet 

Auditory Number Span Scoring Key 



TEST 1: Visual NIL (Number/Letter) Search - Instructions 

Please write your name and course number in the spaces provided at the top of 
the sheet. 

ENSURE THAT ALL PENCILS ARE ON THE DESK. 

This is a test of your ability to shift your attention from one thing to another. 

Place a CROSS on the letters and numbers as indicated in the left hand 
column. Go as fast as you can but do not be too concerned if you are unable to 
finish. 

USE THE BOARD TO DEMONSTRATE LETTER AND NUMBER 
SEQUENCES. 

For example, after the word 'Vowel' place a cross on each vowel. 

BGERULOOPGT 

After the word 'Odd' place a cross on each odd number in the line. 

13869528495 

STRESS THE IMPORTANCE OF PLACING A CROSS. 

When you are asked to stop, please place your pencil on the desk immediately. 

Ready? Begin. 

TIME WITH STOPWATCH 2 MINUTES 30 SECONDS 

Stop. 

ENSURE THAT ALL PENCILS ARE ON THE DESK 

COLLECT SHEETS. 
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TEST 1: Visual NIL (Number/Letter) Search 

NAME: ................................................... COURSE NUMBER: ................... . 

Please place a CROSS on the letters and numbers as indicated by the instruction in the 
left hand column. 

1 Vowel a m X S 1 e r 1 y t b b f 0 Z b C p t C g 1 r 

2 Odd 6 6 0 6 5 7 4 7 1 7 3 4 0 7 2 7 6 8 8 5 0 
,., 

6 2 .J 

3 Consonant C l j k s q l a a p s t b u 1 0 U C d j 1 mf q 

4 Odd 1 0 0 9 7 3 2 5 5 
,., 

7 6 5 2 0 1 
,., 

5 8 6 5 4 8 7 .J .J 

5 Even 9 5 5 2 0 1 7 7 6 7 1 4 9 0 5 6 8 6 0 7 2 2 1 0 

6 Even 6 5 4 8 1 1 7 6 7 4 l 
,., 

4 6 8 5 0 9 5 0 5 8 4 7 I 

7 Consonant 0 d a V WC u l wme e e q 111 X f h y d k n 0 t 

8 Vowel f g p s ma n 0 e g t U 1 q u s s t b ml g f X 

9 Consonant h g l p h s mu n o q f X 111 p p X a d l t n V 0 

10 Odd 9 1 4 9 9 1 4 5 2 
,., 

6 8 1 7 9 2 7 6 8 6 4 6 1 6 .) 

11 Even 6 1 1 9 6 9 0 4 4 6 2 6 4 5 7 4 7 7 4 5 1 9 2 4 

12 Odd 0 4 4 9 
,., 

5 2 4 9 4 7 
,,. 

4 6 3 
,., 

8 2 4 4 5 8 6 
,., 

.J L. .) .) 

13 Even 
,., 

2 7 9 0 0 5 9 7 8 7 
,., 

7 9 2 5 2 4 1 0 5 5 2 .J .J 

14 Vowel a a C e rn d p d f X r b z w q b U 0 md g l a f 

15 Odd 9 8 0 8 6 2 4 8 2 6 4 5 2 4 0 2 8 4 0 4 4 4 9 9 

16 Vowel u t p l 1 p q e e n f r Z I r b j t X d t o n r 

17 Odd 7 4 0 2 9 4 3 9 0 2 7 5 5 7 
,., 

2 2 7 0 9 7 7 3 5 .) 

18 Even 5 4 1 7 8 4 5 6 1 1 8 9 9 3 
,., 

7 1 4 
,., 

0 5 3 2 2 .J .J 

19 Consonant r q t X 0 f s s u r n a v r 0 f l g mk l g r z 

20 Vowel m J k V ms mu o r s e m x s C m 0 r b d t p u 

21 Consonant a b p t e u m n g e l X b C f t u m rn q X t p 

22 Consonant s n o u b p y d f X b q I f r a s e I I b n r 

23 Odd 1 1 6 6 4 4 9 8 8 
,., 

5 2 0 7 9 8 8 2 7 5 9 3 8 .) 

24 Even 4 8 3 2 4 7 7 9 2 8 3 1 2 4 9 6 4 7 1 0 0 2 2 9 

PLEASE STOP AND PLACE YOUR PENCIL ON THE DESK WHEN INSTRUCTED 
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TEST 1: Visual NIL (Number/Letter) Search Scoring Key 

Item Cue Solution Number 
Correct 

1 Vowel a 1 e 1 0 5 

2 Odd 5 7 7 1 7 ") 7 7 5 ") 

10 .J .) 

- 3 Consonant C l J k s q l p s t -

b 1 C d J m f q 18 

4 Odd 1 9 7 3 5 5 3 7 5 1 ") 5 5 7 14 .J 

5 Even 2 0 6 4 0 6 8 6 0 2 2 0 12 

6 Even 6 4 8 6 4 4 6 8 0 0 8 4 12 

7 Consonant d V W C 1 w m q ID X f 

h y d k n t 17 

8 Vowel a 0 e u 1 u 6 

9 Consonant h g l p h s m n q f X 

m p p X d 1 t n V 20 

10 Odd 9 1 9 9 1 5 3 1 7 9 7 1 12 

11 Even 6 6 0 4 4 6 2 6 4 4 4 2 4 13 

12 Odd 9 ") 5 9 7 3 3 5 3 9 .J 

13 Even 2 0 0 8 2 2 4 0 2 9 

14 Vowel a a e u 0 a 6 

15 Odd 9 5 9 9 4 

16 Vowel u e e 1 0 5 

17 Odd 7 9 ") 9 7 5 5 7 '") 7 9 7 7 '") 5 15 .) .J .J 

18 Even 4 8 4 6 8 4 0 2 2 9 

19 Consonant r q t X f s s r n V r 

f l g m k l g r z 20 

20 Vowel u 0 e 0 u 5 

21 Consonant b p t m n g l l X b C 

r t m m q X t p 19 

22 Consonant s n b p y d f X b q I. 
f r s l b n r 18 

23 Odd 1 1 9 3 5 7 9 7 5 9 3 11 

24 Even 4 8 2 4 2 8 2 4 6 4 0 0 2 2 14 
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TEST 4: Auditory Number/Letter Attention Span - Instructions 

Please write your name and course number in the spaces provided at the top of 
the sheet. 

This is a test of how well. You can attend to either numbers or letters in a 
sequence of numbers and letters mixed together. I will say either the word 
'numbers' or the word 'letters' and then call out the sequence. After I have 
finished, you are to write down either the numbers or the letters in the exact 
order in which they were called out. Please do not write anything until I have 
finished calling out the whole series. There will be 20 series. 

For example, I might call out, 
Ready. Series One. Numbers. M 2 L 8 T 5. Begin. 

When I say 'begin' (showing that the sequence is complete,) write the 
numbers on the answer page opposite the number one in this manner: 

USE THE BOARD TO DEMONSTRATE THE NUMBER SEQUENCE 

2 8 5 

If I had said, 
Ready. Series One. Letters. M 2 L 8 T 5. Begin. 

You would write the letters on the answer page opposite the number one in 
this manner: 

M L T 

It is very important that you do not write numbers or letters while a sequence 
is being called out. Try to remember all of them if possible, and be sure to 
write them down in the exact order in which they were called out. 

If you do not remember some of the numbers or letters, leave a blank space for 
them and write down all of those you do remember. 

It is very important that you do not write anything while a series is being 
called out, since this is a test of your memory for a series. 

PLAY TAPE. 

Put your pencils down please. 

ENSURE THAT ALL PENCILS ARE ON THE DESK. 

COLLECT SHEETS. 
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TEST 4: Number/Letter Attention Span 

NAME: ................................................... COURSE NUMBER: ................... . 

Series 1 

Series 2 

Series 3 

Series 4 

Series 5 

Series 6 

Series 7 

Series 8 

Series 9 

Series 10 

Series 11 

Series 12 

Series 13 

Series 14 

Series 15 

Series 16 

Series 17 

Series 18 

Series 19 

Series 20 
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TEST 4: Number/Letter Attention Span Test and Scoring Key 

TIME: 1 second per number/letter. 

Series 1 Letters 6 F 2 s 9 

Series 2 Letters 7 R 1 I A 4 
-
-

Series · "I Numbers L 3 H 2 T 6 .) 

Series 4 Letters 9 K H "I 4 .) 

Series 5 Numbers K 1 A 5 8 5 

Series 6 Letters 2 s 5 F 6 7 4 

Series 7 Numbers 6 9 V R 7 A w 

Series 8 Numbers I 2 R 5 V 8 J I 

Series 9 Letters X 5 R 2 s I V 7 

Series 10 Numbers 7 F 2 w 9 J 6 R 4 

Series 11 Letters A F 9 y 5 R K 8 

Series 12 Numbers T 6 A 9 R 7 2 s 8 3 

Series 13 Numbers A 1 y V 6 

Series 14 Letters 
,, 

2 w 4 F K 7 T 1 A :) 

Series 15 Letters 9 A H 8 A 2 K 5 7 

Series 16 Numbers 8 L 1 s 5 K 3 R 

Series 17 Numbers 6 F 2 J 9 1 V 

Series 18 Letters 6 J 7 s K 

Series 19 Numbers 4 R 7 w "I A :) 

Series 20 Letters H 5 A' Q "I 1 s V :) 
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TEST 2: Form Board 

NAME: ................................................... COURSE NUMBER: ................... . 

This is a test of your ability to tell what pieces can be put together to make a 
certain figure. 

Each test page is divided into two columns. At the top of each column is a 
geometrical figure. Beneath each figure are several problems. Each problem 
consists of a row of 5 shaded pieces. 

Your task is to decide which of the 5 shaded pieces will make the complete 
figure when put together. 

Any number of shaded pieces, from 2 to 5, may be used to make the complete 
figure. Each piece may be turned around to any position but it cannot be 
turned over. 

It may help you to sketch the way the pieces fit together. You may use any 
blank space for doing this. When you know which pieces make the complete 
figure, mark a plus ( +) in the box under ones that are used, and a minus ( -) in 
the box under ones· that are not used. 

In Example A below, the rectangle can be made from the first, third, fourth 
and fifth pieces. A plus has been marked in the box under these pieces. The 
second piece is not needed to make the rectangle. A minus has been marked in 
the box under it. The rectangle drawn to the right of the problem shows one 
way in which the four pieces could be put together. 

A~ Answer 

EB B 
Now try to decide which pieces in Examples Band C will make the rectangle. 

B 

~~ 
0 0 0 D D 

C IL 
D D D 0 0 
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2 ·Form Board Test Page 2 

Problem 1 I I 
0 D 0 D 0 

Problem 2 • I r 0 D O D D 

Problem 3 ~ ~ I 
D D D O D 

Problem 4 I I ~ 
0 D D D 0 

Problem 5 L I • I 
0 0 0 0 D 

~ .I la 
D O O D Problem 6 D 
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2 Form Board Test Page 3 

Problem 7 ..... 
D 0 D 0 D 

Problem 8 

D 0 D 0 D 

Problem 9 

0 0 0 D 

Problem 10 I .. 
D [] 0 0 

Problem 11 I r ' D 0 D D 0 

Problem 12--

0 0 D 
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2 Form Board Test Page 4 

D 
~ 

~ 

I Problem 13 ~ I A. 
D D 0 D D 

Problem 14 ~~ I , ~ 
D 0 D 0 D 

Problem 15 ~ 
·o 

I~, 
D D O D 

Problem 16 \ ~ ~ ~ 
0 0 D D D 

Problem 17 •• D D D 

~\ 
D D 

Problem 18 \ ~ 
0 · 0 0. 
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-
-

2 Form Board Test 

Problem 19 

Problem 20 

Problem 21 

Problem 22 

Problem 23 

Problem 24 

~ 
D 

-D 

.. 
0 

' D 

A 
D 

Page 5 

6 
' ~ ' .. 
0 0 D 0 

\ ~ ~ j 
D D D D 

l .. 
0 D D 

A 
D D D 

' - .. 
0 0 D 

A A 
0 D D 
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TEST 2: Form Board Scoring Key 

Practice Examples: 

B 

C 

+ 

+ 

Form Board Problems: 

1 + + 

2 + + 

3 + + + 

4 - + + 

5 + + 

6 + + 

7 + + + 

8 + + + 

9 + 

10 + + + 

11 + + + 

12 + + + 

+ + 

+ + 

+ 13 + 

+ 14 + + 

+ + 15 + + 

+ + 16 + 

+ + 17 + + 

+ 18 +- + 

+ 19 + + 

20 + 

+ 21 

+ 22 + + 

+ + 23 + + 

+ + 24 + + 

Ap 2 -XII 

+ + 

+ 

+ 

+ + + 

+ + + 

+ + 

+ + 

+ + + 

+ + 

+ + 

+ + 

+ + + 



TEST 5: Paper Folding 

NAME: .......................................... COURSE NUMBER: ............. . 

In this test you are to imagine the folding and unfolding of pieces of paper. 

In each problem in the test there are some figures drawn at the left of a vertical 
line and there are other figures drawn at the right of the line. The figures at the 
left represent a square piece of paper being folded and the last of these figures 
has one or two small circles drawn on it to show where the paper has been 
punched. Each hold is punched through all the thicknesses of paper at that 
point. 

One of the five figures at the right of the vertical line shows where the holes 
will be when the paper is completely unfolded. You are to decide which one 
of these figures is correct and draw an X through that figure. 

Now try the sample problem below (in this problem only one hole was 
punched in the folded paper). 

A B C D E 

R L_ _____ J B DODOO 
The correct answer to the sample problem above is C and so it should have 
been marked with an X. The figures below show how the paper was folded 
and why C is the correct answer. 

DBBEl~EJ 
EJ BB D 

In these problems all of the folds that are made are shown in the figures at the 
left of the line, and the paper is not turned or moved in any way except to 
make the folds shown in the figures. Remember, the answer is the figure that 
shows the positions of the holes when the paper is comple.tely unfolded. 
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5 Paper Folding Test 

1Ei] w 
2 r---1 [-·-1 ,--} 
~ ---~ ~--..i==:J 

§ r-·-o r--·g 3 I I . L ____ J L ____ _ 

Page 2 

A 8 C D E 

DDDDD 
DDDDD 
DODOO 
DDDDD 
DODOO 

6
~ ~ [I3 lTI D D D D D 

1[SJ E;J r;J D D D D D 
0f2J ffi 0 0 D D D D D 
g[SJ [{] [ZJ D D D D D 

DODOO 
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1 

2 

3 

4 

5 

TEST 5: Paper Folding Scoring Key 

A 

D 

B 

D 

B 

Ap2-XV 

6 

7 

8 

9 

10 

E 

A 

C 

E 

E 



TEST 3: Auditory Word Span -Instructions 

Please write your name and course number in the spaces provided at the top of 
the sheet. 

This is a test of your ability to remember sets of words. I will call out the 
words. After I have finished each set of words you are to write down the 
words in the exact order in which they were called out. Please do not write 
any words of a set until I have finished calling out the whole set. There will be 
20 sets. 

Some of the sets may be too long for you to remember all of the words. If you 
do not remember some of them, leave a blank space for them and write down 
all the words that you do remember. Try to remember all the words if 
possible, and be sure to write them down in the exact order in which they were 
called out.:_ 

For example I might call out, 

Set One. Tree card bottle letter page. Begin. 

When I say 'begin' (showing that the set is complete,) write the words on the 
answer page opposite the number one. 

It is very important you do not write words while a set is being called out, 
since this is a test of your memory for words. 

COLLECT SHEETS. 
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TEST 3: Auditory Word Span 

NA:ME: ................................................... COURSE NUMBER: ................... . 

Set 1 

Set 
,, 

- L -

Set 
,., 
.) 

Set 4 

Set 5 

Set 6 

Set 7 

Set 8 

Set 9 

Set 10 

Set 11 

Set 12 

Set 13 

Set 14 

Set 15 

Set 16 

Set 17 

Set 18 

Set 19 

Set 20 
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TEST 3: Auditory Word Span Test and Scoring Key 

TIME: 1 second per word. 

Set 1 MAN - LETTER - STRING 

Set 2 HORSE-PEN-THORN-BABY 
-
-

Set 3 TABLE-CANIP-PARTY -LAKE-BODY -ARROW - HALL 

Set 4 PAPER - MOSS - RIVER - DREAM - SKIN 

Set 5 GRASS-CUP-HOUSE-DOOR 

Set 6 AIR - CHIN - INSECT - SNAKE - TICKET - SOCK 

Set 7 MOTHER-APPLE-GOLD-BOOK-DRESS-SUGAR-CHAIR 

Set 8 PEEPER - CLAW - SLAVE - POLE - ARMY - CAT 

Set 9 CLOCK - LIP - ARM - FISH - CARD - BELL - INK 

Set 10 TOY-FUR-FORK-ANT-LAND 

Set 11 STONE - PEACH - LEBOvV - MONEY - IRON - TANK - SKY -
FLOOR 

Set 12 CHURCH - NAIL - CORN - BIRD - STEP - KING 

Set l3 HAIR - QUEEN - HEAD - DOLL 

Set 14 KISS - WINE - PAGE 

Set 15 ICE - FLAG - SKIRT - FROG - BLOOD - FIRE - SEAT - JAR -
PLATE 

Set 16 DOG - TREE - FOX - CITY - GIFT 

Set 17 JELLY - ROAD - TRAIN - PIN - CAR - FISH - BAR - STEP -
TOAST 

Set 18 WIFE - CHILD - ROCK - STEAM - WINTER - PENCIL 

Set 19 PIPE - SUN - BREAD - CAKE - HAND 

Set 20 HOTEL - FOREST - vVINDOW - TAP - HILL - JAtv1 - SHIP 
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TEST 6: Auditory Number Span - Instructions 

Please write your name and course number in the spaces provided at the top of 
the sheet. 

This is a test of your ability to remember sets of numbers. I will call out the 
numbers. After I have finished each series of numbers you are to write down 
the numbers in the exact order in which they were called out. Please do not 
write any numbers of a series until I have finished calling out the whole series 
There will be 20 series. 

Some of the series may be too long for you to remember all of the numbers. If 
you do not remember some of them, leave a blank space for them and write 
down all the numbers that you do remember. Try to remember all the numbers 
if possible, and be sure to write them down in the exact order in which they 
were called out. 

For example I might call out, 

Series One. 7 2 4. Begin. 

When I say 'begin' (showing that the series is complete,) write the numbers on 
the answer page opposite the number one. 

USE THE BOARD TO DEMONSTRATE 

7 2 4 

It is very important they do not write numbers while a series is being called 
out since this is a test of your memory for numbers. 

COLLECT SHEETS. 
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TEST 6: Auditory Number Span 

NAME: ................................................... COURSE NUMBER: ................... . 

Series 1 

- Series 2 -

Series 3 

Series 4 

Series 5 

Series 6 

Series 7 

Series 8 

Series 9 

Series 10 

Series 11 

Series 12 

Series 13 

Series 14 

Series 15 

Series 16 

Series 17 

Series 18 

Series 19 

Series 20 
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TEST 6: Auditory Number Span Test and Scoring Key 

TIME: I second per word. 

