
Chapter 1 

THE RESEARCH PROBLEM 

Assessment of mathematical learning 

The assessment challenge we face is to give up old assessment methods to 
determine what students know which are based on behavioral theories of 
learning and develop authentic assessment procedures that reflect current 
epistemological beliefs both about what it means to know mathematics and 
how students come to know. 

(Romberg, 1993, p.l09) 

Introduction 

In the quote above, Romberg challenges educators to develop new assessment procedures 

that reflect current perspectives on the nature of mathematical learning. Such perspectives 

can be described in terms of the nature of mathematics and the nature of psychological 

theories of learning. Romberg refers to behavioural theories of learning as the 

psychological basis of old assessment methods. He suggests that educational psychology 

has moved on from relying on such theories and that we must look to current theories of 

learning to provide the foundation for beliefs about "what it means to know mathematics 

and how students come to know." 

This chapter takes up the issue by addressing, in three sections, the need for alternative 

assessment approaches. The first section, School Mathematical Learning, investigates the 

content of school mathematics. The second section, Assessment of School Mathematical 

Learning, considers the purposes of assessment, describes conventional and alternative 

assessment approaches and reviews the research literature related to the contribution offered 

by these methods. The chapter concludes with the section Conceptual Framework for the 

Study, which defines the research problem. 

SCHOOL MATHEMATICAL LEARNING 

Conceptions of school mathematics (what it means to know mathematics) and the nature of 

psychological theories of learning (how students come to know), have evolved considerably 

during the 20th century. The path of this change can be traced through key international 
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documents on school mathematics. These key documents emerged from the "state of 

ferment and change" (Ernest, 1989, p.l) in mathematical teaching and learning in the 1980s 

that involved both the nature of school mathematics and the nature of learning. They have 

influenced recent reform in school curricula (Australian Education Council, A.E.C.,1991; 

Cockcroft, 1982; National Council of Teachers of Mathematics, N.C.T.M.,1989). Within 

this section, the nature of school mathematics and the nature of mathematical learning are 

discussed. 

The nature of school mathematics 

The nature of school mathematics has changed significantly over the last seventy years. 

School mathematics was once considered a fixed body of content to be passed from teacher 

to student, a "static part of human knowledge-a trusty pillar to lean on in a changing 

world" (Bjorkqvist, 1997, p.6). An exclusive focus on methods and accuracy reflected the 

view that school mathematics was a fixed body of knowledge and skills, consisting of 

"objects, definitions, technical skills, and standard algorithms" (Lange, 1995, p.96). 

More recent definitions of school mathematics have included knowledge and skills within a 

much more complex, contextual frarnework. Knowledge and skills remain part of the 

content, however, the literature now describes school mathematics in terms of "a complex 

interlocking system of propositional knowledge, concepts, problems, techniques, methods, 

working practices, communities, traditions and beliefs" (Pimm, 1996, p.37) and a 

"continually expanding field of human creation" (Romberg & Wilson, 1995, p.4). These 

descriptions better reflect the complexity and dynamic content of the domain of 

mathematics. They also highlight the social and emotional contexts of mathematical 

learning for individual learners. 

The social context of mathematical use was described in the report from the Committee of 

Inquiry into the Teaching of Mathematics in Schools in England and Wales (Cockcroft, 

1982) in order to define the needs of adult members of society. From this perspective the 

report determined the outcomes of school mathematics for an adult as the ability to make 

use of basic arithmetic operations with confidence in practical everyday situations, and 

school mathematics therefore included facts and skills, along with conceptual structures, 

general strategies and appreciation. The report conceptualises facts (items of information 

which are essentially unconnected) and skills (the use of number facts and the standard 

computational procedures and routines) as embedded within these conceptual structures 

and applied in problem solving, with confidence and positive attitudes. 
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This embeddedness of skills and knowledge, and the inclusion of social and affective 

aspects of performance are also reflected in the North American framework for reform in 

school mathematics (N.C.T.M., 1989). The N.C.T.M. standards also included traditional 

knowledge and skills within the context of the information society. The societal goals of 

mathematical education set by this framework are to have mathematically literate workers, 

lifelong leamers, opportunities for all, and an informed electorate able to interpret 

information of the information age (N.C.T.M., 1989). It also clearly defined the "vast and 

dynamic" discipline of school mathematics in terms of values and attitudes, personal 

confidence, applications to problems, communication, and reasoning (pp.5, 7). 

The Australian contribution to the issue of the definition of school mathematics is found in 

the National Statement (A.E.C., 1991), in which mathematics is also described as a 

"dynamic field" related to "social and technological change" (p.15). The goals of school 

mathematics in the National Statement include the development of: 
• confidence and competence in dealing with commonly occurring situations, 
• positive attitudes towards involvement in mathematics, 
• capacity to use mathematics in solving problems individually and collaboratively, 
• mathematical communication, 
• techniques and tools that reflect modem mathematics, and 
• experience of the processes through which mathematics develops (pp.12-14). 

These goals reflect the social and personal context of mathematics, along with the 

embeddedness of skills and knowledge of mathematics. They also acknowledge the 

evolving and dynamic nature of mathematics, rather than the static nature of a fixed body of 

knowledge that was previously accepted as mathematics. 

These international descriptions indicate that school mathematics is no longer a body of 

skills and knowledge isolated from the social context in which it is applied or taught. It is a 

contextual, dynamic discipline that has to respond to the changes in the need for 

mathematics and how it is used in society (Lange, 1995). School mathematics also has an 

affective perspective that includes attitudes, appreciation, and feelings of competence and 

confidence. These changes in perspective are reflected in the literature on mathematical 

teaching and learning, which now emphasises a wide range of mathematical activity, a 

problem-solving context, application to new situations, inclusion of different areas of 

mathematics, applications of mathematics and pure mathematical ideas, students' interests 

and prior experiences, individual and co-operative work, communication of mathematical 

ideas, and attitudes to mathematics (e.g., Swan, 1993). This dynamic, contextual definition 

of the nature of school mathematics provides a new framework within which to look at how 

students come to know mathematics i.e., the nature of mathematical learning. 
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The nature of mathematicaiiearning 

While mathematics educators have effected this major change in definition of the nature of 

school mathematics, psychologists have continued to make more sense of the human 

process of learning. The behaviourist theories of learning and the accompanying idea of 

transmission of knowledge can no longer explain completely how people learn. 

Behaviourist theories are based on the philosophy that only observable behaviours can be 

studied. In particular, thoughts of individuals could not be studied because they "could not 

be observed by anyone except the person experiencing them, and no one, including that 

person, could actually measure them with any degree of confidence" (Sternberg, 1994, 

p.171). One early school text book explicitly stated that "the less a pupil has to think, the 

more likely is it that mistakes will be avoided" (Durell, 1936, p.vii). This illustrates the 

behaviourist perspective that thinking could interfere with behavioural performance. 

Psychologists have moved on from this behaviourist perspective. Changes in the twentieth 

century, in how learning has been understood, have influenced mathematical learning 

programs as well as research in mathematics learning (Mulligan, 1991). The effect of 

psychological theories on mathematical education has been described by Kroll (1989), 

O'Connor (1992), Romberg and Wilson (1995), and Burton (1996), as a shift from early 

20th century behaviourism to late 20th century constructivism. In this shift, psychologists 

have rejected the behaviourist frarnework described above and instead have concentrated on 

how individuals think and construct meaning. This focus on cognitive development rather 

than on behaviour, is the basis for current theories of learning that carry the constructivist 

label. The constructivist movement includes a diversity of learning theories that continue to 

evolve. There are many constructivist perspectives that can be accounted for by differing 

emphases on cognitive, social and cultural aspects of learning (Malone & Ireland, 1996) 

and this has provided a multiplicity of theories that could be considered constructivist. The 

core of constructivism is that each individual actively constructs understanding and 

conceptions. 

There is international consensus regarding the constructivist nature of mathematical learning 

(Clarke, 1996). This constructivist perspective is evident in the National Statement on 

Mathematics for Australian Schools, which states that "learners construct their own 

meanings" and mathematical learning "involves the creation or building up of relationships 

in the mind of the individual" (A.E.C., 1991, pp.16,17). From the U.S. curriculum 

standards (N.C.T.M., 1989) this constructivist perspective is included within a broader 

theory of learning in which "a person gathers, discovers, or creates knowledge in the course 

of some activity having a purpose" (p.7). One of the goals of school mathematics, however, 
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is that people will "actively create new knowledge over the course of their lives" (N.C.T.M., 

1989, p.4). Similarly, the English and Welsh report (Cockcroft, 1982) stated that 

"understanding is an internal state of mind which has to be achieved individually by each 

pupil ... [and itl develops gradually over a period of time" (p.69). How students develop 

understanding is influenced by each individual's cognitive, social and affective aspects of 

student competence (Raven, 1992) related to mathematics. 

References to social contexts reflect the acknowledgement that mathematics involves 

interaction between people about mathematical ideas. This interaction and the context of 

social and cultural factors are inherently important factors in constructivist learning. The 

U.S. Standards (N.C.T.M., 1989) and the Australian National Statement (A.E.C., 1991) 

both emphasise mathematical communication. This involves describing, questioning, 

arguing, predicting, justifying, and sharing ideas (A.E.c., 1991). It also includes linking 

everyday language to mathematical language and symbols to represent, discuss, read, write, 

listen to, reflect on, and clarify thinking about mathematical ideas (N.C.T.M., 1989). 

Language, as the primary tool for interaction and thinking in mathematics, is the focus of 

this social perspective. The Cockcroft report, in particular, notes the use of everyday 

language and mathematical language and the difficulties some children face in reconciling 

the two. It advocates the teaching of the necessary language (oral and written) skills rather 

than the minimising of language in mathematical tasks since "language plays an essential 

part in the formulation and expression of mathematical ideas" (Cockcroft, 1982, p.89). 

Assessment based on behavioural theories of learning attempted to avoid the emotional 

aspects of learning since they could not be directly observed or accurately measured 

(Gredler, 1997). In contrast, constructivist learning has acknowledged the.need to identify 

and describe affective functioning of learners. Beliefs, attitudes and emotions are the labels 

used to describe the affective responses of learners to mathematics (McLeod, 1992). Such 

beliefs are concerned with mathematics, the self, mathematics teaching, and the social context 

of mathematics learning and these, like attitudes, are considered to be relatively stable factors 

(McLeod, 1992). There is much evidence of the development of strong emotions of interest 

and anxiety related to mathematical performance (Kulm, 1980; Maxwell, 1989). As an 

exarnple, affective aspects of mathematics participation assessed in middle school have been 

shown to be "remarkably prophetic" of senior high school subject choice and tertiary 

destinations (Leder & Forgasz, 1997). Research into emotions in mathematics learning has 

focused on the cognitive functioning of students with the description of emotional 

perspectives used as a contextual factor (McLeod, 1992). The roles of these affective 

aspects of functioning, either as supports for effective learning, or as barriers to learning, are 

important in understanding mathematical learning. 
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The three international documents have all detailed affective aspects of learning. The 

Australian goals for school mathematics (A.E.C., 1991) include key reference to attitudes, 

beliefs and emotions. These include confidence, positive attitudes, pleasure, appreciation of 

matbematics, and perception of tbe relevance of matbematics. The English and Welsh 

document (Cockcroft, 1982) notes that "strongly polarised attitudes" to mathematics can be 

established early, with 11 years of age seen as a critical age (p.61). Although it was noted 

that the correlation between attitude and achievement was small, tbe report advocated a focus 

on improving attitudes to matbematics. Positive attitudes assist tbe learning of mathematics 

while negative attitudes inhibit learning and so "the challenge for the teacher is to present 

mathematics in a way which continues to be interesting and enjoyable and so allows 

understanding to develop" (p.IOI). The U.S. Standards include the acquisition of 

confidence, positive beliefs, appreciation and understanding the value of matbematical ideas 

in the goals of the curriculum (N.C.T.M., 1989). 

The above discussion has presented the current conceptions of school matbematical 

learning through descriptions of the nature of school mathematics and the nature of 

psychological theories of learning. School matbematics now includes tbe previous 

definition of skills and knowledge, witbin a much broader discipline tbat sees school 

matbematics as an evolving body of knowledge, skills, strategies, concepts and processes, 

embedded within social and emotional contexts. The key points from this description are 

summarised in Figure 1.1. 

knowledge 

concepts, understandings and 
pro,blem solving 

Figure 1.1 School mathematical learning 

How students come to know matbematics is now seen as an individual process of 

constructing ideas and understandings within a cognitive, social, and affective context. In 

Figure 1.1 these tbree dimensions of learning mathematics are represented by the ellipses. 

The previous definition, focusing on the domain of skills and knowledge, is contained 

within the cognitive dimension of matbematicallearning. 
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ASSESSMENT OF SCHOOL MATHEMATICAL LEARNING 

Assessment of learning is integral to any curriculum implementation. As there has been 

reform of the school mathematics curriculum, so there have been changes of direction for 

the assessment of mathematical learning. As prompted by Romberg (1993) at the 

beginning of this chapter, "current epistemological beliefs" about school mathematical 

learning should provide the basis for the development of more appropriate assessment 

procedures. The definition of school mathematical learning provides a content foundation 

for assessment. This is where the assessment reform should be grounded, beginning with 

issues of content and pedagogy and working towards assessment (Graue, 1995). However, 

the "identification of what quality mathematics is" does not immediately lead to quality 

assessment (Bjorkqvist, 1997, p.5). This section considers the definition of assessment 

within the context of the current mathematics curricula, the purposes of assessment, and the 

range of procedures employed, as steps towards determining what quality assessment is. 

The definition of assessment 

Assessment of school mathematical learning is defined in the three intemational documents 

already discussed in terms of the overall role of assessment. The evaluation standards of 

the N.C.T.M ask the crucial question of assessment "How will we know when we have 

reached the Standards?" (N.C.T.M., 1989, p.189). In this vein, assessment is the process 

of determining whether and when students have 'reached the standards', 'achieved the 

outcomes', or 'attained the targets' of the curricula. Such descriptions from the curricula 

become frameworks for reporting on student progress, as well as the basis for assessment. 

They reflect the curricula, and align with the frameworks (A.E.c., 1991; Department of 

Education and Science and the Welsh Office, 1989; N.C.T.M., 1989). Assessment is thus 

the process of gathering evidence of learning in reference to the standards, outcomes or 

targets defined in each curriculum. Assessment also "needs to be carried out in a variety of 

ways and for a variety of purposes" (Cockcroft, 1982, p.121) because decisions about 

students' learning should always be made on the basis of a convergence of information 

obtained from a variety of sources (N.C.T.M., 1989). It is necessary for assessment to be 

directed at a specified purpose (Madaus & Kellaghan, 1993; O'Connor, 1992; Webb, 

1992) as this will "dictate the kinds of questions asked, the methods employed and the uses 

of the resulting information" (N.C.T.M., 1989, p.199). The purposes of assessment are 

now discussed. 
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The purposes of assessment 

A comprehensive description of the different functions that educational assessment fulfils 

has been provided by Ridgway and Passey (1993) who define functions relevant for 

societal, industrial, family, student, teacher, departmental, school, support service, education 

department, political, and intemationallevels. Such functions include selection, certification, 

determination of status, identification of schools and students in need of assistance, and 

definition of what is to be learned. Other writers have also described functions relevant to 

different parts of the educational community (Berlak, 1992a; Broadfoot, 1996; Niss, 1993; 

Swan, 1993; Webb, 1992). 

The purposes of assessment are related to the action, or the educational decision that is to 

result from the assessment information. Webb (1993) defined educational decision making 

as a purpose of assessment as distinct from other purposes. However, all purposes result 

in some form of decision making. The information derived from an assessment can be 

used for one or more educational decisions. Educational decision-making provides a useful 

dimension along which to examine assessment in this study. 

In particular, four types of educational decisions that arise most consistently from the 

literature can be clearly defined. These four purposes of assessment are listed in Table 1.1, 

with the intended audience adjacent (Clarke, 1996). 

bill Ed al d .. f Ta e ucatJon eC1SIons arlSlll!! rom assessment 

Educational decision-makinq Decision makers 
i) Determining achievement of students Industrial, departmental, systemic, school, support 

service, teacher, familv, student 
ii) Selecting and screening students Industrial, departmental, systemic, school, support 

service, teacher, familv, student 
iii) Defining instructional needs of school, support service, teacher, family, student 
students 
iv) Evaluating systems and programs International, national, political, departmental, 

school, SUDDort service, teacher, familv, student 

These four decisions are defined and discussed below. 

i) Determining achievement of students 

The first educational decision involves determination of student achievement and 

communication of that information (Broadfoot, 1996; Clarke, 1996; Niss, 1993; Resnick & 

Resnick, 1992; Swan, 1993). This function includes the more formal certification of 

achievement at system and state levels (and wider), as well as decisions about achievement 

across the school, and within the class. Societal groups are interested in such information, 
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as are the individuals involved in teaching and learning. 

ii) Screening and selection of students 

The second educational decision is concerned with making comparative judgments about 

students (BerJak, 1992a; Clarke, 1996; Resnick & Resnick, 1992; Swan, 1993; Webb, 

1992). This fonn of educational decision making includes screening and selection of 

students for future programs. Students with particular difficulties can be identified and 

. selected for intervention programs, while students with higher perfonnance than the group 

can also be identified. The assessment must discriminate well between the bulk of students 

and those at the extremes of peiformance. The infonnation is summative, although it is 

considered to have a fonnative role in tenns of allocating students to particular programs 

through selection (Swan, 1993). Such selection relies on an assumption of prediction based 

on past peifonnance. The people in the educational community who will make such 

decisions include departmental professionals, as well as school personnel. Parents and 

students are also concerned about this type of decision making. 

iii) Defining instructional needs of students 

The third type of educational decision is focused more specifically on individual students, 

and concerns improving instruction, instructional management and monitoring through 

comprehensive diagnosis of a student's functioning (Clarke, Clarke, & Lovitt, 1990; 

Resnick & Resnick, 1992; Silver & Kenney, 1995). It also involves providing feedback to 

the student, parent, teacher and subsequent teachers to allow adaptation of programs to suit 

individual needs. Such fonnative assessment is now considered to be the key purpose or 

'central role' of assessment (Beesey, Clarke, & Clarke, 1997; Broadfoot, 1996). The 

information needed is focused on individuals, in tenns of the nature of the curriculum and 

of teaching and learning within that curriculum. This infonnation, which infonns teaching is 

now expected for all students (Stake, 1995). 

The purpose of gathering information about a student's learning in order to infonn further 

teaching and learning has been the basis of a previously separate strand of educational 

assessment, diagnostic assessment, which was most commonly used by specialists to 

determine why a student was having learning difficulties. This specific purpose has been 

subsumed into general assessment during the 1990s as mathematics assessment has 

become inherently more diagnostic (Carr, 1994). The emphasis in schools has been 

increasingly on providing "infonnation on student achievement and progress and set[ting] 

the direction for ongoing teaching and learning" (N.S.W. Department of School 
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Education, 1996, p.1). 

There is international consensus about the importance of this type of assessment at the 

classroom level. The purpose of assessment is most simply stated in the Australian 

National Statement to be "the improvement of learning" (A.E.c., 1991, p.21). The British 

and North American perspectives are similar: Assessment should allow the teacher to 

monitor the development and progress of pupils and provide "diagnostic and supportive" 

feedback and "should be a means of providing information which can form the basis of 

future action" (Cockcroft, 1982, pp.121-122); Assessment should assist teachers to "draw 

conclusions about [students'] instructional needs, their progress in achieving the goals of 

the cUlTiculum, and the effectiveness of a mathematics program" and provide "information 

about how instruction should be modified and paced" (N.C.T.M., 1989, pp.193 &199). 

iv) Evaluating programs and systems 

The fourth type of educational decision that is based on assessment information involves 

making comparative judgments about educational programs, schools and systems (Berlak, 

1992a; Broadfoot, 1996; Clarke, 1996; Niss, 1993; Resnick & Resnick, 1992; Swan, 1993). 

This evaluative function of assessment is the "earliest function historically" (Resnick & 

Resnick, 1992, p.4S). However, system-control purposes of assessment have grown in 

significance in the 1990s (Broadfoot, 1996). Recently, the U.S., the U.K. and Australia 

have all instigated large-scale testing programs for reasons of accountability (Ellerton & 

Clements, 1997). International, national, state and departmental audiences have political and 

social agendas for evaluating systems and programs, based on evidence of group levels of 

performance. 

The evidence of performance is related to past learning, and sums up the progress of large 

groups of people in a summative fashion (Swan, 1993). This evaluative decision making 

relies heavily on forms of assessment that are seen to be impartial and objective, and 

because large numbers of students need to be assessed in a short time particular forms of 

assessment find favour for this purpose. Pencil-and-paper tests with multiple-choice or 

short answer responses have been the preferred form of assessment for these large-scale 

assessment programs (Ellerton & Clements, 1997). The use of common or standardised 

tests allows further comparisons to be made between systems, and across programs. 

In summary, there are many purposes of assessment that seek to address the multiple needs 

of the educational community. These have been described here in terms of the educational 

decisions that are based upon assessment information. One of these decisions, the defining 
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of instructional needs comes through as the most important decision in the current climate. 

It is directly focused on the teaching and learning of individual students. It is closely linked 

to two other decisions, the determining of achievement, and the selecting and screening of 

students, which are both issues inherent in teachers' instructional decision making. The 

fourth educational decision is somewhat removed from this context and does not have direct 

influence on the other three decisions. This discrimination between the decisions reflects 

the current tension between large-scale testing for evaluative purposes and assessment of 

learning for teaching and learning. 

Assessment paradigms 

The previous two sections have defined the content and the purposes of assessment of 

school mathematical leaming. Assessment procedures will now become the focus of 

discussion. As with all educational practice, a tradition or convention of practice has become 

established over the years which is known as the conventional paradigm of assessment 

(Galbraith, 1993). Recently, however, there have been calls for more non-conventional 

practices in assessment. In response, alternative procedures have been devised over the past 

decade and are being used in schools. Conventional and alternative assessment of 

mathematical learning are now considered. 

Conventional assessment 

Conventional assessment in school mathematical learning has been aligned with general 

mental measurement and other established educational assessment practice which developed 

over the past century. Conventional assessment can be described using eight dimensions 

(Rowntree, 1987), which then provide a reference for comparison with alternative 

assessment procedures. Table 1.2 depicts conventional assessment plotted against these 

dimensions. The bold print indicates the emphasis of conventional assessment on each of 

the dimensions. 

Table 1.2 Dimensions of conventional assessment 

formal .... ~ informal 

formative .... ~ summative 

continuous .... ~ terminal 

course work .... ~ examination 

process .... ~ product 

internal .... ~ external 

convergent .... ~ divergent 

idio ra hie .... ~ nomothetic 
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Conventional assessment is formal rather than informal using tasks designed specifically 

and exclusively for assessment, presented within an 'event'. It is summative in that it 

provides information about prior learning. It is terminal, usually at the end of a course of 

learning, and has generally been in the form of examinations or tests. The students' 

performance involves written responses on the examination or test, and the product (written 

response) is marked. The assessment can be extemal or internal, however, external tests 

have been seen to be more objective and fair. Most conventional assessment uses 

convergent tasks designed to have only one correct response. Conventional assessment is 

concerned with relating the results of an individual to the group (nomothetic), with 

comparing one student with another, and understanding people in general, rather than 

understanding unique individuals (idiographic). Consideration of these eight dimensions 

provides a brief description of the nature of conventional assessment. Conventional 

assessment will now be discussed in terms of its procedures and theoretical foundations. 

Conventional assessment procedures 

Conventional assessment has developed consistency in procedures. The main procedures 

used in conventional assessment are the group administration of pencil-and-paper tests, and 

the individual administration of standardised pencil-and-paper or oral tests. 

The administration of written test papers, pencil-and-paper tests, is the main procedure used 

in conventional assessment of school mathematical learning. They have been used since 

1845 (Kilpatrick, 1992). Tests in school mathematics include a representative sample of 

mathematical questions selected from the defined content. The items can be selection type 

items (multiple choice, true-false, and matching items), short answer closed questions, open 

questions, or extended response open questions (Lange, 1995). Many conventional 

assessments involve the use of multiple-choice answer formats, that are used in order to 

reduce the "demands of testing large numbers of students in short amounts of time" (Silver 

& Kenney, 1995, p.43). However, "even classroom assessment is heavily dominated by a 

single short-answer testing format" (Webb, 1992, p.664). The standardisation of 

conventional mathematics tests includes strategies that minimise the role of human 

judgment, although human judgment is acceptable in many other forms of endeavour in 

society (Newmann & Archbald, 1992). The tests therefore use predetermined criteria, and 

multiple-choice responses provide unambiguous answers that are easily marked by, for 

example, computer scanners. 