Series 

Series 

1 

2 

Series 3 

Series 4 

Series 5 

Series 6 

Series 7 

Series 8 

Series 9 

Series 10 

Series 11 

Series 12 

Series 13 

Series 14 

Series 15 

Series 16 

Series 17 

Series 18 

Series 19 

Series 20 

8 - 1 - 9 - 5 - 7 - 2 

4 - 6 - 2 - 9 

3 - 7 - 1 - 4 - 9 - 2 - 5 - 8 - 1 - 6 

9 - 2 - 6 - 2 - 8 - 6 

7 - 9 - 5 - 3 - 8 

5 - 2 - 9 - 4 - 1 - 6 - 8 - 3 - 7 

2 - 6 - 3 - 1 - 5 

2 - 4 - 8 - 5 - 1 

6 - 8 - 2 - 4 - 1 - 3 - 9 - 7 - 2 - 5 - 3 

9 - 2 - 8 - 5 - 7 - 1 

7 - 4 - 2 - 9 - 3 - 5 - 8 - 6 

4 - 3 - 7 - 2 - 3 - 9 

5 - 7 - 3 - 1 - 6 - 9 - 4 - 8 - 5 - 1 - 7 - 2 

6 - 2 - 5 - 9 - 7 - 1 - 8 - 3 

4 - 7 - 9 - 3 - 6 - l - 5 - 8 - 4 - 2 - 7 

5 - 1 - 8 - 7 - 2 - 3 - 1 

8 -2 -6 -9 - 1 - 7 - 3 - 8 - 5 - 9 - 6 - 4 

5 - 1 - 9 - 2 - 7 - 4 - 8 - 3 - 6 

7 - 5 - 2 - 6 - 4 - 9 - 1 

3 - 2 - 1 - 8 - 1 - 4 - 6 - 5 
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APPENDIX3 

Dimensions of Self-Esteem (Marsh, 1990b:3 - 6): 

Full Description of Scales and Items: 

1 Physical Abilities 

2 Physical Appearance 

3 Opposite-Sex Relations 

4 Same-Sex Relations 

5 Parent Relations 

6 Honesty-Trustworthiness 

7 Emotional Stability 

8 Math 

9 Verbal 

10 General School 

11 General Self 



Physical Abilities Scale: 8 Items 

Item No. Item 

5 
16 

27 
38 
49 

60 

71 
82 

Physical Appearance Scale: 8 Items 

Item No. Item 

2 Nobody thinks that I'm good looking.(-) 
13 I have a nice looking face. ( +) 
24 Most of my friends are better looking than I am. (-) 
35 I am good looking. ( +) 
46 I hate the way I look. ( -) 
57 Other people think I am good looking. (+) 
68 I am ugly.(-) 
79 I have a good looking body. ( +) 

Opposite-Sex Relations Scale: 12 Items 

Item No. Item 

11 
21 
22 
33 osite sex. -) 
43 
44 
54 
55 

76 Most boys try to avoid me.**(-) 

88 I get a lot of attention from members of the op osite sex. ( + 
* Items are scored only for males. 

** Items are scored only for females. 
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Same-Sex Relations Scale: 14 Items 

Item No. Item 

10 It is difficult to make friends with members of my own sex. ( -) 
21 I make friends easily with boys.* (+) 
22 I make friends easily with girls.** ( +) 
32 Not many people of my own sex like me. (-) 
43 I am popular with boys.* ( +) 
44 I am popular with girls.**(+) 
54 I do not get along very well with boys.* ( -) 
55 I do not get along very well with girls.** (-) 
65 I have good friends who are members of my own sex. ( +) 
76 Most boys try to avoid me.* (-) 
77 Most girls try to avoid me.** ( -) 
87 I make friends easily with members of my own sex. (+) 
95 I have few friends of the same sex as myself. ( -) 
102 I enjoy spending time with my friends of the same sex. ( +) 

* Items are scored only for males. 

** Items are scored only for females. 

Parent Relations Scale: 8 Items 

Item No. Item 

8 
19 
30 
41 M parents treat me fairly. ( + 
52 I have lots of ar ments with m arents. (-
63 M 
74 
85 

Honesty-Trustworthiness Scale: 10 Items 

Item No. Item 

4 I sometimes take things that belong to other people. ( -) 
15 I am honest. (+) 
26 I sometimes tell lies to stay out of trouble. (-) 
37 I always tell the tmth. ( +) 
48 Cheating on a test is OK if I do not get caught. (-) 
59 Honesty is very important to me. ( +) 
70 I sometimes cheat. ( -) 
81 When I make a promise I keep it. ( +) 
91 I often tell lies. ( -) 
98 People can really count on me to do the right thing. ( +) 
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Emotional Stability Scale: 10 Items 

Item No. Item 

7 
18 
29 
40 
51 
62 
73 
84 
93 
100 

Math Scale: 10 Items 

Item No. Item 

1 Mathematics is one of my best subjects. ( +) 
12 I often need help in mathematics.(-) 
23 I look forward to mathematics classes. ( +) 
34 I have trouble understanding anything with mathematics in it. ( -) 
45 I enjoy studying for mathematics. ( +) 
56 I do badly in tests of mathematics. (-) 
67 I get good marks in mathematics. ( +) 
78 I never want to take another mathematics course. ( -) 
89 I have always done well in mathematics.(+) 
96 I hate mathematics. (-) 

Verbal Scale: 10 Items 

Item No. Item 

6 
17 I look forward to En lish classes. ( +) 
28 I do badl on tests that need a lot of readin 
39 
50 
61 +) 
72 
83 
92 
99 

Ap 3 - III 



General School Scale: 10 Items 

Item No. Item 

9 People come to me for help in most school subjects. ( +) 
20 I'm too stupid at school to get into a good university. ( -) 
31 If I work really hard I could be one of the best students in my school 

year.(+) 
42 I get bad marks in most school subjects.(-) 
53 I learn things quickly in most school subiects. ( +) 
64 I am stupid at most school subjects. (-) 
75 I do well in tests in most school subjects. (+) 
86 I have trouble with most school subjects. (-) 
94 I'm good at most school subjects. ( +) 
101 Most school subjects are just too hard for me. (-) 

General Self Scale: 10 Items 

Item No. Item 

3 Overall, I have a lot to be proud of. ( +) 
14 Overall, I am no good. ( -) 
25 Most things I do, I do well. ( +) 
36 Nothing I do ever seems to turn out right. (-) 
47 Overall, most things I do tum out well. ( +) 
58 I don't have much to be proud of.(-) 
69 I can do things as well as most people. (+) 
80 I feel that my life is not very useful. (-) 
90 If I really try I can do almost anything I want to do. ( +) 
97 Overall, I'm a failure.(-) 
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APPENDIX4 

The Screening and Diagnostic Maths Test Part A) 

(Screening and Diagnostic Test in Mathematics Section A) 

1. 

2. 

3. 

4. 

5. 

6. 

Instructions 

Examples 

Test Items 1 -50 

Answer Sheet 

Scoring Key 

Support Material: 

Copy of letter to the Researcher from Malcolm Kays, (test developer.) 

Copy of letter enclosed with the above letter. 

Annotated copy of letter supplied to the Researcher by Malcolm Kays. 

(These letters contain important background information in respect 

to reliability and validity of the test.) 



SCREENING AND DIAGNOSTIC TEST IN MATHEMATICS 

SECTION A 

INSTRUCTIONS 

Please read carefully 

1. When you are told to begin, tum the page and look at the examples. 

2. Work as quickly as you can on the test. You will have 60 minutes to complete 
Section A of the test. 

The examples are not part of the test time. 

Do not spend too much time on any one question. If a question seems to be too 
difficult, make the most careful guess you can rather than waste time puzzling 
over it Your score is the number of correct answers you mark. 

3. All answers are to be marked on the Screening and Diagnostic Test in 
Mathematics Section A Answer Sheet. DO NOT MAKE ANY MARKS ON 
THIS TEST BOOKLET. 

4. Mark your answers as shown in the examples on the following page. Give only 
one answer to each question. You will see that letters which stand for the 
answers to each question have been printed on the answer sheet. In each question 
there are a number of choices. Mark the letter for the answer you have chosen 
with a cross. 

Make your marks firmly. If you make a mistake, or wish to change an answer, 
be sure to make it clear which answer you intend. 

5. The sets of answers given for each question are designed to cover commonly
made mistakes as well as correct answers. Therefore, if your answer is not the 
same as any of those given, check your calculations. If you are still certain that 
you are correct, do not guess from the answers given as it would provide us with 
misleading information about help that you might need. To discourage you from 
guessing, some of the correct answers have deliberately been left out. So, if you 
feel you are correct and your answer is not amongst those given, write the letter 
for "some other answer." 

6. Do all your 'working out' on spare paper. 

7. CALCULATORS ARE NOT PERMITTED. 

8. DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD. 

9. Before you start the test, fill in all the personal information required on the first 
page of the Screening and Diagnostic Test in Mathematics Section A Answer 
Sheet. 
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EXAMPLES 

Mark the correct answer with a cross in the appropriate box: 

1. 3694 
- 2876 

A B C D E 
Some 

718 818 828 918 other 
answer 

2. 16.8 + 3.2 + 4.05 = 

A B C D E 
Some 

12.45 20.65 22.05 23.05 other 
answer 

The answer to question l is 818 so you would have crossed box ''B". 

The answer to question 2 is 24.05 which does not appear in any box so you would have 
crossed box "E" for "some other answer". 

See the examples below: 

SCREENING AND DIAGNOSTIC TEST IN MATHEIVIATICS SECTION A 

ANSWER SHEET 

Mark the correct answer with a cross in the appropriate box: 

EXAMPLES: 

DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD. 
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1. 

2. 

3. 

4. 

5. 

1023 + 462 

A B 

567 1085 

2479 
+ 8716 

A B 

11 185 11 395 

4698 327 

A B 

4371 5025 

406 - 208 

A B C 

108 202 298 

408 X 6 

A B 

288 2648 

SECTION A 

6. 

211 X 32 

C D E A 

Some 
5043 5643 other 1055 

answer 

7. 

478 X 79 

C D E F A B 

Some 
11 295 0 763 11 195 other 37 662 37 862 

answer 

8. 

603 + 3 

C D E F A 

Some 
371 1371 1428 other 21 

answer 

9. 

684 + 6 

D E F G A 

Some 
614 398 198 other 111 

answer 

10. 

161 + 7 

C D E A 

Some 
2442 2484 other 

23 

answer 

Ap 4 - III 

B C 

6752 232 

C D E 

37 762 36 762 38 762 

B C 

201 201.1 

B C 

124 114 

B C 

13 203 

D 

Some 
other 

answer 

F 

37 562 

D 

Some 
other 

answer 

D 

Some 
other 

answer 

D 

Some 
other 

answer 

G 

Some 
other 

answer 



11. 

442 17 

A B C D E 

16 26 23 206 346 

12. 

6.7 + 3.4 

A B C D E 

1.01 101 10.3 10.1 9.11 

13. 

3.14 + 51.2 

A B C D E F 

54.16 8.26 82.6 54.34 826 5.65 

14. 

20.35 + 6.0 + 0.5 

A B C D E 

Some 
26.40 210.0 80.85 26.85 other 

answer 

15. 

5.2 3.8 

A B C D E 

14 2.6 1.4 9.0 0.14 

F 

Some 
other 

answer 

F 

Some 
other 

answer 

G 

Some 
other 

answer 

16. 

20 ·_ 5.8 

A B C 

3.8 0.2 25.8 

17. 

37.5 - 2.76 

A B C 

34.86 34.80 35.26 

18. 

0.3 X 10 

A B C 

0.3 3 30 

19. 

0.5 x0.5 

A B C 

D E 

15.2 38 

D E 

34.74 35.74 

D E 

0.03 3.3 

D 

F 

14.2 

F 

35.71 

F 

0.6 

E 

G 

Some 
other 

answer 

G 

Some 
other 

answer 

F 

G 

Some 
other 

answer 

Some 
2.5 1.0 0.25 25 2.75 other 

answer 

20. 

120 X 0.04 

F A B C D E F G 

Some Some 
other 480 48.0 0.48 4.8 0 0.048 other 

answer answer 
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21. 

5.7 X 1.73 

A B C D E F G 

Some 
9861 98.61 10.861 20.760 9.93 9.861 other 

22. 

23. 

24. 

25. 

answer 

3.65 5 

A B C D E F G 

Some 
73 7.3 0.75 0.13 71 0.73 other 

answer 

2 10 

A B C D E F 

Some 
5 0 0.2 0.5 -5 other 

answer 

1.84 2.3 

A B C D E 

Some 
8 0.8 0.08 0.008 other 

answer 

A calculator shows this figure: 25.634817 
What is it expressed correct to 2 decimal 
places? 

A B C D E 

2563.4817 256348.17 25.63 25.634.817 25.64 

F G 

0.008 
Some other 

answer 

26. 

I 

27. 

28. 

29. 

23 + 5 X 4 

A B 

112 
I 

43 

I 

36 (6 + 3) 

A B 

2 12 

15 - 27 + 8 

A B 

20 - 20 

1+1+3 = 
4 2 8 

C 

7 

C 

18 

C 

0 

A B C 

.2 or 11 
8 8 

30. 

A 

3 J - Z 
4 8 

B 

~ ~ 
14 8 

C 

D 

I 
18.4 

D 

72 

D 

- 4 

D 

9 or 2 1 
4 4 

D 

31 li_ or 1 23 or 2 7 4~ 
8 8 s s 8 

Ap4-V 

E 

I 
32 

I 

E 

13 

E 

30 

E 

.2 or 1 
9 

E 

4 

F 

102 

F 

6 

G 

Some 
other 

answer 

G 

Some 
other 

answer 

F 

Some 
other 

answer 

F G 

Some 
9 other 

answer 

F G 

Some 
21 other 

8 answer 



31. 

A 

10 
15 

32. 

A 

5 x2 
3 

B 

ll_ or 5 2. 
3 3 

2 1 + 1 
8 2 

B 

C D E 

17 1Q_or31 3_l 
3 3 10 

C D 

33 or 41 l1L 2 2. or 21 21: 34, 4 2. or 41 
8 8 8 8 4 8 8 8 

33. 

34. 

A 

-

What is 2 as a decimal? 
5 

A B C D 

2.5 0.25 5.2 0.4 

What is 2. as a percentage? 
5 

B C D E 

10% 25% 2.5% _1% 40% 

35. 

10 

What is 3.5% as a decimal? 

A B 

3.5 0.035 

C 

J. 
5 

D 

3.05 

4 

E 

40 

F 

20% 

E 

35 

F G 

Some 
30 other 

answer 

E F G 

3 

F 

4.0 

Some 
22 other 

8 answer 

G 

Some 
other 

answer 

G 

Some 
other 

answer 

F 

Some 
other 

answer 

36. What is 8% of$400? 

A B C D E F 

Some 
$50 $320 $32 $3.20 $200 other 

answer 

37. 

What is 18 as a percentage of 144? 

A B C D E F 

Some 
12.5% 8% 18% 7% 25.92 other 

38. 

39. 

A 

$270 

40. 

A 

99c 

% 

$175 is 7% of the cost of a car. 
What is the total cost of the car? 

A B C D E 

$25 $1225 $2500 $1750 $12.25 

answer 

F 

Some 
other 

answer 

A tradesman received a wage of $240 
a week and then was given an 8% increase. 
What is his new wage? 

B C D E F 

$248 $19.20 $1920 $241.92 $259.20 

G 

Some 
other 

answer 

The price of bananas has just gone up 
by 10%, so that they now cost 99c per 
kilogram. What did they cost per 
kilogram before the increase? 

B C D E F 

89c 89.lc 90c 88c $1.09 

G 

Some 
other 

answer 
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41. 

42. 

43. 

The ratio 3: 5 may also be written 
in the form 

A B C D 

J 3.5 31 35 
5 2 

Divide 30m into two parts which 
are in the ratio of2:3. 

B C 

E 

Some 
other 

answer 

D 

12m & 18m 20m & 30m 23m & 7m 

E 

15m & 15m 

F 

Some 
other 

answer 

5 litres of fuel are used by a car in 
travelling 48km. How many litres would 
be used to travel 72 km at the same rate 
of fuel consumption? 

A B C D E F G 

Some 
8/ 9/ 7/ 12 l 14.41 7.5 / other 

44. 

45. 

A 

1000 

What value ofx will make the ratios 
5:9 and 15:x the same as each other? 

A B C D E 

19 29 23 18 27 

answer 

F 

Some 
other 

answer 

A unit used in science ia a newton 
(symbol: N). How many N are there is 
onekN? 

B C D E F G 

Some 
10 2 l 100 10 000 other 

answer 

46. 

How many ml are there in 20/ ? 

A B C D E F 

Some 
2000 20000 200 20 40 other 

answer 

47. 

How many metres are there in 
76450mm? 
A B C D E F 

7645 764.5 76.45 7.645 764 76 

48. 

A 

1000 

49. 

A 

How many mm2 are there in one m2 ? 

B C D E F 

100 4 100 000 1000000 10 000 

A car has amass ofl527kg. How many 
tonnes is this? 

B C D E F 

15.27 I 15 1.527 152 15 270 

50. 
Which of the following units would 
readymix concrete be sold in? 

A B C D 

mm3 
metres I m

3 

G 

Some 
other 

answer 

G 

Some 
other 

answer 

G 

Some 
other 

answer 
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SCREENING AND DIAGNOSTIC TEST IN MATHEMATICS SE,TIQN A 
ANSWER SHEET 

Mark the correct answer with a cross in the appropriate box: 

1 0~@J@J[I] 26. 0~@J@][I][I]@] 
2. 0 ~ @] @] [I] [I] 27. 0~@J@][I][I]@] 

~ 3. 0 ~ @] @] [I] [I] 
~ 

28. 0~@J@][I][I] 
4. 0 ~@]@] [I] [I]@] 29. 0~@J@J[I][I]@] 
5. 0 ~ @] @] [I] 30. 0~@J@][I][I]@] 
6. 0 ~ @]@] 31. 0~@J@][I][I]@] 
7. 0 ~ @] @] [I] [I] @] 32. 0~@J@][I][I]@] 

8. 0 ~ @]@] 33. 0~@J@][I][I]@] 
9. 0 ~ @]@] 34. 0~@J@][I][I]@] 
10. 0 ~ @]@] 35. 0 ~ @] @] [I] [I] 
11. 0 ~@]@] [I] [I] 36. 0~@J@][I][I] 
12. 0 ~ @] @] [I] [I] 37. 0~@J@][I][I] 
13. 0 ~ @] @] [I] [I] @] 38. 0~@J@][I][I] 
14. 0 ~ @] @] [I] 39. 0 ~ @] @] [I] [I] @] 
15. 0 ~ @] @] [I] [I] 40. 0~@J@][I][I]@] 
16. 0 ~ @] @] [I] [I] @] 41. 0~@]@][[] 
17. 0 ~ @] @] [I] [I] @] 42. 0~@J@][I][I] 
18. 0 ~ @] @] [I] [I] @] 43. 0~@J@][I][I]@] 
19. 0 ~ @] @] [I] [I] 44. 0~@J@][I][I] 
20. 0 ~ @] @] [I] [I] @] 45. 0~@J@][I][I]@] 
21. 0 ~ @] @] [I] [I] @] 46. 0~@J@][I][I] 
22. 0 ~ @] @] [I] [I] @] 47. 0~@J@][I][I]@] 
23. 0 ~ @] @] [I] [I] 48. 0~@J@][I][I]@] 
24. 0 ~ @] @] [I] 49. 0~@J@][I][I]@] 
25. 0 ~ @] @] [I] [I] @] 50. 0~@JE] 

Teacher Use Only: 

Section A Raw Score : -------------
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SCREENlNG AND DIAGNOSTIC TEST IN MATHEMATICS SECTION A 
ANSWER SHEET 

Mark the correct answer with a cross in the appropriate box: 

10~@]@]. 
2. 0 ~ @] @]. [] 
3. -~ @]@] ~ [] 

4. 0 ~ @] @] ~ • @] 
5. 0 ~ @]@]. 

6. 0.@J@] 
7. 0~•@]~~@] 
8. 0.@J@] 
9. 0~•@] 

10 .• ~ @]@] 
11.0.@J@J~[J 
12.0~@]·~~ 

13. 0 ~ @]. ~ ~@] 
14.0~@]-~ 

15. 0 ~ • @] ~ [] 
16. 0 ~ @] @] ~ • @] 
17. 0 ~ @] • ~ [] @] 
18. 0 • @] @] ~ ~ @] 

19.0~•@]~~ 
20. 0 ~ @] • ~ [] @] 
21. 0 ~ @] @] ~.@] 

22. 0 ~ @] @] ~ • @] 
23.0~.@]~~ 
24.0.@J@J~ 

25. 0 ~-·@] ~ ~@] 

Student Name: ------------------

Student Grade: --------------------
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26. 0. @] @] ~ ~ @] 
27. 0 ~. @] ~ [I] @J 
28. 0~@]·~~ 

29. • ~ @) @J ~ ~ @J 
30. 0 ~ • @] ~ [I] @J 
31. 0 ~ @] • ~ fTI @] 

32. 0~@]-~fTI@J 

33. 0 ~ @] • ~ fTI @] 
34. 0 ~ @]@]. fTI@J 

35. 0 • @] @] ~ fTI 
36. 0 ~ • @] ~ fTI 
37. -~ @]@] ~ fTI 
38. 0 ~ .@] ~ [I] 
39. 0 ~ @] @] ~ • @] 

40. 0 ~ @] • ~ fTI @] 
41. -~ @]@] ~. 
42. 0 .@]@] ~ fTI 
43. 0 ~ @] @] ~ • @] 

44. 0 ~ @] @] • fTI 
45. • ~ @J @J ~ fTI @J 
46. 0 .@]@] ~ fTI 

47. (I]~-@]~ fTI@J 
48. 0 @] @] @] • fTI @] 
49. 0 ~ @] • ~ fTI @] 

50. [I]~@]· 

Teacher Use Only: 

Section A Raw Score: ----



29 August 1994 

Reference: 

Malcolm Kays - Telephone (002) 33 7971 
Contact: 

QLD 4066 

-- -

~c::,-,a1 .. ,,1c,,. v, ..:..'""i.... ...... ""11.J....._,, ._\ ,.,1c:;: n, ..... 

116 Bathurst Street Hobart 

GPO Box 1698 Hobart 

Tasmania Australia 7001 

Tel: (002)33 8011 Fax: (002)31 1576 

Education & the Arts 

Dear Glenda, 

Empirical & Historical Research Base to the 
Screening and Diagnostic Test in Mathematics 
(Division of Technical and Further Education, 
Education Department of Tasmania, 1980-1986) 

Thank you for your telephone inquiry on Friday (26 August) regarding 
statistical data on the measurement characteristics of our TAFE diagnostic 
maths test and its historical background. The bad news is that, despite 
hours of searching, I have been unable to locate the computer printout fc;,r 
the original item analysis of our test. The good news is that I can almost 
make up for the missing information with data from secondary or 
alternative sources (see below). Also, I have had no trouble locating a 
series of papers I wrote in the early 1980s about the construction of the test 
- between them, they fill in the historical picture in considerable detail. 

Empirical data on the test and item characteristics 
The missing printout was for an analysis of 670 TAPE students done circa 
1980. On going through files of correspondence· on the testing, I found two 
letters from August 1985 which actually referred to and quoted from the 
missing data - one to a Pauline Mageean and ·one to an Alan Grange -
and I have enclosed copies of these for your information. 

The letter to Pauline gives a fair amount of quite explicit information, for 
ranges of items rather than individual questions, on item difficulties and 
discrimination values (the 'r' figures quoted - these are point bi-serial 
correlation coefficients [PBCs ], and in the context of an item analysis need 
to be interpreted much more liberally than the more familiar Pearson 'r': 
rgood questions', for example, are generally ones with r 2! 0.20). It also 
gives some data on typical score ranges and test reliability (an internal 
consistency measure of reliability in this case). 
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The letter to Alan concentrates more on validity issues, but it does also 
quote some precise reliability data from the missing printout, and gives 
some fairly detailed information about the test validation procedures. 
This letter also gives information about the MS Reading Test, which we 
always included in the same booklet - if you are using that test, this 
information may be of some use to you. For this reason, I have also 
enclosed a separate information document on the MS Reading Test that I 
prepared around that time. 

The information I cannot retrieve from the original printout is, of course, 
that on the individual items of the test. (Note that, when I speak of 'the 
test', I am really talking about Section A - the first 50 questions. Section 
B [Q.51-75] is an optional section that was not based on the same error
analysis diagnostic procedures and, although we followed all the proper 
procedures in developing it and did do an item analysis which showed it 
to be highly satisfactory, it was always something much more marginal in 
the overall picture of our work at the time.) I can, however, supply most 
of this information from an alternative source. The only data I can't give 
you· is PBC figures on the alternatives for each question, but the most 
critical information (namely, the difficulty figures and overall PBCs for 
each question, and the proportions opting for each alternative) I can 
supply. 

The alternative source to which I refer is a set of 50 pages (enclosed) - one 
for each question - which provides an in-depth analysis of the test items. 
These pages represent an analysis, done in 1980, of the responses of 1177 
students from five TAPE colleges around the state. The proportional data 
provided for each alternative on each item is based on this total group, but 
you will note that the overall data for each item has been separated into 
five pairs of figures - a discrimination (PBC 'r') and a difficulty figure for 
_each college. The difficulty is a 'percent correct' figure, and so low 
percentage figures represent easy questions. The college codes used are: 
Dev= Devenport; Ltn = Launceston; Bum = Burnie; Hosp. = College of 
Hospitality (in Hobart); and Hbt = Hobart. The Hobart college data would 
probably be the most soundly based, as there would have been around 500 
students involved, and they would have been from a wide range of 
departments. Launceston college would have had perhaps 300 students in 
the sample, with the rest roughly shared equally between the remaining 
colleges. 

The differences between the discrimination and difficulty figures for 
different colleges on any one question would be due to differences in the 
nature of the intake groups tested. Generally speaking, the 'hospitality' 
intake represents students with weaker academic backgrounds, on 
average, than those tested in other colleges. They therefore found most 
questions to be more difficult (the first few are an exception!). Some 
colleges tested only their apprentice intake, while others included students 
entering areas such as commerce as well. 
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Historical information on the development of the test 
I have enclosed copies of five papers to cover this. Much of the territory 
they cover is in common, but each may have something different to add. 
The papers are: 

1) the transcript of a talk I gave, at very short notice, to the 1982 
Australian Council of Adult Literacy (ACAL) Conference in Hobart; 

2) a rather huge paper I gave, on request, at the 1983 ACAL Conference 
in Canberra (they gave me a huge topic, so they asked for it!); 

3) two papers I gave, also on request, at the 1984 ACAL Conference in 
Melbourne; 

4) a paper given to a conference on computers in TAPE, run by the 
TAPE National Centre for Research and Development, in Hobart in 
1984. 

A good starting point amongst these, for your purposes, might be pages 
42-48 of the big (1983) paper. 

I hope the enclosed documentation meets your needs. I got your paper 
yesterday (Monday 29t and will distribute copies to interested people -
many thanks! 

Yours sincerely, 

Malcolm Kays 
Principal Education Officer (Research) 
Educational Planning Branch 
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Education Department 
TASMANIA 

116 8ath11rst Street. Hobart. Tasmania. Australia. GP 0. Box 1698. Hobart 7001 - Telephone. 002 30 8022 

CURRICULUM DEVELOPMENT & EVALUATION SECTION 

Educational Measurement Unit 
148 Elizabeth Street 
HOBART 7000 

7 August 1985 

Pauline Mageean 

IN REPLY PLEASE QUOTE 

FILE N~ 

IF TUEi'HONlilG Of1 CALi.lNG 

TAFE National Centre for Research and Development 
296 Payneham Road 
PAYNEHAM, S.A. 5070 

Dear Pauline, 

Thank you for your 
information about our 
Test in Mathematics. 

recent telephone request for 
TAFE Screening and Diagnostic 

I have gathered together an extensive collection of 
documents about the test and, between them, they 
should cover very thoroughly all the information I 
one day h,'.)pe to present, in abridged form, in a test 
manual. ln particular, you should find the four 
conference papers to be especially useful in explain-

. ing the philosophy of the test and how it was develop
ed. Note that a number of those papers refer to copies 
of the test and printouts as appendices: rather than 
include the reproductions which originally accompanied 
those papers, I have enclosed copies of the actual 
docu~ents in question. Please note also that the copy 
of the test enclosed is the 1985 edition. 

Incidentally, in putting the collection of documents 
together, I came across a statistical analysis I di.d 
in 1980 (also enclosed for your information) and, 
having browsed through it, I now retract everything 
I said about the test not being suitable for selection 
purposes. It was certainly not designed for those 
purposes and, al though it is meant to be concerned 
with minimal-competency-type skills and should there
fore only discriminate at the 'bottom end', the 
statistics show that it has only 'behaved' that way 
on the first 15 questions. For these questions, the 
students were mostly 90% or more correct (Q. 7 is a 
notable exception) and some of these i terns did not, 
therefore, discriminate particularly effectively 
between the weaker and stronger students (see the 
discrimination indices for items 2,3,9,10 & 14: if 
r>0.15, it is 'reasonable';if r>0.20, it is 'good'). 
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However, beyond that point in the test, all 35 remain
ing i terns have excellent characteristics for a 
classic, norm-referenced, selection-type test intended 
to 'spread out' the, candidates: the item difficulties 
are spread ?out nicely over a range from 2 2 % correct 
to 86% correct and most of the item discriminations 
are in the 'very good' (r>0.30) to •outstanding' range 
(r> 0.50), with all of them being at least 'good' 
(r >0.20). That the test as a whole spreads the 
students out nicely is attested to by the score 
frequency distribution on the first page of the 
statistical document: the scores ranged from 7 to 
4 9 out of 50. In. addition, the test reliability 
(at r=0.90 - 0.91) is excellent. 

I hope the enclosed documents will 
questions you may have about the.test. 

Yours sincerely, 

Malcolm Kays 
Educational Measurement Unit 
Curriculum Development & Evaluation Section 
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Education Department 
----------- ·------- . -· ··-- -- ·--·---·--·- ___ ... _ ---- --· -------

115 Bathurst Strf'et. Hub,11: T.1~m,1u1J AustraL.1 GPO B,,x 1 (iSll HdJ.irl 7001 - Telrµr.one 002 30 8022 

CURRICULUM DEVELOPMENT & EVALUATION SECTION 

Educational Measurement Unit 

I~; REfl, Pl EA3t QUOTE 

148 Elizabeth Street 
HOBART 7000 

21 August 1985 

Mr Alan Grange 
15 Mathieson Crescent 
WEETANGERA 
A.C. T. 2614 

Dear Mr Grange, 

f IL!: 11" 

;. ~ !\ ~: :-~ 

Validity and Reliability Information on the 
TAFE Entry Screening Test Booklet in use 

in Tasmania 

In addition to our locally-developed diagnostic mathematics test, we 
include in our test booklet a copy of the MS Reading Test (printed 
with permission of Mike Stock of the Canberra TAFE Col 1 ege - Mike 
developed the test about a decade ago). As I am not sure whether 
your interest extends to data on all the tests in the booklet, I will 
a 1 s o i n c 1 u de some s t at i s t i c s vi h i c h we h ave been ab 1 e to co 1 l e ct 
locaily for that test. 

THE MS READING TEST 

Validity: I am not really in a position to say anything profound 
abouT~pects like content validity or construct validity in relation 
to this test ( the 'construct' presumably being something 1 i ke I read
ing ability'). I suggest you contact Mike for details of how he 
developed the test: what I can say is that the style of the test ( a 
modified CLOZE procedure) is reasonably in tune with modern reading 
theories and that very rigorous procedures were followed in selecting 
the materials, and in grading the phonetic and comprehension diff
iculties over the nine subtests. Furthermore, the initial draft was 
pi 1 oted with some 250 students at a 11 ages over the range 7: 06 -
17: 06 years, and the test was then refined and then piloted with a 
further 200 students. It was then normed on 1500 primary and second
ary students. 

As far as concurrent validity goes, we have acquired some information 
which may be of interest. In 1984, sever a 1 hundred of our TAFE entry 
students who had done the MS reading test were a 1 so given the TRADE 
VOCABULARY TEST (developed for the Moorabbin College of TAFE in 1982 
by POSEN, SANSON I and NAYLOR) . If you accept that I word kn owl edge• 
or 'vocabulary', as measured by a written test (and particularly as 
measured by the TVT, which presents the words in the contexts of 
sentences), correlates highly with reading ability, and is therefore 
a reasonable surrogate measure of reading ability, you will be 

2/ ... 
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interested to know that we found a correlation of +O .82 between the 
two sets of scores. (The regression equation, incidentally, for pre
dicting readinQ ages in months on the MS Reading Test (variable y) 
from percentage scores on the TVT Test (variable x) is y' = 116.76+ 
0.83x, with an S.E.E. of 9.19 - all students must, however, be given 
the opportunity to complete both tests for this equation to be valid.) 

Reliability: On a sample of 670 students tested in 1980, v,e found 
tne internal consistency measure of reliability, as measured by 
Kuder-Richardson (KR20) formula, to be 0.95. This is outstanding, 
of course, although its high value is attributable in part to the 
large number (90) of questions. 

THE TASMANIAN TAFE SCREENING ANO DIAGNOSTIC TEST IN MATHEMATICS 
Validity: The content validity must be judged in relation to the 
purpose ·the test was constructed to serve, and it should be high. 
It vJas designed, in the first instance, to screen the apprentice 
intake to identify those students who lacked the necessary pre
requisite mathematical skills for their selected trade. The content 
was arrived at by a state-wide survey of the coordinators of a 11 
apprenticeship trades, and then a blueprint ('table of specifica
tions' ) drawn up in c1ccordance with the survey resu 1 ts. The test was 
then constructed to fit that blueprint. 

Construct validity is hardly a relevant issue with such a 'tin-tacks' 
topic as basic mathematics and does not warrant discussion. 

: t h as not been f ea s i b l e to as s es s the pre di ct i v e v a l i d it y of the 
test in the sense of it predicting likely success or failure in trade 
rn a t h em at i c s co u r s e s , a s t o do t h at i n a v a 1 i d man n er vJO u l d re q u i re 
us to test and then 'set aside I a 1 arge group of students to v1hom 1tJe 
\.,rou1d give no remedial assistance, and that would be educationally 
u n acceptab 1 e. ( Under normal circumstances, the remedial intervention, 
being based upon the screening and diagnostic information provided 
by the test, would hopefully nullify any predictive capacity of the 
t e s t , i n th at many of tho s e i n d i c ate d as ' l i k e l y fa i l u res I 

vJO u l d be 
sufficiently assisted to become 'likely passes'.) I believe the test 
is being used for selection purposes in Canberra, and I knov1 it is 
in some twelve Victorian TAFE colleges for the building trades (ref. 
Mr. R. C. Morgan, the Head of Schoo 1 of the Department of Bui 1 ding 
Studies at the Ba 11 a rat Schoo 1 of Mines and Industries): it may be 
:hat you could get some information on predictive validity from those 
sources. 

Nor have vJe done any formal concurrent validity studies. The best 
indications we have go back to 1979/80: in 1979, we gave a modified 
version of Mike Stock's original QS test (constructed in the mid-70's 
at Canberra TAFE Co 11 ege to serve a s i mi 1 ar purpose) to students at 
the Hobart Technical College and then measured the correlations 
between their scores on that test and their grade 10 mathematics 
awards; then, in 1980, we carried out the same exercise with the new 
intake, using our nev-1 mathematics test instead of the modified QS. 
The correlations between the scores from each of the TAFE screening 
tests and the grade 10 mathematics awards were not stunningly high 
( ::! + 0. 40) but nor could they be expected to be, as the grade 10 
awards are a measure of performance over a far wider range of math
ematics topics than are the scores on the TAFE tests (which are 
essentially measures of 1 minimum competencies'). However, the signif-

\ icant thing is that the correlation index obtained using our new 
I 

\ 
3/ ... 
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I 
test ( +O. 42) was within O. 01 of the correlation index obtained the 
year before (+0.41) using the modified QS. These remarkably similar 
corre 1 ati ons between each of the sets of test scores and the grade 
10 awards are reassuring in that they imply, albeit via a common 
third variable, a high level of concurrent validity. We cannot, of 
course, be at all sure of the true meaning of this information 
though, as it could just be that none of the variance measured in the 
two situations was common to both (i.e., the +0.41 index for the QS 
may have been due to its correlating with performance in one aspect 
of the grade 10 maths, while the +0.42 index for the nevi test may 
have been due to its correlating with performance in a quite diff
erent aspect of the grade 10 maths). 

i.; e d i d , of course , go through the c 1 as s i c a 1 q u a 1 i tat i v e and qua n -
titative test validation procedures. That is, the items were 
constructed and 'vetted' by a team of officers with expertise in 
mathematics or testing or both; the test was then piloted (with 
approximately 300 students) to test the suitability of the wording 
and to identify commonly-recurring wrong answers which could be used 
as the di stractors in the final multiple-choice version; and the 
final test was subjected to classical item-analysis procedures after 
administration to 670 students. This analysis showed the test to 
have excellent statistical characteristics, with virtually all items 
having discrimination indices which could be described as ranging 
from 'good' to 'exce 11 ent 1 

( the only exceptions were a few easy items 
early in the test, but even they discriminated positively, and their 
lower discrimination values could be attributed in large part to 
their low difficulties). Such characteristics are not, of course, 
es sent i a 1 if you don't intend to use the test for norm-referenced 
purposes (and we didn't) but it shows, for example, that it would 
make an excellent selection test. 

As a final word on validity, you may be wondering about how valid the 
computer-based diagnostic profiles generated from the student answers 
are: we have not had time to do a formal study of this, but feedback 
from the TAFE teachers receiving this information has suggested it 
to be highly valid. Also, we are currently developing a whole series 
of tests for primary and high school students wh~ch will use the same 
computer-based error-analysis approach to diagnosis. This develop
ment work has involved trialling large numbers of possible questions 
and has also entailed a considerable amount of one-to-one contact 
with the students: this process has verified for us the reality of 
the kinds of errors that our TAFE test purports to identify. 

Reliability: Hhen we tried the test out in 1980 for item-analysis 
purposes (on 670 students), we found the internal consistency measure 
of reliability, as measured by the Kuder-Richardson (KR20) formula 
to be 0.90 (Horst modification = 0.913). This figure, incidentally, 
is for Section A (the first 50 questions) - it is that section which 
\ve tend to refer to as I the test•, as it is the part on which we do 
the full diagnostics. 

I hope the information I have provided is what you required! 

Yours faithfully, 

-~C-c . 14-7/1 

MALCOLM KAYS 
Education Officer 

J:"nllrATTnNl\l M'C"'f\,trnrur.~,T JIIIT"'T" 
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APPENDIX5 

Information Processing Preferences Analysis: 

1. Two-factor Solution 

2. Factor Scree Plot 



17 Apr 95 SPSS for MS WINDOWS Release 6.1 

F A C T O R A N A L Y S ... S 

Analysis number l Pairwise deletion of cases with missing values 

Extraction 1 for analysis 1, Principal Components Analysis (PC) 

Initial Statistics: 

Variable Communality * Factor 
* 

LFBTOT 1.00000 * 1 
LPFTOT 1.00000 * 2 
LAWTOT 1.00000 * 3 
LANTOT 1. 00000 * 4 
NLVTOT 1.00000 * 5 
NLATOT 1. 00000 * 6 

Hi-Res Chart # 1:Factor scree plot 

PC extracted 2 factors. 