The tests can be administered to a group of students simultaneously, or can be given to 

individual students. Individual administration is sometimes used when a student is 
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suspected of having learning difficulties. This allows observation of a student responding to 

the items, and can seek to test within a critical range, thus reducing the time needed for 

assessment (Fleischner, 1994). 

A more clinical form of diagnostic testing involves individually administered oral tests. 

These are designed along the sarne lines as the written diagnostic tests, to reveal information 

about a student's strengths and weaknesses across topics. The format of these tests 

involves oral questions, accompanied by graphic or written stimuli, to which the student 

must provide an oral or written response. Such tests are hierarchically arranged and 

standardised, and can be norm- and/or criterion-referenced. They are usually administered 

and interpreted by specialised professionals such as educational psychologists or specialist 

teachers. 

Conventional assessment procedures are primarily pencil-and-paper tests administered to a 

group or to individuals. Oral standardised individual tests have also been developed within 

this paradigm. These conventional assessment procedures have been developed within a 

discrete and explicit assessment theory. 

The theoretical foundations of conventional assessment 

Assessment theory developed separately from curriculum theory, the former associated with 

the psychometricians, and the latter with teachers (Graue, 1995). Psychometrics is the 

scientific study of the theory, development and evaluation of measurement .procedures in 

psychology. This paradigm began in the late nineteenth and early twentieth centuries 

(Galbraith, 1993; Sternberg, 1994). It has had a profound influence on perspectives of 

teaching and learning, and this has resulted in a high level of status for psychometrically 

based educational assessment (Berlak, 1992a; Clarke, 1992). Much energy has gone into 

developing and refining measures of cognitive development and educational achievement, 

and there now exist well-defined structures of measurement. Examiners are highly trained 

to provide the standardisation required to make results meaningful and much money and 

time is put into updating norms so that statistical meaning is retained over time. Such "well 

standardised and psychometrically sound tests" are considered "indispensable for clinical 

and psycho educational assessment" (Sattier, 1992, p.4). 

Many of the early psychometric intelligence test items were mathematical in content. The 

first specific mathematical achievement tests published were the Stanford Achievement Test 

and the California Achievement Tests in the 1920s and 30s (Sattler, 1992). Today, there are 

numerous mathematical assessment instruments available on the market (Australian Council 
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of Educational Research, 2001; The Psychological Corporation, 2001). The instruments are 

based on the psychometric principles of testing, which have developed during the twentieth 

century (Webb, 1992) and follow general conventional procedures. Psychometric theory 

includes a premise that conventional tests are "morally neutral scientific instruments which 

stand outside of history and culture" (Berlak, 1992b, p.195). The practical implication of 

this premise is that mathematical learning can be "validly measured and compared across 

contexts" (Galbraith, 1993, p.77). This is in conflict with the social constructivist context of 

learning that is now accepted. 

Mathematical assessment was established in the era of behavioural theories of learning and 

also responded to this paradigm, to the extent that "anything that could not be stated and 

measured behaviorally gradually disappeared from the curriculum" (Kulm, 1990, p.1). 

Conventional assessment elicits behaviours and measures them, drawing conclusions about 

leaming from the composite of various behaviours. This is in conflict with how leaming is 

now viewed. Resnick and Resnick (1992) see this as the educational community having 

"inherited only the tools of the routinized curriculum to meet the challenges of the thinking 

curriculum" (p.41). The disquiet about the congruency of the theoretical bases of 

education and assessment was summed up by Stake's comment that the "simplicity of 

testing is at odds with the complexity of teaching and learning" (1995, p.174). 

In summary, conventional assessment of school mathematical learning generally involves 

administration of group pencil-and-paper tests or individual tests that are norm referenced 

and/or criterion referenced. They provide standardised scores representing the relative 

perfonnance of students. These procedures have been founded in psychometric theory of 

measurement and behavioural theories of learning which are no longer aligned with current 

thinking in mathematical education. This incongruity is considered a problem. 

Alternative assessment 

Many forms of assessment have been developed from the exploration of alternative 

assessment procedures in mathematical learning. As was done for the conventional 

assessment procedures in the previous part of this chapter, alternative assessment 

procedures are described in tenns of the Rowntree (1987) dimensions, to illustrate the 

differences to conventional assessment. The emphasis on each of the dimensions is shown 

in bold letters in Table 1. 3. 

14 



The research problem: Assessment of mathematical learning 

Table 1.3 Dimensions of alternative assessment 

formal ..... ~ informal 

formative ..... ~ summative 

continuous ..... ~ terminal 

course work ..... ~ examination 

process ..... ~ product 

internal ..... ~ external 

convergent ..... ~ divergent 

idio ra hie ..... ~ nomothetic 

Alternative assessment procedures have tended towards opposite ends of most of the 

dimensions, to those reflected in conventional assessment. New procedures are less formal 

than conventional assessment. They can be continuous, not always needing an 'event'. 

They are more formative, focusing on what they can do to support future learning. In this 

vein they focus on the processes used by the student, rather than just the products. More 

emphasis has been placed on internal assessment, and they provide space for students to 

demonstrate divergence in learning. Reflecting this alternative assessment is more 

idiographic (individually focused) than conventional assessment. 

There is now considerable interest in alternative procedures that have been developed for 

assessment of school mathematical learning. These are becoming included in teacher 

training courses (e.g., Herrington et al, 1997; Reys et al, 2001). Alternative assessment 

procedures will now be described and then discussed in terms of theoretical foundations. 

Alternative assessment procedures 

Many procedures are included under the umbrella of alternative assessment. Herrington et 

al (1997) compiled a list of twenty-three assessment procedures that are appropriate for 

mathematics in K-12 classrooms at the beginning of the twenty-first century. Two of the 

assessment procedures listed, the pencil-and-paper test and the multiple-choice test, reflect 

conventional assessment as described in this chapter. The other twenty-one strategies are 

alternative but still considered complementary to conventional forms of assessment. 

The perspective that new procedures can complement conventional assessment was 

specified clearly in the international curriculum documents. These documents agree that 

conventional forms of assessment, like pencil-and-paper tests, "are likely to continue to be 

one useful and efficient means of gaining feedback about student learning" (A.E.C., 1991, 

p.22). However, they also recommended the inclusion of assessment procedures in order to 
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reflect the new cunicula. This approach has resulted in two strands in the development of 

alternative assessment. Firstly, conventional assessment procedures may be adapted to 

better reflect the newly defined nature of school mathematical learning and the more focused 

fonnative purposes of assessment. Secondly, separate assessment approaches have been 

devised to replace or complement conventional procedures. 

Adapted conventional assessment procedures 

One approach to developing alternative assessments has been to adapt conventional test 

items so that they better reflect the cuniculum. The focus on thinking within the school 

mathematics curriculum has resulted in the need for alternative tasks since "tasks that 

provide insight into a student's understanding of mathematics are often of a different fonn 

from ones typically found on tests" (Cooney, Badger & Wilson, 1993, p.245). A number 

of researchers have contributed to the development of alternative items or tasks for 

conventional assessment procedures. 

Heuvel-Panhuizen & Gravemeijer (1993), for example, developed items that provide 

maximum information about children's knowledge and abilities. These tasks were designed 

to cover the whole mathematical area, allow children to demonstrate what they could do, and 

were easy to administer. The most salient aspect of these items was that they were altered in 

presentation according to the types of responses, e.g., having more than one correct answer. 

Similarly, Gay and Thomas (1993) used open-ended questions asking students to explain 

the reasoning behind a multiple choice response and conducted individual interviews to 

access the type of infonnation needed to guide individual learning. They concluded that the 

use of these techniques provided "accurate infonnation about each student's knowledge 

and level of understanding of mathematical concepts" (p.130). The use of open-ended 

questions together with closed questions, is also advocated by Sullivan (1997), who sees this 

as a way of allowing a variety of levels of responses from students. A more fonnal 

approach to the alteration of conventional assessment has involved the development of 'rich' 

assessment items (Beesey, Clarke & Clarke, 1997) and 'super-items' (Collis & Romberg, 

1991). These items provide an opportunity for students to demonstrate "the breadth of 

their understanding" (Beesey, Clarke, & Clarke, 1997, p.48). Such approaches aim to 

extend the ability of conventional procedures to tap into the complexities of student learning. 

Caution concerning the effectiveness of this type of approach has been articulated since it 

can result in "surface-level changes in assessment" that do not probe the nature of 

cognitive learning (Pellegrino, Baxter, & Glaser, 1999, p. 323). 

In the same direction, research strategies have been applied to ensure that the items in a test 
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represent the content appropriately. Masters and Doig (1992) advocated that "research 

tools [bel made available to teachers to facilitate the investigation of their own students' 

learning" (p.253). Such research tools include item response models for mapping the items 

representing the curriculum, the responses of students to a bank of items, and the patterns of 

responses across a group. Doig (1994) employed the Quest computer program (Adams & 

Khoo, 1993) of the Rasch item response model to establish developmental continua for 

content strands in assessment. This same strategy has been used for mapping conceptual 

understanding (Doig, 1995a) and in the development of the major large-scale assessment 

program in NSW schools, the Basic Skills Tests (Doig & Masters, 1992). 

Efforts have been made to alter aspects of conventional assessment to make pencil-and

paper tests meet the current needs of the complexity of learning mathematics. This has 

focused, in particular, on the development of more appropriate test items. Along with this 

direction in assessment, there has been the development of alternative assessment 

approaches. 

Alternative assessment approaches 

Alternative assessment approaches reflect the closer alignment of teaching and assessment 

and have ranged from interpreting classroom activities to provide information about learning, 

to developing new procedures for use in more formal assessments. This patt of the chapter 

will present and discuss i) alternative classroom assessment procedures and ii) those being 

developed for more formal clinical assessment. 

i) Alternative classroom assessment procedures 

A major trend in the development of alternative assessment has been the acknowledgment of 

classroom learning activities as a source of assessment. From this perspective, every 

instructional activity is an assessment opportunity for the teacher as well as a learning 

opportunity for the student (Chambers, 1993). Many of the instructional tasks generated 

from the new definitions of mathematical leaming "have the potential to function as 

instructionally embedded sources of assessment information that can be used for 

instructional guidance as well as for summative evaluation of students' achievement" (Silver 

& Kenney, 1995, p.58). Such tasks from "within the day-to-day context of the classroom" 

have the "normal classroom look and feel" and are therefore user-friendly (Doig, 1994, 

p.3). They allow teacher choice of appropriate tasks to match students, provide formative 

information, and can be used to provide standardised results through the use of specified 

scoring criteria. 
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As a result of the integration of teaching, learning and assessment, the major responsibility 

for assessment has moved to the teacher, who can maximise constructive action from the 

assessment (Clarke, 1996). Martin and Reynolds (1993) have observed that assessment is 

done all the time by experienced teachers. Such assessment is dynarnic and central to expert 

teaching. It is defined as "a way of looking and listening which ... constitute[s] the basis 

for assessment of student understanding" (Martin & Reynolds, 1993, p.245). The benefits 

of the integration of teaching and assessment are found in improved assessment as well as 

in ongoing learning for the teachers. This reflects the parallel drawn between teachers and 

researchers who all learn about student understanding. These roles are no longer seen as 

mutually exclusive. 

"Teachers and researchers have a common interest in understanding how students solve 

mathematics problems" so that interactions with learners can become more effective 

(Lawson & Rice, 1986, p.1). It has been argued that such forms of assessment are less 

formal, have no structure and so have little status (Clarke, 1992), however, strategies for the 

recording and effective use of such information have been developed. Observation of 

students at work can be recorded and reported in structured ways so as to provide valid 

performance assessment. Checklists and anecdotal records contribute to this form of 

assessment. Significant events which are either "atypical student behaviour" or 'clear 

illustration of new understandings or lack of understanding" (Clarke, Clarke, & Lovitt, 

1990, p.121) are recorded. Observation is thus focused and purposeful. 

Teacher questioning during classroom interactions has also been acknowledged as an 

assessment strategy (Herrington et al, 1997; Silver & Kenney, 1995). Particular styles of 

questioning can elicit information about children's thinking, and can inform instructional 

decisions (Chambers, 1993). Again structure for recording and interpreting such 

information is required. Assessing a group of students during a group activity is a 

reflection of the real world in which many problems are solved by groups rather than 

individuals (Carr, 1994, p.210). Questioning during these activities provides opportunities 

for assessment. 

Assessment of student performance can also include interpretation of student self-talk 

during problem solving (Lawson & Rice, 1986). From a structured analysis of the 

student's "thinking-aloud" during problem solving, hypotheses can be generated about 

sources of difficulty, that may lie in the reading of the problem, the generation of an 

appropriate strategy, the computation, planning, solution and evaluating of the approach 

(p.l0). 
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A more formal form of classroom observational assessment is performance assessment. 

This type of assessment procedure involves "direct judgments and evaluations of 

performances" such as those applied mostly in the arts and athletics (Resnick & Resnick, 

1992, p.61). Performance assessments in school learning include written essays and project 

reports. Such projects and open-ended problems provide opportunities for teachers to 

assess "students' abilities to formulate problems, to apply their knowledge in novel ways, 

to generate interesting solution approaches, and to sustain intellectual activity for an 

extended period of time" (Silver & Kenney, 1995, p.66). Through student documentation a 

teacher can assess how students solve problems, and how well they understand and can 

describe their problem solving methods (Southwell, 1997). 

Another form of performance product assessment involves ongoing collections of students' 

everyday classroom work. These collections of work, called portfolios, exhibit a student's 

efforts, progress and achievements. They provide a means of documenting performance as 

well as communicating that performance to others, in contrast to marks, which separate the 

mathematical performance from the means of communication (Clarke, 1996). 

Student self-assessment has also been advocated as a means of empowering students in 

their own learning (Clarke, 1992; Clarke, Clarke, & Lovitt, 1990). This can involve self

reflection of learning, reporting to the teacher, and student journals. Such reflective activities 

allow a focus on the broad range of curriculum, including social and affective aspects of 

functioning. In the same way, recording of the path of learning in the classroom can be 

done through student reflection. Journals are a form of reflection of learning that has been 

implemented to provide students with an opportunity to summarise and crystallise their 

conceptions, and to set up a useful dialogue between student and teacher (Silver & Kenney, 

1995). Thejournal then provides the teacher with a window into a student's thinking, "an 

insight into students' understanding." (Norwood & Carter, 1994, p.146). Self-reporting 

reflects a devolution of assessment responsibility to the student (Clarke, 1996). The 

contribution to the journal is therefore also seen as a learning task in itself, thus achieving 

two purposes. Other forms of self-reporting include oral reports and written reports. 

Student constructed tests also reflect active student involvement in assessment, and become 

learning tasks. Students construct a test based on the learning tasks they have undertaken in 

class. This procedure offers considerable insight into a student's understanding of the 

subject (Clarke, 1992; Clarke, 1996; Heuvel-Panhuizen & Gravemeijer, 1993). 

Interviewing has also been introduced as a procedure that can be of use in the classroom. 
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An open interview is defined by Herrington et al (1997) as an interaction between the 

teacher and the student during some mathematical activity, and the aim is to "search for the 

student's deeper understanding of concepts and relationships" (Herrington et al, 1997, 

p.22). This type of interview mirrors the clinical interview used in cognitive research. 

Interviews do not need to be long, and can be integrated into a teaching program, with 

individuals or small groups. Such interviews are termed concurrent (Carr, 1994) and may 

act as a bridge between formal interviewing (clinical) and the analysis of classroom 

discourse. 

A number of classroom activities have become a focus for assessment. Classroom 

interactions and products are being accessed with a focus on assessment. They include 

teacher questions, student self-talk and social interactions, performance of tasks, portfolios, 

student-constlUcted tests, student reflections, and interviewing. The responsibility for 

assessment has thus moved onto both the teacher and the student, with a view to enhancing 

teaching and learning. 

ii) Alternative clinical assessment procedures 

The use of alternative assessment has also been seen in clinical settings. Such clinical 

assessment usually occurs in response to the referral of a student who is experiencing 

difficulties in the classroom, or for whom the teacher seeks further information. Alternative 

assessment procedures for use in clinical settings include interviewing and dynamic 

assessment. Both of these assessment procedures have their roots in clinical psychology 

and intellectual assessment, and are now being adapted to school curriculum assessment. 

The use of interviewing is a breakthrough in school mathematical assessment that began in 

. the 1980s (Hunting & Doig, 1992). Its use echoed the introduction of clinical interviewing, 

fifty years earlier by Piaget, in response to perceived inadequacies of observation or 

standardised tests for "studying children's cognitive functioning" (Hunting & Doig, 1992, 

p.203). Similar disquiet prompted the application of interviewing to school mathematical 

assessment. Interviewing is seen to provide insight into students' reasoning that is not 

attainable through conventional testing (Huinker, 1993). The clinical, flexible, interview is 

the "most infonuative ... assessment method available for the purpose of assessing 

mathematical thinking" (Ginsburg, Jacobs & Lopez, 1993, p.159). However, most applied 

interviewing procedures in school curriculum have been stlUctured or standardised, and 

therefore are considered less clinical. 

Structured interviews have a level of standardisation, using the same set of questions in the 
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sarne order so that comparisons between students can be made. Alternatively they can be 

structured in terms of the aspects of the problem that are in focus. Structured probe 

questions used in interviewing have been designed to look at the thinking behind 

performance (Ellerton & Clements, 1997; Ginsburg, Jacobs, & Lopez, 1993; Johansson, 

1993; Vaughn & Wilson, 1994). Such approaches are forms of error analysis designed to 

interpret and probe why a student made mistakes. These strategies have been applied to 

problem solving by Casey (1978) and Ransley (1980) who developed structured interview 

schedules to investigate the points of difficulty or error for a student during a problem

solving exercise. An evaluation study of these procedures concluded that the Newman 

technique was "valuable for gross diagnostic purposes" however, more detailed probing 

was still required in order to provide information about a student's thinking (Clements, 

1980, p.17). Interviewing is being adapted to school mathematical assessment as a process 

of finding out what a student is thinking. It is founded in psychological assessment that 

seeks to understand and describe cognitive processes. However, it does not reflect the 

teaching or learning context within which school mathematics occurs. 

The second clinical assessment approach, dynamic assessment, is a procedure that is 

embedded within a teaching/learning situation. Teaching is incorporated into a clinical 

assessment procedure so that the effect of the teaching can be examined (Fleischner, 1994) 

as well as the learning of the student. The name dynamic assessment has been used to mean 

assessment that induces change in the learner during the assessment. Many applications of 

dynamic assessment have been developed and all approaches subscribe to the idea that "i f 

you wish to understand how a child learns, it is best to engage the child in the learning 

process" (Lidz, 1997, p.281). As Brainard points out, this is a direct reflection of the 

derivation of the word 'assessment'. 

The root of the word assessment is derived from a Latin verb assidere, which means 
'to sit beside' ... in order to reveal what children really know, it is necessary to be 
close to them, perhaps even moving alongside them as they pursue the challenges of 
learning. 

(Brainard, 1997, p.l63) 

Dynamic assessment engages the student in a learning process, so that the processes 

involved in the student's learning and the factors affecting leaming can be identified and 

interpreted. The general procedure of dynamic assessment is shown in Figure 1.2. 

21 



The research problem: Assessment of mathematical learning 

pre-test (static assessment) 

, 
mediation 

, 
post-test (static assessment) 

Figure 1.2 Dynamic assessment procedure 

The assessment involves a pre-test, a static test administered to establish an actual level of 

development. This is followed by a mediation or teaching phase, and then a post-test, 

either on the original test or on a parallel form (Hamers & Sijtsma, 1995; Haywood, 

Brown, & Wingenfeld, 1990; Sattler, 1992). 

Researchers have developed various applications of the dynamic assessment framework 

for students from preschool to adolescence, following the same procedural path. The pre

and post-tests are conventional static tests, often borrowed from psychometrics. The 

clUcial phase of the dynamic assessment procedure is the mediation phase which consists 

of children's interactions with adults or more capable peers within the zone of potential 

development of a child (Guthke & Wingenfeld, 1992). Dynamic assessment is a 

procedure developed to investigate cognitive development that involves a teaching/learning 

interaction, within which the assessment is carried out. Dynamic assessment seems to 

"offer ways of increasing the amount of information one can get about the mental 

processes leading to mathematical knowledge" (Bjorqvist, 1997, p.9). It can focus on 

responsiveness to teaching, and can indicate "readiness to learn mathematics" (Bjorqvist, 

1997, p. 10). The focus on processes used by the learner as well as the teacher reflects the 

increasing desire to use teaching/learning interactions as the context for assessment. 

Dynamic assessment has been developed for general intellectual assessment however, it has 

recently been applied to assessment of mathematics (e.g., Bazzini, 1993; Gerber, Semmel & 

Semmel, 1994; Hamers, Hessels, & Tissink, 1995; Jitendra & Kameenui, 1996; Jones & 

Thornton, 1993). Some of these were assessments focused within the teachinglleaming 

setting, while others were focused on teachingllearning and involved assessment. They all 

reflected the close integration between teaching, learning and assessment. 

As illustrated by this discussion, there are many alternative procedures being used for 
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assessment of school mathematical learning. The classroom, the everyday context for 

learning, has become the focus for many of these procedures, and structure is being sought 

to SUppOlt the interpretation of learning activities as assessment. Within the clinical setting, 

interviewing and dynamic assessment have both been used. Interviewing is focused on past 

learning and seeking evidence for learning and conceptual understanding. In this way it is 

in contrast to the other clinical procedure, dynamic assessment which reflects the trend 

towards assessment integrated with teaching and leaming. In fact, dynamic assessment 

actively places assessment within a teaching/learning situation. 

The theoretical foundations of alternative procedures 

The alternative assessrnent procedures have been developed in order to respond to the nature 

of school mathematics more effectively and to reflect current theories of learning. The 

expansion of the conceptions of school mathematics and mathematical learning has widened 

the gap between mathematics education and conventional assessment practices (Niss, 1993). 

There have been many calls for the alignment of curriculum and new fOlIDS of assessment 

based on these conceptions (Galbraith, 1993; Graue, 1995; N.C.T.M., 1989; O'Connor, 

1992; Romberg, Zarinnia, & Collis, 1990; Silver & Kenney, 1995; Stake, 1995). The 

redefinition of mathematical learning and the focus on thinking, rather than on behaviour, 

has strongly influenced the generation of alternative methods of assessment. 

It is clearly stated in the National Statement on Mathematics for Australian Schools, for 

example, that assessment should "reflect all of the goals of the school mathematics 

curriculum" (A.E.C., 1991, p.21). In this light, assessment of mathematics "should be 

based on a view of the learning of mathematics as a socially constructed process, not a fixed 

hierarchy of skills and concepts to be mastered" (Romberg & Wilson, 1995, p.6). There is 

now a need for assessment tasks that operationalise "mathematical thinking and reasoning, 

communication, critical attitude, interpretation, reflection, creativity, generalization, and 

mathematizing" (Lange, 1995, pp.96-103). Simply put, the change in focus from readily 

measured mathematical behaviours to mathematical thinking presents the primary challenge 

to mathematical assessment. Alternative assessment procedures have developed in response 

to social-constructivist theories of leaming (Carr, 1994; Graue, 1995). In particular, they 

have emphasised the close links between teaching, learning and assessment. Classroom 

based alternative assessment procedures have responded to the social constructivist theories 

of learning by aligning assessment with teaching and learning and the curriculum. They are 

focused on the learning of the students, and gathering evidence of that learning. The two 

alternative clinical assessment procedures discussed above have both grown out of clinical 

assessment of cognitive development. 
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Clinical interviewing grew within, and has contributed to, theories of conceptual growth and 

development that are not necessarily social constmctivist (e.g., Piaget, 1952). As clinical 

interviews have been the primary procedure for investigating conceptual understanding, and 

children's thinking, they are well founded as a clinical assessment procedure. Such theory 

does not refer to teaching, but is restricted to the definition and description of personal 

cognitive development (Eidell & Fischer, 1992). On the other hand, dynamic assessment 

has been developed within social constmctivist theory that explicitly integrates teaching and 

assessment. In particular, learning occurs through social mediation (teaching) within a 

range of receptiveness that is defined through assessment carried out by the mediator. Thus 

the Vygotskian theory explicitly includes the integration of learning, teaching and 

assessment. Such a perspective offers promise to theoretical frameworks for assessment of 

school mathematical learning. 

There have been calls for an explicit theory of assessment of mathematical learning (Eerlak, 

1992a; Webb, 1992). Such a theory of assessment would be contextual rather than 

psychometric (Berlak, 1992a) and would acknowledge the integrated nature of the cognitive, 

affective, and social aspects of learning (Raven, 1992). Broadfoot (1996) defined the need 

for the integration of sociological and psychological theories within any adequate theory of 

assessment that would then provide the appropriate recognition of the sociocultural context 

oflearning (p.27). 

In summary, alternative assessments have been generated in response to changes in learning 

theory. However, a need for an explicit theory of assessment of mathematical learning is 

also articulated in the literature. Assessment of school mathematical learning is in need of a 

theoretical frarnework that focuses on assessment while it recognises the social 

constmctivist nature of learning. The theory would also have to recognise the close links 

between teaching, learning and assessment and thus align assessment with authentic 

learning situations. This highlights an issue in need of investigation. 

This section of the chapter has described existing forms of school mathematical assessment, 

from conventional procedures, to the multiplicity of alternative procedures that have been 

generated in the past decade. Conventional assessment was developed within a behaviourist 

and psychometric theoretical foundation that no longer reflects the nature of mathematical 

learning. Alternative assessment has been developed with social constructivist theory as a 

frarnework. Conventional assessment procedures usually involve written group testing or 

individual tests, which are criterion-referenced and/or norm-referenced. Alternative 

assessment procedures include a wide range of generally less formal procedures that reflect 

the broad mathematics curriculum, and are increasingly embedded within the day-to-day 
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classroom teaching-learning program. These procedures range from the totally embedded 

assessment that occurs during interactions within a classroom, to clinical procedures 

involving teaching. 

Two theoretical issues have been identified in this discussion. The theoretical bases of 

conventional procedures, i.e., the psychometric theory of measurement and behavioural 

theories of learning, are no longer aligned with current thinking in mathematical education. 

Alternative assessment has developed in response to new learning theories, in particular 

social constructivist perspectives. However, the need for more explicit theoretical 

framework for assessment of school mathematical learning has been articulated. Such a 

theory would recognise the close links between teaching, learning and assessment. 

CONCEPTUAL FRAMEWORK FOR THE STUDY 

The previous sections of this chapter have defined the nature of school mathematical 

learning, the purposes of assessment, and the general differences between conventional and 

alternative forms of assessment in terms of procedures and theoretical foundations. The 

following figure represents these concepts and the relationships between them that will be 

examined in this study. The conceptual framework for the study contains descriptive 

categories within relationships (Minichiello et ai, 1999). This is the first of a series of 

frameworks used throughout the study to respond to each phase of the research. The 

framework, depicted in Figure 1.3 is a graphic representation of the research problem for 

the study. 
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ASSESSMENT OF MATHEMATICAL LEARNING 

ASSESSMENT APPROACH 
Theoretical Foundation 

Conventional Assessment 

Behaviourist The01Y of Learning 
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Classroom Procedure 
>I< pencil and paper tests 

Clinical Procedure 
* individual standardised tests 
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Social Constructivist Theory of Learning 
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* performance assessment 
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Figure 1.3 Conceptual framework 

PURPOSE 

Educational 
decision-making 

ivevaluating 
systems and 
programs 

The content of school mathematics is in the box on the left and the purposes of assessment 

are within the box on the right. These are as defined in this chapter. The assessment 

procedures within the conventional and alternative assessment paradigms are listed for the 

classroom and for clinical assessment. The discussion in this chapter has highlighted the 

need for assessment to reflect the content of the curriculum and meet defined purposes. 

These relationships are shown by the bars between the assessment approaches and the 

content and purposes of assessment. They provide the focus area for the study, i.e., which 

educational decisions can be supported by different assessment approaches. 

Conventional and alternative assessment and educational decision making 

Four types of educational decisions were identified in the literature. The most important 
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purpose of assessment was considered to be the informing of instruction (Beesey, Clarke & 

Clarke, 1997; Broadfoot, 1996) and two other decisions, the determining of achievement and 

the selecting and screening of students were closely linked. The fourth educational decision, 

concerning the evaluation of systems and programs, was not seen as a classroom focused 

educational decision. It was also noted that alternative assessment had not been developed 

for this purpose, rather, strong reliance on conventional assessment was ongoing. Because 

of these issues of distance from the classroom and the continued reliance on conventional 

assessment, this educational decision is not considered relevant for the current study. It 

does not reflect the integration of teaching, leaming and assessment that has been a theme of 

the literature. 

The content of school mathematics has been defined in the literature and is contained in 

current international curricula (A.E.C., 1991; Department of Education and Science and the 

Welsh Office, 1989; N.C.T.M., 1989 & 2000). This study will need to consider how well 

the conventional and alternative assessment approaches reflect this content, as part of 

evaluating the support provided for the classroom educational decisions. This will concern 

the definition of the cognitive nature of the content as well as social and emotional aspects 

of school mathematics. Since conventional assessment has been developed within the 

psychometric and behaviourist theoretical frameworks (Ernest, 1989; Romberg, 1993) it has 

potential problems in this area. 

The literature has recognised that the selection of tasks in conventional assessment was 

done primarily to maximise measurement principles rather than to validly sample the 

mathematical curriculum (National Research Council, 1989; Pellegrino, 1992). This reliance 

on basic knowledge and procedural skills as tasks in mathematical assessment resulted in 

the exclusion of items that measured higher level thinking, reasoning and problem solving 

(Silver & Kenney, 1995). The recent development of assessment items designed 

specifically to provide insight into a student's understanding of mathematics has conflfmed 

that these items are often of a different form from conventional test items (Cooney, Badger, 

& Wilson, 1993). Such a situation suggests that conventional test items are not really 

representative of the intended traditional curriculum, let alone the now accepted contextual 

curriculum. Conventional assessment procedures address only a portion of what we now 

consider to be the content of school mathematics (Izard, 1993). 

Resnick and Resnick (1992) reported on an analysis of "widely used achievement tests" in 

the US and concluded that none of the tests they examined used tasks that represented the 

"conceptually oriented thinking curriculum." Rather the tasks were predominantly short 

items, with short responses, that "embody a definition of knowledge and skill as a collection 
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of bits of information ... [and] demand fast, nonreflective replies" (pA7). Such 

conventional assessment tests measure low-level knowledge and skills (Madaus & 

Kellaghan, 1993; Wheeler, 1993). Several studies have confirmed that, because of this 

expansion in definition of mathematics, traditional examinations fail to assess many of the 

current intended curriculum outcomes (Izard, 1993; Shepard, 1989). Conventional 

assessment procedures, tests, are not appropriate strategies for "the assessment of student 

performance on complex, open-ended, non-routine, contextualized mathematics tasks" 

(Clarke, 1996, p.358). Although it has been shown that teachers do take into account many 

of the contextual aspects of a learner's functioning in an informal way (Silver & Kenney, 

1995), conventional assessment procedures do not respond to this issue in any formal way. 

In response to the perceived inadequacies of the relationship between conventional 

assessment and the content of school mathematics, alignment with what is known about 

learning has driven alternative assessment. It is now acknowledged that assessment cannot 

be considered an absolute measure of learning as no assessment can "provide us with 

direct information transfer from the student's mind to ours" (Carr, 1994, p.207). The 

assessment has a responsibility to search for valid evidence of learning (Stake, 1995). 

Those charged with the task of developing assertions about a student's learning need 

criteria under which inferences about learning can be drawn. This is essential so as to 

ensure the reliability of judgements made by multiple assessors (Clarke, 1996; Newmann 

& Archbald, 1992; Romberg, 1995; Silver & Kenney, 1995; Stephens, 1997). In order to 

develop assessment tools, the definition of knowledge and understanding within specific 

domains of learning, as provided by cognitive research is essential (O'Connor, 1992). 

Recent cognitive and developmental research and the resultant theory provide a picture of 

what is to be measured and how to measure it (Pellegrino, 1992) for school mathematics. 

Common misconceptions are being mapped through such research and provide reference 

for the tracking of maturation of concepts within domains (Webb, 1992). Developmental 

frameworks that describe understanding in terms of "qualitatively distinguishable 

performances" along the continuum of understanding (Wilson, 1995, p.237) are thus being 

provided for aspects of general and domain specific intellectual development. Within such 

developmental frarneworks, the use of scoring rubrics that set out requirements of varying 

levels of performance have been recommended (Romberg & Wilson, 1995; Silver & 

Kenney, 1995). These rubrics must be based on "a good understanding of mathematics ... 

and how students do mathematics" (Stake, 1995, p.193). Such frarneworks have been 

developed and used in qualitative research and are seen as applicable for describing and 

reporting levels of student performance in mathematics (Stenmark, 1989; Wilson, 1995). 

In this way research is providing frameworks for valid and reliable interpretations of 
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mathematical thinking. Developmental levels within specific domains of learning are being 

described in terms of concepts, rules, ideas and strategies that a student has developed for 

their mathematical activity and the meanings attached to these (Graue, 1995; Masters & 

Doig, 1992; Steffe, 1994). 

Research into general cognitive processes has also contributed to the definition of 

mathematical learning. Such aspects as persistence, systematic working, efficient and 

effective organisation, accuracy, conjecturing, modeling, creativity, and the ability to 

communicate ideas and procedures clearly" (Clarke, Clarke, & Lovitt, 1990, p.1l9) assist 

in making sense of the level of development for a particular student. 

The social aspects of mathematical learning are also a focus of the content. Teaching and 

learning of mathematics is a social process, and social interactions are also considered to be 

support for learning (Vizcarro et al, 1996). Communication in mathematics has also been 

described to include reading, writing, discussion, listening, concrete, pictorial, graphical and 

algebraic communication (Lajoie, 1995). A student's skills with all these forms of 

communication must be considered, as appropriate, in assessment. The primary aspect of 

this dimension is the use of language. Language is the tool of learning and of 

communicating what has been learnt. Language is used by the teacher, and the student 

constructs mathematical language as meaning is developed (Bednarz, 1996). Consideration 

of a learner's facility with language is important in any description of the reasons for 

particular levels of development. To assess without considering the contribution of 

language to the performance of a student can lead to superficial and incorrect conclusions 

about students' mathematical learning (Ellerton & Clarkson, 1996). 

Affective factors in learning must also be considered in assessment since the definition of 

mathematical learning now includes an affective dimension. Such affective aspects include 

levels of interest, engagement, participation and persistence in mathematical activity, 

motivation, anxiety, fear of failure, and disposition towards mathematics and themselves as 

learners of mathematics (Lajoie, 1995; Silver & Kenney, 1995; Vizcarro et al, 1996). The 

integration of these factors, as they are in real life, should be reflected in assessment (Raven, 

1992). It is important to develop structured and systematic ways of identifying and 

describing affective aspects of mathematical learning (Clarke, 1996). "Previous experience 

of success or failure is acknowledged to be the prime source of student motivation" 

(Broadfoot, 1996, p.28). This has implications for the assessment strategies that produce 

failure situations as part of the establishment of ceilings for students. 

The initial focus of this study is to examine the support provided for the three educational 
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decisions by conventional and alternative assessment, keeping in mind the need for the 

assessment to reflect the content of school mathematics. The literature has suggested that 

conventional assessment does not reflect content because of restrictions imposed by the 

structure of the assessment instruments. This will need to be evaluated in this study. 

Theory of assessment 

The second focus of this study concerns the theoretical bases for assessment of school 

mathematical learning. Conventional assessment has a basis in psychometric theory of 

assessment that reflects the behaviourist theory of learning. These are two discrete theories 

that inform assessment and teaching separately. No longer is behaviourist theory 

considered adequate to explain what we know about learning, so other theories have 

developed. This questions the ability of psychometrically based assessment to meet the 

CUiTent requirements for assessment. This is investigated through the first theme defined 

above. The theoretical bases for alternative assessment were discussed in this chapter. 

Alternative assessment has been developed within social constructivist theories of learning 

that reflect the social context of learning. In particular, one of the alternative assessment 

procedures, dynamic assessment, was developed within a social constructivist theory that 

also explicitly integrates assessment with learning and teaching. This theoretical basis, 

developed by Lev Semyonovich Vygotsky, a Russian psychologist who lived from 1896 to 

1934, offers potential for support of alternative assessment. This provides a dimension for 

investigation in the current study. 

CONCLUSION 

This study has taken up the challenge presented in the initial quote from Romberg (1993) to 

develop alternative assessment that reflects current understanding of mathematical learning. 

The challenge has been placed within a conceptual framework that has assisted in defining 

the research problem that guides the study. The relationships between conventional and 

alternative assessment and the content and purposes of assessment have been identified as 

the focus of the study. The support that each paradigm provides for educational decision 

making is to be evaluated and compared. This involves consideration of the ability of the 

assessment procedures to reflect the content of school mathematics. One research 

consideration that arose within the discussion is the need to seek definition of conceptual 

development from cognitive research. This will be reflected in the study. The second issue 

raised for the study concerns the theoretical foundations for the assessment paradigms. In 

particular, the potential contribution of Vygotskian theory is to be evaluated. This has been 

prompted by the explicit inclusion of learning, teaching and assessment in the Vygotskian 
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theory. The theoretical perspective may contribute to theoretical developments in the field of 

assessment of school mathematics. 

Chapter 2 contributes to defining the research study more explicitly. The theoretical basis 

and the practical operationalisations of Vygotskian theory are more comprehensively 

discussed as the basis for the development of an alternative assessment procedure for the 

study. 
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Chapter 2 

THEORY AND PRACTICE 

The theoretical basis and practical 
operationalisation of dynamic assessment 

Introduction 

The previous chapter responded to Romberg's (1993) call for new assessment procedures 

with theoretical frameworks reflecting current understandings of school mathematical 

learning. There is a need for such alternative assessment to be supported by a theoretical 

perspective encompassing assessment. In Chapter 1 Vygotskian theory and dynamic 

assessment were highlighted as worthy of further investigation. 

This chapter discusses Vygotskian theory and the applications of this theory to assessment, 

as the foundation for the development of a dynamic assessment procedure for this study. 

The chapter is in five sections. The first presents the theoretical foundations for the 

development of dynamic assessment. The second section describes the development of 

particular structural aspects of dynamic assessment, the forms of administration and 

interpretation which can be provided and the research findings related to these. The third 

section reviews the applications of dynamic assessment to mathematical leaming. The 

fourth section discusses the practical considerations for the implementation of dynamic 

assessment in schools. The fifth and last section elaborates the nature of dynamic 

assessment within the conceptual framework for the study. 

THEORETICAL BASIS OF DYNAMIC ASSESSMENT 

It is generally accepted that Lev Semyonovich Vygotsky provided the foundation for 

dynamic assessment (Grigorenko & Sternberg, 1998). While there have been other 

thinkers who independently raised the same issues that underlie the theoretical perspective 

from as far back as early Greek philosophy (Wiedl, Guthke, & Wingenfeld, 1995), 

Vygotsky postulated three key concepts that form the foundation of dynamic assessment. 

The first concept is the acknowledgment of the sociocultural context of learning. Secondly, 

mediation and internalisation are proposed to be the processes by which learning occurs. 

Thirdly, each individual is considered to have a zone of potential development within which 
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learning occurs. These key constructs which underly dynamic assessment are discussed in 

the following section. 

Sociocultural context of cognitive development 

The context within which cognitive development occurs is a sociocultural context that 

acknowledges all aspects of the social and cultural environment within which humans 

interact. Vygotsky saw human cognitive development as sociocultural and considered it on 

two planes: the social or interpsychological plane, and the individual or intrapsychological 

plane (Vygotsky, 1978). These planes are illustrated in Figure 2.1 in which the arrow 

indicates the direction of learning from the social plane to the individual. 

INDIVIDUAL PLANE { cognitive development 

t 
instruction within a social and cultural activity 

(using cultural and social tools) 

Figure 2.1 Vygotskian planes of learning 

On the social plane, interpersonal activity contributes to evolution of the social and cultural 

environment which is dependent on learning across generations. At the same time on the 

individual plane, sociocultural development provides the catalyst for the development of 

higher mental functioning in individuals. On these two planes "individuals change and are 

changed by their social environment" (Day, 1983, p.171). Through interaction which takes 

place on the individual plane, learning is considered a process that results in the 

development of higher mental functions in the individual. The initiation of learning, 

however, occurs in collaboration with others, on the social plane. The role of the more 

competent person in this interaction is to interpret the environment, within the social and 

cultural context. The learner on the individual plane incorporates aspects of the interaction 

with the more competent individual and thus cognitive change occurs. The learner assumes 

responsibility for participation in the social situation as well as for the internalisation of the 

content and tools of the social situation. The two planes overlap and the processes of 

learning flow within and between the two planes of sociocultural interaction. 
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Mediation and internalisation in cognitive development 

The second concept that contributes to the theoretical foundations of dynamic assessment 

concerns the processes of mediation and internalisation through which learning occurs. 

Mediation is the framing, filtering and interpreting of perceptual data in the environment by 

a more competent person who uses the language, signs, and symbol systems of the society 

(Day, 1983; Wingenfeld, 1991). Internalisation is a process, unique for each individual, 

whereby the information and tools of leaming are modified to be qualitatively different 

from those used with assistance, and become part of the individual's functioning 

(Vygotsky, 1978). A graphic representation of the processes of mediation and 

internalisation are shown in Figure 2.2. 

METACOGNITIVE ff 
MEDIATION lL 

INTERNALISA TION 

COGNITIVE 
MEDIATION 

self-regulation 
(by inner speech) 

t 
regulation of own behaviour 

(through self-talk) 

regulation of someone else's behaviour by the child t (by external speech) 

regulation of the child's behaviour by someone else 
(through external speech) 

Figure 2.2 Mediation and internalisation 

Mediation occurs in the social situation of learning where the learner's behaviour is 

regulated by an "experienced socialising agent" (Lidz, 1997, p.282). The regulation 

occurs through external speech, written language, number symbol systems, social rules and 

value systems. Because the social learning situation is interactive, someone else's 

behaviour can also be regulated by the child using the same cultural tools. Language is the 

primary cultural tool, and the basis of mediation, which leads to reorganisation of 

perceptions from sensory experience to generalised thought. Mediation incorporates 

strategies used by teachers in their interactions with students, as well as those used in the 

informal interactions between parents and young children. In this situation adults 

"routinely adjust their interaction and structure children's environments and activities in 

ways consistent with providing support for their learning" (Rogoff, 1990, p.42). 

Mediation is the "principal means by which children develop the cognitive operations 

necessary for learning independently" (Brown et al, 1992, p.138). Such a perspective 

acknowledges the teaching and learning that occurs in social situations outside formal 

instruction settings. Feuerstein and his colleagues have emphasised the mediation 
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occurring within early childhood experiences as crucial for the development of cognitive 

operations necessary for learning independently. They determined that many low achieving 

students have had inadequate early learning environments because of culturally deprived or 

socially disorganised environments (Feuerstein, Feuerstein, & Gross, 1997). 

The cultural and social tools that that relate to the format of instruction within the social 

plane are very important in Vygotskian theory. The sign systems of speech, language, and 

calculation are the cultural tools of learning which were developed by humans to make 

sense of the world. They also provide humans with a unique form of stimuli which can be 

used to influence or control their own behaviours (Minick, 1987b; Wertsch, 1985). These 

become the psychological tools of thinking (Lee & Smagorinsky, 2000). Vygotsky's 

writings acknowledged a more comprehensive role for language, the primary cultural tool, 

than had been accepted previously by psychologists. He emphasised that not only did 

speech have sounds which could be recognised and convey meaning, but it acted as a unit 

of generalising thought and of social interchange differently depending on the situation 

(1962) and children's development. Thus the cultural and social setting within which the 

speech was used affects the meaning of the communication. The learning of language and 

other cultural tools makes mental activity conscious and voluntary, leading "to a 

fundamental reconstruction of the child's reflection of reality, to the creation of new 

psychological formations of a kind that the child's spontaneous development could never 

have achieved" (Luria, 1987, p.367). Mathematical symbols and operations are a form of 

cultural tool used to interpret and represent actions in the concrete world. The 

appropriation of these symbols and operations, during joint activities, allows the individual 

to construct mental functions for mathematical thinking (Vygotsky, 1978). In particular, 

the importance of adult-initiated activity for language development and hence cognitive 

development in mathematics is central (Hall, 1995). 

Mediation produces structural cognitive changes in the individual known as internalisation. 

During internalisation the cultural tools of learning are taken on by the learner and become 

qualitatively different from those used in the social situation. They become part of the 

learner's "independent developmental achievement" (Vygotsky, 1978) and provide the 

mechanisms through which the learner becomes a self-mediating agent. The learner has to 

reach an understanding of cultural tools in order to deal adequately with "novel life 

circumstances" encountered (Newman, Griffin, & Cole, 1989, p.63). Such tools can then 

function independently as internal mediators for the individual (Das & Conway, 1992; Day, 

1983; Karpov & Haywood, 1998). The mediation that is done internally by the individual 

is distinguished from that occurring in the social plane and is called metacognitive 

mediation (Karpov & Haywood, 1998, p.27). It includes skills of self-planning, self-
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monitoring, self-checking and self-evaluating which utilise the cultural tools acquired from 

cognitive or social mediation. 

A part of the intemalisation process involves the use of self-talk (talking to oneself) or 

egocentric speech (Karpov & Haywood, 1998). Vygotsky clarified the function of self-talk 

as an active form of verbal probing that played a role in developing thinking (Luria, 1987). 

As the learner proceeded towards intemalising concepts, self-talk was seen as the personal 

format for this intemalising. It was one form of practising language, and other cultural 

tools, both within the social situation and as movement is made into the individual plane. 

Once within the individual plane, individuals regulate their own behaviour with implicit 

internal language (Sternberg, 1994), inner speech, or language-based thinking, to make 

sense of new information and concepts. The cultural tools, particularly language, are 

gradually taken on board and become internal tools of the individual. 

Zone of proximal development 

The third concept that underlies dynamic assessment refers to the window of opportunity 

for learning that exists for every individual, and within which mediation and internalisation 

lead to cognitive development. The window is called the zona blizhaishego razvitiya, or 

zone of proximal development (ZPD) (Rogoff & Wertsch, 1984). The concept of the zone 

of proximal development was generated from consideration of issues of assessment, 

particularly from Vygotsky's critique of psychological testing (Rogoff & Wertsch, 1984). 

Vygotsky's expelience with individuals who, although they may have achieved the same 

scores on intelligence or ability tests, were observed to be very different people, functioning 

in very different ways, led him to question the meaning of static intelligence test scores. In 

making sense of this situation, Vygotsky distinguished between two levels of cognitive 

development or maturity, only one of which was being considered by intelligence tests. He 

illustrated this issue through the analogy of an orchard, in which counting the ripe fruit 

gives a very superficial picture of the orchard. The maturing fruit and trees must also be 

included in any assessment of the condition of the orchard. The implication for assessment 

was that "the psychologist must not limit ... analysis to functions that have matured ... [but] 

must consider those that are in the process of maturation ... to fully evaluate the state of the 

child's development" (Vygotsky, 1987, p.208). To assess what the student can do alone is 

to measure a superficial aspect of the student's whole functioning. 
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Cognitive development is therefore acknowledged as a complex process of maturation and 

development within two levels of functioning. These two levels of development are 

illustrated in Figure 2.3. 

Potential Developmental Level 

maturing abilities can 
be demonstrated with 
assistance 

Zone of Proximal 
Development 

Actual Developmental Level mature abilities can be 
demonstrated without 
assistance 

Figure 2.3 Zone of Proximal Development (ZPD) 

The two levels are defined by cognitive structures that are mature and those which are in the 

process of development. From these levels Vygotsky developed the concept of zone of 

proximal development which he defined as "the distance between the level of performance 

a child can reach unaided and the level of participation that can be accomplished when 

guided by a more knowledgeable participant" (Campione & Brown, 1987, p.83). The 

abilities that can be demonstrated by the individual alone represent the mature or actual 

developmental level, while abilities that are present only during interactions with more 

capable others are within the proximal development level. The zone above the actual 

developmental level, and including the assisted abilities, is the zone of proximal 

development. 