Factor Matrix: 

Factor 1 

LFBTOT .63047 
LPFTOT .68542 
LAWTOT .60802 
LANTOT .70357 
NLVTOT .68897 
NLATOT .67769 

Final Statistics: 

Variable 

LFBTOT 
LPFTOT 

Communality * 
* 

.69718 * 

.69004 * 

Factor 

-.54743 
-.46929 

.53570 

.31075 
-.10640 

.28886 

Factor 

1 
2 
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Eigenvalue 

2.66594 
.99822 
.69480 
. 62753 
.58567 
.42784 

Eigenvalue 

2.66594 
.99822 

Pct of Var 

44.4 
16.6 
11. 6 
10.5 

9.8 
7.1 

Pct of Var 

44.4 
16.6 

Cum Pct 

44.4 
61.1 
72. 6 
83.1 
92.9 

100.0 

Cum Pct 

44.4 
61.1 

Page 5 



17 Apr 95 SPSS for MS WINDOWS Release 6.1 Page 6 

F A C T O R A N A L Y S I S 

Variable Communality * Factor Eigenvalue Pct of Var Cum Pct 

LAWTOT .65666 * 
LANTOT .59158 * 
NLVTOT .48600 * 
NLATOT .54270 * 

VARIMAX rotation 1 for extraction 1 in analysis 1 - Kaiser Normalization. 

VARIMAX converged in 3 iterations. 

Rotated Factor Matrix: 

Factor 1 Factor 2 

LFBTOT .08846 .83028 
LPFTOT .18192 .81052 
LAWTOT .81004 .02219 
LANTOT . 72671 .25195 
NLVTOT .43178 .54732 
NLATOT .69284 .25034 

Factor Transformation Matrix: 

Factor 1 
Factor 2 

Factor 1 

.73193 

.68138 

Factor 2 

• 68138 
-.73193 

2 PC EXACT factor scores will be saved with rootname: LUR2 

Following factor scores will be added to the working file: 

Name 

LUR21 
LUR22 

Label 

BART factor score 
BART factor score 

1 for analysis 
2 for analysis 
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APPENDIX6 

Self-Esteem Analysis: 

1. Nine-component Solution 

2. Summary 



10 Dec 99 SPSS for MS WINDOWS Release 6.1 Pagel 

F A C T O R A N A L Y S I S 

Analysis number 1 Pairwise deletion of cases with missing values 

Mean Std Dev Cases Label 

QOl .88235 .32325 153 
Q02 .90196 .29834 153 
Q03 .90850 .28927 153 
Q04 .81699 .38794 153 
Q05 .83660 .37094 153 
Q06 .78431 . 41265 153 
Q07 .52288 .89652 153 
Q08 .92157 .26973 153 
Q09 .83007 .37681 153 
QlO .83660 .37094 153 
Qll . 660"13 .47522 153 
Q12 .87582 .33087 153 
Q13 .84314 .36487 153 
Ql4 . 94118 .23607 153 
Q15 .79739 .40327 153 
Ql6 .77778 .41711 153 
Q17 .68627 . 4 6553 153 
Ql8 .80392 .39833 153 
Ql9 .79739 .40327 153 
Q20 .67320 .47058 153 
Q21 .51634 .50137 153 
Q22 .61438 .48834 153 
Q23 .82353 .38247 153 
Q24 . 43791 .49776 153 
Q25 .69281 . 4 6284 153 
Q26 .83007 .37681 153 
Q27 .79085 .40804 153 
Q28 .66013 .47522 153 
Q29 .64706 .47945 153 
Q30 .64052 .48142 153 
Q31 .75817 .42960 153 
Q32 . 43137 .49689 153 
Q33 . 76471 .42558 153 
Q34 .64052 .48142 153 
Q35 .77124 .42141 153 
Q36 . 71895 .45099 153 
Q37 .26144 .44086 153 
Q38 .41176 .49377 153 
Q39 .52288 . 50112 153 
Q40 .37908 .48675 153 
Q41 .65359 .47739 153 
Q42 . 58170 .49490 153 
Q43 .46405 .50034 153 
Q44 .70588 .45714 153 
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F A C T O R A N A L Y S I S 

Det.er:minan:. cf Correlation Matrix= .0000001 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy= .76142 

Bartlett Test of Sphericity = 2154.9827, Significance .00000 

1-tailed Significance of Correlation Matrix: 

I I is printed for diagonal elements. 

QOl Q02 Q03 Q04 Q05 

QOl 
Q02 .02994 
Q03 .02042 .06327 
Q04 .00009 .00009 .03900 
Q05 .00026 .34439 .00233 .00100 
Q06 .09942 .03419 .08963 .06703 .19800 
Q07 .25073 .10426 .08873 .26989 .10860 
Q08 .09500 .00004 . 00115 .08137 .20066 
Q09 .26630 .03846 .32279 .10731 .15549 
QlO .48421 .00442 .00233 .00608 .04288 
Qll .32141 .30374 .15055 .13797 .12535 
Q12 .01779 .00028 . 002 67 .00020 .00480 
Q13 .01422 .11043 .00158 .00057 .00701 
Q14 .13088 .00712 .00006 .01837 .07863 
Q15 .20083 .02278 .21018 .00269 .05592 
Q16 .03549 .00818 .10260 .00003 .03542 
Q17 .00025 .00000 .16724 .00009 .00176 
Q18 .17798 .00262 .18940 .03263 .01199 
Ql9 .20083 .02278 .06649 .00000 .14785 
Q20 .01382 .00017 .00053 .00105 .01216 
Q21 .12611 .00481 .00877 . 01118 .04416 
Q22 .31512 .00002 .36557 .00375 .06649 
Q23 .45414 .16893 .00461 .28222 .06974 
Q24 .07340 .02548 .26296 .08575 .00102 
Q25 .20441 .02298 .15240 .26464 .13722 
Q26 .48445 .00057 .11447 .10731 .05529 
Q27 .08502 .00052 . 01716 . 00072 .00505 
Q28 .06423 .04850 .02775 .06288 .00543 
Q29 .19523 . 01758 .11488 .08740 .02827 
Q30 .21359 .07069 .27464 .04376 .18113 
Q31 .06122 .06686 .34490 .01958 . 31437 
Q32 .00781 .00698 . 01107 .00028 .04799 
Q33 .05163 .00198 .03726 .42023 .01696 
Q34 .21359 .00441 .04197 .04376 .18113 
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QOl Q02 Q03 Q04 Q05 

Q35 .30048 .01041 .1164 7 .21531 . 11891 
Q36 .14079 .00180 .00072 .00207 . 17011 
Q37 .. 16661 .48081 . 14 62 6 .05782 .03971 
Q38 .1107 4 .46149 .05837 .42141 . 07 260 
Q39 .24072 .32444 .00757 .24774 . 01320 
Q40 .46394 .06700 .1655 6 . 39642 .13360 
Q41 .34455 .00040 .00714 . 02969 .04687 
Q42 .40616 .02015 .11284 .29407 . 13133 
Q43 .04638 .30163 .08124 . 04 7 64 .00038 
Q44 .06899 .06206 .29501 .01442 .00326 

Q06 Q07, Q08 Q09 QlO 

Q06 
Q07 .17629 
Q08 .12420 .05662 
Q09 .41934 .03766 .00003 
QlO .02781 .02432 .00000 .00036 
Qll .00812 .36578 .28076 .02954 .24547 
Q12 .12994 .28697 .00062 .00006 .00052 
Q13 .01950 . 13034 .17935 .00019 .00701 
Q14 .04325 .25752 .00159 .09040 .00932 
Q15 .05325 .26650 .12170 .00001 .01622 
Q16 .04200 .31568 .04631 .00007 .00003 
Q17 .02471 .12635 . 21336 . 00011 .02528 
Q18 .10653 .47174 .10741 . 01727 .00239 
Q19 .13039 .06403 .12170 .02300 .00006 
Q20 .00025 .17609 .00051 .00568 .00066 
Q21 .02393 . 11417 .00569 . 00968 .00476 
Q22 .00554 .36653 .00334 .00094 .00042 
Q23 .13236 .16584 . 06971 .21434 . 00414 
Q24 .00007 .49764 . 43911 .15189 .33930 
Q25 .47687 .18645 .06663 .31954 .02042 
Q26 .03837 .35156 .00069 .07040 .00273 
Q27 .15688 .10239 .00040 .00153 .00001 
Q28 . 23116 .18074 .00630 .16437 .05360 
Q29 .01386 .48238 .00127 .00425 .00887 
Q30 .32197 .21358 .00156 .01851 .03410 
Q31 . 32119 .05361 .07125 .03133 . 00110 
Q32 .01897 . 4 64 62 .02714 .03383 . 11081 
Q33 .28501 .40172 .00010 .17136 .00406 
Q34 .19231 .16310 .01040 .00133 .00296 
Q35 .12714 .47439 .18614 .48940 .04436 
Q36 .00032 .04441 .00754 .21045 .00173 
Q37 .23495 .04860 . 4 6289 .34919 .22400 
Q38 .03381 .28843 .48578 .11970 .44844 
Q39 .38558 .09824 .02454 .39965 .18384 
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Q06 Q07 Q08 Q09 QlO 

Q40 .03422 .31044 .36785 .10380 .41555 
Q41 .26007 .44656 .00009 . 01193 .00169 
Q42 .31815 . 32.2'.23 .00754 .03637 .02219 
Q43 .01820 .41985 .06151 .09408 .0579:::'. 
Q44 .07867 .38162 .01097 .01999 .00010 

Qll Q12 Q13 Ql4 Q15 

Qll 
Q12 .03374 
Q13 .03605 .00000 
Ql4 .01650 .00125 . 00715 
Q15 . 25871 .00007 .00030 .00320 
Q16 .27810 .00028 .00001 .00649 .00000 
Q17 .08868 .00008 .00089 .05422 .00014 
Q18 . 11539 .02175 .03291 .14406 .00126 
Q19 . 26862 .00077 . 01103 .00015 .00004 
Q20 .00529 .00000 .00004 .00138 .00006 
Q21 . 00960 .08509 .02558 . 13019 .05412 
Q22 .15222 .00924 .00424 .35542 .00039 
Q23 .00446 .00945 .15330 .29942 . 21152 
Q24 .09847 .25867 .00669 .25884 .03215 
Q25 .49617 .12659 . 21811 . 00073 . 26136 
Q26 .47065 .00085 .00019 .09040 .02300 
Q27 .00028 .00001 .00005 .03723 . 01275 
Q28 .06027 .03374 .19517 .48312 . 07158 
Q29 .00001 .00056 .00000 .02132 .01668 
Q30 .02983 .05336 .00631 .43364 .00193 
Q31 .01534 .02585 .00338 .17421 .24168 
Q32 .00052 .00495 .00807 . 27176 .01459 
Q33 .46259 .02083 . 01124 .23902 .36994 
Q34 .32229 .00010 .00000 .02407 .00044 
Q35 .35907 .16887 .09321 .48097 .48267 
Q36 .10054 .18429 .00014 .13196 .02779 
Q37 . 00511 .04955 .04943 .03326 .07867 
Q38 . 20313 .18351 .19926 .41931 . 13073 
Q39 .09766 .17281 .02160 .03168 .18850 
Q40 .27497 .27324 .16982 .38619 .00849 
Q41 .14352 .00005 .00002 .01880 .08509 
Q42 .03508 .00002 .01268 .06052 .20527 
Q43 .23457 .08415 .01098 .45201 . 03892 
Q44 .15697 .09844 .00031 .39589 .04382 

Q16 Q17 Q18 Q19 Q20 

Q16 

Ap 6- IV 



10 Dec 99 SPSS for MS WINDOWS Release 6.1 Page 5 

- - - - - - - - - - - F A C T O R A N A L Y s I s - - - - - - - - - - -

QlE Ql7 Ql8 Ql9 Q20 

Q17 .00000 
Q18 .00000 .00182 
Q19 .00000 . 01109 .00002 
Q20 .00723 .00023 .01203 .00152 
Q21 .00527 .02202 .01264 .00230 .00930 
Q22 .00000 .00030 . 00086 . 00039 . .00093 
Q23 .15540 .12526 .07516 . 21152 .02979 
Q24 .02793 .00070 .04531 .07458 .04505 
Q25 .14221 .39007 .01743 .00050 .16354 
Q26 .12639 .34900 .00383 .00099 .00025 
Q27 .00233 .04543 .00197 .00308 .00063 
Q28 .03441 .26909 .11539 .00292 .03462 
Q29 .00051 .07038 .00072 .00030 .00007 
Q30 . 23726 .08806 . 01345 .00044 .00053 
Q31 .04365 .03738 .00060 .00476 .05858 
Q32 .07597 .00325 .21407 .00129 .00002 
Q33 .00287 .13467 .00001 .00067 .01676 
Q34 .00000 .08806 .00003 .00000 .00187 
Q35 .36047 .20275 .06499 .03095 .14810 
Q36 . 00011 .01641 .00137 · . 00050 .06591 
Q37 .20327 .15767 .47126 .30795 .02351 
Q38 .02430 .26762 .01340 .37828 . 44313 
Q39 .14126 .14144 .06732 .18850 .07737 
Q40 .06031 .12697 .16128 .02463 .49357 
Q41 .09513 .10975 .02452 .17118 .00076 
Q42 . 01135 .08408 .00097 .00009 .00656 
Q43 .01212 .01421 .02241 .00136 .00067 
Q44 . 00132 .03128 .00001 .01562 .05282 

Q21 Q22 Q23 Q24 Q25 

Q21 
Q22 .00022 
Q23 .00575 .00195 
Q24 .00030 .00044 . 11509 
Q25 .00177 .15181 .44666 .10418 
Q26 . 00968 .00401 .00627 .27539 .08092 
Q27 .00030 .00080 .00041 .00792 .00381 
Q28 .02304 .01860 .10436 . 17183 .35323 
Q29 .00000 .00017 .02383 .00000 .00001 
Q30 .00019 .00339 .28517 .00007 .00463 
Q31 .00025 .03358 .11189 .00907 .02923 
Q32 .00000 .00219 .00047 . 00011 .21213 
Q33 .00002 .00255 .03451 .00457 .05241 
Q34 .00001 .00002 .07368 .00094 .01289 
Q35 .00086 .08406 .02702 .00697 .03861 
Q36 .00000 .00001 .05444 .00216 .03122 
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- - - - - - - - - - - F A C T O R ANA L y s I s - - - - - - - - - - -

Q.?1 Q">? -- Q?-=< -- Q24 Q25 

Q37 .02472 .09897 .48877 .18016 .30520 
Q38 .00695 .01690 .03845 .03700 .20273 
Q39 .11721 .17329 .31889 .05324 .00382 
Q40 .00009 .03346 .29605 .00524 . 00227 
Q41 .29073 .00404 .43801 .13738 .15992 
Q42 .00044 .13327 .23330 .02344 .00143 
Q43 .00857 .00006 .14258 .00170 .00024 
Q44 .00500 .00000 .07829 .02078 .05481 

Q26 Q27 Q28 Q29 Q30 

Q26 
Q27 .00000 
Q28 .00008 .00028 
Q29 .00425 .00002 .17386 
Q30 .01851 .00018 . 12113 .00000 
Q31 .00032 .00001 .43331 .00003 .00005 
Q32 .03383 .00305 . 01334 .00001 .00000 
Q33 .00000 . 00113 .01014 .00000 .00013 
Q34 .00026 .00003 .01243 .00000 .00003 
Q35 . 004 71 .37482 .19789 .00021 .00006 
Q36 .00009 .00000 .02056 .00000 .00224 
Q37 .34919 .14377 .08237 .00920 .09878 
Q38 .37971 .19134 .06384 .00068 .05655 
Q39 .00214 .03014 . 07712 .01742 . 10372 
Q40 .10380 .19299 .17161 .00000 .00098 
Q41 .00324 .00665 .00601 . 004 65 .00686 
Q42 .01267 .14759 .13198 .00015 .00098 
Q43 .01442 .00981 . 00725 .00028 .00001 
Q44 . 005 62 .00007 .00050 .00000 .00002 

Q31 Q32 Q33 Q34 Q35 

Q31 
Q32 .00027 
Q33 .00000 .00010 
Q34 .00409 .00419 .00000 
Q35 . 05672 .00884 .00003 .00000 
Q36 .00002 .00088 .00001 .00000 .00100 
Q37 .23773 .03944 .13227 . 29991 .35599 
Q38 .10858 .02696 .13861 .00432 .09222 
Q39 . 02180 .03681 .00001 . 01129 .00751 
Q40 .02545 . 00117 .00124 .00001 .00010 
Q41 .19485 .00922 .00435 .00070 .02449 
Q42 .00189 .00067 .00100 .00028 .00645 
Q43 .00970 .00008 .00008 .00004 .00249 
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Q31 Q32 Q33 Q34 Q35 

Q44 .00552 .00033 .00000 .00000 .02360 

Q36 Q37 Q38 Q39 Q40 

Q36 
Q37 .18107 
Q38 .04327 . 00724 
Q39 .00104 .12936 .02333 
Q40 .00005 .07381 .00001 .00513 
Q41 .02709 .23810 .47591 .00424 .15578 
Q42 .03417 .46052 .13357 . 07243 .00080 
Q43 .00056 .41852 .01293 .00001 . 00112 
Q44 .00000 .13362 .05190 .00007 .00481 

Q41 Q42 Q43 Q44 

Q41 
Q42 .16645 
Q43 .19000 .00001 
Q44 .00834 .03164 .00000 

Extraction 1 for analysis 1, Principal Components Analysis (PC) 

Initial Statistics: 

Variable Communality * Factor Eigenvalue Pct of Var Curo Pct 
* 

QOl 1.00000 * 1 8.53897 19.4 19.4 
Q02 1.00000 * 2 2.57646 5.9 25.3 
Q03 1. 00000 * 3 2.05400 4.7 29.9 
Q04 1.00000 * 4 1. 80988 4.1 34.0 
Q05 1.00000 * 5 1. 68968 3.8 37.9 
Q06 1.00000 * 6 1. 58779 3.6 41. 5 
Q07 1. 00000 * 7 1. 48388 3.4 44.9 
Q08 1.00000 * 8 1. 35986 3.1 48.0 
Q09 1.00000 * 9 1.33337 3.0 51. 0 
QlO 1.00000 * 10 1. 27241 2.9 53.9 
Qll 1.00000 * 11 1.17754 2.7 56.6 
Q12 1.00000 * 12 1.13414 2.6 59.1 
Q13 1.00000 * 13 1.10518 2.5 61. 6 
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- - - - - - - - - - - F A C T 0 R A N A L Y S I s - - - - - - - - - - -

Variable Conununality * Factor Eigenvalue Pct of Var Cum Pct 

Q14 1. 00000 * 14 1. 03587 2.4 64.0 
Ql5 1.00000 * 15 .99285 2.3 66.3 
Q16 1.00000 * 16 .94506 2.1 68.4 
Ql 7 1. 00000 * 1 -, 

.LI .92454 2.1 70.5 
QlB 1.00000 * 18 .86589 2.0 72.5 
Q19 1. 00000 * 19 .83669 1. 9 74.4 
Q20 1.00000 * 20 .81636 1. 9 76.2 
Q21 1.00000 * 21 .77114 1. 8 78.0 
Q22 1.00000 * 22 .74114 1. 7 79.7 
Q23 1. 00000 * 23 . 72288 1. 6 81. 3 
Q24 1.00000 * 24 . 65011 1. 5 82.8 
Q25 1.00000 * 25 .63353 1. 4 84.2 
Q26 1. 00000 * 26 .60351 1. 4 85.6 
Q27 1. 00000 * 27 .53100 1. 2 86.8 
Q28 1. 00000 * 28 .52306 1. 2 88.0 
Q29 1.00000 * 29 .49588 1. 1 89.1 
Q30 1.00000 * 30 .47718 1.1 90.2 
Q31 1.00000 * 31 .45891 1. 0 91. 2 
Q32 1.00000 * 32 .43490 1. 0 92.2 
Q33 1.00000 * 33 .40247 . 9 93.2 
Q34 1.00000 * 34 .39318 . 9 94.0 
Q35 1. 00000 * 35 . 35611 . 8 94.9 
Q36 1.00000 * 36 .33503 . 8 95.6 
Q37 1. 00000 * 37 . 31169 . 7 96.3 
Q38 1.00000 * 38 .29408 . 7 97.0 
Q39 1. 00000 * 39 .28679 .7 97.6 
Q40 1. 00000 * 40 .26468 . 6 98.2 
Q41 1.00000 * 41 .22973 • 5 98.8 
Q42 1. 00000 * 42 .20033 . 5 99.2 
Q43 1.00000 * 43 .18770 . 4 99.6 
Q44 1.00000 * 44 .15454 . 4 100.0 

PC extracted 9 factors. 