Vygotsky's application of the ZPD, to derive information about two children's learning is 

illustrated in this description. 

Having found that the mental age oftwo children was, let us say, eight, we 
gave each of them harder problems than he could manage on his own and 
provided some slight assistance: the first step in a solution, a leading 
question, or some other form of help. We discovered that one child 
could, in co-operation, solve problems designed for twelve-year-olds, 
while the other could not go beyond problems intended for nine-year
olds. The discrepancy between a child's actual mental age and the level 
he reaches in solving problems with assistance indicates the zone of his 
proximal development; in our example, this zone is four for the first child 
and one for the second. 

(1962, p.103) 
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This process of investigating the assisted abilities of the children clearly discriminated 

between the two children. It also complemented the information provided by the static 

assessment of developed abilities that indicated that the children had the same level of 

development. As Vygotsky observed, 

Can we truly say that their mental development is the same? Experience 
has shown that the child with the larger zone of proximal development will 
do much better in school. This measure gives a more helpful clue than 
mental age does to the dynamics of intellectual progress. 

(1962, p.l03) 

Many of the advocates of dynamic assessment have cited this situation of inadequate 

discrimination by conventional assessment as the basis for their search for more adequate 

means of investigating cognitive development. Feuerstein, like Vygotsky, was disenchanted 

with the mismatch between behavioural observation and the results of psychometric testing 

(Feuerstein, Feuerstein, & Gross, 1997). Feuerstein's idea of cognitive modifiability is an 

extension of Vygotsky's determination that cognitive change occurs through mediation in 

the zone of proximal development and that instruction can induce cognitive development. 

Feuerstein related the optimism of Vygotsky' s thinking to his belief in the modifiability of 

cognitive structures. His strand of dynamic assessment has been focused on the issue of 

advocacy for those who could be misclassified. In this vein, Feuerstein, Rand and Rynders 

(1988) implored psychologists to go past the superficial picture of a person provided by 

traditional assessment, and to investigate the depths of the person and his/her capabilities in 

order to avoid misclassification of "mental retardation" or intellectual disability in a low 

achieving student. Their focus is clearly on the assessment of the developing abilities that 

define the ZPD. 

This section has delineated the key concepts within Vygotskian theory. They are the 

sociocultural context of leaming, the processes of mediation and intemalisation, and the 

zone of proximal development. The use of cultural tools by competent people in 

collaborative settings allows access to them by leamers, who explore the tools on a social 

plane and then intemalise the tools onto an individual plane. These tools then provide the 

structure for the individual to become a self-mediating leamer, able to deal individually with 

novel situations, and to provide mediation in the social setting as a competent person. It 

concludes that a description of any leamer's cognitive development should include 

reference to both the actual and the proximal developmental levels in order to provide a 

complete picture of the learner's functioning. The ZPD provides a structure for this fuller 

description of a learner's cognitive development and potential. 
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These concepts have been derived from tbe practice of investigating children's learning and 

development, as well as through evaluating tbe effectiveness of psychometrically based 

intelligence tests and criticisms of these practices provided a basis for the development of 

dynamic assessment procedures. This section has examined the theoretical basis of 

dynamic assessment procedures. The next section will described tbe nature of assessment 

procedures that have responded to this theoretical framework. 

THE NATURE OF DYNAMIC ASSESSMENT 

From the theoretical foundations described above "dynamic assessment has been explored 

conceptually and clinically in many places and by many people at the same time" 

(Haywood & Tzuriel, 1992, p.v). As a result of this, developments have followed various 

pathways, producing many forms that have been developed concurrently. The history of 

dynamic assessment has been recorded comprehensively by several authors (Grigorenko & 

Sternberg, 1998; Haywood, Brown, & Wingenfeld, 1990; Lidz, 1987; Wiedl, Guthke, & 

Wingenfeld, 1995). The first applications of dynamic assessment occurred in the 1930s 

and 1940s, and were followed by "more extensive" application in the 1960s and 1970s 

(Grigorenko & Sternberg, 1998, p.77). 

Authors have used various terms to emphasise aspects of their approaches or to make tbem 

distinct from the previous applications of Vygotskian theory. Terms used include: dynamic 

testing (Grigorenko & Sternberg, 1998); guided assessment and assisted assessment (e.g., 

Campione et ai, 1984); mediation assessment (Vye et ai, 1987); testing-the-limits (Carlson 

& Wiedl, 1992); learning tests (Guthke, 1982 as cited in Guthke & Wingenfeld, 1992); 

learning potential assessment (Budoff, 1987); interactive-dynamic assessment (Meltzer, 

1994); and responsive assessment (Henning-Stout, 1994). The term dynamic assessment 

has been linked most strongly to Feuerstein and his colleagues. This prompted Haywood 

and Wingenfeld (1992) to introduce the term interactive assessment to mean assessment 

which induces change as a research tactic. However, for the purposes of this study 

dynamic assessment has been used in this sense, to mean assessment that aims to induce 

change in the learner. 

As mentioned in Chapter 1 dynamic assessment involves three phases: pre-test, mediation 

and post-test. The pre-test and post-test are usually conventional static tests, and are eitber 

identical or parallel forms of a test. In Vygotsky's original conceptualisation, intellectual 

tests were used (Vygotsky, 1962). In applications in general or specific intellectual 

domains, such conventional tests are used. It is generally accepted tbat tbere is a role for 

conventional assessment within dynamic assessment (Lidz, 1987). It is used as the means 
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of gaining baseline data, or measurement of actual performance, as a starting point for 

teaching. Conventional tests are used also as post-tests. This indicates the aim of dynamic 

assessment is not to replace conventional assessment but to provide information that is not 

available from conventional assessment (Delclos et al, 1992). 

The key change from conventional assessment is the use of a mediation phase. Mediation 

applied in dynamic assessment varies in terms of the structure of the mediation, and the 

specific strategies incorporated within the mediation. These are two aspects of mediation 

that need to be considered. The structure of the mediation and strategies need to be 

considered in detail. 

Mediation structure 

Mediation occurs within the sociocultural context of an interpersonal relationship, is 

designed to be responsive to the sociocultural, cognitive and emotional needs of the leamer, 

and aims to induce cognitive change. Mediation generally takes place within a collaborative 

interaction between the "examiner-as-intervener", and a "learner-as-active-participant" 

(Lidz, 1987, p.4) in direct reflection of the sociocultural context of learning. The 

"establishment of an optimal interpersonal relationship ... such that the mediator is 

responsive to the learner's needs and characteristics, and the leamer is receptive to the 

focus and goals provided by the mediator" (Skuy, 1997, p.122) is important. The neutral 

role of the examiner in conventional testing is forfeited as the examiner becomes an integral 

pmt of the interaction. The mediator's role is to provide an atmosphere of encouragement, 

and conditions for success (Feuerstein, Feuerstein, & Gross, 1997). 

Mediation structures can be described along a continuum ranging from standardised, 

consistent mediation, to clinical, less structured mediation (Brown et al, 1992). There is a 

range of approaches along this continuum, which vary in terms of prescriptiveness and 

flexibility. However, two distinct models are discussed in the literature. These are 

graduated prompting and mediated learning approaches. 

The graduated prompting approach emphasises the analysis of tasks, from which pre

determined hints and prompts are derived. Interventions of this type are highly structured, 

using pre-determined hierarchies of hints or prompts, based on analysis of the task, 

provided at specific points in the interaction (e.g., Campione & Brown, 1987). Lidz and 

Thomas (1987) were prescriptive in the mediation used in their preschool learning 

assessment device. This approach was task centred and relied on complex task analysis to 

derive a hierarchy of hints, beginning with general and moving to highly specific hints 
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which could be used in the teaching. Such an approach can be applied within any specific 

domain of learning. Because the response of the mediator is determined by the level of 

response of the learner it can also be applied within interactive computer technology. 

Gerber, Semmel and Semmel (1994) followed the technological extension of this approach, 

to incorporate the use of computers as mediators. They acknowledged, however, that the 

social and affective aspects of the teacher-learner relationship were not addressed and that 

such an approach was focused exclusively on the task. 

The other key approach to dynamic assessment uses mediated learning. This is more 

clearly focused on the mediation relationship and on maintaining optimum emotional 

circumstances for the learner. Feuerstein, a major proponent of this approach, defined 

principles of mediation so that an "optimal mediated learning experience" can be provided 

(Lidz, 1997, p.284). His principles reflect an emphasis on the social and emotional 

atmosphere within which change is induced in the learner. These principles are derived 

from clinical experience with low achievers and require sensitivity to emotional and social 

aspects of the individual. The actions of the mediator are determined by the interpretation 

of the learner's responses and the interaction is "extensive and richly verbal" (Haywood 

& Wingenfeld, 1992, p.255). 

Feuerstein (1980) provided twelve parameters for the establishment and maintenance of the 

relationship. He suggested that the main parameter of mediation is that of intentionality 

and reciprocity. Commitment of the mediator to the process underlies the interaction. This 

must be conveyed through behaviour and language to the student. Commitment on the part 

of the student is also necessary, however, this may take some time to establish. Often 

students who need assessment have a history of failure which has led them to be reluctant 

and suspicious. They may have developed repertoires of hiding their failure both from 

others and themselves. The mediator must, therefore, establish a relationship of trust, 

acceptance and openness so that commitment can be developed in the student. Closely 

related to this parameter is the ongoing need to engender feelings of competence in the 

student through managing the material and conditions of the interaction, and providing 

verbal and non-verbal encouragement. Feuerstein's other parameters are: 

• communicating the value and meaning of the activity; 
• generalising beyond the immediate situation; 
• promoting self-esteem and a sense of competence; 
• enhancing conscious self-control; 
• involving the learner, and setting and planning achievement of goals; 
• promoting cooperative, supportive and interdependent behaviour; 
• encouraging autonomy; 
• developing enthusiasm for challenge and risk-taking; 
• promoting positive attitudes and approaches to problem-solving; 
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• enhancing a sense of belonging; and 
• promoting a consciousness of change and progress in the learner (Skuy, 1997, p.I22). 

The failure, and fear of failure, associated with conventional assessment, have also been 

considered by dynamic assessors. Feuerstein specifically avoided academic tasks in his 

assessment of intellectual functioning because of the fear of failure and negative reaction to 

assessment and remediation which could be engendered by these tasks (Lidz, 1997). Other 

approaches have dealt with this issue by ensuring that the learner is not left with a feeling of 

failure during the session. In contrast standardised tests use failure on a number of 

consecutive items, known as a ceiling, to determine the end of the task. This means that the 

student leaves the assessment with failure experiences, often on a series of tasks. In 

dynamic assessment the examiner must respond to a failure, not to determine the end of the 

session, but to intervene to "enhance the individual's functioning related to the specific 

task" (Feuerstein et al, 1987, p.42). Failure is not accepted at face value but is used as a 

teaching-learning opportunity, a means of investigating a student's capacity or readiness to 

learn and the "amount and nature of the investment" needed for this (p.43). 

The parameters of the relationship central to dynamic assessment that have been outlined 

reflect the sociocultural, cognitive, and emotional dimensions of the mediation. The 

mediator has: a sociocultural role in assisting with the attribution of meaning and 

significance to infOlmation, and in mediating organisation and social behaviours; a 

cognitive role in mediating aspects of learning behaviours; and an emotional role in terms 

of enhancing student self-perception, confidence and motivation. These responsibilities 

combine to define a mediator's role as one which is interested in developing the 'whole' 

student. 

Mediation strategies 

Mediation strategies are selected to fulfil the purpose of the mediation phase. These are 

highly variable depending on the particular approach used. Lidz and Thomas (1987), 

Feuerstein et al (1981), and Mearig (1987) have all provided lists of behaviours or 

strategies for the mediator to use during dynamic assessment. The strategies can be 

described in terms of the three main dimensions of the mediation: cognitive, sociocultural, 

and emotional. 

Cognitive strategies include introducing and modelling problem-solving approaches, such 

as trial and error, setting and testing hypotheses, providing strategies for use in reducing 

working memory load (memory cues and note taking), and generating creative ideas. The 
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provision of detailed and accurate feedback on success or failure, and reflection, 

clarification and interpretation of responses are general cognitive strategies that also impact 

on the sociocultural aspect of the situation. The reversal of roles through strategies such as 

presenting errors for the learner to find, serves a cognitive role and promotes the transition 

from learner in the social setting to self-directed learner, through practice with the cognitive 

strategies of mediation. 

Sociocultural strategies focus on the effective use of sociocultural tools. Mediation can 

seek to improve communication in the assessment setting by altering or supporting the 

primruy cultural tool of language. Strategies involve restating directions, paraphrasing 

instructions, and the use of non-verbal support (such as gestures and emphasis in speech) 

for the language. The domain-specific material of the task is also a focus of the mediation. 

Strategies include altering the format of the stimuli, using non-verbal supports (acting out 

or illustrating) and directing attention to important parts of the material. The provision of 

alternative cultural tools and material (manipulative material and paper and pencil) and the 

modelled use of the materials, with explanation, can also assist in dealing with the task. 

Other sociocultural strategies involve relating new material and information to prior, 

culturally relevant, experience by putting it into fruniliar contexts or describing it in terms of 

fruniliar objects and ideas. 

Emotional aspects of the learner's functioning can also be responded to through specific 

strategies. These include: 

• ensuring the learner does not become blocked for long; 

• reducing fear of failure; 

• engaging the child in the learning interaction; 

• encouraging intrinsic motivation; and 

• providing a safe, accepting, interactive setting. 

Many of these strategies are derived from specific task analysis while others are inherent 

in the teaching and counselling skills developed by practitioners, and take into account 

aspects of both the task and relationships of the situation. The principles and behaviours 

listed in this discussion are all related to an ideal learning situation. They are adapted to the 

individual situation in response to the perceived needs of the student (National Project on 

the Quality of Teaching and Learning, 1996). 

Some reseru'ch has investigated the effectiveness of specific mediation strategies. It has 

been shown an emphasis on teaching metacognitive skills optimises the maintenance and 

transfer of cognitive development (Campione, Brown, & Ferrara, 1982 as cited in Ramers 

& Sijtsma, 1995). Demonstration without further explanation was also shown to be a 
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highly effective strategy for mediation because such a strategy is in accordance with the 

normal learning situation in the classroom (Hamers & Ruijssenaars, 1984, cited in Hamers 

& Sijtsma, 1995). Verbalisation of the problem-solving processes by the student, with 

elaborated feedback of performance results, and the nature of errors, by the examiner was 

also shown to be effective (Carlson & Wiedl, 1992). 

In summary, dynamic assessment is a procedure that involves the use of pre-test, mediation, 

and post-test phases. The pre-test establishes the level of actual development and is usually 

a conventional test. Mediation may be provided in many forms. The role of the mediator 

involves the establishment of an optimal interpersonal relationship within which many 

different strategies can be used to induce cognitive change in the leamer. The use of 

strategies is guided by the structure of the mediation. Two main forms of mediation are 

graduated prompting and mediated learning. Graduated prompting is a strategy based on 

analysis of the task where the level of prompting or hints provided to the learner is 

graduated, from minimal to highly directed. Mediated learning is a more flexible and 

responsive approach that uses many strategies depending on the needs of the learner 

during assessment. 

Interpretation of dynamic assessment 

The information that is collected during dynamic assessment is varied, because dynamic 

assessment itself has been interpreted and applied in many different ways. A quantitative 

approach to dynamic assessment, focusing on the difference between actual and potential 

development reflects Vygotsky's original illustrations of the ZPD presented earlier. There 

have also been approaches that focus on the cognitive, social and emotional aspects of 

functioning operating for the learner within the assessment, the types of mediation factors 

that contributed to the cognitive change; and interpretation of an individual's readiness for 

change. 

Vygotsky initially had a quantitative perspective to dynamic assessment which he used to 

measure the difference between the child's mental age on a static intelligence test and that 

achieved in joint performance with the examiner. The results were reported in terms of the 

number of years difference, for example, a ZPD of 2.5 years, was compared to a ZPD of 4 

years (Veer & Valsiner, 1991). Such a simple quantification of results based on the 

existing derived scores met Vygotsky's purpose of differentiating between students who 

had performed equally on the static test, yet had very different abilities. This result 

provided the information needed for this purpose and illustrates that analysis can be limited 

to a simple interpretation of the ZPD such that it equals the "amount of change" 
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(Haywood & Wingenfeld, 1992, p.255). Such au interpretation meets the needs of those 

using dynamic assessment to distinguish more clearly between individuals with aud 

without disabilities (e.g., Samuels, Lamb & Oberholtzer, 1992; Vye et al, 1987), aud has 

been used in studies on cultural difference (e.g., Sewell, 1987), language difference, hearing 

impairment (e.g., Keaue, 1987). This method of measurement used by Vygotsky is now 

termed 'simple gain' measurement, aud is but one of the mauy measures that have been 

used. 

Other forms of quautitative information generated from dynamic assessment include: 

residualised gain or maintenauce, post-test result only (Guthke & Wingenfeld, 1992), 

transfer or generalisability to tasks increasingly different from the training task (Day, 

1983), combined scores, slope or repeated measurements (Embretson, 1987), leaming 

curves (Hamers & Ruijssenaars, 1984 as cited Hamers & Sijtsma, 1995), number of hints 

needed and level of transfer- efficiency (Campione & Brown, 1987), amount of help 

needed, how quickly the student could take over the task independently (Newmau, Griffin, 

& Cole, 1989), ease of learning from degree of improvement shown or number of prompts 

to success (Day, 1983), aud measurement of time (number of trials) needed by students to 

achieve mastery (Gettinger, 1984). These readily quautifiable results are all contained in 

the following description by Haywood, Brown, and Wingenfeld (1990) of the bases of 

scores: 

(a) 'baseline' performauce, i.e., without assistance; (b) amount and type of 
help needed to reach a higher level of performauce; (c) response to that help, 
i.e., to what extent the subject has been able to learn principles and strategies 
and then apply them to new problems that have the same cognitive 
requirements. 

(Haywood, Brown, & Wingenfeld, 1990, p.419) 

These measures quantify how much learning has taken place and how much mediation has 

been provided. The reference to the "type of help needed" by Haywood, Brown aud 

Wingenfeld in the quote above reflects the qualitative side of dynamic assessment 

information, however, qualitative information has been collected that explores the nature of 

the learning and of the mediation needed to produce the learning. 

For mauy approaches, the main purpose of the assessment is to detect inefficient problem

solving strategies aud abilities that are responsive to instruction (Kirschenbaum, 1998). 

This focus on the general cognitive functioning of the individual has been used in mauy 

applications. Feuerstein focused on the process undertaken by the individual during the 

mediation and associated cognitive functions. The outcome of Feuerstein's assessment 

was identification of deficient cognitive functions at three stages of mental activity: the 
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input, the elaboration, and the output levels. From this information, conclusions about 

"why the individual exhibits certain difficulties and is more or less resistant to learning" 

can be made (Sternberg, 1994, p.661). This interpretation also includes the four 

dimensions of: area of change, magnitude of change, qualitative nature of the change, and 

required mediational intervention for change and maintenance of change (Feuerstein et al, 

1987). This approach aimed also to clarify which behavioural changes represented real 

cognitive changes rather than superficial behavioural changes. 

As well as quantitative information, such as the number of errors, Mearig (1987) included 

the initial response, the kinds of errors, the cognitive functions that seem to be hindering 

performance, the kind of mediation and teaching provided, and the child's response to each 

component of these. Similarly, Lidz (1991) developed curriculum-based dynamic 

assessment with respect to academic domains, with an interpretative focus on general 

cognitive processes of planning, attention, simultaneous and successive processing, 

perceptual and memory processes and representational thinking. Haywood, Brown, and 

Wingenfeld (1990) also focused on effective and deficient cognitive functions to estimate 

the kind and amount of investment required to overcome cognitive deficits, as well as 

observing what interventions produced improved performance within the assessment 

(p.417). 

Because dynamic assessment approaches are based in a sociocultural context for leaming, 

the interpretation of the assessment includes aspects of emotional and social functioning of 

the individual within the social situation of the assessment. As described by Lidz, 

What is error of measurement for a standardised measure may be of high 
diagnostic significance for an individual's intervention program. That is, 
variables such as stress, fatigue, inattention, and motivation, which account 
for fluctuations and ranges in scores for individuals, are relevant for 
individualizing program design and understanding the nature of the 
learner's functioning. 

(Lidz, 1997, p.285) 

This acknowledgment of the impact of 'non-intellective' factors, such as motives, attitudes 

and feelings, is noted by many authors (Hamers & Sijtsma, 1995; Wingenfeld, 1991). 

Guthke and Wingenfeld (1992) found that some non-intellective factors, such as quest for 

knowledge, irritability, intolerance of frustration, and anxiety had differential effects on the 

pre-test and post test results. 

The types of mediation that were effective have also been the focus of the information 

provided from dynamic assessment. The "changes produced during the course of 

assessment are not intended to endure but are interpreted as evidence of potential 
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modifiability, as the production of pennanent and enduring change requires a focused and 

intensive intervention program" (Feuerstein et al, 1981, p.207). 

Much focus in dynamic assessment interpretation has been on the quantitative analysis of 

many factors, the description of cognitive functioning from observable behaviours, and the 

inclusion of social and emotional factors in the interpretation of a student's readiness for 

change. The outcome of both quantitative and qualitative interpretation is basically 

optimistic, because it provides infonnation on what the student can do in the future with 

proper intervention and specifies the conditions that can help bring about the projected 

improved perfonnance (Haywood, Brown, & Wingenfeld, 1990). The infonnation resulting 

from dynamic assessment sessions is an interpretation of the whole teaching/leaming 

process and an estimation of the student's "readiness for change" (Campione & Brown, 

1987, p.87). The infOlmation gathered, in the form of descriptions of leaming processes, 

behaviour, problems that might affect learning, and effective strategies can then be provided 

to teachers and students (Tzuriel, 1992). 

In summary, the nature of dynamic assessment has been described in tenns of the 

procedures used and the types of information that are produced and analysed. The specific 

questions of assessment seek to determine an individual's optimal capacity, the factors 

involved in fostering that potential, and what might be done to facilitate further development. 

Dynamic assessment includes many different procedures that follow the general structure of 

pre-test, mediation, post-test. The fonns of pre- and post-tests vary according to the content 

and purpose of the assessment, however, they are otherwise conventional tests. The 

mediation phase involves teaching using many different approaches. The relationship 

established between the examiner and the learner is seen as the core of the dynamic 

assessment process. The nature of that relationship is crucial to the outcome of the 

assessment. Cognitive, sociocultural and emotional aspects of the relationship are taken into 

account within the approach. Although there have been many approaches to interpretation of 

dynamic assessment, research in this area is "in its infancy" (Delclos et al, 1992, p.318). 

The many quantitative and qualitative approaches to interpretation use the baseline 

perfonnance, the amount and types of help needed to reach a higher level of perfonnance, 

and the response to that help to describe the nature of achievement of students. 

DYNAMIC ASSESSMENT OF MATHEMATICAL LEARNING 

Most applications of dynamic assessment have sought to measure general cognitive ability. 

However, dynamic assessment has also been applied to specific learning domains such as 

reading (Brozo, 1990; Carney & Cioffi, 1992; Gettinger, 1984; Kletzien & Bednar, 1990; 
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Spector, 1992). A number of applications of dynamic assessment to mathematics have also 

been reported. 

On a systemic level Bazzini (1993) described the general approach to classroom 

mathematics assessment in Italian schools to be "in accordance" with dynamic assessment 

in that assessment takes into account the child's affective and cognitive development. 

Scores to represent learning by students are not used, rather a judgement was made about 

the student's "profit and behaviour" within the lessons and the student's teaching 

program is adjusted to fit this performance (p.l03). Other studies of dynamic assessment 

in mathematics have been classroom focused, technologically oriented or intervention 

research. 

Two studies (Hasselbring, Goin, & Bransford, 1985, as cited in Delclos et al, 1992: Gerber, 

Semmel and Semmel, 1994) illustrate the application of dynamic assessment to 

mathematics within technologically devised programs, in ways that alter the instructional 

input systematically. With a focus on the quality of instruction, Hasselbring, Goin, & 

Bransford (1985 as cited in Delclos et ai, 1992) developed a computer program to alter the 

instructional situation for students with mathematical learning difficulties in senior primary 

school. Their conclusion was that the "ability to learn can depend heavily on relatively 

subtle differences in the instructional strategies that are used" (Delclos et al, 1992, p. 327). 

The use of the computer allowed the subtle differences in instructional strategies to be 

applied systematically and showed that an initial determination that students were unable to 

learn mathematical facts, would have been incOiTect (Delclos et al, 1992). Another 

computerised application reported by Gerber, Semmel and Semmel (1994) involved an 

application of the dynamic assessment model to an 'intelligent tutoring system' (ITS). 

This particular program focused on the content of multi-digit multiplication for secondary 

students with mild intellectual disability, and provided teaching programs which varied 

based on a student's performance on the initial test. The teaching program was adapted 

through its error recognition capability and access to a teaching repertoire consisting of a 

hierarchy of prompts and a problem generator which responded to the data from the 

student's performance. The prograrn did not assess aspects of social-affective responses 

as the focus was exclusively on the cognitive aspects of the subject domain. The computer 

format employed a form of the graduated prompt procedure and was reported as very 

effective for these students. 

Other applications of dynamic assessment in mathematics have used more traditional 

instructional settings and approaches. In the following three studies dynamic assessment 

was able to provide more information about students' learning than that derived from 
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conventional testing. One study was focused on word problems, and the other two on 

understanding of number concepts. 

Bransford, Sherwood, & Hasselbring's study (1986, as cited in Delclos et al, 1992) 

involving mathematical word problems found that conventionally based conclusions that 

students were unable to solve the problems were challenged by the use of less traditional 

problem tasks in the assessment. The alteration of the task, by creating meaningful 

problems using videos, was able to provide a more valid context for investigating students' 

abilities to solve mathematical word problems. As well, the students' emotional perspective 

was noted as a pertinent issue in this research (Delclos et ai, 1992). 

Ferrara (1987, as cited in Brown et al, 1992) applied dynamic assessment to understand 

early conceptualisations of numbers, specifically (a) basic principles of counting, (b) facility 

with number-word sequences, and (c) advanced counting. The study involved the use of 

conventional standardised tests (general intelligence and mathematics) as well as the Ferrara 

Knowledge Test, a theoretically based dynamic test. In this study, progressively more 

specific and qualitatively different hints were pre-determined. These hints were provided to 

individuals in response to difficulties arising in a session. A variety of transfer problems 

were then presented in the same interactive format. The results of this study showed that 

dynamic scores of learning and transfer were better predictors of student learning than were 

the static knowledge or ability scores. 

Hamers, Hessels, & Tissink (1995) applied dynamic assessment to aspects of arithmetic: 

arithmetic language; seriation; correspondence; classification; conservation; understanding 

of measurement; and counting using cardinal numbers. The procedure they used involved a 

pre-test, orientation or familiarisation time, a training phase, a post-test, and a transfer 

phase. The study had two focus areas, the psychometric aspects of testing and the clinical 

use of dynamic assessment for assessing individual performances. Interpretation in the 

form of individual learning curves showed that dynamic assessment increased 

discrimination among children who were homogeneously grouped based on static tests. 

Hamers, Hessels & Tissink used the groupings, defined by Budoff (1987), of high 

achievers (those who scored well on the pre-test), gainers (those who performed poorly on 

the pre-test and improved significantly on the post-test), and non-gainers (those who 

showed poor performance on both). The group of gainers was seen as the most interesting 

group because they would have been misclassified based on the results of the static test 

only (Hamers, Hessels, & Tissink, 1995). 
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Dynamic assessment has also been used as a research tool to investigate teaching and 

learning issues in mathematics. Iitendra and Kameenui (1996) used dynamic assessment 

with part-whole mathematics word problems, and comprehension of mathematical 

operations to examine error patterns. Such research was able to provide important 

instructional information for teachers. Similarly, Jones and Thornton (1993) reported a 

teaching experiment that used a Vygotskian perspective in a mathematics classroom 

focusing on number and place value. Analysis of the social interaction supported aspects of 

Vygotsky's theories indicating that effective instruction precedes development, is 

appropriate to problem-solving settings, and helps children reach their potential (Jones & 

Thornton, 1993). This study supported the premise that there is an optimum level of 

performance and understanding (the ZPD) within which it is important to focus the 

problem-solving experience in order to maximise learning and growth. From this 

experiment, Jones and Thornton delineated operational principles for teachers, consistent 

with Vygotsky's writings. These principles included i) using on-going assessment to 

monitor instruction ii) emphasising the importance of the mediation role in dynamic 

assessment, iii) exercising sociocultural sensitivity, iv) modelling higher order thinking, v) 

using enriching communication and variety of learning strategies in order to become a part 

of the learning situation. 

This section has presented the literature directly related to applications of dynamic 

assessment in mathematical learning. There have been very few applications of dynamic 

assessment in school mathematics reported in the literature. These studies reviewed have 

included two interactive computer programs that adapted instructional strategies based on 

student performance. Such programs focused exclusively on the task analysis and 

cognitive aspects of learning performance while ignoring the sociocultural aspects inherent 

in the theory of dynamic assessment. Other studies have reported more embedded 

applications that have provided information about instruction and learning richer than that 

provided through conventional assessment. The studies discussed illustrate the early stages 

of the application of dynamic assessment within the mathematical domain. 

CONDITIONS FOR THE PRACTICAL IMPLEMENTATION 

OF DYNAMIC ASSESSMENT IN SCHOOLS 

The previous section has established that there has been little application of dynamic 

assessment to school mathematical learning. Several authors have called for further specific 

applications to investigate the usefulness of the model (Bjorkqvist, 1997; Hamers & 

Sijtsma, 1995; Hunting & Doig, 1992; Jitendra & Kameenui, 1993, 1996). The adequacy 

of dynamic assessment procedures is limited by relatively sparse research in academic areas 
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(Jitendra & Kameenui, 1993). This has also been reflected in general psychoeducational 

assessment. While there seems to be a lot of promise, dynamic assessment has not been 

adopted by psycho-educational diagnosticians (Lidz, 1987). This study aims to further 

investigate the usefulness and adequacy of dynamic assessment of school mathematical 

learning. For this reason issues previously identified as inhibiting the implementation of 

dynamic assessment must be taken into consideration during development and evaluation of 

the procedure in this study. 

A number of reasons for the low acceptance of dynamic assessment have been reported. 

These have included additional time requirements (Haywood, Brown, & Wingenfeld, 1990; 

Lidz & Thomas, 1987; Campbell & Carlson, 1995). Haywood, Brown & Wingenfeld 

(1990) also noted that resulting recommendations were often seen as "obvious" or too 

general, as they always show that a student has more leaming potential than they usually 

exhibit (p.417). These comments raise the question of whether it is practical to apply 

dynamic assessment in a school setting. Lidz (1991) has considered this issue thoroughly 

and provided a framework for the evaluation of dynamic assessment procedures. 

Components of this framework are 
• a theoretical foundation for the (a) items, (b) processes to be addressed, (c) means of 

assessment, (d) test selected; 
• definition of the focus of the assessment; 
• principles for examiner interaction and how these relate to instructional criteria; 
• inter-assessor reliability; 
• teachability of the procedure; 
• time required for administration; 
• utility of the information and recommendations derived from the assessment. 

These components will be considered in the development and implementation of the 

assessment procedure in this study, and will be evaluated at the conclusion. 

The teaching phase within the dynamic assessment has provided a model which is 

"diagnostically and theoretically superior" to conventional assessment (Embretson, 1987, 

p.141) since it offers the chance to not only "sit beside", but to become involved in the 

learning for the individual as the individual is assessed within the social system relevant to 

their learning (Newman, Griffin & Cole, 1989, p.77). The learner's response to teaching 

provides information that is not accessed through conventional assessment (Hamers & 

Sijtsma, 1995). However, this approach places the assessor in a teaching role, as an active 

participant in the teaching and leaming. Guthke and Wingenfeld (1992) discussed the 

difficulties that arise when teachers carry out diagnosis, as their primary focus is teaching, 

while in contrast psychologists have limited knowledge of school curricula, and therefore 

have difficulty in providing relevant interpretation. This new combination of responsibilities 
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may be a contributing factor to the limited adoption of dynamic assessment and is taken 

into account in this study. 

There are professionals within the education system who straddle both of these fields, the 

teaching and the psychological. School psychologists in some systems are primarily 

teachers who have developed psychological skills upon their teaching foundation, they are 

thus both teachers and psychologists and have the background and the skills to meet both 

these criteria. They are in a position to apply both teaching and clinical assessment skills 

and perspectives within a dynamic assessment situation. The author's interest in this field 

has arisen from years of school psychology practice within which standardised assessment 

of academic domains has provided restraints on clinical practice. 

It was anticipated that if the process of dynamic assessment could be placed within existing 

psychoeducational context with minimal changes then it would be more likely to be adopted 

by practitioners. This provides an opportunity to develop a dynamic assessment procedure 

that needs minimal changes to psychoeducational practice. This may support the 

acceptance and practice of dynamic assessment in schools. 

DYNAMIC ASSESSMENT AND THE CONCEPTUAL FRAMEWORK 

Dynamic assessment has been developed from Vygotskian theories of learning, within the 

context of the assessment of general cognitive or intellectual development. While it has 

been applied to some specific domains of learning, there have been further calls for the 

application of dynamic assessment to domain-specific learning (Guthke & Wingenfeld, 

1992). The structure for dynamic assessment as described in this chapter is now placed 

within the conceptual framework in Figure 2.4. 
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Figure 2.4 Dynamic assessment and the conceptual framework 

Dynamic assessment was selected from the list of alternative procedures presented in the 

previous chapter because it is a procedure that has an explicit theoretical basis that integrates 

teaching, learning and assessment. This chapter has elaborated on the theoretical 

foundations of dynamic assessment, and has described the nature of dynamic assessment 

arising from this theory. The inclusion of conventional assessment within dynamic 

assessment has reinforced the idea of the complementary nature of conventional and 

alternative assessment. However, the relationships between dynamic assessment and the 

content of school mathematics and the purposes of assessment remain to be investigated in 

this study. These relationships are reflected in the first theme of the study delineated in 

Chapter 1. 

The second focus for the study was observed to concern the theory of assessment (Chapter 

1). Chapter 2 has elaborated the theoretical constructs underlying dynamic assessment, 

reinforcing the integration of learning, teaching and assessment within Vygotskian theory. 

This Vygotskian theoretical basis will be used in this study to support the development of a 
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dynamic assessment procedure for assessment of school mathematics, aod will be evaluated 

within that context. 

Because dynamic assessment incorporates assessment and teaching roles for the assessor, 

this poses a particular practical issue to be taken into consideration. A number of other 

practical problems have been identified aod need to be taken into account in this study. One 

way to minimise these difficulties is to develop aod use the procedure within ao existing 

psychoeducational assessment structure in school, and to use ao assessor who has skills of 

both teaching and assessing that cao be combined in this procedure. 

In order to document the contribution of the dynamic assessment model as a valid school 

mathematical assessment instrument, it is necessary to demonstrate that it offers unique aod 

enhaoced information about the leamer, i.e., over aod above the information provided by the 

static test (Lidz & Greenberg, 1997). Within this framework this meaos that it provides 

better information for particular education decisions. This premise will be tested in this 

study. 

Another issue that has been highlighted in this chapter is the need for a specific domain 

within which to develop the assessment procedure. Guthke and Wingenfeld (1992) have 

observed that the cognitive functions required across a subject are vastly different, aod so 

there is a need for a range of domain-specific tests. The broad nature of the school 

mathematics curriculum was discussed in Chapter 1, confirming Guthke and Wingenfeld's 

view of diversity of cognitive functions. Therefore, in order to develop ao assessment 

procedure for school mathematics it is importaot to select a specific domain which has 

relevant criteria for aoalysing and interpreting task response (Jitendra & Kameenui, 1993) 

and for which levels of understanding can be defined. 

In terms of the development of dynamic assessment procedures this is very important so 

that levels of development cao be identified aod enhaoced during the assessment. For this 

purpose, the specific domain of mathematical learning selected needs to have a substaotial 

aod adequate research basis, for which conventional assessment exist aod are used in 

classrooms and schools. This domain also needs to provide criteria for determining aod 

enhancing levels of understanding during dynamic assessment. The study also sought a 

domain that was considered pivotal to school mathematics so that the outcomes of the 

study have significaot implications for mathematicalleaming. 

The Hindu-Arabic numeration system is a sociocultural tool that has been "culturally 

constructed and socially traosmitted through education" (Sinclair, Garin & Tieche-
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Christinat, 1992, p.193). This social knowledge (Kamii, 1989) is a "key mathematical 

idea" for school learning (Pengelly, 1990, p.375). The task we set children, to develop an 

understanding of place value, seems enormous when put in the context of the historical 

development of our Hindu-Arabic Numeration System (For an account of the development 

see, e.g., Dehaene, 1997). Both research and experience suggest that children take many 

years developing an understanding of the numeration system (Baroody, 1987; Dickson, 

Brown & Gibson, 1984; Jensen, 1993). In fact, Ginsburg (1977) concluded that few 

children will have developed a sound understanding of place value during their primary 

years. This finding was supported by Fuson (1990a), Harvin (1984), Jensen (1993), Ross 

(1989), Peters (1997), and Sierink and Watson (1991). An understanding of our base-ten 

place value number system is expected of young primary aged children, yet this is an area 

of mathematical understanding of concern in students entering high school (Thomas & 

Donaldson, 1995). Clearly, there is a need to develop assessment that provides valid 

information about a student's understanding of place value. Research concerned with the 

development of place value understanding has been accruing over the past few decades. 

Because of these reasons the developmental frameworks of understanding of place-value 

numeration will provide an appropriate content basis for this study. 

This area is discussed in Chapter 3, which will describe the developmental research relevant 

to the specific domain of place-value numeration. This domain has been selected because it 

is a major cultural tool, developed over many centuries. The internalisation of the structure 

of this tool is vital to the functioning of any individuals with respect to any aspects of our 

society related to numeracy. 

CONCLUSION 

This chapter has presented a summary of the key theoretical concepts underlying dynamic 

assessment as well as documented applications of dynamic assessment. From Vygotsky's 

sociocultural perspective, which developed out of dissatisfaction with conventional cognitive 

and learning ability tests, a model for assessment which is directed at future educational 

programming for the student has been explored. Dynamic assessment is not a new test. It 

is a process and set of procedures which have developed around an alternative set of basic 

constructs of learning, teaching and assessment. Dynamic assessment can be used to 

assess any area of cognitive development. The dynamic assessment model was founded in 

the assessment of general cognitive abilities, particularly with young children, and although 

the difference between this and the application to specific domains has been recognised 

(Lidz, 1997, p.291), it has been effectively adapted to be useful in specific educational 

domains. Applications to reading and mathematics content have shown that the procedures 
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can be adapted to investigate these specific areas of cognitive growth. Once principles are 

established they can be applied to any domain of learning. The key difference between this 

form of assessment and conventional assessment is the inclusion of a teaching-learning 

procedure within the assessment itself. This study will develop, implement and evaluate a 

dynamic assessment procedure for assessment of school mathematics in the domain of 

place-value numeration. 
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Chapter 3 

THE DOMAIN OF MATHEMATICAL LEARNING 
SELECTED FOR THIS STUDY 

Place-value numeration 

... our conventional place value notation is one of a number of representational 
systems that were invented and adopted by mathematicians ... at each succeeding 
level of more efficient representation the symbols are fewer and more detached 
from concrete reality. 

(Labinowicz, 1985, p.280) 

Introduction 

Our efficient place-value representation of numbers has taken "forty centuries of human 

thought and use" to refine (Lieberman, 1981, p.16). As Labinowicz mentioned this domain 

of school mathematics has, with each increase in efficiency, become more abstract. Thus 

the centuries taken by humans to develop the system are now compacted into a short period 

during which students are expected to develop an understanding of how the system works. 

The purpose of this chapter is to present an overview of the specific domain of 

mathematical learning chosen as the focus for this study. The chapter is divided into three 

sections: Place-value numeration in the curriculum; Cognitive research; and Place-value 

numeration and the conceptual framework. 

PLACE-VALUE NUMERATION IN CURRICULUM 

Curriculum developers have produced goals for school mathematics related directly to 

place-value numeration. Curriculum goals for place-value numeration that are found in 

key North American, English and Welsh, and Australian documents help to provide a 

school curriculum context for the discussion of related research. 

A specific goal articulated in the North American Standards is "that students can 

understand our numeration system by relating counting, grouping, and place value 

concepts" (N.C.T.M., 1989, p.38). This goal was discussed briefly in the Standards in 

the following way: 
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Understanding place value is another crucial step in the development of 
children's comprehension of number concepts. Prior to formal instruction 
on place value, the meanings children have for larger numbers are typically 
based on counting by ones and the "one more than" relationship between 
consecutive numbers. Since place-value meanings grow out of grouping 
experiences, counting knowledge should be integrated with meanings based 
on grouping. Children are then able to use and make sense of procedures for 
comparing, ordering, rounding, and operating with larger numbers. 

(N.C.T.M., 1989, p.39) 

This discussion highlights the relationships between symbols, representations and oral 

names for numbers. It describes a path of cognitive growth and specifies aspects of place

value numeration that are involved in understanding. 

The English and Welsh report, Mathematics counts (Cockcroft, 1982) made some strong 

references to the importance of place-value understanding, and the gradual development of 

this understanding that can be expected of students. In paragraphs 298 and 299, place 

value is included as one of the basic mathematical concepts, together with operational 

concepts, upon which mental and written computations are founded. A later paragraph 

(341) describes the progress of the development of place-value understanding in an 

average child in the context of emphasising the wide range of development that can be 

expected (Paragraph 342). In particular, it was noted that "there is a 'seven year 

difference' in achieving an understanding of place value" (Cockcroft, 1982, p.100). 

Following the report by Cockcroft, the Department of Education and Science and the 

Welsh Office (1989) developed attainment targets for all strands of mathematics in the 

curriculum. The second attainment target included the specific goal that "pupils should 

understand number and number notation" (p.7). This goal is broken into statements of 

attainment at ten levels with those relevant to an early understanding of place-value 

numeration found in the first three levels. These are shown in Table 3.1. 

Table 3.1 Place-value numeration statements of attainment 
LEVEL STATEMENTS OF ATTAINMENT 

Pupils should: 
1 • count, read, write and order number to at least 

10; know that the size of a set is given by the 
last number in the count. 

• understand the conservation of number 

2 • read, write and order numbers to at least 100; 
use the knowledge that the tens-digit indicates 
the number of tens 

3 • read, write and order number to at least 1000; 
use the knowledge that the position of a digit 
indicates its value. 
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Place-value understanding is defined through counting, ordering, reading and writing 

numbers as well as "knowledge of the position of a digit indicates its value." These 

statements of attainment are brief and do not necessarily reflect the importance placed on 

this specific mathematical understanding by Cockcroft (1982). 

The Australian National Statement included a similar goal to the previous documents, "to 

enable children to use place value concepts to read, write and compare whole numbers" 

(AE.C., 1991, p.1l3). The only references to this goal in the accompanying discussion 

however were in the introduction to the Number strand. 

All people need to develop a good sense of number, that is, ease and 
familiarity with and intuition about numbers. This requires a sound grasp of 
number concepts and notation, familiarity with number patterns and 
relationships, a working repertoire of number skills and, most importantly, 
confidence in one's capacity to deal with numerical situations. . .. Beyond 
simple counting, all calculations with whole numbers and decimal fractions 
make use of place value, and this concept should be developed and extended 
throughout schooling, beginning with counting numbers, generalising into 
large numbers (millions, billions) and decimal fractions. 

(AE.C., 1991, p.l07) 

Reference to difficulties with place value and decimal numbers was also included in a later 

section of the Australian Statement, which emphasised the gradual development of an 

understanding of place value and the persistence of misconceptions even for "apparently 

successful students" (p.116). It was recommended that any misconceptions should be 

challenged at later stages by reference to decimals. However, no reference was made to the 

prevention of misconceptions through more emphasis on the development of place value 

with whole numbers. In fact, Mathematics: A curriculum profile for Australian schools 

(AE.C., 1994) contains no direct reference to place-value understanding in the outcomes at 

all. While place value is included in the pointers of Levels 2 and 3, these pointers "are 

only examples" that "could indicate achievement" (p.3). 

The educational goals related to place-value understanding found in curriculum documents 

from North America, England and Wales, and Australia are similar, though there is 

evidence of varying emphases. There is some discussion of research findings in the 

international documents (Cockcroft, 1982; N.C.T.M., 1989) there are no references to 

research foundations in the Australian documents. 
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COGNITIVE RESEARCH 

In this section, findings from cognitive research are presented in order to explain the nature 

of research into this domain, to define the period of development relevant to an 

understanding of place-value numeration, to describe models of development, and to define 

understanding of place-value numeration. Research tasks from which inferences about 

conceptual development have been derived are also described. This discussion provides a 

framework for the assessment of learning within this specific domain which is necessary 

for use in the study. 

The nature of research into understanding of place-value numeration 

Individual interviews and individual or group teaching studies have formed the basis of 

much of the research into the development of understanding of place value. Interpretation 

from these social situations to infer cognitive understanding has been done in a number of 

ways. 

Piaget initiated individual clinical interview use in research and used it during his sixty 

years of investigation into children's thought (Karnii & De Clark, 1985). Psychologists 

have since relied on the clinical interview as a technique for studying the mathematical 

concepts used by children by researchers like Bednarz & Janvier, (1988); Boulton-Lewis, 

(1993); Boulton-Lewis & Halford, (1991); Cobb and Wheatley; (1988); Jones, Thornton, 

& Van Zoest, (1992); Karnii & De Clark, (1985); Ross, (1989); Sierink, (1989); and 

Thomas, (1996). These interviews have been variously termed 'interactive, problem 

oriented, individual lessons' (Neuman, 1994), 'individual, task-based interviews' (Peters, 

1997), or 'structured clinical interviews' (Goldin, 1993). They all use "close observation 

of children's actions and expressions which provide a description of the cognitive 

development" (Mulligan, 1991, p.2) to draw inferences about cognitive and emotional 

functioning (Goldin, 1993). 

The interview procedures have varied according to the role of the researcher in the 

interaction. Some researchers have taken the role of observer alone, interpreting every 

error to be a reflection of the child's thinking and, as such, not to be superficially corrected 

(Karnii & De Vries, 1976). Others have probed children's thinking, through questioning 

and requests for explanations or descriptions of the thinking and strategies used (Murray 

& Olivier, 1989). In this way the researcher becomes involved in the interview interaction, 

as an active investigator. Such active investigation has been structured to differing degrees. 

The active involvement of the interviewer has been incorporated into some interview 
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situations by the researcher taking on the role of a teacher (Baroody, 1987; Labinowicz, 

1985; Neuman, 1994; Pengelly, 1990). The combined teaching and research roles allow 

the researcher to construct models oflearning and to reflect on the child's construction of 

mathematical ideas and meaning making (Perry, Mulligan & Wright, 1992). This 

methodology has been justified by Steffe (1994) as valid because "learning how children 

learn mathematics must be accomplished as it actually takes place" (p.12). 

This perspective has also been the basis of teaching studies. Such research has provided 

descriptive information about children's thinking from the proceedings of the teaching 

sessions (Fuson, 1990a; Fuson, Wearne et aI, 1997; Hart, 1989; Sinclair, Garin & Tieche

Christinat, 1992). Although some of these studies have focused on the teaching program, 

they have also been able to provide information that has contributed to models of 

children's developmental understanding (e.g., Hiebert & Wearne, 1992). Similarly, 

several researchers have implemented constructivist teaching experiments (Cobb & Steffe, 

1983; Steffe, 1991) to investigate the development of concepts. Steffe (1991) used 

prolonged interactive teaching experiments on the basis that "mathematical schemes are 

never acquired by a child in one piece, but must be built up over a rather extended period 

oftime" (p.12). Similarly, Baroody (1987) used a case-study of the remedial teaching of 

an 11 year old child with learning disabilities, over a long period, to investigate the 

developmental growth of understanding. Jones & Thornton (1993) also conducted a 

teaching experiment based on Vygotskian theory that focused on the social interactions in 

learning through problem solving, on modeling, and on the zone of proximal development. 