OBLIMIN rotation 1 for extraction 1 in analysis 1 - Kaiser Normalization. 

OBLIMIN converged in 61 iterations. 

Pattern Matrix: 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Q16 .77368 .11238 .00958 .05587 .00755 
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Factor Fact:or ,.., Factor 3 Factor 4 Factor 5 -

Q15 .63217 .07069 .04033 -.03382 -.20231 
Q'"l'"l L..L. .47652 -.13108 .32658 -.02195 .24561 
Ql8 .47089 .04510 -.00697 -.04675 .19428 
Q09 .45549 -.04950 -.16356 -.29649 .07494 

QOl -.04667 .74320 .07089 -.05129 -.05536 
Q05 .04396 .60890 -.15443 .14923 .11318 
Q04 .26294 . 4 7143 .11021 .09415 .08311 
Ql 7 .40223 .44947 .25350 - . 11334 -.10026 

Q06 .09559 .06309 .63422 . 22271 .04096 
Q24 .02157 .15782 .54184 -.12514 -.04512 
Q35 -.22634 -.01489 .45972 -.06411 -.02493 
Q36 .19685 -.07256 .41654 .19975 .30550 
Q40 .10413 -.13490 .38148 -.10893 -.11723 
Q32 -.18599 .29314 .35324 -.24308 .22368 

Q07 -.08822 -.03837 .12678 . 60513 .16818 
Q03 -.14579 .29392 . 01964 .48837 .12304 
Q30 -.04794 -.03746 .20087 -.47318 . 07114 

Q23 -.06179 .04667 . 11411 .08425 .62714 
Q27 .13839 .05999 -.09347 .01861 .60919 
QlO .31425 -.08248 -.07472 .21934 . 45717 
Q31 .01616 .09597 . 03170 -.33842 .41644 
Q26 .01614 -.02952 -.00212 .05363 .40496 
Q21 .00875 .02580 .35388 -.03290 .38305 
Q28 .03821 .18741 -.15616 -.01853 . 29673 

Q25 .02316 -.12533 -.02782 .11164 -.00667 
Q42 -.01620 .10857 .00183 -.24598 .02736 
Q14 .16176 -.03980 -.00435 .39003 -.15120 
Q19 .43241 . 11345 -.00569 -.05200 .06870 

Q39 -.09036 .11493 -.03863 .19503 -.12234 
Q44 .26912 .00094 .05803 -.08083 .21034 
Q43 . 05117 .25162 .07573 -.15235 -.02576 
Q33 -.02084 .03996 .14005 -.13544 .25460 
Q34 .29947 -.13829 .20645 -.14350 .02902 

Q37 .00680 .06290 .01536 .13745 .00287 
Qll -.11419 .02305 .07882 -.24214 . 41313 
Q02 .15339 .10840 .38384 -.00792 .11613 
Q38 .12458 -.01639 . 1724 9 .03639 -.00123 
Q29 .05403 -.13347 .31184 -.22900 .16206 

Q41 -.00958 -.14095 .10618 -.00877 -.04877 
Q20 .03222 .29874 .12438 -.07137 . 06710 
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F A C T O R A N A L Y S I S 

Factor l Factor Factor 3 Factor 4 Factor 5 

Q08 .01882 -.16349 -.17431 -.061 3 .32507 
Q12 .17407 .28007 -.12130 -.074 1 . 07184 
Q13 .22903 .15922 .07986 . 041 9 -.02411 

Factor 6 Factor 7 Factor 8 Factor 9 

Q16 .07052 .02680 .00456 .07346 
Q15 .04242 -.00294 -.14068 -.14197 
Q22 -.20499 .11795 -.00094 -.08568 
Q18 .14422 . 15 64 7 .15695 .13851 
Q09 -.00735 -.05048 -.19226 -.25386 

QOl -.15496 .11526 .02790 .04280 
Q05 .11823 .21548 -.16968 .18037 
Q04 .03671 -.12956 .07298 -.07327 
Q17 -.07875 -.15202 .09058 -.08236 

Q06 -.11560 -.17493 -.08164 -.04485 
Q24 .01322 .08009 -.11401 . 01199 
Q35 .21176 .28099 .23203 -.11161 
Q36 .01246 .28303 .06805 .01248 
Q40 . 31150 .24916 -.18193 .22151 
Q32 .10206 . 01150 -.15322 -.14168 

Q07 -.02337 .11453 -.21837 .12495 
Q03 .20949 .08424 .03442 -.29012 
Q30 .19047 .21367 -.18217 -.17141 

Q23 - . 07193 -.10037 -.03695 .06924 
Q27 .03178 .07954 - . 13370 -.14848 
QlO .14612 -.01812 .09151 -.15726 
Q31 .15148 .09904 .05756 .09662 
Q26 .05153 .24409 .16640 -.26640 
Q21 .34130 -.04638 -.10965 .15817 
Q28 - .11848 .28716 -.04104 -.12940 

Q25 .68554 .10294 -.04165 .06290 
Q42 .58532 .02994 .03326 -.01832 
Q14 .52812 -.22220 - .13569 -.34331 
Q19 .46876 -.03837 .15633 .07009 

Q39 .14919 .64803 -.03493 -.17548 
Q44 -.14275 .57885 - . 09610 -.03041 
Q43 . 17775 .49662 -.05250 .04322 
Q33 .17777 .46677 .29675 -.08054 
Q34 .19160 .39397 .00893 -.17348 
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F A C T O R A N A L Y S I S 

Factor 6 Factor Factor 8 Factor 9 

Q37 .03109 -.01504 -.62066 -.10626 
Qll .04745 -.35417 -.48753 -.06133 
Q02 .07833 -.19423 . 39296 -.32822 
Q38 .01669 .26696 -.37686 .18358 
Q29 .33076 .15867 -.35136 -.13240 

Q41 -.16508 .22065 .01298 -.80174 
Q20 .12607 -.13431 -.09504 -.50097 
Q08 .19893 .05625 .10844 -.48014 
Ql2 .19273 -.10799 - .11098 -.46358 
Q13 -.04248 .18886 -.26281 -.39038 

Structure Matrix: 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Q16 .79085 .24335 .15698 .00105 .17523 
Q15 .65991 .19221 .14868 -.06768 -.01534 
Q22 .55164 .03016 .42133 -.08513 .38105 
Q18 .51858 .14163 .14057 -.10479 .31244 
Q09 .51397 .07230 -.03079 -.31309 .19742 

QOl .05882 . 72052 .14182 -.05362 .04278 
Q05 .14920 . 62272 .00705 . 127 4 9 .20846 
Q04 .37643 .54234 .20090 .06220 .21053 
Q17 .49086 .52627 .32240 -.14465 .06531 

Q06 .17984 .15919 .60649 .17616 .12949 
Q24 .14870 .24132 . 59725 -.17770 .10968 
Q36 .32267 .06782 .51983 .11708 .44444 
Q35 -.08130 .03533 .49015 -.12065 .11699 
Q21 . 17096 .14497 .48670 -.10976 .48329 
Q40 .16629 -.05684 .47535 -.17401 .02860 
Q32 .03743 .38748 .46971 -.28955 .36855 

Q07 -.08461 -.01359 .11856 .58575 .13444 
Q30 .12250 .06752 .34485 -.51936 . 24311 
Q03 .00784 .34839 .08050 .46161 .22214 

Q27 .30498 .20171 .08898 -.02883 .68549 
Q23 .04582 .12243 .18611 .04944 .59334 
QlO .41560 .05370 .05060 .16783 .52921 
Q26 .16825 .07526 .11448 .00803 .49967 
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Factor 1 Factor ') Fact.or 3 Factor 4 Factor C 
-.) 

Q31 .14988 .16769 .18375 -.38501 .48409 
Q28 .14425 .24561 -.02861 -.03621 .36477 

Q25 .10426 -.06380 .09020 .05888 .10303 
Q42 .12665 .16807 .14711 -.29300 . 1716:2 
Q19 .51784 .21408 .15052 -.11463 .22774 
Q14 . 25139 .05969 .04681 .36041 -.01668 
Q29 .24851 .03305 . 48711 - . 30272 .36209 

Q39 .01974 .15465 .07762 .16215 .04370 
Q44 .37180 .11953 .23490 - . 13672 .37145 
Q33 .14355 .12245 .28459 -.20200 .40926 
Q43 .18499 . 31143 .24756 -.20292 .16386 
Q34 .43321 . 01112 .36677 -.21705 .25704 

Q37 .07666 .13761 .09300 .13189 .06819 
Qll . 01165 .11295 .16488 -.25355 .40754 
Q38 .15948 .04996 .26827 -.00010 . 08672 

Q41 .14404 -.02042 .13427 -.02056 .12187 
Q20 .24370 .41768 . 22712 -.09851 . 25013 
Q12 .35082 .39538 .01889 -.09458 .24591 
Q08 .16783 -.05169 -.06631 -.08829 .41605 
Q13 .37546 .29303 .20832 .00903 .17773 
Q02 .29812 . 21193 .39959 -.05707 .25425 

Factor 6 Factor 7 Factor 8 Factor 9 

Q16 .20321 .12215 -.05729 -.12766 
Q15 .15688 .05763 -.17912 -.25925 
Q22 .00627 .22786 -.06488 -.21266 
Q18 .26688 .26008 .10257 -.04378 
Q09 . 11200 .01331 -.19875 -.35045 

QOl -.07410 .12492 -.03758 -.03084 
Q05 .18264 .26041 -.22770 .03733 
Q04 .13674 -.03737 .00140 -.22303 
Q17 .04622 -.06716 .01232 -.21221 

Q06 -.01219 -.07228 -.15625 -.09100 
Q24 .14746 .19062 -.19151 -.04717 
Q36 .20559 .41730 -.01255 -.12258 
Q35 .31849 .37539 .17806 -.13381 
Q21 .45074 .15299 -.18747 -.00199 
Q40 .39008 .35825 -.23456 .15352 
Q32 .25238 .15879 -.22547 -.23119 
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F A C T O R A N A L Y S I S 

Factor 6 Factor 7 Factor 8 Factor 9 

Q07 -.02233 .12022 -.23664 . 11225 
Q30 .34065 .33325 -.21808 -.22944 
Q03 .26581 .14080 -.00271 -.36284 

Q27 . 20111 . 21178 -.17586 -.31542 
Q23 .02256 . 0117 6 -.08038 -.04076 
QlO .26574 .10282 .05696 -.32423 
Q26 .20750 .33438 .134 74 -.36930 
Q31 .27146 .23019 .01029 -.04205 
Q28 .01280 .31594 -.06431 -.21201 

Q25 .67467 .21743 -.05998 -.03963 
Q42 . 62364 .16712 -.00219 -.13867 
Ql9 .54216 .10917 .09902 -.13254 
Q14 .51406 -.13262 -.14551 -.41449 
Q29 .49767 . 3372 9 -.40649 -.24172 

Q39 .25754 .64471 -.05623 -.20248 
Q44 . 07972 .63730 -.14540 -.14309 
Q33 .35233 .57479 .24044 -.19851 
Q43 . 32113 .56730 -.10955 -.06192 
Q34 . 38771 .51210 -.04319 -.29127 

Q37 . 07135 .01815 -.62898 -.12049 
Qll .09991 -.23124 -.50535 -.11956 
Q38 .10074 .31341 -.41264 .13276 

Q41 .00768 .23108 .01740 -.75925 
Q20 .26060 -.02145 -.14097 -.58815 
Q12 .30613 -.01213 -.13989 -.57773 
Q08 .30750 .14225 .11345 -.55287 
Q13 .13051 .25008 -.30234 -.46603 
Q02 .20614 -.06415 .32804 -.42859 

Factor Correlation Matrix: 

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Factor 1 1.00000 
Factor 2 .17123 1.00000 
Factor 3 . 16005 .13089 1.00000 
Factor 4 -.05992 -.01079 -.08693 1.00000 
Factor 5 .19419 . 14 627 .18106 -.06302 1.00000 

Ap 6 - XIII 



10 Dec 99 SPSS for MS WINDOWS Release 6.1 Page 14 

F A C T O R A N A L Y S I S 

Fact.or l Factor Factor 3 Factor 4 Factor 5 

Factor 6 .16885 .09204 .17896 -.07371 .18505 

Factor 7 .10227 .05772 .17513 -.05459 .18614 

Factor 8 -.06010 -.08836 -.11341 .00073 -.05808 

Factor 9 -.21927 -.14832 -.06051 .00981 -.:2040~ 

Factor 6 Factor 7 Factor 8 Factor 9 

Factor 6 1.00000 
Factor 7 .19463 1.00000 
Factor 8 -.04076 -.03466 1.00000 
Factor 9 -.16753 -.05254 -.00189 1. 00000 

Hi-Res Chart # 1:Factor plot of factors 1, 2, 3 
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Summary of the Nine Component Solution obtained using Principal Components Analysis and Oblimin Rotation in Study 3.1. 

22 3.65 +5 = 1:;::a;,su::1 I .33 I I .25 
18 0.3 X 10 == 
9 684 + 6 = .30 I I I I I -.25 
1 1023 + 462 = 
5 408 X 6 = 
4 406 - 208 = .26 

17 37.5 .. 2.76 = .40 
6 211x32= 

24 1.84 + 2.3 = 
35 What is 3.5% as a decimal? .28 
36 What is 8% of $400? .31 .28 
40 The price of bananas has just gone up by 10%, so that they now cost 99c .31 .25 

per kilogram. What did they cost per kilogram before the increase? ~--T-----32 2 1/8 + Y2 = .29 
7 478 X 79 = 
3 4698 - 327 = .29 -.29 

30 3 %- 7/8 = 
23 2 + 10 = 
27 36 + (6 + 3) = 
10 161 + 7 = .31 
31 5 X 2/3 = -.34 
26 23 + 5 X 4 = -.27 
21 5.7 X 1.73 = .35 .34 
28 15-27+8= I .29 
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Summary of the Nine Component Solution obtained using Principal Components Analysis and Oblimin Rotation in Study 3.1. 

( continued) 

A calculator shows this figure: 25.634817 
What is it expressed correct to 2 decimal places? 

42 I Divide 30m into two parts which are in the ratio of2:3. 
14 I 20.35 + 6.0 + 0.5 = 
19 I 0.5 x 0.5 = 
39 I A tradesman received a wage of $240 a week and then was given an 8% 

increase. What is his new wage? 
44 1· What value ofx will make the ratios 5:9 and 15:x the same as each 

other? 
43 I 5 litres of fuel are used by a car in travelling 48km. How many litres 

would be used to travel 72km at the same rate of fuel consumption? 
33 I What is 2/5 as a decimal? 
34 
37 
11 
2 

38 I $175 is 7% of the cost of a car. What is the total cost of the car? 
29 I V4 + Vi + 3/8 = 
41 I The ratio 3: 5 mav also be written in the fonn 
20 I 120 x 0.04 

8 I 603 + 3 = 
1216.7+3.4= 
13 I 3.14 + 51.2 = 
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APPENDIX7 

Arithmetical Construct Analysis: 

Item Feature Descriptions 



Descriptions of the sub-groups of items in the Screening and Diagnostic Maths 

Test Part A identified in the Rasch analysis are presented below. Items are arranged 

according to the order of case estimates within the four sub-groups identified in the 

Rasch analysis. Each item is described under the category used in the Screening and 

Diagnostic Maths Test Part A This description is followed by a list of the major 

features of arithmetical knowledge associated with the item. 

Item 37: What is 18 as a percentage of 144? 

Percentages 

Multiplicative word problem indicating conversion of integer operands to a percentage fonnat. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ Direct Proportion schema expressed in number format 
+ Conversion to percentage format 
+ Expression of remainder as a fraction or a decimal 

Item 40: The price of bananas has just gone up by 10%, so that they now cost 99c per 
kilogram. What did they cost per kilogram before the increase? 

Percentages 

Multiplicative word problem indicating a proportion schema of integer operands expressed in 
money and percentage formats. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens 
+ Money fonnat place values Integer - units or tens OR decimal - tenths, hundredths 
+ Proportion schema expressed in percent fonnat 
+ Conversion to money format 
+ Derivation down of new unit 

Item 38: $175 is 7% of the cost of a car. What is the total cost of the car? 

Percentages 

Multiplicative word problem indicating a proportion schema of integer operands expressed in 
money and percentage f01mats. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ Direct Proportion schema expressed in percent format 
+ Derivation of total unit 

Ap 7-I 
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Item 32: 2 118 + Yi 
Fractions 

One-step open number sentence indicating a division operation of a mixed fraction dividend and a 
fraction divisor. 

Major Features of Associated Arithmetical Knowledge: 

+ 1st Number place values: Mixed - Integer, single nominator, single denominator 
+ 2nd Number place values: Fraction - single numerator, single denominator 
+ Algorithm for division: 

• Invariance of division operation 
• Algorithm for division of fractions - inversion of 2nd number 
• Algorithm for multiplication of fractions - both numerators and denominators 

multiplied. 
+ Where the mixed number is converted to improper fraction, then: 

• Derivation of mixed fractional number from improper fraction number 

Item 24: 1.84 + 2.3 

Decimals 

One:-step open nmnber sentence indicating a division operation of a mixed decimal dividend and 
a larger, mixed decimal divisor. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Mixed decimal-units, tenths, hundredths 
+ Algorithm for division: 

• Invariance of division operation 
• Smaller mixed number being divided by larger mixed nmnber, OR larger mixed 

number being divided into a smaller mixed number, (smaller mixed number being 
operated on by a larger mixed munber divisor) 

• Initial regrouping in both dividend and divisor 
• Algorithm for subtraction 

Item: 7 478 X 79 

Whole Numbers 

One-step open number sentence indicating a multiplication operation of an integer multiplier and 
a smaller, integer multiplicand. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ Algorithm for multiplication: 

• Thinking simultaneously of groups 
• "9" and "7" times table 
• 2 instances of carrying and grouping in 1st line 
• "Anchoring" 2nd line algorithm 
• 2 instances of carrying and grouping in 2nd line 
• Effect of "O" in addition 

Ap 7 - II 
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Item: 43 5 litres of fuel are used by a car in travelling 48km. How many litres would be 
used to travel 72km at the same rate of fuel consumption? 