From these interviews and teaching situations, interpretation of conceptual development 

has occurred in different ways. The Validity of these inferences has been the focus of 

much discussion (e.g. Hunting & Doig, 1992). There has been focus on the strategies 

used by students (Peters, 1997; Murray & Olivier, 1989). However, such inferences 

drawn about levels of understanding can be misinterpreted (Morgan, 1996). Denvir and 

Brown (1986a) noted that students may choose to use a lower level strategy, and thus the 

inference about their conceptual level may be an underestimate. A complicating factor in 

determining thinking from behaviours is that it has been shown that once mathematical 

procedures have been developed they may be used without invoking the mental models 

used in developing them (Halford, 1993). This is an issue for the evaluation of children's 

explanations of why they did some procedure. 

Another form of interpretation has been analysis of errors (Karnii & De Vries, 1976). 

Resnick (1984) accepted that children's errors were systematic and that a small number of 

misconceptions cause the many different errors. Wright (1991b) used both the patterns of 
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responses as well as case studies to illustrate extreme cases in his study that used 

individual interviewing, thus retaining a focus on individual construction of 

conceptualisations and patterns of similarity in development. 

Recent studies which reflect individual constructivism have also reported using relatively 

open-ended tasks that seek to explore children's individual representations of the number 

system, rather than seeking verbal explanations (e.g., Thomas, 1998). These approaches 

have "highlighted children's representations as evidence of the idiosyncratic and creative 

ways in which they structure mathematical relationships" (Mulligan et al, 1996, p.406) 

which "reflect each child's unique internal constructions at that time" (Thomas, Mulligan 

& Goldin, 1996, p.312). Visualisation of mental images has become a new strand in 

research into children's conceptualisations of number that has been tapped in order to 

provide "evidence of how conceptual understanding grows" (Mulligan et al, 1996, p.4D7). 

In summary, research into children's understanding of place-value numeration has been 

carried out using individual interviews and teaching situations. From these situations 

interpretation about understanding has involved drawing inferences about conceptual 

development from children's explanations, selection of strategies and errors in response, 

as well as from visualisations. Problems with interpretation have been identified, that 

reflect the difficulty in using observable perfonnance as indicators of thinking. 

Period of development 

There has been much written about the age range within which understanding of place 

value occurs. Although it has been shown that some children can function in a number 

system prior to fonnal teaching (Carraher & Schliemann, 1990) most children begin to 

develop an understanding of the number system in the first few years of school. However, 

significant differences in the extent of development have been noted. Wright (1991 b) and 

Young-Loveridge (1997) have identified the extent of the range of understanding among 

young children to be equivalent to two to three years. A larger range was described by 

Cockcroft (1982) as the "seven year difference" for children in late primary school. 

In tune with the biological Piagetian perspective, levels of cognitive development typical of 

children in primary grades have been seen to limit their ability to understand place value 

(Ross, 1990). For example, Kamii and DeClark (1985) emphasised the inability of 

children in the early grades of school to be able to understand place value. They write that 

"children like to count and to read and write numerals [and] they generally do not have 

trouble acquiring this social, conventional knowledge in first grade." (p.53), it is not 
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possible for "first graders to understand that the 2 in 26 means 20" (p.55). Dienes 

(1966) also used this perspective in his development of wooden base-ten blocks as a 

concrete aid to understanding. He felt that the "abstract ideas of groups, groups of groups 

and groups of groups of groups, are very difficult" for young children (p.86). Recent 

developmental research has shown that some children in year 2 are beginning to 'see' 

structure in the number system (Pengelly, 1990; Thomas, 1992). However, since 

"understanding of place value is multifaceted and prolonged" (Fuson, 1990a, p.27 4) this 

development continues throughout primary school with many children in late primary 

school not yet able to demonstrate an understanding of place value (Bell, Costello & 

Kucheman, 1983; Kamii & DeClark, 1985; Sinclair & Scheuer, 1993). 

Longitudinal research has reinforced the slow pace of development of understanding 

(Denvir & Brown, 1986a). Significant difficulties in developing understanding of place 

value have been reported (Denvir & Brown, 1986a; Fuson, 1990a, b; Kamii, 1986; Karnii 

& DeClark, 1985; Ross, 1986). It has been shown that many students in high school 

continue to have difficulty in this area and have not developed a functional understanding 

of place value (Hart, 1981; Thomas & Donaldson, 1995). 

The literature highlights the length of time required for development of understanding of 

place value. The time needed for full conceptualisation has been emphasised to be years. 

It has been shown that initial development of understanding is evident in early primary 

school and that most children are dealing with the conceptual issues of place value after the 

first few years of primary school. 

Models of development 

While "no two pupils acquire skills in the same order" there is a general path of 

development of place-value understanding (Denvir & Brown, 1986a, p.85). Thomas 

(1996) asked whether it was reasonable to assume there are developmental stages through 

which children pass in developing understanding of the number system, and concluded 

that "there is not yet general agreement among researchers as to whether children's 

understanding of numeration can be described by developmental stages" (p.92). 

However, research has produced a number of models to help make sense of development 

of understanding of place-value numeration (Baroody 1987; Bergeron & Herscovics, 

1990; Boulton-Lewis, 1996; DeBlois, 1996, as cited in Thomas, 1998; Denvir & Brown, 

1986a, 1986b; Ginsburg, 1977; Jones et al, 1996; Karnii, M., 1982 as cited in Karnii & 

DeClark, 1985; Murray & Olivier, 1989; Peters, 1997; Resnick, 1983; Ross, 1986; Wright 

& Stewart, 1999). These models have been developed from different perspectives, and 
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address differing periods of students' development. The structure of each of the models is 

shown in Table 3.2 where they are arranged in chronological order from 1977 to 1999. 

Table 3 2 Models of conceptual development of place-value numeratIon 
Ginsburg 
• Stage I 

(1977) Resnick (1983) Kamii, M. cited Denvir & Brown 

writes number correctly, 
doesn't know why 
• Stage 2 
knows other ways are 
wrong 
• Stage 3 
dd tens and ones 

Ross (1986) 
• Stage I 
whole numeral 
• Stage 2 
positional property dd 
has a tens place and ones 
place 
• Stage 3 
Face value 
• Stage 4 
Construction tentative 
unreliable perfonnance 
• Stage 5 
Understanding 

• Stage I Kamii (1985) (1986a) 
unique partitioning of • Level I a strong hierarchical 
tens and ones number squiggles are strand, an extension of 
• Stage 2 marks linked to objects and modification of 
other compositions can e.g. 7 is channel 7 on the Resnick's model 
be equivalent TV • counting on 
• Stage 3 • Level 2 • counting tens 
meaningful application other correspondence • mentally adding 
to written arithmetic • Level 3 units to dd 

Baroody (1987) 
• reading numbers 
• writing numbers 
• recognising ones, 

tens, hundreds, 
thousands 

• dd is tens and ones 
• 0 as placeholder 
• recognise base ten 

equivalents 

digits refer to quantities, • mentally adding tens 
these are inconsistent to dd 
• Level 4 • mentally carrying 
consistent quantities, but out dd without 
face value and regrouping 
construction 
Cobb & Wheatley 
(1988) 
• Level I Initial 

concept of ten. 
Individual items 
make up ten. 

• Level 2 Intermediate 
concept often. Ten 
is a unit made up of 
ten ones. 

• Level 3 Facile 
concept'of ten. 
Computation with 
tens and ones. 

Murray & Olivier 
(1989) 
• Level I 
no meaning to digits, 
uses count all procedure 
• Level 2 
can count on 
• Level 3 
can decompose, 
meaningful strategies 
• Level 4 
dd means groups of tens 
and some ones, meaning 
ful written algorithms 

Bergeron & Herscovics (1990) 
Levels of understanding of positional notation 
• Juxtaposition 
global meaning "12 is twelve" 
• Chronological 
inconsistent order but awareness 
• Conventional 
write dd correctly 
Boulton-Lewis 
(1996) 

Jones et al (1996) 
• Pre-place value 

• no knowledge 
• global knowledge 
• place value 

knowledge 
• relation between 

number names in 

• 

• 

Initial place value 

Developing place 
value 

counting string and • Extended place value 
objects in order 

• Counting rule last • Essential place value 
name = quantity 

• relationship between 
written and spoken 
number names 

• 12 units =10 + 2 
• twelve:;;: tens place 

and ones place 

The next four models were published after 
the development of this study. 

Peters (1997) adapted 
from Faire '92, Kamii, 
'85 & Ross, '89 
• Level la 
cardinal representation 
• Levellb 
ordinal representation 
• Level 2 
face value 
• Level 3 
Positional understanding 

Wright & Stewart 
(1999) 
• Building place value 

through grouping 
• Initial place value: 

ten as a unit 
• Developing place 

value: tens and ones 
• Extended place value: 

hundreds as a unit 
• Essential place value 

hundreds tens and 
ones 

• Decimal place value 
• System place value 

64 



Domain of mathematical learning: Place-value numeration 

Some models (e.g., Bergeron & Herscovics, 1990) focus on the skills of writing numbers, 

while others have attempted to go behind the behavioural indicators and provide 

explanations of conceptual development. Of these, some models (e.g., Ross, 1986) focus 

specifically on place-value understanding while others incorporate computation or applied 

numeration into the models (e.g., Murray & Olivier, 1989). Other models (e.g., Wright & 

Stewart, 1999) include a focus on place value within a broader model involving 

computation. This model has incorporated a previous model (Cobb & Wheatley, 1988) 

into their extended model. 

The models refer to stages and/or levels of learning, of development, of understanding, or 

progression of development (Baroody, 1987), or order of acquisition of concepts of place 

value (Denvir & Brown, 1986a). The stages and levels are not seen as exclusive as 

"children are in constant transition to the next stage, often demonstrating thinking 

characteristic of more than one stage" (Labinowicz, 1985, p.16). Such stages or levels 

have more recently been termed 'learning growth points' (Clarke et aI, 2000; Sullivan et aI, 

2000). 

Inconsistency in performance by children is included in several models. Labinowicz 

(1985) suggested that this inconsistency in performance indicates that children have 

constructed ideas for different perspectives of number and numerals but have not yet 

integrated these ideas into a coherent organisation. Ross (1986) included this 

phenomenon as a separate stage of development, following the acquisition of separate 

concepts, and prior to 'understanding' which involves consistent performance. Bergeron 

and Herscovics (1990) accepted that a child could be at two different levels of their 

notation model by virtue of the differing demands placed on them by two-, three- and 

multi-digit numerals. 

This extension to numbers greater than two-digit is not included in all models. Most 

researchers have focused on two-digit numerals since this is the initial context within 

which children have to deal with place value. However, Jones et al (1996) provided two 

levels after two-digit place-value understanding to extend the model to larger numbers and 

allow for the establishment of consistency in response. This approach was also reflected 

in the later model from Wright and Stewart (1999). 

These multiple models have different focuses, yet they are complementary. As a whole, 

they support the idea of a series of stages of development of understanding and contribute 

to the definition of the nature of that understanding. 
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Definition of understanding of place-value numeration 

Definitions of place-value understanding have been included in the models above. The 

nature of the definitions reflect the focus of each of the models, and refer to understanding, 

to number writing skills, and to applied numeration (arithmetic). 

Understanding of place-value of two-digit numbers is defined by Murray & Olivier (1989) 

as being able to "truly think: of a two-digit number as consisting of groups of tens and 

some units" (p.6); by Baroody (1987) as being an understanding that there are base-ten 

equivalents (that ten ones can be exchanged for one ten) and the system is a systematic 

repeating pattem (ten digits systematically combine to form two-digit numbers from 10 to 

99); and by Boulton-Lewis (1996) as knowledge "that a number consists of sets of tens 

and units represented according to place value" (p.81). These definitions of 

understanding all entail the need for an explanation of the meaning of the two digits in the 

number in terms of the partitioning into tens and ones. Ross (1986) defines this more 

comprehensively, 

that the individual digits in a two-digit numeral represent a partitioning of the 
whole quantity into a tens part and a ones part. The quantity of objects 
corresponding to each digit can be determined even for collections which have 
been non-canonically partitioned. 

(Ross, 1986, p.39) 

The qualifier statement in this definition suggests the need to ensure the understanding is 

evident in situations in which the partitioning is not by tens and ones. This issue has been 

built into Ross' model. 

Two definitions are restricted to development of skills of writing numbers. Ginsburg's 

(1977) third stage of understanding was defined by the writing of two-digit numbers 

correctly. Bergeron and Herscovics (1990) also defined their highest level as being able to 

write double-digit numbers in the correct order, without being affected by the direction of 

writing. This is a low level of understanding in relation to the other definitions. These 

definitions of thinking are reflected in other models, most of which use skills to define 

understanding. 

Other definitions are with respect to applied numeration. Jones et aI's (1996) definition is 

in terms of skills that are initially discrete and then are applied to mental addition. This 

definition of development in terms of strategies used in arithmetic is explicit in two other 

models. Resnick's (1983) definition of understanding is that multiple part-whole 

representations can be applied to numbers. This is her middle stage, which is then 

followed by a stage incorporating application of the part-whole schema of numbers to 
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written arithmetic. Denvir and Brown (1986a) defined understanding in terms of strategies 

employed by a student. A student who could carry out mental subtraction of two-digit 

numbers without regrouping was at the highest skill level. 

A number of models refer to meaningful application of understanding. Murray and 

Olivier (1989) referred to understanding as a prerequisite for the meaningful execution of 

standard written algorithms. Resnick (1983) used an analogy with language development, 

that the individual can leam the syntax of arithmetic (the procedures) without the semantics 

(the meaning). To be seen to have an understanding of place value, the individual must 

have a semantic (meaningful) justification for the syntax (procedures). The reference to 

'meaningful' application or explanation occurs in other models. Several models include 

the difference between children being able to state that, e.g., 34 has 3 tens and 4 ones, in a 

rote manner rather than in a meaningful way (Baroody, 1987; Ginsburg, 1977). 

Research in the domain of place-value numeration development has resulted in models of 

understanding. Although the models have various emphases and terminology, they have 

similarities. While we are stilI in need of a "clear model of how place value concepts are 

developed in children's minds" (Price, 1997, p.420), the existing research provides 

frameworks for further investigation. A model which has been tested in Australian 

schools is that of Ross (1986). A study of children's understanding of place value, carried 

out in Australia by Sierink and Watson (1991), used Ross's model as a framework for the 

investigation of children's performances. The study established the ability of Ross's 

model to meaningfully differentiate levels of understanding of place value of two digit 

numbers among the children in the Australian setting. The latest model (Wright & 

Stewart, 1999) has also been developed in the Australian context, however, it was not 

available at the time of development of this study. 

The definitions of understanding of place-value numeration reflect a conceptual framework 

presented by a number of authors (Boulton-Lewis, 1996; Fuson, Wearne et al, 1997; 

Hiebert & Weame, 1992; Karnii & DeClark, 1985; N.C.T.M., 1989; Payne & Huinker, 

1993; Thompson, 1993). Within this framework, understanding involves the construction 

of functional relationships between number names, quantities and notation. 

Research tasks 

Within these relationships (between oral and written number representations and the 

quantities represented by these names and numerals) a number of specific concepts can be 

defined. The concepts within these relationships have been delineated during research 
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(Jones et al, 1996; Rubin & Russell, 1992; Thomas, 1998) to include counting, grouping 

and partitioning, and notation. These are all mentioned in the models described above and 

are reflected in the tasks that have been used in research. 

Counting 

Counting tasks have been used extensively in research focused on counting as well as in 

place-value numeration research. For example, Steffe et al (1983) and Wright (1991b) 

have defined conceptual stages of development for counting forwards and backwards. 

These have been linked to place-value understanding (Wright, 1998). Jones, Thomton, 

and Van Zoest (1992) described tasks which involved counting objects, counting by tens 

and counting-on by ones and tens. Similarly, Ross (1986, 1989) and Sierink and Watson 

(1991) reported the use of tasks that required spontaneous counting of large numbers of 

objects and counting by tens. Other researchers have used counting or scoring during 

games. For example, Baroody (1987) used scoring in a miniature game of bowls 

including a box structure for the recording of increasingly large numbers. Karnii and De 

Vries (1976) used a commercial game involving counting in their study. 

Counting is defined by many researchers as a significant aspect of number understanding 

(Boulton-Lewis, 1996; Dickson, Brown, & Gibson, 1984; Jones, Thomton & Putt, 1994; 

Karnii, 1990; Resnick, 1983; Steffe, 1994; Thomas, 1998). The importance of counting in 

terms of cognitive development was established through general investigations of 

children's numerical development (Wright, 1992). Links have been established between 

counting development and later mathematical conceptions, such as multiplication and 

division (Steffe, 1994). In particular, counting has been emphasised as a basis for 

acquisition, and as the pivotal component of place-value understanding (Jones, Thomton, 

& Putt, 1994; Thomas, 1998). 

Investigations have established a close relationship between children's counting levels and 

their knowledge of, and ability to explain, place value (Boulton-Lewis, 1993). In particular, 

Boulton-Lewis and Halford (1991) focused on knowledge of the structure of the counting 

sequence as an indicator of knowledge of place value in numbers, "particularly when 

children are asked to explain the counting sequence using generative and place value 

explanations" (p.IO). Carraher and Schliemann (1990) also emphasised this generative 

nature of counting as the foundation for understanding place value. They found, however, 

that knowing number labels was not a necessary condition for understanding the 

numeration system, as some pre-school children could function with different value tokens 

without being able to count accurately beyond twenty. 
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Steffe (1994) described the counting scheme to be "fundamental in the construction of 

whole numbers", and indicated that it "undergoes continual development and refinement 

... and is not limited to counting by ones" (p.7). Counting by tens, as well as ones, 

influences the development of understanding of the base-ten number system (Cobb & 

Wheatley, 1988; Denvir & Brown, 1986a; Kamii & DeClark, 1985; Resnick, 1983). In 

fact Labinowicz (1985) concluded that "children who only count on by ones do not have 

the conceptual basis for understanding place value notation" (Labinowicz, 1985, p.269). 

Counting by tens or other groups, and bundling of units into tens is an aspect of place

value understanding that grows out of early counting. 

A focus on number naming in English and Asian languages has provided evidence that 

number names which reflect the structure of the number system, i.e. the groupings of tens 

and ones, strongly support development of place-value understanding (Fuson, 1990b, 

1992). Place value is inherent in Vietnamese, Japanese and Korean number names, and 

research indicates that children's representations of number have been enhanced by these 

systems (Miura, 1987; Miura & Okamoto, 1989; Miura et al, 1993). These studies 

highlight the importance of number naming and counting in the development of place

value understanding. 

Research has used counting as an indicator of young children's numerical development 

(Wright, 1991a; Steffe et al, 1983) just as most models of numerical cognitive development 

make reference to counting. In particular, Wright (199la) developed a model of children's 

numerical development that incorporated the structure of counting development devised by 

Steffe et al (1983). Counting skills were also included in other models of number 

understanding devised by Boulton-Lewis, (1996), Denvir and Brown (1986a, 1986b), and 

Murray and Olivier (1989). 

Parts of the whole: grouping and partitioning 

The concept of whole numbers being made up of parts is a key aspect of place-value 

numeration. It involves two processes, grouping and partitioning. The number system 

depends on the principle of successive grouping (Dickson, Brown, & Gibson, 1984). It 

has been demonstrated that children have difficulty moving from counting by ones to 

using other groupings which reflect this concept of grouping (Kamii, 1986). Baroody 

(1987) defined the concept as knowing that ten ones can be exchanged for one ten, while 

Labinowicz (1985) saw this as being demonstrated by counting on and back by tens or 

writing numbers ten more-than or one more-than a given number. 
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Grouping and partitioning have been incorporated into many research tasks. The standard 

and familiar representations such as Dienes' base-ten blocks have been used (Ross, 1986). 

Irmovative representations of grouping within the base-ten system have been embedded 

within contexts, such as story book problems based on a set of children's books (Jones et 

al, 1996), games that model the structure of the number system (Pengelly, 1990; Young

Loveridge, 1997), craft activities in which ten crepe paper petals could be joined to make a 

flower, and ten flowers combined to fo= a bouquet (Bednarz & Janvier, 1988). Bednarz 

and Janvier (1988) also used tasks that involved groupings of mints within a party context. 

The mints were loose, grouped into rolls, or into bags, and it was necessary to know the 

basis of the groupings used in the task. Responses of children were analysed to detennine 

whether this grouping was important to the child. Hiebert and Wearne (1992) used 

contextualised grouping tasks with a range of graphic and numeral stimuli, e.g., a picture 

of twenty-seven bottles scattered. The students were told the store wanted to put them in 

boxes of ten. They were asked to circle each group of ten and write how many groups of 

ten they could make and how many bottles there were altogether. Most of these tasks have 

used the conventional base-ten groupings of numbers. However, Ross (1986) used an 

irregular grouping, four groups of six, within a task to test the consistency of students' 

place value understanding. 

The natural tendency of children to use grouping when counting large numbers of items 

was highlighted by Labinowicz (1985). Bednarz and Janvier (1988) also emphasised 

"collection reorganized into groupings" (p.303). For some representations, groupings 

are explicit, as in some oral number systems and in base-ten blocks, however, in others the 

groupings are not clear in the representation. Jones, Thornton and Putt (1994) included 

the tens-one strategy, bundling of units into tens, and grouping of numbers, into their 

preliminary multi-digit number-sense framework that was incorporated into the subsequent 

model (Jones et ai, 1996) 

The reverse action to grouping is that of decomposing or partitioning numbers and this is 

considered an important aspect of place-value numeration. Partitioning can be standard 

(dividing a number into tens and ones), and non-standard (breaking a number into other 

groupings, using other bases). Boulton-Lewis (1996) saw conventional partitioning using 

tens and ones as the key construct in understanding place value. In contrast, several 

researchers noted the importance of knowing that a number can be partitioned in different 

ways (Baroody, 1987; Dickson, Brown, & Gibson, 1984; Jones, Thornton & Putt, 1994; 

Resnick, 1983). Fuson (l990a) recognised partitioning as a fo= of reflection on number 

structure that assisted in movement from additive to multiplicative notions. Bobis (1996) 

also discussed the importance of the extension from counting to "interpreting number in 
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terms of part-whole relationships" to reduce dependence on "immature and often 

inefficient counting strategies" for computation (pp.19-20). The use of visualisation of 

partitions of numbers was shown to be able to be established by young children as a basis 

for the development of number skills (Bobis, 1996). The importance and the possibility of 

facilitating development of the part-whole aspect of numeration was also demonstrated by 

Fischer (1990). Exploration of children's visual representations of number by Thomas 

(1992) showed that partitioning was developed late and was a strategy considered "higher 

order" thinking. This supported work by Lieberman (1981) and Fuson (1990a) who both 

defined this as a 'second order understanding' or a 'mature conceptual structure' which 

relied on understanding of the multiplicative relations within the number system. Ross 

(1986) included this in her definition. 

In summary, growing out of counting, the grouping of quantities and their associated 

names, and representations, provide another aspect of understanding place value. 

Partitioning of quantities into regular, multiple or irregular parts is also an integral aspect 

of understanding place value which is closely related to counting and part of the 

foundation for developing the relationship between the number names, quantities and 

written notation. This multiplicative nature of the number system has been specified as the 

essential basis of understanding of place-value numeration. 

Notation 

Notation tasks are prevalent in research studies. To be able to read and write multi-digit 

numerals correctly has been used to indicate students' understanding of place value 

(Baroody, 1987; Dickson, Brown & Gibson, 1984; Labinowicz, 1985; Ross, 1986; Sierink 

& Watson, 1991). Bergeron and Herscovics (1990) focused specifically on children's 

use of notation. They defined three levels of understanding derived from children's 

performance of writing skills. The levels were shown to be flexible, as individual children 

were found to be performing at two of the levels simultaneously, depending on the size of 

numbers being written. However, it has been argued that the development of knowledge of 

the spoken and written sequence of numbers occurs early and is not necessarily an 

indicator of place-value understanding (Baroody, 1987; Kamii & De Clark, 1985). 