Ratio and Proportion 

Multiplicative word problem indicating a prop01tion schema of integer operands expressed in 
different measurement formats. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens 
+ Prop01tion schema - Rate 

Item: 39 A tradesman received a wage of $240 a week and then was given an 8% 
increase. What is his new wage? 

Percentages 

Multiplicative word problem indicating a proportion schema of integer operands expressed in 
money and percentage formats. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ Proportion schema expressed in percent format 
+ Conversion to money format 
+ Derivation up of new unit 

Item: 21 5.7 x 1.73 

Decimals 

One-step open number sentence indicating a multiplication operation of a mixed decimal 
multiplier and a smaller, mixed decimal multiplicand. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Mixed decimal-units, tenths, hundredths 
+ Multiplication Algorithm: 

• Carrying and grouping 
• "Anchoring" of zeros or spare space in additive columns of two-line multiplication 

algorithm 
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Item: 42 Divide 30m into two parts which are in the ratio of 2:3 
Ratio and Proportion 

Multiplicative word problem indicating a division operation of an integer expressed in 
measurement format, in direct relationship to a given ratio. 

Major Features of Associated Arithmetical Knowledge: 

+ Integer numbers place value: units, tens 
+ Direct ratio relationship 

Item: 22 3.65 + 5 

Decimals 

One-step open number sentence indicating a division operation of a mixed decimal dividend and a 
larger, integer divisor. 

Major Features of Associated Arithmetical Knowledge: 

+ Mixed number place values: units, tenths, hundredeths 
+ Integer number place value: units 
+ Algorithm for division: 

• Invariance of division operation 
• Smaller mixed number being divided by larger integer number, OR, larger whole 

number being divided into a smaller mixed number, (smaller mixed number being 
operated on by a larger single integer divisor) 

• Initial grouping across decimal point 
• One further instance of grouping 
• Algorithm for subtraction 

Item: 34 What is 2/s as a percentage? 
Conversion 

Multiplicative word problem indicating the conversion of a fraction to a percentage format. 
~i• 

Major Features of Associated Arithmetical Knowledge: 

+ Fraction number: single numerator, single denominator 
+ Conversion to percentage fonnat 
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Item: 30 3 3/ 4 -
7
/ 8 

Fractions 

One-step open number sentence indicating a subtraction operation of a mixed fraction minuend 
and a fraction subtrahend. 

Major Features of Associated Arithmetical Knowledge: 

+ 1st Number place values: Mixed fraction - single numerator, single denominator 
+ 2nd Number place values: Fraction: single numerator, single denominator 
+ Algorithm for subtraction of fractional numbers - LCM (lowest common multiple) 

involves: 
• Algorithm for division 
• Algorithm for multiplication 
• Algorithm for subtraction 

+ Where the mixed fraction number is converted to an improper fraction first, then: 
• Algorithm for multiplication 
• Algorithm for subtraction of fractions - difference of numerators, value of 

denominator preserved 
• Derivation of mixed fractional number from improper fraction number 

+ Where the fractional part of the mixed number is converted to LCM (lowest common 
multiple) first, then: 
• Algorithm for multiplication 
• Algorithm for subtraction of fractions - difference of numerators, value of 

denominators preserved 
• Protocol for directionality of number 

• Algorithm for subtraction of fractions - difference of numerators, value of 
denominators preserved 

Item: 41 The ratio 3:5 may be written in the form 

Ratio and Proportion 

Multiplicative word problem indicating a direct ratio relationship of integers. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integers - units 
+ Proportion schema - Ratio 
+ Equivalent format 
+ Non-equivalent formats 

Ap7-V 

( continued next page) 



Item: 29 1
/ 4 + ~ + 3/8 

Fractions 

Open number sentence indicating multiple, non-ordered addition operations of fraction addends. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Fraction - single numerator, single denominator 
+ Where the algorithm for addition of fractions -LCM (lowest common multiple) is used, 

then: 
• Algorithm for division 
• Algorithm for multiplication 
• Algorithm for addition 

+ Where fraction numbers are converted individually to LCM (lowest common multiple) 
first, then: 
• Algorithm for multiplication 
• Algorithm for addition of fractions - sum of numerators, value of denominator 

preserved 
11 Derivation of mixed fractional number from improper fraction number 

Item: 28 15-27 + 8 

Mixed Operations: 

Open number sentence indicating multiple, non-ordered operations (subtraction and addition) of 
integer operands. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens 
+ Algorithm for addition 
+ Algorithm for subtraction 
+ Where the protocol for order of operations is applied, then: 

• 2 instances of canying and grouping 
+ Where the protocol for order of operations is not applied, then: 

• Protocol for directionality of number 
• 1 instance of carrying and grouping 

Ap 7 - VI 
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Item: 11 442 717 

Whole Numbers 

One-step open nmnber sentence indicating a division operation of an integer dividend and a 
smaller, integer divisor. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ Larger integer number being divided by smaller integer nmnber, OR small integer 

number being divided into a larger integer number, (larger integer number being 
operated on by a smaller single integer divisor) 

+ Invariance of division operation 
+ Algorithm for division 
+ Algorithm for subtraction - remainder 
+ Initial grouping of hundreds and tens "44" 
+ Regrouping ofhundreds and tens "102" 

Item: 25 A calculator shows this figure: 25.634817 
What is it expressed correct to 2 decimal places? 

Decimals 

Unclassified word problem indicating the rounding of a mixed decimal number. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Mixed decimal - tens, units, tenths, hundredths, thousandths, 
ten-thousandths, hundred-thousandths, thousand-thousandths 

+ Rounding protocol -value of the 3rd decimal place directly determines the value of the 
2nd decimal place 

+ Rounding protocol - value of the 2nd decimal place can be changed when the value of 
the 3rd decimal place is 5 or above 

Item: 20 120 x 0.04 

Decimals 

One-step open number sentence indicating a multiplication operation of an integer multiplier and 
a decimal multiplicand. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ Number place value: Decimal - tenths, hundredths 
+ Algorithm for multiplication 
+ Effect of "O" in multiplication 
+ Regrouping in integer and decimal place values ( 480 hundredths = 4 units and 8 tenths) 

( continued next page) 
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Item: 17 37.5 - 2.76 

Decimals 

One-step open number sentence indicating a subtraction operation of a mixed decimal minuend 
and a smaller, mixed decimal subtrahend. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Mixed decimal - units, tens, tenths, hundredths 
(note: decimal place values and their relationships to the integer in the other operand) 

+ Algorithm for subtraction - lining up of integer and decimal place values 
(note: lining up of decimal points) 

+ 2 instances of "borrowing and paying back" 
+ Initial grouping for hundredths place value 
+ 1 instance of grouping across decimal point 

Item: 44 What value of x will make the ratios 5:9 and 15:x the same as each other? 
Ratio and Proportion 

Multiplicative word problem indicating a direct ratio relationship of integers as the same as that 
between an integer and a variable. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer -units, tens 
+ Direct Ratio relationship 

Item: 36 What is 8%» of $400 

Percentages 

Multiplicative word problem indicating a proportion schema of integer operands expressed in 
percentage and money formats. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units; percent format 
+ Number place values: Integer - units, tens, hundreds; money format 
+ Proportion schema expressed in percent format 
+ Where the protocol for converting from percent to decimal format is applied, then: 

• Algorithm for multiplication with decimal number 
+ Where the protocol for converting from percent to fraction fomzat is applied, then: 

• Algorithm for multiplication with fraction number 
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Item: 33 Whatis 2 
/ 5 as a decimal 

Conversion 

Multiplicative word problem indicating conversion of a fraction to a decimal fmmat. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Fraction - single numerator, single denominator 
+ Protocol for conversion to decimal fonnat 

Item: 31 5 x 2'3 
Fractions 

One-step open number sentence indicating a multiplication operation of an integer multiplier and 
a fraction multiplicand. 

Major Features of Associated Arithmetical Knowledge: 

+ 1st Number place values: Integer - units 
+ 2nd Number place values: Fraction - single numerator, single denominator 
+ Algorithm for multiplication 
+ Where the integer number is converted to an ifnproper fraction, then: 

11 Algorithm for multiplication of fractions - both numerators and denominators 
multiplied. 

11 Derivation of mixed fractional number from improper fraction number 

Item: 35 \Vhat is 3.5% as a decimal? 
Conversion 

Multiplicative word problem indicating conversion of a mixed decimal expressed in a percentage 
fonnat to a decimal format. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Mixed decimal - units, tenths 
+ Percentage format 
+ Protocol for conversion to decimal fonnat 

Ap 7 -IX 

( continued next page) 



Item: 16 20 - 5.8 

Decimals 

One-step open number sentence indicating a subtraction operation of an integer minuend and a 
mixed decimal subtrahend. 

Major Features of Associated Arithmetical Knowledge: 

+ 1st Number place values: Integer - units, tens 

+ 2nd Number place values: Mixed decimal - units, tenths 
(note: relationship of decimal place to integers in F1 number) 

+ Algorithm for subtraction - lining up of integer and decimal place values 
(note: lining up of decimal points) 

+ Invariance of subtraction operation 
+ Effect of ''O" in subtraction 
+ Effect of "O" in integer in 1st line 
+ 2 instances of "borrowing and paying back" 
+ 1 in.stance of grouping across decimal point 

Item: 6 211 X 32 

Whole Numbers 

One-step open number sentence indicating a multiplication operation of an integer multiplier and 
a smaller, integer multiplicand. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ 2-line multiplication algorithm 
+ Anchoring of 2nd line for addition 
+ Multiplying across place columns 

Item: 27 36 + (6 + 3) 

Mixed Operations 

Open number sentence indicating multiple, ordered division operations of integer operands. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens 
+ Protocol for order of operations 
+ Algorithm for division 
+ Invariance of division operation 
+ Larger single integer number being divided by smaller single integer number, OR, 

smaller single integer number being divided into a larger single integer number, (larger 
single integer number being operated on by a smaller single integer number divisor) 

+ Larger double integer number being divided by smaller single integer number, OR, 
smaller single integer number being divided into a larger double integer number, (larger 
double integer number being operated on by a smaller single integer number divisor) 

+ 1 instance of regrouping 

( continued next page) 
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Item: 19 0.5 x 0.5 

Decimals 

One-step open number sentence indicating a multiplication operation of identical decimal 
operands. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Decimal- tenths 
+ Algorithm for multiplication 
+ Regrouping in decimal place values (25 hundredths = 2 tenths and 5 hundredths) 

Item: 18 0.3 x 10 

Decimals 

One-step open number sentence indicating a multiplication operation of a decimal multiplier and 
an integer multiplicand. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Decimal - tenths 
+ Number place values: Integer - units, tens 
+ Algorithm for multiplication. 
+ Regrouping across decimal point (30 tenths= 3 tens) 

Item: 15 5.2 - 3.8 

Decimals 

One-step open number sentence indicating a subtraction operation of mixed decimal operands. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Mixed decimal - units, tenths 
(note: decimal place values related to Integer) 

+ Algorithm for subtraction - lining up of integer and decimal place values 
(note: lining up of decimal points) 

+ Invariance of subtraction operation 
+ 1 instance of "borrowing and paying back" 
+ 1 instance of grouping across decimal point 

Ap 7- XI 
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Item: 23 2 + 10 

Decimals 

One-step open number sentence indicating a division operation of an integer dividend and a 
larger, integer divisor. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens 
+ Algorithm for division 
+ Invariance of division operation 
+ Smaller integer number being divided by larger integer number, OR larger whole 

number being divided into a smaller mixed number, (smaller single integer number 
being operated on by a larger single integer divisor) 

+ 1 instance of regrouping ( two tenths = twenty tenths) 
+ Algorithm for subtraction 

Item: 4 406-208 

Whole Numbers 

One-step open number sentence indicating a subtraction operation of integer operands. 

Major Features of Associated Arithmetical Knowledge: 

+ Nmnber place values: Integer - units, tens, hundreds 
+ Subtraction alg01ithm 
+ Invariance of subtraction operation 
+ 2 instances of grouping and carrying 
+ initial grouping (8 from 16) 
+ Carrying to "tens" column valid 

Item: 26 23 + 5 x 4 
Mixed Operations 

Open number sentence indicating multiple, non-ordered addition and multiplication operations of 
integer operands. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens 
+ Protocol for order of operations 
+ Algorithm for multiplication (note: addition may be used 5 + 5 + 5 + 5) 
+ Algorithm for addition 
+ Where the multiplication algorithm is used, then: 

• Effect of "O" in addition 
• "anchoring" of zeros or spare space in additive columns of two-line multiplication 

algorithm 

( continued next page) 
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Item: 13 3.14 + 51.2 

Decimals 

One-step open number sentence indicating an addition operation of mixed decimal addends. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Mixed decimal - units tens, tenths, hundredths 
+ 1st number: unit, tenths, hundredths place values 
+ 2nd number: tens, units, tenths place values 
(note: relationship of decimal place value to decimal places values in t51 number) 
+ Algorithm for addition - lining up of integer and decimal place values 

(note: lining up of decimal points) 
+ Carrying across decimal point 
+ Effect of adding "O" 

Item: 10 161 + 7 

Whole Numbers 

One-step open number sentence indicating a division operation of an integer dividend and a 
smaller, integer divisor. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ Larger whole number being divided by smaller number, OR small whole number being 

divided into a larger whole number, (larger whole number being operated on by a 
smaller single integer divisor) 

+ Invaiiance of division operation 
+ Algorithm for division 
+ Algorithm for subtraction - remainder 
+ Initial grouping "16" (NOTE: MISLEADING 1 + 6 YIELDS 7) 
+ Regrouping "21" 

Item: 9 684+ 6 

Whole Numbers 

One-step open number sentence indicating a division operation of an integer dividend and a 
smaller, integer divisor. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ Larger whole number being divided by smaller number, OR small whole number being 

divided into a lai·ger whole number, (larger whole number being operated on by a 
smaller single integer divisor) 

+ Invariance of division operation 
+ Algorithm for division 
+ Algorithm for subtraction - remainder 
+ 1 instance of regrouping 
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Item: 5 408x6 

Whole Numbers 

One-step open number sentence indicating a multiplication operation of an integer multiplier and 
a smaller, integer multiplicand. 

Major Features of Associated Arithmetical Knowledge: 

• Number place values: Integer - units, tens, hundreds 
• Can be solved additively - six groups of 408 and added 
+ Where the multiplication algorithm is used, then: 

• Limited thinking simultaneously of groups 
• 2 instances of "6" times table 
• Effect of "O" in multiplication 
• 1 instance of carrying 
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Item: 12 6.7 + 3.4 

Decimals 

One-step open number sentence indicating an addition operation of mixed decimal addends. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Mixed decimal- units, tenths 
+ Algorithm for addition- lining up of place values (note: lining up of decimal points) 
+ Carrying across decimal point 
+ 1 instance of carrying 
+ 2 instances of grouping 

Item: 1 1023 +462 

Whole Numbers 

One-step open number sentence indicating an addition operation of integer addends. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds, thousands 
+ Addition algorithm - lining up like values 
+ Effect of "O" in addition 

Item: 3 4698-327 

Whole Numbers 

One-step open number sentence indicating a subtraction operation of integer operands. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds, thousands 
+ Subtraction algorithm - lining up place values 
+ Invariance of subtraction operation 
+ As there is no place value (or cany over) to subtract in 2nd line, the value of the digit in 

the operand is preserved, e.g., "4" in "4371" 

Item: 2 2479 
+8716 

Whole Numbers 

One-step addition operation displayed in a vertical fonnat of integer addends. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds, thousands, ten thousands 
+ Addition algorithm 
+ 2 instances of canying and grouping 

( continued next page) 
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Item: 8 603+3 

Whole Numbers 

One-step open number sentence indicating a division operation of an integer dividend and a 
smaller, integer divisor. 

Major Features of Associated Arithmetical Knowledge: 

+ Number place values: Integer - units, tens, hundreds 
+ Larger whole number being divided by smaller number, OR small whole number being 

divided into a larger whole number, (larger whole number being operated on by a 
smaller single integer divisor) 

+ Invariance of division operation 
+ Algorithm for division 
+ Algorithm for subtraction - no remainders 
+ Effect of "O" in division 

Item: 14 20.35 + 6.0+ 0.5 

Decimals 

Open number sentence indicating multiple addition operations of mixed decimal addends. 

Major Features of Associated Arithmetical Knowledge: 

+ Nmnber place values: Mixed decimal-units, tens, tenths, hundredths 
(note: decimal place values relationship to integer) 

+ 1st number: unit, tenths, hundredths place values 
+ 2nd nmnber: tens, units, tenths place values 
+ 3rd number: units, tenths place values (note "0" value for units) 
+ Algorithm for addition - lining up of integer and decimal place values 

(note: lining up of decimal points) 
+ Effect of adding "O" 

+ Carrying across decimal point 
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APPENDIX 8 

Phase 2 Study: 

1. Stimulus Items 

2. Clinical Interviews Analysis: 

Coding Protocol 

Reports for the five groups of subjects not included in the main report. 
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Jack has 35 'cups of flour. He makes 
cookies that require 3/8 of a cup each. 
If he makes as many such cookies as 
he has flour for, how much flour will be 
left over? 

Ap 8 - III 
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Write a story problem for which 
120 multiplied by 0.04 would represent 
the operation used to solve the problem. 
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Write three different story problems that 
would be solved by dividing 51 by 4 and 
for which the answers would be 
respectively: 
(a) 12% (b) 13 (c) 12 

You should have three realistic problems. 
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STIMULUS ITEM PROTOCOL ANALYSIS 

Item 1: NUMBER PROBLEM 0.5 X 0.5 

• Identify multiplication of decimal numbers 

• Use knowledge of the relationship of decimal number "0.5'' to whole integer, e.g., 
Yz of l, smaller than l. 

• Use knowledge of decimal place values (tenths, hundredths) 

• Use knowledge of fractional form of "0.5" as Yz. 

• Use knowledge of fractional fonn of ".25" as 1h. 

• Use information not previously considered, e.g., knowledge of other 
representations (.5 x .5 is 52

, or .25 is 25%) 

• Recognise ".25"as a smaller number than the addends of .5 in the stated problem 
( either decimal or fractional form). 

• Write multiplication algorithm in either vertical or horizontal 

• Use protocol for placement of decimal point as: two decimal places in answer 
results from there being two decimal places in the number problem. 

• Comments e.g., "not good at," "I can not do." 
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Item 2: NUMBER PROBLEM 2+ 10 

• Identify order of division operation (two divided by ten, or ten into 2). 

• Forecast that the answer will be either less than one, or a fraction, or a decimal 

• Use the protocol for placement of the decimal point in the answer, e.g., one decimal 
place in the quotient results from the grouping of "2" and "O" in the dividend. 

• Use knowledge of the decimal place value of tenths in the answer 

• Use knowledge of 'grouping,' e.g., "2" and "O" to form number "20" 

• Use knowledge of'grouping,' e.g., "1" and "O" in fonningnumber "10" 

• Use knowledge of fractional form of "2/io" as ,d/5,,_ 

• Use knowledge of fractional form of ".2" as ,d/5" or "2/io." 

• Use information not previously considered, e.g., knowledge of other 
representations (".2" is "20%"; "2" is " 1

/ 5 of 10"; "2 + 10 is 2/io." 