Some researchers (Boulton-Lewis, 1996; Ginsburg, 1977) have addressed this by seeking 

an explanation from children of why numbers were written in particular ways. Asking 

children to explain why they wrote a number in a particular way, and not in another way, 

has been a common approach, e.g., "How come you wrote 14 with a 1 and then a 4?" 

(Ginsburg, 1977). The responses were used to indicate levels of understanding of notation 
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and place value. Many researchers have also sought explanations of the meaning of the 

whole numeral and of the digits (digit correspondence) (Boulton-Lewis & Halford, 1991; 

Ross, 1986; Sierink & Watson, 1991). This direct focus on notation has been combined 

with the use of concrete materials, such as the use of counters with a focus on the digit 

correspondence in two-digit numbers (Harvin, 1984; Ross 1986). Boulton-Lewis (1996) 

asked students to read a number (one-, two-, and three-digit numbers), put base-ten 

materials under it to show how much it was, to explain how many tens and how many ones 

there were in the number, and to "explain why the number was written in that way" 

(p.80). To support explanations, some studies have provided a range of materials for use in 

explanation of place-value numeration including base-ten blocks, bundles of sticks, 

counters, ruler, numbers on cards (e.g., Boulton-Lewis & Halford, 1991; Jones, Thornton 

& Van Zoest, 1992). 

Ross (1989) developed three tasks that reflected different aspects of this digit 

correspondence, using base-ten blocks, a non-canonical partitioning and then the use of 

zero as a placeholder. Other tasks that seek to investigate children's understanding of the 

role of zero have been reported by Baroody (1987) and by Sierink and Watson (1991). 

Baroody discussed this aspect in terms of the incorrect use of zero when writing multi

digit numbers, while Sierink and Watson (1991) reported on a task specifically developed 

to seek explanations of the role of zero in a two-digit number in which it was in the ten 

place. 

Baroody (1987) defined notation as a symbol arrangement of a number sentence, a 

relationship (additive and multiplicative) which is encoded through order and placement of 

symbols. The multiplicative property, in particular the base ten stmcture, as well as the 

additive property of the number system, are represented in notation (Thomas, 1998). 

Within notation several key aspects have been identified which are associated with 

concepts of counting, grouping and partitioning in the development of understanding of 

the number system. The aspects include the value of the places in a numeral and their 

order, and the use of zero as a place-holder in multi-digit numerals. 

This concept of the order and value of digits is contained in many models. It is 

operationally defined as knowing the tens and ones places and writing digits in the correct 

order. The role of zero as a placeholder is mentioned specifically by several researchers 

(e.g., Baroody, 1987; Lieberman, 1981; Ross, 1986; Sierink & Watson, 1991). This 

aspect of the place-value system is pivotal to the efficient functioning of the system, and 

has been identified as the difference between failed number systems and the successful 

current one (Dehaene, 1997). Originally, zero represented a line on the abacus which had 
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been left untouched (Asimov, 1969). From this it came to represent an empty place in the 

written place-value number system. This aspect of the system allows a means of 

consistently providing a place for each value in a number. As Dickson, Brown & Gibson, 

(1984, p.207) state, "Of the ten numerals in our notational system, zero seems to cause the 

greatest difficulty." High school students have been shown to continue to have difficulty 

with the meaning of zero (Dickson, Brown & Gibson, 1984; Ginsburg, 1977). 

Baroody (1987) identified the role of zero as significant in his model. This emphasis on 

zero was used by Sierink (1989), who directed attention to the role of zero in her research 

tasks. Recent work into children's visualisations of numbers has also focused on this 

aspect of place value (Thomas, 1998). However, the lack of research focused on this 

aspect of place value, despite the documented difficulties children have with it, is 

incongruent. It is important that research into place-value understanding includes this 

aspect of notation. 

In summruy, the types of research tasks that have been used to investigate children's 

thinking in numeration have involved counting, grouping and partitioning, and notation. 

These concepts and related skills have been embedded within games and craft activities, as 

well as in more conventional activities using standard and innovative manipulative 

materials. They have also been the context for seeking explanations from children about 

the value of digits in a number. A focus on children's thinking, rather than on 

performance has been a characteristic of recent international research into number learning 

(Mitchelmore & Mulligan, 1996). The means of eliciting information about the children's 

thinking has included verbal responses, observed strategies, talking while using strategies, 

and recently, representations of number concepts. 

Another perspective in research tasks comes from the application of numeration within 

arithmetic. The use of computational problems has been incorporated into research as the 

meaningful context for the development and expression of understanding (Murray & 

Olivier, 1989; Resnick, 1983). Application of numeration in the form of algorithms has 

been integral in some tasks used in conventional education programs. The relationship 

between aspects of numeration and numerical operations is considered important and has 

been advocated by, or been integral in research conducted by Fuson et al (1997), Hiebert 

and Wearne (1992), Thomas (1992), and Thomas, Mulligan and Goldin (1994). 

In this vein, arithmetical tasks have been included in definitions of understanding of place 

value as a context for concepts such as partitioning (Murray & Olivier, 1989), and 

regrouping (Denvir & Brown, 1986a, b). Denvir and Brown (1986a, b) used orally 
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presented addition and subtraction questions with two-digit numbers. The strategies used 

by the children were analysed to infer conceptual understanding of numeration. The 

authors noted the limitations of this method, namely that the child may choose not to use a 

more sophisticated strategy, and so the tasks may provide an underestimate of the child's 

abilities. The use of operational tasks has been a format for error analysis (Resnick, 

1983). They have also been used as the basis for observing and seeking explanations 

from individuals about their reasoning and solution strategies (Murray & Olivier, 1989). 

In selecting this particular domain, the highly integral nature of understanding place-value 

numeration as it is applied in arithmetic and in problem solving (Kamii, 1989; Steffe & 

Cobb, 1988; Wright, 1996a) is acknowledged. The desired consequence of learning in 

this domain is the development of efficient and effective computation strategies that can be 

applied within problem solving situations. However, the need to investigate the discrete 

understanding of the number system is predominant in this study, since it has been shown 

that successful performance of operations does not necessarily indicate understanding. 

This section has defined the nature of the specific cognitive domain that is to be the school 

mathematical content focus of this study. From cognitive research, a definition of the 

nature of understanding of place-value numeration is available, and is placed within models 

of development. Within the models, specific concepts that contribute to understanding 

have also been delineated and are reflected in the tasks used in the research. As Sierink 

and Watson (1991, p.39) have stated, "the tasks which have been useful for research are 

also useful as a basis for diagnostic testing." These researchers reported the ability of 

seven tasks to provide evidence of understanding of place-value numeration of two-digit 

numbers. These tasks are representative of the tasks used in research. They include 

counting tasks, part-whole representations at differing levels of complexity, and notation 

tasks, and in particular include the importance of the role of zero in numeration. Because 

of this, the Sierink and Watson (1991) task structure and levels of response, interpreted in 

reference to Ross's (1986) stages of understanding provide a structure for implementation 

and analysis in this study. 

PLACE-VALUE NUMERATION AND THE CONCEPTUAL FRAMEWORK 

As concluded in the second chapter, a specific domain of school mathematics needed to be 

selected to define the content to be used in the dynamic assessment procedure. A specific 

domain of learning was chosen in order to reduce the complexity of the research (Hiebert, 

1993). Thus the scope of mathematicalleaming was well bounded, since it is easier to 

define processes involved in a domain-specific activity (Hamers & Sijtsma, 1995). The 
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place-value numeration 

mathematical learning. 

domain was selected because of its central importance to 

This chapter has presented curriculum and cognitive research 

definitions of this domain of learning. It has described the nature of the domain and the 

tasks and strategies used to explore understanding of place-value numeration. The 

purpose of this section of the chapter is to place the defined specific domain within the 

conceptual framework of the study. This elaboration is shown in Figure 3.1. 
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Figure 3.1 Conceptual framework with the specific domain of mathematicalleaming 

The definition of understanding of place-value numeration is now included in the content 

box in this framework. This defmition and the related path of development (Ross, 1986) 

are reflected in the cognitive research tasks selected for the study (Sierink & Watson, 

1991). These seven tasks of place value have been labelled the STOPV for the purposes 
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of this study. They can be used for the pre-test and post-test of the dynamic assessment. 

Ross's (1986) developmental model of understanding of place-value numeration is to be 

used as a structure for mediation within the dynamic assessment procedure. 

This is the third of the preliminary chapters for the study, that have reviewed the literature 

in the fields of assessment of school mathematicalleaming, of Vygotskian theory applied 

to dynamic assessment, and related to the specific domain of place-value numeration. The 

following chapter presents the research methodology that will support the development, 

implementation and evaluation of the dynamic assessment procedure based on the 

cognitive research tasks selected during this chapter. 
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Chapter 4 

RESEARCH DESIGN 

Introduction 

Chapter 1 presented an overview of assessment in mathematics education, and identified a 

need to explore theoretically-based, alternative forms of assessment that reflect the nature 

of the curriculum, and provide the information needed to make educational decisions. The 

second chapter described a theoretical perspective on assessment which explicitly includes 

teaching and assessment in a theory of learning, Vygotskian theory. This study has 

accepted dynamic assessment as worthy of investigation within the context of school 

mathematical learning. It may contribute to theoretical developments in the field of 

assessment of school mathematics. In order to focus the application of the dynamic 

assessment approach, a specific domain of school mathematics was identified and defined 

in Chapter 3. The research findings relating to this domain, place-value numeration, 

provide a cognitive research base within which to evaluate the effectiveness of dynamic 

assessment compared to conventional assessment. 

The issues already discussed in the three previous chapters form the basis for three 

research themes that will guide the design of this study. More specific research questions 

are derived from each theme. The purpose of this chapter is to present these themes and 

to describe the design and procedures used to investigate them. This chapter is organised 

into six sections: Research Questions; Plan of the Study; Conventional Assessment; 

Alternative Assessment; Data Analysis Plan; and Evaluation of Methodology. 

RESEARCH QUESTIONS 

The themes and questions which guide the study are presented in Figure 4.1 within the 

conceptual framework developed in the previous chapters. 
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ASSESSMENT OF MATHEMATICAL LEARNING 
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Figure 4.1 Conceptual framework with research themes and questions 
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This first theme investigates the conventional and altemative assessment procedures with 

respect to the purposes of assessment as defined in the first chapter. Theme I generated 

three questions, one for each of the educational decisions relevant to a classroom context. 

The subsequent themes focus on the theory and practice of the alternative assessment 

procedure, dynamic assessment. The second theme, with three research questions, 

considers the theoretical foundation of dynamic assessment, Vygotskian theory of learning 

and assessment, in terms of its contribution to assessment of school mathematical 

learning. Two questions consider the contribution of the Vygotskian theory to assessment 

as well as the contribution of this study to Vygotskian theory. The third question seeks to 

evaluate the conceptual framework developed during this thesis. The third theme 

considers the practical issues associated with the use of dynamic assessment, since these 

have been presented as reasons for the low level of acceptance of dynamic assessment in 

schools. 

PLAN OF THE STUDY 

This section describes the design of the study, including an overview of the research, the 

prescribed curriculum used, the professional role of the researcher, and a description of 

the school and participants in the study. 

Overview of the design 

The research design has been developed to investigate the research questions. It is initially 

a comparative study of conventional and alternative assessment procedures for assessing 

children's school mathematical learning. It is also an evaluation of Vygotskian theory and 

dynamic assessment practice within the context of assessment of school mathematical 

learning, specifically place-value numeration. It is designed to be illuminatory rather than 

totally generalisable (Gerber, Williams & Biilmann, 1995). That means it aims to shed 

light on dynamic assessment and Vygotskian theory as contributory to assessment of 

school mathematical learning. 

The following Figure 4.2 elaborates the previous conceptual framework to detail the 

structure of the study, delineating the selected assessment procedures, their content and 

type of data they produce. 
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Figure 4.2 Overview of the research 

Classroom 
decision making 

i Determining and 
describing achievement 
in place-value 
numeration 

ii Screening the class in 
order to select students for 
further assessment or 
alternative programming 
in place-value numeration 

iii Defining the 
instructional needs of 
the class in place-value 
numeration 

In order to comparatively analyse conventional and alternative assessment procedures, the 

study incorporates the repeated administration of conventional and alternative assessment 

procedures with one class of children. 

The conventional assessment instruments chosen are representative of those used in 

schools and include a classroom pencil and paper test (DMT) and an individual 

standardised test (KeyMath-R) both commercially produced and marketed for the purpose 

of assessing school mathematical learning. The alternative assessment procedure was 

developed specifically for this study. A dynarnic assessment procedure (STOPV-DA) 

was developed around the set of cognitive research tasks (STOPV) that have been used to 

investigate children's development of understanding of place-value numeration. The 
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reliance on cognitive research tasks was included to ensure validity of the content of the 

alternative assessment procedure. The instruments are fully described later in this chapter. 

The following Figure 4.3 illustrates the sequence of the administration of the forms of 

assessment. 
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Figure 4.3 Sequence of administration of conventional and alternative assessment 

For each student, the two conventional, and the alternative assessment were administered in 

this order. Initially the conventional classroom test, the DMT, was administered. This 

was followed by individual administration of the standardised test, the KeyMath-R, and 

then the dynamic assessment, the STOPV -DA. This order allowed the administration of 

the two conventional assessment instruments prior to the alternative assessment, since 

mediation within the dynamic assessment would contaminate student performance on the 

conventional assessments. No feedback was provided to the students after the 

conventional assessments. The assessments were administered on three occasions over a 

twelve-month period to provide data reflecting learning over time. This timeline is 

illustrated in Figure 4.4. 

L _______ lrL ____ 6months, ____ ][. ____ 6months, ____ --.J 

August 
Pilot Study Initial Assessment 

February 
Second Assessment 

Figure 4.4 Design timeline 

August 
Final Assessment 

The pilot study aimed to trial the administration, recording and interpretation of the 
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assessment procedures for each of the instruments. Four children were involved in the 

pilot study. The outcomes of the pilot study are referred to in this chapter, within the 

relevant sections on each assessment procedure. 

In August of the first year of the study, the conventional and alternative assessments were 

administered to the class. Six months later, in February of the second calendar year of the 

study, the process was repeated. After a further six months (twelve months from the initial 

assessment) the assessments were administered for a third, and final, time. 

Prescribed Curriculum 

The current study was conducted in an Australian context, in the state of New South 

Wales. The curriculum context for this study was defined by the N.S.W. Mathematics K-

6 Curriculum (N.S.W. Department of Education, 1989). This syllabus is implemented in 

. all NSW govemment primary schools. Aspects of place-value numeration as defined in 

the research findings in Chapter 3 relate particularly to the Numeration Units 6 to 10 

within the curriculum (pp. 200-204). The nature of the content of the numeration units in 

the syllabus is summarised in Table 4.1. 

Table 4.1 Numeration units in the NSW Mathematics K-6 curriculum 
Numeration 1 
Numeration 2 
Numeration 3 
Numeration 4 
Numeration 5 
Numeration 6 
Numeration 7 

Numeration 8 
Numeration 9 
Numeration 10 
Numeration 11 

Numeration 12 
Numeration 13 

Numeration 14 
Numeration 15 

Classification of objects according to one or more attributes. 
Comparing by matching and one-to-one correspondence. 
Ordering groups by number. 
Recognising, copying, creating and continuing patterns. 
The numbers 1 to 9. 
Investigating zero. 
The number 10. 

Numbers 11-19. 
2 digit multiples of 10. 
Numbers 20-99. 
One hundred. 

Numbers 100-999. 
Numbers 1 000 to 9 999. 

Numbers 10000 to 99 999. 
The numbers 100 000 to one million and be ond. 

The scope and sequence of these units in primary schools is generally that Units 1-7 are 

addressed in Kindergarten (Year K). The subsequent units are introduced during the 

following years. Typically, Units 8-11 are commenced in Years 1 and 2, Units 12-13 

during Years 3 and 4, and Units 14 and 15 in Years 5 and 6 (Board of Studies N.S.W., 

1998). 
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The structure of the curriculum used in this study reflects the international perspectives 

defined and illustrated in Chapter 1. The NSW Mathematics K-6 syllabus document 

(N.S.W. Department of Education, 1989) defines the topic units and discusses the 

importance of general cognitive processes and of social and emotional aspects of 

functioning. More recently the accompanying Outcomes and Indicators (Board of Studies 

N.S.W., 1998) have explicitly defined the processes that are considered to be integral in 

mathematical learning and the demonstration of its achievement. The outcomes for the 

specific domain of school mathematics used in this study are contained in three sections; 

Numeration; Working Mathematically and Values and Attitudes. These sections are 

illustrated in the Figure 4.5. 

concepts and 
understandings 

Figure 4.5 NSW Mathematics K-6 Outcomes 

In this figure, the ellipses resemble the three dimensions of learning mathematics that were 

defined from the literature. As such, it is similar to the representation of school 

mathematics in Figure 1.1. Numeration includes the traditional and current cognitive 

aspects of the specific domain of mathematics. Working Mathematically is the social 

dimension, while Values and Attitudes reflect the emotional dimension. 

The Mathematics K-6 curriculum document was produced in 1989 and was in use during 

this study. However, the Outcomes and Indicators were not produced until 1998, after the 

formulation and implementation of this study. This meant that although they were not 

available to assist in the design, the outcomes and indicators were available for use during 

the analysis of the data, and provided a useful common reference for this part of the data 

analysis. 

The outcomes are defined as "specific intended results of the teaching of the syllabus" 

(Board of Studies N.S.W., 1998, p.5). Such specific curriculum statements provide ideal 

reference for comparison of the information provided by conventional and alternative 
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forms of assessment. Determination of the achievement of outcomes is done through the 

identification and interpretation of indicators. Each indicator is a "statement of the 

behaviour that students might display as they work towards the achievement of syllabus 

outcomes" (Board of Studies N.S.W., 1998, p.7). The behaviours elicited during the 

assessments can thus act as indicators in reference to the outcomes. Two numeration 

outcomes define the specific domain, along with twelve Working Mathematically and 

eighteen Values and Attitudes outcomes. They are listed in Appendix 4.1. 

The numeration outcomes N 1.1 and N 2.1 are relevant to this study, as they are focused 

on Years 2 to 4. However, the initial outcome is the direct focus of the study as it is 

concerned with place-value of two-digit numbers. The cuniculum plan is that "most 

students will achieve the outcomes of each stage" in line with the year pattern described 

above (Board of Studies N.S.W., 1998, p.7). The students in Year 3, at the beginning of 

the study would then be expected to have achieved outcome N 1.1, and be working towards 

N 2.1 during the second half of the study. Therefore the study should produce indicators 

that can be interpreted with respect to these particular Numeration Outcomes. 

Working mathematically outcomes define the processes that are employed when doing 

mathematics. They refer to questioning, problem solving, communicating, verifying, 

reflecting and using technology and are linked to stages of the curriculum. 

The Values and Attitudes Outcomes are not linked specifically to other cuniculum 

outcomes, but are all considered to be relevant at all stages of the cuniculum. They are 

"different in nature from the outcomes for Working Mathematically, Space, Measurement 

and Number. For this reason the same values and attitudes outcomes for Mathematics K-6 

apply at each stage" (Board of Studies N.S.W., 1998, p.7). There are eighteen outcornes 

which contribute to an overriding objective that: 

Students will appreciate mathematics as an essential and relevant part of life. 
(Board of Studies N.S.W., 1998, p.l0) 

Not all of the eighteen outcomes are pertinent to this study, however, they will be considered 

in the data analysis. 

Participants 

The study was carried out in a government primary school of approximately 700 students, 

situated within a large rural community in central New South Wales, Australia. The 
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children in the school came from a wide cross-section of the town population. The school 

had three, and sometimes four, parallel classes for each grade. This made it possible to 

select a class of students which was representative of the general population in the 

community. Because the literature indicated that place-value numeration understanding 

takes many years to develop and mid-primary years were significant, students from Years 

3 and 4 were chosen. The children in these Years had ages ranging between 8 and 10 

years. It was expected that the class would therefore provide a sample of children with a 

wide range of levels of understanding. 

A Year 3 class was selected from the three multi-ability Year 3 classes in the school. 

There were twenty-eight students in the class. All twenty-eight students were included in 

the initial assessment. Their ages, at the beginning of the study, ranged from 8 years 1 

month to 9 years 5 months. In the second year of the study, seven students transferred 

from the school. Twenty-one students remained in the study, eleven girls and ten boys. 

These students were in three different Year 4 classes. 

At the commencement of the study the students had been at school for three-and-a-half 

years and had covered Numeration Units 1-7. 

These units involved objectives related to: 
• classification of objects; 
• comparison by matching; 
• ordering groups by number; 
• recognising, copying, creating and continuing patterns; 
• reading and writing numbers 1-10; 
• saying numbers in the correct sequence; 
• rote counting forwards and backwards by ones; 
• using the ordinal names, "first" to "ninth"; 
• using the language of zero, nought, nothing and none; 
• recognising the zero symbol; and 
• counting forwards and backwards using zero. 

(N.S.W. Department of Education, 1989, p.194) 

The Year 3 class teacher reported that the class program during the initial year of the study 

focused on units covering two-digit numbers, i.e., Numeration Units 8 to 11. These units 

had the set objectives of: 
• making groups up to 100 objects; 
• reading and writing numerals to 100; 
• counting to 100 and backwards by ones, twos, fives and tens. 

(N.S.W. Department of Education, 1989, p.194) 

In the second year, the teachers of the Year 4 classes reported that class programs were 

focusing on three- and four-digit numbers, i.e., Numeration Units 12 and 13. These units 

aimed to have students: 
• representing groups to 999 using concrete materials; 

85 



Research design 

• reading and writing numbers up to 9 999 in numerals and words; 
• ordering numbers up to 9 999; 
• stating the place value of any digit in a four-digit numeral. 

(N.S.W. Department of Education, 1989, p.194) 

In the second year of the study, six of the students were also involved in a withdrawal 

mathematics group that continued to focus on two-digit numbers as well as three- and 

four-digit numbers. 

Professional Role of the Researcher 

The researcher for this study was the Department of Education District Guidance Officer 

(DGO) for the area in which the study was carried out. The DGO performed three major 

roles in the district. Firstly, she provided professional and administrative supervision for a 

group of seven school counsellors in the district; secondly, she performed an executive 

role concerned with special education and student welfare across the district; and thirdly, 

she provided educational psychology services to a group of schools within the district. 

The researcher was a familiar figure in the school selected for this study. As supervisor of 

the counsellor attached to the school, she often participated in joint casework with the 

school counsellor, and so was seen working with students, parents and teachers in 

reference to developmental, educational, social, emotional, and behavioural issues affecting 

students. This also involved individual diagnostic assessment of students referred by their 

teachers for educational difficulties; programming for students following assessment; and 

monitoring intervention programs. As DGO for the district, she was also involved in all 

special education program meetings and in many whole-school educational and welfare 

issues. The implementation of this study fell within the researcher's professional roles 

within the school, as it involved in-class and individual assessment of students' learning 

needs. The researcher had the professional qualifications and experience of both 

administration and interpretation of psychoeducational instruments in the school setting, 

and collaborative work with teachers in the classrooms. 

In summary, the design for this study involved the triple administration of conventional 

and alternative assessments of place-value understanding in numeration with a class of 

Year 3 and Year 4 students. A preliminary pilot study identified several issues for the 

study that have been taken into account in the design. These are discussed in later relevant 

sections. The researcher was able to implement the study in a school in which she had a 

professional role assessing students' learning needs. The participants were the students in 

a Year 3 class, who proceeded to Year 4 classes in the second year. All students had been 

provided with the same curriculum exposure during their primary schooling, and were 
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receiving the same program oflearning during the study, apart from six students who were 

provided with more directed teaching on earlier units in conjunction with the class 

program focus. All students had programs addressing two-digit numbers in the first year 

of the study extending to three- and four-digit numbers in the second year. The 

curriculum context for the study reflects international thinking in school mathematics and 

provides a relevant framework for interpretation of the study data. 

CONVENTIONAL ASSESSMENT 

This section describes the two conventional assessment instruments which were chosen 

for this study. They are representative of mathematical tests used within schools. The 

first instrument is a conventional classroom test used by teachers, and the second 

instrument is a conventional standardised individual test used by school psychologists. 