• Write division algorithm, (long or short format) with "1 O" as the divisor and "2" as 
the dividend. 

• Use fractional format (2110). 

• Write division algorithm, (long or short format) with "2" as the divisor and "10" as 
the dividend. 

• Use primitive model of partition through expressing comments such as: "ten can't 
go into 2;" "no tens in two;" "can't divide ten into two;" "ten into two won't go;" 
"ten does not fit into two;" "ten is bigger than two." 

• Use inferred primitive model of partition through expressing comments such as: "a 
bigger number cannot be divided into a smaller number;" "can't be done/' "got to 
divide a smaller number into a larger number." 

• Comments, e.g., "it's a bad day for me;" "not sure;" "not good at;" "it would be 
hard;" "I can not do;" "I am confused." 
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Item 3: \VORD PROBLEM ''Jack has 35 cups of flour ... " 

• State goal of finding the amount of flour left over from 35 cups of flour after 
making cookies requiring 3/8 cup of flour each. 

• Identify division operation in first step., (how many three-eighths in thirty-five.) 

• Use knowledge of 'grouping' in long division 

• Identify basic unit of answer to first step as "cookies (93 1h or 93.3) 

• Identify that the amount of flour left over is a proportion of the basic unit of three
eighths of a cup of flour. 

• Write algorithm for division in fractional fonnat (35 + 
3 

/ 8). 

• Use protocol for division involving fractions, inverting the fraction (35 x 8
/ 3). 

• Perform multiplication operation (35 x 8
/ 3) to achieve 93 1/J. 

• Use long division algorithm for "280 + 3n and achieving "93.3rn OR 
Use long division algorithm using decimals (35 + 1375). 

• Write algorithm for multiplication in fractional format c1h x 3/s). 

• Comment, e.g., "I know that would be wrong." 
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Item 4: STORY PROBLEM 120 X 0.04 

• Attempt context for story prior to calculation. 

• Attempt context for story after calculation. 

• Use protocol for placement of decimal point (two decimal places in the answer of 
"4.80" results from there being two decimal places in the multiplier "0.04"). 

• Identify conceptual flied for "120" 

• Identify conceptual flied for "0.04" 

• Identify compatible conceptual fields. 

• Identify other representations of "0.04" e.g., "4%" or "4 cents." 

• Identify fractional relationship of"0.04" as "4
/ 100t or "2

/ 50," or " 1
/2s." 

• Identify fractional relationship of "4.8" as 48
/ 10" or "4 4/ 5." 

• Forecast/verify than answer will be a number less than the multiplicand of "120." 

• Preserve order of operation (120 x 0.04). 

• Write multiplication algorithm in vertical or horizontal format. 

• Perform multiplication operation (l line) to achieve 4.8. 

• 

• 

• 

• 

• 

• 

Perform multiplication operation (2 lines) to achieve 4.8 . 

Perform multiplication operation (3 lines) to achieve 4.8 . 

Perform multiplication operation according to fractional protocol (120 x 4
/ 100) . 

Use protocol for placement of decimal point as: lining up decimal places 
(resulting in "4. 80") 

Intrusion of primitive model that multiplication always makes bigger 

Comments, e.g., "I know that would be wrong;" "I'm not sure;" "I don't know." 
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Item 5: STORY PROBLEMS 51 +4 

• Attempt context for at least one story prior to calculation. 

• Use fractional protocol to perform division operation. 

• Use knowledge of 'grouping,' e.g., "1" and "l" to form number "11," and/ or "3" 
and "O" to form number "30". 

• Use knowledge of fractional form of ".75" as"%". 

• Identity conceptual field for "51" in problem (a) 12%. 

• Identify conceptual field for "4" in problem (a) 12%. 

• Identify compatible conceptual fields for (a) 12% partition model 

• Identify conceptual field for "51" in problem (b) 13. 

• Identify conceptual field for "4" in problem (b) 13. 

• Identify compatible conceptual fields of (b) 13. 

• Identify conceptual field for "51" in problem ( c) 12. 

• Identify conceptual field for "4" in problem (c) 12. 

• Write division algorithm (Jong or short fonnat) with "4" as the divisor, and "51" 
as the dividend. 

• Perfonn division operation to achieve "12%" or "12.75". 

• 

• 

• 

• 

• 

• 

Compose (unprompted) plausible (written or verbal) partition model story for 
(a) 12%. 

Compose (unprompted) plausible (written or verbal) quotition model story for 
(b) 13. 

Compose (unprompted) plausible (written or verbal) partition/quotition model 
story for ( c) 12. 

Compose (prompted) plausible (written or verbal) partition model story for 
(a) 12%. 

Compose (prompted) plausible (written or verbal) quotition model story for 
(b) 13. 

Compose (prompted) plausible (written or verbal) partition/quotition model story: 
for (c) 12. 

Comments, e.g., "I know that would be wrong;" 'Tm not sure;" "I don't know;" 
"that's anno in . " 
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8.2.1 High Simultaneous/Medium Successive 
Information Processing Preferences Group 

Item 1: Number Sentence 0.5 x 0.5 

All participants calculated the correct answer and explained that the two 

decimal places in the answer results from there being two decimal places in the 

number sentence. G.C., S.P. and S.W. displayed their working according to a 

vertical multiplication algorithm and J.U. chose a fractional format. S.K., C.L. and 

S.W. expressed "0.5'' as "Yi" and J.U., G.C. and S.P. expressed ".25" as "1/.i." 

G.C. and J.U. calculated the answer mentally before writing down and 

explaining their working of the problem. G.C., e.g., stated that, 

"Well that's half of a half .... So half of a half is one-quarter .... which is 
equal to two five . . . . Zero point two five." 

Like G. C., J. U. displayed sound relational knowledge of the multiplication 

operation of vulgar fraction numbers, as, 

"It's like half of, like half of one multiplied by half, because divided by two." 

"Multiplied by half of itself" 

Item 2: Number Sentence 2 + 10 

All subjects calculated the solution correctly and S.P. and K.W. forecast that 

the answer would be a fraction or a decimal, and wrote the division algorithm with 

"10" as the divisor and "2" as the dividend. J.U., G.C. and S.P. wrote the division 

algorithm in the fractional format "2
/ 10." 

S.P. and K.W. explained that the non-integer quotient results from the 

grouping of "2" with a ''O" from the non-integer side of the decimal point to form 

'~20" in the dividend, however only G.C. identified the value of "20" as twenty

hundredths. J.U., G.C. and S.P. identified the value of the decimal place (tenths) in 

the quotient and G.C. and S.P. identified ".2" as equivalent to "1/s," or "2
/10." 

S.P. and K.W. encountered some difficulty with semantics and constraints 

imposed by the primitive model of division, however both subjects overcame their 

difficulties to solve the problem. 
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Item 3: Word Cups of flour left over 

J.U., G.C. and K.W. calculated the correct solution, however, only J.U. 

identified clearly the goal of the problem, i.e., how much flour is left__over. These 

subjects explained confidently, a fractional format of the division and multiplication 

operations to calculate the left over flour as a proportion of the basic unit of "3 
/8 cup 

of flour." 

S.P., on the other hand, determined that "2114 cookies" could be made from one 

cup of flour and proceeded to divide "35" by "2.25." After much persistence with a 

long division calculation and an algerbraic approach, S.P. stated that, 

"Whole numbers I am happy with, but fractions I'm not too clear." 

"If it's adding and subtracting I am fine with it, but just when it comes to 
things like this, it sometimes is ..... confuses me." 

Item 4: Construct-a-story 120 x 0.04 

All subjects attempted to construct a story before attempting any calculations 

and eventually compiled a plausible story problem. Both S.P. and K. W. compiled 

stories based on "120 lollies" at a unit price of "4 cents" to determine the cost of the 

lollies. Both J. U. and G. C. chose a proportion schema based on a conceptual field of 

measurement for the multiplicand of "120" and percentage for the multiplier of 

"0.04." 

Item 5: Construct-a-story 51 + 4 

All subjects constructed a plausible story, based on the partition model of 

division, for the required solution of "12%." The blatant interference of the 'equal 

shares' aspect of the partition model was evident in Y. U. 's comments as, 

"There should be only one answer." 

In defence of his partition-based story for "12%," G.C. explained, 

"That's using all the ones I have been hearing ... I have been hearing for the 
last seven years." 

"Yes, it's in all the text books." 
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All subjects compiled a story for each of the required solutions, although only 

K. W. compiled a plausible story, based on the partition model, for the required 

solution of "12." The unsuccessful stories focused on the 'equal shares' aspect of the 

partition model and included strategies to 'discard the remaining items' for the 

required solution of "12," and 'in the majority' and 'approximately' for the required 

solution of"l3." 

Summary of Behaviours associated with Multiplicative Knowledge 
for the High Simultaneous/Medium Successive lnf ormation 
Processing Preferences Group. 

Figure A shows a profile of behaviours demonstrated by subjects who scored 

"High" on the Simultaneous Information Processing Preference and "Medium" on 

the Successive Information Processing Preference. 

Figure A: 

Behaviours associated with Multiplicative Knowledge 
Structures in Group 2 

Knowledge Constraints: 3 Proceptual Knowledge: 172 
2 1 

IE! Procedural Know ledge 

D Multiplicative Constraints 

II Conceptual Know ledge 

D Serrantic Constraints 

Freuency Profile of Behaviours associated with Multiplicative 
Knowledge for the High Simultaneous/Medium Successive 
Information Processing Preferences Group. 

All subjects solved the two Number Sentence items, and three subjects 

demonstrated a confident approach to identifying equivalent representations of 

fractions and associated algorithmic knowledge of the multiplication operation. Two 

subjects demonstrated some initial multiplicative knowledge constraints, however 

these constraints were countered successfully. 

Three subjects solved the Word item, demonstrating a confident approach to 

fractions. In the first Construct-a-story item, all subjects compiled a realistic story in 

measurement and money contexts. In the second Construct-a-story item, all subjects 

compiled a realistic story for the required solution of "12%," and attempted to context 
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further stories. One subject was successful in compiling a realistic story, based on a 

partition model of division for the required solution of ''12." 

8.2.2 Medium Simultaneous/High Successive 
Information Processing Preferences Group 

Item 1: Number Sentence 0.5 x 0.5 ~ 
t±fj 

All subjects calculated the solution correctly as ".2Y' and identified its 

equivalent as "V4." All subjects wrote the multiplication algorithm in vertical format 

and explained that the placement of the decimal point in the answer results from 

there being two decimal places in the number problem. N.P., P.M. and J.E. solved 

the item mentally. P.M. expressed "0.5" as "smaller than one" and J.E. identified the 

value of decimal places as "tenths, hundredths, etc." P.M. and N.P. expressed "0.5'' 

as equivalent to "W' and J.E. referred to other representations, e.g., "0.5 x 0.5'' is 

"52
", or ".25 is 25%." 

N.P. confused decimals and negative numbers, describing them as, 

"Decimal is just like a number that isn't a whole .... .it doesn't have a whole, 
it's like ... a bit .... A bit of a number .. and one is like ... it's a half ofthis 
is a quarter of a whole, so you can fit four quarters into this number to 
make it one whole, to make it into a normal number . . . and the negative is 
just like numbers below one." 

N.P.'s apparent confusion with the basic number line was confirmed in her 

further explanation, 

"Yes, because you can have zero negative one and you can go all the way on." 

Item 2: Number Sentence 2 + 10 ~ 
t±u 

All subjects calculated the correct solution. M.G. and J.E. forecast that the 

answer "will be less than one, a fraction, a decimal," and M.G., N.P. and J.E. 

explained that the placement of the decimal point in the answer results from the 

grouping of "2" and "O" in the dividend. All subjects referred to the value of the 

decimal place in the answer as "tenths." M.G., N.P. and J.E. wrote the division 

algorithm with "10" as the divisor and "2" as the dividend, and P.M. wrote the 

division algorithm in the fractional format "2
/ 10." M.G. expressed "2

/10" as ,d/5" and 

P.M. and J.E. expressed ".2" as "1/s or 2/io," and P.M. and J.E. expressed ".2" as 

"20%." N.P. identified firstly, that "2" divided by "10" is "5," however, she then 
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reasoned that there are five "2s" in "10." Following considerable coaxing and 

discussion, N.P. identified "1 O" as the divisor and "2'' as the dividend. 

Item 3: Word Cups of flour left over ~ 
t±fj 

Although P.M. calculated the solution as "1
/ 8 cup of left over," he rejected 

this answer. P.M. explained his strategy for finding a third of something as, 

"You divide it by three and that would be it, so you just divide three-eighths 
and that would give one over eight .... I'm pretty sure that's how you 
would do it." 

P.M. performed the calculation by dividing "3" into the numerator of "3 
/ 8" however, 

upon reflection P.M. decided that, 

"Um, if it was still three-eights (sic) or something you would do it that way 
over the three over eight multiplied by the reciprocal." 

P.M. replied to the Interviewer's question of "But that didn't work?" as, 

"No, because it's just the three-eighths on its own now, not three-eighths of 
something multiplied by a third." 

It appears that P.M. had lost track of the value of the basic unit from the first step. 

N.P. and M.G. attempted unsuccessfully to solve the problem by 'building 

up' the number of cookies that each three-eighths of a cup of flour would make. 

J.E. also attempted to use a 'building up' strategy to find the number of cookies and 

thus determine the amount of flour left over but she too, was unsuccessful. 

Item 4: Construct-a-story 120 x 0.04 

All subjects demonstrated considerable perseverance in their attempts to 

compile a story for this item. M.G., P.M. and J.E. compiled a plausible story without 

any prompting, and M.G., N.P. and J.E. identified a context for their story before 

performing any calculations. The three successful subjects, M.G., P.M. and J.E., also 

explained that the two decimal places in the answer results from there being two 

decimal places in the sum. 

The fourth subject, N.P., attempted to compile a story, however she was 

confused about the relationship between decimal numbers and money and appeared 

to be constrained by the notion of currency denomination as, 

"Because you've got like your lowest is five cents." 
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Item 5: Construct-a-story 51 + 4 

M.G., N.P. and J.E. compiled a plausible story, based on the partition model 

of division, for the required solution of "12%." Although M.G. and P.M. selected 

compatible conceptual fields for "51" and "4" for the required solution of "12," they 

were unsuccessful in compiling a realistic story. 

All subjects performed the division operation according to a long division 

algorithm to calculate "12.75," and recognised this to be equivalent to "12%." Both 

M.G. and N.P. appeared to be constrained by the 'equal shares' aspect of the 

partition model of division. Although these participants persevered vigorously to 

compile stories for the required solutions of"12" and "13," N.P. concluded that, 

"Because as I said before fifty-one divided by four can only give you one 
number .... which is the answer twelve and three-quarters." 

And M. G. stated that, 

"'Cause like fifty-one divided by four doesn't equal thirteen .... So it's hard 
to make a sum where it does." 
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Summary of Behaviours associated with Multiplicative Knowledge 
for the Medium Simultaneous/High Successive Information 
Processing Preferences Group. 

Figure B shows a profile of behaviours demonstrated by subjects who scored 

"Medium" on Simultaneous Information Processing Preferences and "High" on 

Successive Information Processing Preferences. 

Behaviours associated with Multiplicative Knowledge Structures 
in Group 4 

Figure B: 

Knowledge Constraints: 9 Proceptual Knowledge: 137 

7 2 

II Procedural Know ledge Conceptual Know ledge 

o Multiplicative Constraints QI Serrantic Constraints 

Frequency Profile of Behaviours associated with Multiplicative 
Knowledge for the Medium Simultaneous/ High Successive 
Information Processing Preferences Group. 

All subjects solved the Number Sentence items. Three subjects approached 

these items confidently, expressing sound knowledge of number place values and 

equivalent representations. The fourth subject, however, expressed confused number 

knowledge, beliefs based on the primitive division model and associated constrained 

semantic knowledge. 

Subjects commented generally on the difficulty of the Word and Construct-a

story items. Although all subjects persevered with the Word item, no subject solved 

this item. 

Subjects also persevered with the first Construct-a-story item and three 

subjects compiled a realistic story. In the second Construct-a-story item, three 

subjects calculated the arithmetic solution and compiled a plausible story based on a 

partition model of division. 
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8.2.3 Medium Simultaneous/Medium Successive 
Information Processing Preferences Group 

Item 1: Number Sentence 0.5 x 0.5 

All subjects identified the operation of multiplication of decimal numbers and 

wrote the multiplication algorithm in vertical format. L.L. and J.J. were the only 

subjects however, who identified the correct solution as ".25," and explained that 

because there are two decimal places in the number problem, there will be two 

decimal places in the answer. 

T.L. and D.F. expressed knowledge of decimal numbers as "half of one" or 

"smaller than one." D.F., L.L. and J.J. identified the value of decimal places as 

"tenths, hundredths, etc.," and D.F. expressed ''0.5'' as equivalent to "Yz.". 

J.J. expressed ".25" as equivalent to "Y4," and also referred to other representations, 

e.g., "0.5 x 0.5" is ''52 
," or ".25 is 25%." 

J.J. explained how she thought about the calculation graphically, as, 

"Oh, I just think of it like tallies. You just do a big square because it's 
really, it's five squared because there's two the same number, you 
are just timsing them by each other." 

D .F. explained his understanding of "point five" as, 

"It's half of a ..... normal .... number." 

"Like, in the ... um ... units ... tens columns ... not in the decimals." 

When D.F. was invited to work out the problem he remarked that he was 

"no good at decimals." After careful coaxing from the Interviewer, D.F. explained 

his working and identified the answer as ".25," however, he wrote the answer as 

"2. 5," lining up the decimal point in the answer with the decimal points in the 

problem. D.F. then explained that the "right place" for the decimal point as moving 

two "spaces" to give the answer as ".25." 

T.L. became very confused while attempting to explain a two-line 

multiplication algorithm and said that he forgot how to do "those sums" which he 

identified as three-line multiplication sums. T.L. said that the decimal numbers 

didn't worry him, just the multiplication. 
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Item 2: Number Sentence 2 + 10 

All subjects identified the order of the division operation and L.L. and J.J. 

forecast that the answer "will be less than one," a "fraction," a "decimal "and 

identified ".2" as the solution. L.L. and J.J. referred to the value of the decimal place 

in the answer as "tenths." J.J. wrote the division algorithm with "1 O" as the divisor 

and "2" as the dividend and explained the placement of the decimal point in the 

answer as resulting from the grouping of "2" and "O" in the dividend. L.L. wrote the 

division algorithm in the fractional format "2/i0." J.J. explained the grouping of "1" 

and "O" to form the number "10." L.L. explained the .grouping of "2" and "O" to 

form the number "20," and expressed "2/10" as " 1/s" and ".2" as ,c.1/5, or 2/io." 

At first, J.J. expressed concern for dividing two into ten as, 

"Well, it's pretty hard to divide two into ten, because you would probably 
get a decimal, cause two doesn't go into ten evenly." 

In answer to the Interviewer's question, ''Two doesn't go into ten evenly?" 

J.J. replied, 

"No, because ten is a larger number, and you've got to divide a smaller 
number into a larger number." 

J.J. solved the problem and admitted that the problem was not hard. 

J.J. added, however, that if the numbers had been large, then it would be very hard 

for her. In response to the Interviewer's question regarding other representations, 

J .J. expressed, 

"Um ............... two over ten as in a fraction?" 

Both T.L. and D.F. read the problem as "two divided by ten" and stated the 

answer as "5." 

Item 3: Word Cups of flour left over 

D.F., L.L. and J.J. decided that they would divide "thirty-five by three

eights," however, no subject was successful in performing any calculations. 

T.L. decided that making a guess would be sufficient, however he did not offer any 

suggestions. After reading the problem, D.F. stated, 

"I have trouble .... I can't ...... with the fractions." 
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Following gentle coaxing from the Interviewer, D.F. attempted to translate ''three

eighths" into decimal form, according to the algorithm for percentage conversion. In 

reply to the Interviewer's question about the purpose of this operation, D. F. replied, 

'" Cause .... um ..... that's what decimals are." 

J.J. explained that, 

"You have to make three-eighths into something that you could divide into 
thirty-five." 

J.J. attempted to relate her knowledge of the improper fractional form of "pi" to the 

multiplication operation by, 

"Multiply by twenty-two and divide by seven, so you could multiply by 
three and divide by eight" 

L.L. decided that she would, 

"Find three-eighths as a decimal or a whole number. Multiply it by a 
number to get close to thirty-five. Minus that number from thirty-five to 
find out how much is left." 

All subjects expressed similar views that fractions are harder and that division 

is usually carried out with decimals, not fractions. 

Item 4: Construct-a-story 120 x 0.04 

All subjects attempted to compile a story, preserving the order of operation 

and displaying their working according to a vertical algorithmic format. L.L. and J.J. 

explained that the answer contained two decimal places because there were two 

decimal places in the sum. After considering the problem and expressing the view 

that "four-hundredths" is a hard number to multiply by, L.L. explained, 

"Well, if you . . . . Cause it's a fractional number as well as a decimal ..... . 
um . . . so really it would be not whole, it would be pieces of something, 
and you would have to multiply that number by one hundred and twenty 
and it's difficult cause really nothing is four-hundredths .... Like objects 
that would be four-hundredths." 

Both T.L. and J.J. attempted to compile a story prior to calculation. After 

calculating the answer as "4.8," T.L. was unable to reconcile this answer to the 

conceptual field he had identified for "120." J.J. reviewed her answer of "4.8" in 

light of her story and compiled a story based on a proportion schema. Although this 

story is not necessarily realistic, it is plausible in the mathematical sense, 

"A person had $120 in the bank. They had bank fees of 4%. Find out how much 
the person paid in bank fees." 
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Item 5: Construct-a-story 51 + 4 

All subjects relied on the 'equal shares' aspect of the partition model of 

division in their attempts to construct stories. J.J. was the only subject who compiled 

a realistic story for the required answer of "12%." All subjects focussed on the 

calculation of this answer, explaining the long division algorithm in detail and 

recognising ".75" as equivalent to"%." 

After considerable effort, D.F., L.L. and T.H. concluded that it was too hard 

to compile a story for either of the required answers of "13" or ''12." J.J. compiled a 

story for each of these required answers by using a 'rounding up' strategy and by 

introducing extra elements such as 'getting rid of the difference.' This latter strategy 

is evident in the following story for the required answer of "12," 

"A group of 4 was told to read 51 books to raise money for the library. They 
discovered it was unevenly spread and decided to take away any fractions and just 
put in any money they lost from their own pocket. How many books did each 
person read?" 
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Summary of Behaviours associated with Multiplicative Knowledge 
for the 1l1edium Simultaneous/Medium Successive Information 
Processing Preferences Group. 

Figure C shows a profile of behaviours demonstrated by subjects who scored 

"Medium" on Simultaneous Information Processing Preferences and "Medium" on 

Successive Information Processing Preferences. 

Behaviours associated with Multiplicative Knowledge Structures 
in Group 5 

Knowledge Constraints: 9 Proceptual Knowledge: 98 
7 2 

i; Procedural Know ledge 

O Multiplicative Constraints 

Conceptual Know ledge 

D Serrantic Constraints 

Figure C: Profile of Behaviours associated with Multiplicative Knowledge 
for the Medium Simultaneous/ Medium Successive Information 
Processing Preferences Group. 

Two subjects approached the Number Sentence items confidently, expressing 

sound knowledge of number place values and identifying equivalent representations. 

The other two subjects were confused and expressed difficulty with non-integers in 

the multiplicative context. 

All subjects commented on the difficulty of the Word and Construct-a-story 

items. No subject solved the Word item. 

In the first Construct-a-story item, subjects calculated the arithmetic solution 

and explained their working according to a vertical algorithmic format, however, no 

subject compiled a realistic story for this item. Although subjects displayed sound 

algorithmic knowledge of the division operation in the second Construct-a-story 

item, only one subject compiled a realistic story for the arithmetic solution. 
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8.2.4 Medium Simultaneous/Low Successive 
Information Processing Preferences Group 

Item 1: Number Sentence 0.5 x 0.5 

All subjects identified the operation of multiplication of decimal numbers and 

wrote the multiplication algorithm in vertical format. G.L., B.T. and R.J. identified 

the correct solution and explained that the placement of the decimal point in the 

answer results from there being two decimal places in the number problem. E.P. 

explained the problem before writing the calculation as, 

"U~ when you are multiplying um ... it would be easiest like if you forgot 
about the zeros and the decimal points ..... and sort of like multiplied the 
five . . . and then put the decimal point in. . ... So if you multiplied the five 
times five equals twenty-five, and you put the decimal point in, ..... it 
would be two point five." 

E.P. also explained that "0.5 x 0.5'' could be expressed as "52
" or alternatively, as 

"five to the power of 2" and that these representations meant that five is multiplied 

by itself. Although E.P. could relate different aspects of procedural and conceptual 

knowledge of the multiplication of whole numbers, she lacked certain conceptual and 

procedural knowledge aspects of multiplication of decimal numbers, resorting to the 

addition algorithm to place the decimal point in her answer of "2.5." 

Item 2: Number Sentence 2 + 10 

All subjects identified the order of division operation correctly and G.L., 

B. T.and E.P. calculated the solution. 

Although B. T. displayed his working initially with "2" as the divisor and 

"10" as the dividend, obtaining the answer "5," he decided that he had done 

"Two divided by ten" in error. B. T. explained his reasoning as, 

"Because um . . . because ten is too big to fit into two so it will only fit into 
it point two, um . . . as a like . . . it will only .... Twenty per cent of the 
ten will only fit into two." 

G.L. stated that he thought it should be written "ten divided by two" as, 

"'Cause that way it would be ten ... um ... two going into ten, but this way 
it's ten going into two, which it can't." 

"No, unless it's a dee ... um ... a negative number." 
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Despite his reservations, G.L. decided to "make it into a decimal number" 

and calculate the answer that he stated confidently was "zero point two." G.L. also 

explained an alternative procedure as, 

"Say, when you say two divided by ten .... You could just put a decimal 
place in front, in front of it because there's one zero so how many zeros 
there is that's how many times you put a decimal, um .... Zeros in front of 
the two." 

R.J. read the number sentence, displaying it as "two goes into ten" and 

explained her working as, 

"Just take the decimal out and you get a whole answer... twenty-five." 

Item 3: Word Cups of flour left over 

R.J. was the only subject to identify that, to find how much flour is left over, 

she would "have to find how many three-eighths will go into thirty-five." 

R.J. divided "3" into "8," obtaining "2.6 cups" which she then 'rounded up' to "2. 7." 

R.J. spent considerable energy in trying to divide "350" by "27," resorting to 

repeated addition to find out how many times "27" could go into "350." 

E.P. explained that, 

"For each cup of flour you would have to minus five-eighths, and then 
you'd have to . . . . And then . . . find out . . . . How many times does .... 
Five go into thirty-five .... Which is seven, I think?" 

E.P. considered the problem further, then stated that, 

"O.K., I was thinking .... If I drew the picture ... if I drew thirty-five cups 
three-eighths flour for every piece .... Every cookie . . . and he had thirty
five cups of flour . . . then I could find out . . . count . . . I know it would take 
a while but count every . . . one that he left and then .... It would be like 
however many eighths and see how many times eight goes into the 
number." 

B. T. constructed a scenerio extending from "3/s cup I cookie" to 

"
33 Is (cup) 11 cookies" before he decided that, 

"He would have two-eighths, um .. of a cup of flour left over." 

After much experimentation, G.L. attempted to calculate "3 Is" multiplied by 

"35," inverting the "35" according to "a maths rule for division" he knew which he 

explained as, 

"It's just when you have a number and you put it over one you have to 
swing it around." 
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G.L. abandoned his calculations and started to build an eight times multiplication 

table. G. L. abandoned this strategy also after he had determined "8 x 5 = 40," and 

resorted to 'building up' cups of flour. G.L. persisted with this approach, however, 

after some further consideration he decided that it was finished and that he could 

make "8 cookies with no flour left over." 

Item 4: Construct-a-story 120 x 0.04 

G.L., B.T. and R.J. calculated the answer correctly, explaining that the two 

decimal places results from there being two decimal places in the multiplier, "O. 04." 

E.P., R.J. and B.T. attempted to find a realistic context for both the multiplicand and 

the multiplier. After much effort, E.P. was unsuccessful in her attempts to compile a 

story. According to R.J. the result of multiplying "120 people by 0.04 of a lolly 

would be how many lollies they (people) would receive." 

B.T. compiled a realistic story after much encouragement to reflect on his 

story. G.L. drew on his knowledge of softball to compile a story based on "average 

(run)outs," G.L. 's story, however, was not realistic as he identified the multipliplier 

of "0.04" as "average outs in each game," and the multiplicand of "120" as the total 

games in a season in his attempt to describe the rate of runouts for the season. 

Item 5: Construct-a-story 51 + 4 

The stories compiled by this group of subjectss reflected a strong reliance on 

the 'equal shares' aspect of the partition model of division. G.L., B.T. and R.J. 

compiled a plausible story for the arithmetic solution and G.L. and B. T. attempted 

unsuccessfully, to compile a story for the required answers of "12" and "13." 

R.J. also attempted unsuccessfully, to compile a story for the required answer of "12." 

During an extension of interview time, E.P. constructed a four times table and 

found that "four twelves are forty-eight." E.P. concluded that four went into fifty-one, 

"twelve remainder three," however she did not connect that answer with "12%." 

E.P. explained that by rounding up, an answer of "13" would be obtained, and that if 

the three was forgotten about, the answer would be "12." 
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Summary of Behaviours associated with Multiplicative Knowledge 
for the Medium Simultaneous/LowSuccessive Information 
Processing Preferences Group. 

Figure D shows a profile of behaviours demonstrated by subjects who scored 

"Medium" on Simultaneous Information Processing Preferences and. "Low" on 

Successive Information Processing Preferences. 
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Figure D: Profile of Behaviours associated with Multliplicative Knowledge for 
the Medium Simultaneous/ Low Successive Information Processing 
Preferences Group. 

Three subjects solved the Number Sentence items, although all subjects were 

constrained by deficits in multiplicative knowledge in these items. All subjects 

commented on the difficulty of the Word item, however they persisted with this item. 

Despite their persistence, no subject tracked the transformation of basic units 

successfully to solve the Word item. 

Subjects also persisted with the Construct-a-story items, although one subject 

commented on the difficulty of the first Construct-a-story item. One subject 

compiled a realistic story for the first Construct-a-story item. Three subjects 

compiled a realistic story based on the partition model of division for the arithmetic 

solution in the second Construct-a-story item. 
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8.2.5 Low Simultaneous/Medium Successive 
Information Processing Preferences Group 

Item 1: Number Sentence 0.5 x 0.5 L. Sim.!M. Succ. ~ 
All subjects identified the operation of multiplication of decimal numbers. 

D.P. was the only subject to identify the solution correctly as ".25," writing the 

multiplication algorithm in vertical format and explaining the placement of the 

decimal point in the answer as resulting from there being two decimal places in the 

number problem. H. T. and AK. placed the decimal point according to the addition 

algorithm by lining up the decimal places and obtaining "2.5." D.B. invented his 

own protocol by multiplying "5" by "5" and dividing by "10," resulting in "2.5." 

After considerable coaxing, A.K. expressed "0.5 x 0.5'' as "Yz x 1/z," but said 

that she did not think the answer would be the same as it was "like a fraction and a 

fraction is different." AK. went on to say that she would not have a clue what to do 

next and that she was not very good at fractions. After more coaxing, AK. 

attempted to work out the fractional sum, however, after working out that two times 

two equals four, AK. said that that would be totally wrong, 

"Because umm ..... a quarter's less than a half ....... And a halftimes a 
half probably has to be more than . . . . the answer." 

AK. identified ".25" as the same as "V4," however, because it was less than a half, 

AK. decided that she had miscalculated, and said that she was totally confused. 
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Item 2: Number Sentence 2 + 10 L. Sim./M. Snee. EE§ 
All subjects identified the order of division as "two divided by ten." 

D.P. wrote a long division algorithm with "10" as the divisor and "2" as the dividend 

and calculated the answer correctly as ".2." D.B., A.K. and H.T. wrote a long 

division algorithm with "2" as the divisor and "10" as the dividend. D.B. was the 

only subject to forecast the result of the calculation as, 

"Ah .. It's a division sum. Ah the .... First number .. ah .. is less than the 
dividing number, the number that you divide by, which will make it when 
I have to divide it will be a number less than .. ah .. a number less than 
zero .. as like the first number is two, the second number in the equation is 
ten ... ah which will make it when I have to divide it will come out a result 
less than one, a number less than one." 

D.B. also attempted to explain the grouping of two and ten within the long division 

operation as, 

"'Cause it's ten the result will always be two, but if it is the other way 
around like ten divided by two, it will be like half of ten, but ah . . . what 
the tenth, the tens column here sets up, what they are asking is what one 
tenth is of two." 

D.B. proceeded to calculate the correct answer of "0.2." 

A.K. and H.T. calculated the answer as "5." A.K. described her display as 

"Two divided by ten" and then explained that "Two into ten goes five times." 

Following the Interviewer's probing about other ways of saying "two divided by 

ten," A.K. responded, 

"Um .. you could put something like a fraction ... like ... cause the fraction 
means divided by ... " 

"I think two over ten I'm . . . " 

A.K. wrote "2
/ 1o" then added, 

"Which means like ... oh, hang on ... it's ten divided by two ..... " 

"Um . . . ten divided by two but . . . maybe it's um .. I think it's written like 
that." 
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Item 3: Word Cups of flour left over L. Sim./M. Snee. §B 
No subject was successful m calculating the answer to this item. 

D.P. explained that, 

"You would times the thirty-five by eight 'cause it's in eights." 

D.P. calculated on paper that this yielded "280," then divided by "3," obtaining 

"93.3," and identifying this answer as "ninety-three cookies." After a long silence, 

D.P. added, "a third of a cup left over." 

D.B. stated that, 

''This one is working with percentages and multiplication by the looks of it." 

"Um .. thirty-five cups of flour, ah .. times, like three-eights, or more a 
division, like three-eights of a cup, ah ... " 

D.B. attempted to explain his working in detail. D.B. concluded that, 

"It would come out to thirty-five cups total." 

AK. attempted to 'build up' the number of cookies that three-eighths of a cup 

of flour would make. AK. decided that this result could be multiplied by "35," 

however, after representing "two cookies" as, 

AK. identified that "two-eighths of a cup of flour would be left over after two 

cookies." AK. reflected on the problem as, 

"how many three-eighths of a cup can go into the thirty-five cups of flour." 

"That would give ... um ... it will be easier ... it will be less than thirty-five 
or it could be on thirty-five, and then that would give you the answer to 
how much left over flour." 

H.T. attempted to divide "35" by "3.8" then concluded that, 

"Um ... you could just do it like um ... trial and error .... Just times three-
eighths by a number until I get, um ... as high as I can to thirty-five." 
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Item 4: Construct-a-story 120 x 0.04 L. Sim./M. Succ. ~ 

All subjects attempted to identify a context for a story prior to calculation. 

H.T. calculated the answer as ''4.80," explaining her working of a two-line vertical 

multiplication algorithm and that the decimal place in the answer is "in the same 

position as it was in the zero point zero four." H.T. compiled three stories before 

deciding finally, on the following, 

"120g lollies were found along with 0.04g easter eggs if they were multiplied 
together would you be able to eat them all?" 

D.P. compiled the following story, 

"There were 120 people and 4% wanted ice cream." 

D.P. displayed the multiplication operation in fractional format, reducing the 

improper fraction "480/ioo" to "24
/ 5" and identifying this as "4.8." 

D.B. experienced difficulty in calculating "120 x 0.04" and stated that, 

"I'm going to break up all these ... a hundred and twenty like set numbers 
like ... well first there is a hundred and there's twenty .... There's ... 
twenty, so what I am going to do is times a hundred by zero point zero 
four which equals four .......... Divide four by um .. well there's twenty 
divide twenty divide by um ... let's see .... Twenty .... Um, which equals 
um . . . point eight." 

"It's four point eight ah --- percent of the total a hundred and twenty men ... 
men's blood was was . . . completely alcohol totally alcohol ... that's a 
measure of alcohol spread over a hundred and twenty men." 

AK. compiled a story about "120 people and 0.04 of a chocolate bar." 

AK. displayed and explained a two-line multiplication to obtain the correct 

arithmetical answer of "4.80," however, she identified this as the total amount of 

chocolate bars. 
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Item 5: Construct-a-story 51 + 4 L. Sim./M. Succ. g 
AK. read the item and remarked, 

"Oh, so you have to um . . . divide it by that . . . you have to divide that 
answer ... and wouldn't you just get one answer?" 

"Because it's only one problem." -

After miscalculating in the long division, AK. corrected her mistake and stated the 

answer as, "Twelve and point seven five or twelve and three-quarters." 

AK. compiled a plausible story to support this answer, and a plausible story for the 

required answer of "12," however she relied on a 'rounding up' strategy in her story 

for the required answer of "13." 

H.T. calculated that "4" divided into "51" was "12" and identified the 

remaining "3" as ".3." H. T. compiled a plausible story to support this answer, 

ignoring the required answer of" 12%." 

D.P. compiled the following plausible story for the arithmetic solution as, 

"There were 4 bags with total weight of 51 kg. What is their average weight." 

D.P. relied on the "to the nearest" strategy for his second story and introduced an 

extra element in an attempt to write a story for the required answer of "12." 

D.B. chose the strategy of "to the closest even number" in his story for the 

required answer of "1.2," the strategy of "to the nearest whole number" for the 

required answer of "13," and the strategy of "to the closest fraction" for the 

arithmetic solution. 
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Profile of Behaviours associated with Multiplicative Knowledge for 2 
the Low Simultaneous/Medium lnf ormation Processing Preferences 
Group. 

Figure E shows a profile of behaviours demonstrated by subjects who scored 

"Low" on Simultaneous Information Processing Preferences and "Medium" on 

Successive Information Processing Preferences. 
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Figure E: Frequency Profile of Behaviours associated with Multiplicative 
Knowledge for the Low Simultaneous/ Medium Successive 
Information Processing Preferences Group. 

One subject solved the first Number Sentence item. Two subjects appeared 

to be constrained by their reliance on the algorithm for addition of decimal numbers 

and one subject invented a protocol for placing the decimal point in the answer. Two 

subjects solved the second Number Sentence item, and two subjects appeared to be 

constrained by confused semantic expression and the primitive model of division. 

No subject solved the Word problem. One subject attempted to track the 

transformation of basic units in calculations and the other subjects adopted variations 

of an additive strategy to 'build up' the number of cookies that could be made. Two 

subjects commented on the difficulty of this item. 

No subject compiled a realistic story for the first Construct-a-story item. In 

the second Construct-a-story item, two subjects compiled a plausible story for the 

arithmetic solution and one of these subjects compiled a plausible story based on the 

partition model for the required answer of "12." 
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