Conventional classroom test: The DMT 

The Diagnostic Mathematical Tasks (DMT) package (Schleiger, 1993) was selected as 

the conventional classroom instrument from those commercially available at the time. It 

was recently published; had photocopiable test papers; covered the curriculum of the 

primary years of school; was reasonably priced; and allowed selection of items for. 

specific domains of school mathematics. Other available tests were restricted in 

adaptability or did not cover the K-6 curriculum. Some required purchased test forms, or 

were old or under revision (A.C.E.R., 1996-7). 

The DMT is a series of reproducible paper-and-pencil tests of mathematics based on the 

Victorian primary school Mathematics Curriculum from Prep to Grade 6, which are valid 

for other Australian education-system curricula (Schleiger, 1993, p.viii). They were 

designed "to help teachers to survey children's mathematical performance, identify some 

of their learning difficulties and to plan programs which will meet individual, small group 

and whole class needs" (pj). They provide "performance indicators", i.e., evidence of 

"what each student can do, and under what conditions this can be done" (Schleiger, 1993, 

p.l). 

The DMT is divided into seven parts, DMT P (Prep) and DMT 1 to 6, with one part 

relevant for each of seven years of primary education. For each part there are specific 

teachers' notes, oral instructions and profile checklists along with the reproducible written 

test. The content covers the curriculum strands of space, number and measurement which 

would require three or four sittings for each grade, if all the content was to be covered. 
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The design of the DMT allowed the selection of groups of items to reflect various content 

areas. This structure allowed the DMT to be adapted to the particular needs of this study. 

There were sixty-one items relating to numeration and notation, place value, ordering, and 

counting sequences, that were specific to two- and three-digit numbers. These were found 

within two parts (2 & 3) of the DMT. 

Selection of items 

The purpose of the pilot study for the DMT was to evaluate the available items, the 

administration procedure, and scoring and interpretation procedures. The outcome of the 

pilot study was the compilation of a paper focused on place-value numeration, of 

reasonable length, for administration in the classroom. 

The pilot study test contained all the DMT items that were relevant to two- and three-digit 

numeration. The sixty-one items made eight pages in length. It was considered necessary 

to reduce the length of the test, so that the paper would take less time to administer. The 

pilot study identified thirty-one items to be removed from the paper. These items were 

considered to be not directly focused on the specific aspects of place-value understanding 

identified in the literature, or concerned aspects that were over-represented in the paper. 

The items considered not necessary included six items that required writing of words for 

numbers, that were seen to measure an important but less relevant aspect of numeration, 

spelling of number names. Of six items that sought identification or ordering of numbers, 

two items were selected to represent these concepts. Nine items related to ordering of 

numbers, e.g., "identifies 10 more than 173", were also not considered essential for the 

purposes of the study. Of twelve items that involved counting, (by ones, twos, fives, fours, 

tens, threes, and by twos for even and odd numbers), one item was selected to sample the 

most pertinent skill of counting by tens. 

As a result of the pilot study analysis, thirty items were selected to make up the 

conventional test in the main study. The thirty items were ordered so that similar types of 

questions, e.g., numeration and notation, from DMT 2 and DMT 3 were grouped together. 

The restructuring was done to enhance the flow of the content for the students. The 

resulting paper sampled the specific content required for the study, and was of reasonable 

length. These items were compiled into a four-page paper that is reproduced in Appendix 

4.2. This is now referred to as the DMT in this study. 
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Administration 

The pilot study trialled the administration, marking, and scoring procedures used for the 

DMT. No concerns were identified, and the procedures were considered appropriate for 

the main study. In the main study, the test sheets, stapled together, were given to all the 

students seated in their class seats. The scripted instructions for DMT 2 and 3 (Schleiger, 

1993, pp. 82, 114) were combined and given by the researcher (See Appendix 4.3). The 

students were allowed as much time as each needed to finish. Students who finished early 

were encouraged to check their work and then asked to do something quietly at their 

desks. The researcher and the class teacher provided assistance with reading of the 

questions as requested. No other assistance was provided. Details of how the results 

were interpreted are included in the data analysis section in this chapter. 

Reliability and validity 

No statistical data concerning reliability or validity of the DMT was provided by Schleiger 

(1993). The DMT was designed as an Australian curriculum-based instrument, with built

in flexibility for adaptation to specific domains of the mathematics curriculum. This 

allowed the selection of particular items to match the curriculum framework of this study. 

As such the DMT claims content validity (Witt et al, 1998, p.127). The DMT manual states 

that "while the DMT was designed to reflect the Victorian curriculum, it has "validity for 

other education systems" (Schleiger, 1993, p.VIII). It aims to establish "a student's level 

of understanding" (p.l3). However, the manual for the DMT clearly specifies several 

limitations in reference to current curricula. The DMT does not assess problem solving, 

spatial thinking, calculators, computers, and estimation, informal calculation, and processes. 

The two limitations that are of most relevance to this study, are estimation, and the balance 

between process and content. The manual states that estimation or 'number sense' cannot 

be validly assessed using pencil and paper tests, so there are no items that attempt to do so 

(p.9). The balance between process and content is acknowledged as essential in the 

curriculum, however Schleiger (1993, p.l3) notes that "it is extremely difficult to assess." 

The manual also states that social and emotional dimensions to mathematics leaming "fall 

outside the scope of the DMT" (p.l3). However, the manual claims that "the essential 

skills and concepts which are an inextricable part of these processes of mathematics are 

assessed effectively by the DMT." (p.10). 

These limitations to the DMT content can be interpreted in reference to the structure of 

school mathematics as defined in Figures 1.1 and 4.5. The DMT is designed to assess 

traditional skills and knowledge, as well as conceptual understanding. Therefore it is 
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designed to provide information contained within the Cognitive (numeration) ellipse, apart 

from problem solving. It does not claim to provide information about the social (working 

mathematically) and emotional (values and attitudes) dimensions of mathematicalleaming 

at all. 

Conventional standardised individual test: The KeyMath-R 

The KeyMath-Revised: A diagnostic inventory of essential mathematics (KeyMath-R) 

(Connolly, 1988) was selected as the conventional standardised individual test for this 

study. It was selected from instruments currently in use by school psychologists, as it 

was the only one that was standardised and covered primary school curricula (A.c.E.R., 

1996-7). 

The KeyMath-R is an American instrument that has been adapted for use in Australia, 

through the alteration of some items. The KeyMath-R was designed for children from 

Kindergarten to Grade 9 (U.S.) and aims to "provide a comprehensive assessment of a 

student's understanding and application of important mathematics concepts and skills" 

(Connolly, 1988, p.l). There are two parallel forms of the test, Form A was used for this 

study. The manual for the KeyMath-R describes the various purposes for which it can be 

used. These include: assessment for general instruction; assessment for remedial 

instruction; administration within a global psychoeducational assessment; administration 

for research and program evaluation; and administration for curriculum assessment (p.2). 

The KeyMath-R is structured into three content areas: Basic Concepts, Operations, and 

Applications. Within each content area there are a series of more specific content strands, 

listed in Table 4.2. There are thirteen subtests, one for each strand, that combine to make 

the complete KeyMath-R, and provide a profile of performance across the content. 

T bl 4 2 K M th R t t d tr d a e eyJ a - con en areas an s an s 
Basic Concepts Operations Applications 

Numeration Addition Measurement 
Rational Numbers Subtraction Time and Money 

Geometry Multiplication Estimation 
Division Interpreting Data 

Mental Computation Problem Solving 

The KeyMath-R is a comprehensive instrument that covers much more than the specific 

mathematical domain required for this study. However, the subtest format of the 

Key Math-R allowed for the selection of the specific subtest, Numeration, that met the 

needs of this study. 
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Numeration subtest 

The KeyMath-R Numeration subtest was administered in the pilot study. No changes 

were made to the choice of the subtest, nor to the standardised procedures. The 

numeration subtest contains 24 questions, six each in four domains. The items are 

reproduced, along with their objectives, in Appendix 4.4. The domains were directly 

related to the size of the numbers being assessed: Numbers 0-9; Numbers 0-99; Numbers 

0-999; Multi-digit numbers and advanced numeration. The KeyMath-R was constructed 

to provide a sequence of items ordered by difficulty, based on administration to a sample 

of students. This design allowed the use of basals and ceilings during administration. 

The order of difficulty resulted in some mixing of items from the domains during 

administration. The order of the items across the four domains is shown in Table 4.3. 

Table 4.3. KeyMath-R items across domains 

Numbers 0-9!,. 2i 3i 4' 5i~+.,!I'.i,.' ..... ,... . .......... , ... .!... 

NUl1lbersO:~9,) ... !, .. , ... ,. 7'.", ...... 8 ... 
i
., .. ' ... 91.19! '12' .......... !... ' 17' '" .1'!.ul1lb.ersO.:~9.9. ... ..... .... . ...... ' ... :!;111 I~. I;! 1.6,:!i?lj?J 

, 18i 1~:20' i 23 24 Multi-digit numbers and advanced numeration 

The administration of the first six items was consistent with the domain of single-digit 

numbers, however, items from the other three domains were interspersed. The second 

domain (two-digit numbers) began with item 7 and included items 8, 9, 10, 12, and 17. 

The third domain (three-digit numbers) included items 11, 13, 15, 16, 21, and 22. The 

fourth domain (multi-digit numbers and advanced numeration) included items 14, 18, 19, 

20, 23, and 24. 

Administration 

The KeyMath-R is designed to be administered by "regular and special education 

teachers, classroom aides and other paraprofessionals, counsellors, school psychologists 

and others with special psychometric training" (Connolly, 1988, p.2). In NSW schools it 

is used by school counsellors and psychologists. In this study it was administered by a 

school psychologist. 

No issues arose from the pilot study to alter any of the prescribed administration 

procedures. The researcher was experienced in administering this instrument. In the main 

study the specific administration procedures detailed in the manual were followed by the 

researcher. The administration occurred within an individual interview session. The 

organisation of the test setting, as defined in the manual (p.12), was also considered 

carefully. This included providing a separate setting with adequate lighting, heating and 
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appropriate seating arrangements. Establishing and maintaining rapport with the student 

was noted in the manual to be fundamental to ensuring optimum responses from the 

student (p.ll). The counselling and interviewing skills of the researcher were used to 

ensure this occurred. 

The recommended starting item for children in U.S. Grades 2 and 3 was item 6 and it was 

decided to use this as an initial guide. The items were then presented in order, to establish 

firstly a basal of three consecutive correct items, and then a ceiling of three consecutive 

incorrect items, as per the instructions (p.13). The scripted directions were followed 

without any alteration. At times, a question was repeated, but no further elaboration was 

given. The recording of responses was carried out as prescribed in the KeyMath-R 

manual, on the commercial form during the session (Appendix 4.5). 

Reliability and validity 

Information about the reliability and validity of the KeyMath-R is provided in the manual 

(Connolly, 1988). Split-half reliability for the Numeration subtest, is reported to range 

between 0.81 to 0.90 for eight to ten year olds, the age range of the participants in this 

study (p.67). Item response theory coefficients were 0.86 to 0.88 for eight to ten year olds 

(p.70). The standard error of measurement was computed using the item response theory 

reliability coefficients. It was between 1.0 and 1.2 for the age range (p.72). The 

confidence-interval values for Numeration for eight to ten year olds was 1.8 at the 90% 

confidence level (p.302). These figures indicate good reliability of the numeration subtest. 

Content and construct validity are also discussed. The procedures followed to maximise 

the validity of the KeyMath-R are reported in terms of content and construct validity. The 

KeyMath-R is described as a "content-referenced test" (Connolly, 1988, p.5). As such it 

was based on content within curriculum documents from the mid 70s to mid 80s in the 

US. Numeration is described as "the most important strand in the elementary 

mathematics curriculum in terms of instructional consequence. Concepts such as quantity, 

order, and place value are prerequisite to most of the other mathematics strands" 

(Connolly, 1988, p.6). Within this strand four domains were "precisely" defined to 

"enhance content validity" (Connolly, 1988, p.73). The KeyMath-R claims to "provide a 

comprehensive assessment of a student's understanding and application of important 

mathematics concepts and skills" (Connolly, 1988, p.l). Although no mention was made 

of the processes of mathematical learning or of social and emotional aspects of 

functioning, the manual still claims to have content validity in reference to school 

mathematics (p.72). The selected subtest used in this study focuses on concepts and skills 
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essential to understanding in the specific domain of numeration, but does not claim to 

assess application. That is the focus of other subtests. No mention is made of the general 

cognitive, social, or emotional dimensions of school mathematics, except for a reference to 

considering the correlation between the KeyMath-R results and "background 

information" including "informal observations" (p.23). 

Developmental change in performance has been established as a basis for construct Validity 

and internal consistency is also demonstrated within the three areas of the KeyMath-R 

(Connolly, 1988, p.73). Correlation of the KeyMath-R with the previous version of the 

KeyMath, with other "well-established measures of mathematical knowledge and skills" 

are reported to support the notion of validity (Connolly, 1988, p.73). The content validity is 

considered to be "reasonably good" for a norm referenced test (Witt et al, 1998, p.265). 

These evaluations are with respect to the total KeyMath-R, and are not reported for the 

Numeration subtest. The content validity required for instructional planning is considered 

questionable however, since there is a small number of items (Witt et al, 1998, p.265). 

ALTERNATIVE ASSESSMENT 

This section describes the alternative assessment developed for and used in the study. The 

theoretically based dynamic assessment procedure provided the overall structure for the 

alternative procedure. It was developed around tasks derived from cognitive research into 

children's understanding of place-value numeration. The dynamic assessment was 

integrated into the administration of the cognitive tasks. The dynamic assessment 

procedure is described in terms of the tasks (the STOPV), the mediation procedure, and 

the recording of the results. Considerations derived from the pilot study, relevant to each 

aspect of the procedure, are included within these descriptions. 

The dynamic assessment procedure: The STOPV-DA 

The dynamic assessment procedure was developed around the seven tasks of place value 

(STOPV) derived from cognitive research and carried out within an individual interview 

format. The procedure has been labelled STOPV-DA for this study, to recognise the 

tasks (STOPV) and the dynamic assessment (DA). For each task, the process followed 

the structure illustrated in Figure 4.6. 

93 



Research design 

pre-test •• !llm!l!ll post-test 

value 
pre-test •• !llm!l!ll post-test 

pre-test .!llm!llm!!ll post-test 

by tens 
pre-test 1]1_+ post-test 

pre-test~. post-test 

multi-digit numbers 
pre-test I!Iffi~~m~ post-test 

multi-digit numbers 
pre-test •• !llm!!ll post-test 

Figure 4.6 STOPV-DA procedure 

The administration of each task of the STOPV was the pre-test for that task. Once a pre

test response was recorded for the task, the researcher used mediation strategies to develop 

the student's responses towards higher levels, as defined in the STOPV levels of 

performance for each task (Ross, 1986; Sierink & Watson, 1991). Mediation only 

occUlTed if the student provided a response other than at the highest level. Mediation 

continued until the researcher determined that either the student provided a response at the 

highest level, or had reached the extent of personal potential. The researcher defined the 

final level of performance through post -testing on the task, or on a parallel task, during the 

session. This procedure was repeated for each of the seven tasks. Figure 4.7 illustrates 

the dynamic assessment approach across the seven tasks of the STOPV for a particular 

student. 
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Task I Level I Level 2 Level 3 

Conservation * 
Task 2 Level I Level 2 Level 3 Level 4 

Standard place value partitioning * 
Task 3 I Level I Level 2 Level 3 Level 4 

Non-standard partitioning * ~ 

Task 4 

Counting by tens 

Task 5 

(06) 

Task 6 

Level I Level 2 Level 3 Level 4 

*--~ 

Level I Level 2 Level 3 

*--~ 

I digit 2 digit 3 digit 4 digit 

Writing multi-dhdt numbers *--~ 

Task 7 I digit 2 digit 3 digit 4 digit 

Reading multi-digit * 
Figure 4.7 STOPY-DA Procedure 

Research design 

The asterisks indicate the pre-test levels on each of the seven tasks for a student. For this 

student, tasks 1, 2, and 7 were performed at the highest levels and needed no mediation, 

while the other four tasks required mediation. These levels of response were noted at the 

right-hand border of the grid. The arrows represent the path of mediation, towards the 

highest level for each of these tasks. The end of the arrow indicates the extent of learning 

for the student on each task during the session. This student provided post-test responses 

at the highest level on each of the mediated tasks. 

In summary, the dynamic assessment procedure, (STOPY-DA) involved pre-testing, 

mediation, and· post-testing, for each of the Seven Tasks of Place Value (STOPY). This 

was embedded within the administration of the STOPY. Mediation occurred on all tasks 

for which a student provided a low level of performance and was aimed at producing 

conditions under which the student would demonstrate understanding at the highest level 

for each task. 

The tasks: The STOPV 

The cognitive research tasks were selected from those used by researchers investigating 

children's developmental understanding of place-value numeration. Sierink and Watson 

(1991) reported the ability of just seven tasks to discriminate place-value understanding 

effectively. These seven tasks were used in this study and are referred to as The Seven 

Tasks of Place Value (STOPY). The STOPY is a combination of tasks used in previous 

research, but compiled by Sierink (1989). Three were derived from Ross (1986), one 

from Kamii (1986), one designed by Sierink (1989) and two were attributed to "many 
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researchers" (Sierink & Watson, 1991, p.37). The tasks were representative of those 

most researchers have used, and also included an "authentic" task referring to numbers 

specifying use-by-dates, that tapped an understanding of the place-holding role of 0 

(zero). 

The administration procedures for the STOPV were taken directly from the work of 

Sierink (1989) including the form of stimulus materials and the wording of the questions 

and instructions. Photograph 4.1 shows the materials used in the STOPV. 

Photograph 4.1 STOPV Materials 

These materials included beans, cups, base-ten blocks, counters, packets with a use-by 

date, and cards with numbers written on them. The materials for each task were the same 

for all students. Two aspects of the tasks were considered to be idiosyncratic and in need 

of change on subsequent assessment to reduce reliance on memory. The use-by-date 

packets for task 5 were altered on each of the three assessment occasions, as were the 

exact number of beans for task 4. The tasks and their administration details are in 

Appendix 4.6. Each task is defined by the target response as well as by qualitatively 

different developmental levels defined by previous studies (Ross, 1986, 1989; Sierink, 

1989; Sierink & Watson, 1991). These levels of response are also described in Appendix 

4.6. 

The aim of the pilot study for the STOPV was to determine what considerations should be 

taken into account in administration of the tasks in a school setting. This provided an 

opportunity to trial the materials and the recording format, which had been developed by 

the researcher. Continuity between the tasks was identified as a potential problem, and 
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complete familiarity with the tasks and equipment by the researcher was determined to be 

essential. The task materials were organised into re-sealable bags and managed in such a 

way that the flow between tasks was maintained. The children participating in the pilot 

seemed to enjoy the opportunity to experience mathematics with concrete materials, and 

there was no concem about being able to maintain interest and interaction during the tasks. 

The mediation procedure 

An aim of the pilot study was to explore the need for guidelines for the mediation phase of 

the dynamic assessment procedure. The exploration within the pilot study was guided by 

the researcher's aim to minimise changes to existing interaction processes used by the 

school psychologist. This was done in response to the documented reluctance of school 

psychologists to use dynamic assessment, and to make the assessment as user-friendly as 

possible, while retaining its integrity. 

It was decided to take a clinical approach to the mediation of learning. The STOPV, and 

the levels of performance for each task, provided the direction for the mediation. The 

highest level of performance for each task became the goal of the mediation, and the 

anticipated leaming outcome for each student. The previous application of the STOPV had 

been as a static test only, not within a dynamic assessment procedure, so there were no 

mediation precedents for these tasks. The aspects of place-value numeration within the 

STOPV, and the language incorporated within the tasks, provided structure for the 

mediation. Otherwise the mediation was guided by principles from the literature, but not by 

defined strategies. The researcher's task was to operationalise these principles during the 

mediation. 

The principles that guided the mediation were those distilled from the various applications 

of Vygotskian theory to assessment and to instruction already discussed (e.g., Jensen & 

Feuerstein, 1987; Jones & Thomton, 1993; Klein, 1992; Lidz, 1991; Lidz & Thomas, 

1987). The principles define aspects of an interactive, reciprocal teaching/leaming session 

focused on enhancing students' responses to a set of cognitive research tasks. Different 

levels of intrusiveness were anticipated in response to different levels of needs of students. 

These were used in a minimalist manner, i.e., lower levels of intrusiveness would be initially 

used. The researcher would be responsive to the perceived student needs and would 

become affectively involved in the interaction. She would aim to engender feelings of 

competence, and of change. 

The pilot study determined that the principles were reflected in the mediation by the 
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researcher, and that it was not necessary to explicitly define mediation strategies for the 

study. It was determined that no further structure was necessary and that the dynamic 

assessment could be operationalised using these principles. The researcher used 

counselling, assessment and teaching skills to mediate during the pilot study. An aspect of 

analysis of the study data would therefore involve considering the nature of these 

interactions and how well they fitted the principles for mediation. However, from the pilot 

study it was clear that the operationalising of dynamic assessment within this context 

involved two key aspects that should be made explicit. Firstly, the importance of the 

researcher-student relationship, and secondly, the need for flexibility of selection of 

strategies to be incorporated in the mediation session. 

Researcher-student relationship 

The establishment and maintenance of an effective relationship between the researcher and 

each student was considered essential for optimum learning during the session. Parallels 

between the dynamic assessment interview situation and counselling interactions were 

noted. Both the dynamic assessment relationship and the counselling relationship are 

established to allow a professional to induce change for a student or client. The processes 

within counselling relationships that are considered essential to the process of change are 

also relevant to learning within a dynamic assessment relationship. 

These processes require the establishment of expectations across several dimensions of the 

mutual "learning process" (Egan, 1998, p.54). These dimensions are of mutual 

commitment to the process, of developing competence, of trust, openness, and acceptance. 

Strategies would also be used to enhance self-perception, confidence, and motivation, and 

would ensure the student does not become blocked for long, minimising fear of failure, and 

avoiding a feeling of failure. With these dimensions in mind, the researcher established an 

atmosphere of safety and optimistic expectations within each relationship. 

The specific skills that were used to establish these aspects of the relationship were active 

and careful attending to verbal and nonverbal communication, ensuring accurate 

perceptiveness, and appropriate responses. The types of responses used by the researcher 

included statements, requests, questions, single words or phrases that were requests or 

questions, as well as nonverbal prompts. These responses fulfilled several purposes. They 

clarified information and made it more specific, filled in missing parts, created balance, 

helped increase student initiative, investigated the fixed nature of concepts and 

understanding, and helped students draw conclusions about their own conceptions (Egan, 

1998). Each strategy mentioned here ranged along "a bridge between empathy and 
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challenge" (Egan, 1998, p.108). The extent of challenge depended on the particular 

situation within which it was used, and was always considered within the need to maintain 

the relationship and optimise learning. 

The skills defined here were used to establish an effective relationship between the 

researcher and a student. This emphasis on the relationship was to maximise the 

participation of the student in the mutual learning process, and thus optimise learning 

during the session. 

Mediation strategies 

Within the dynamic assessment process, the selection of mediation strategies occurred in 

response to the researcher's perceptions of each student's learning needs. The need for 

flexibility in the selection and use of particular mediation strategies during the dynamic 

assessment was highlighted by the pilot study. The variance of learning needs of 

individuals reinforced the need to manage each learning situation as it progressed. The 

STOPV structure and the need to establish the optimum relationship provided some 

structure for the choice of strategies, as did the principles for mediation from the literature. 

The pilot study used an exploratory approach to this aspect of the dynamic assessment and 

it provided a preliminary table of mediation strategies. However, the need for flexibility 

was seen to be crucial in the main study and so a decision was made to use any strategies 

as appropriate within each situation, and not be bound by a framework of strategies. This 

was decided in order to allow the researcher to take advantage of her experience, skills and 

professional judgement to full effect. 

In summary, the researcher used counselling and interviewing skills to establish an 

optimum teaching-learning relationship with each student. Within that relationship, 

mediation strategies were selected, during the session, in response to the perceived 

individual learning needs of each student. The selection of mediation strategies was guided 

by the structure of the tasks, and the materials available in the light of the researcher's 

perceptions of each relationship and of the particular cognitive, social and emotional 

functioning of the student. 

Recording of Results 

Another aim of the pilot study was to develop procedures for recording the results of the 

dynamic assessment. Total reliance on written recording of the session was found to be 

impossible as the researcher became wholly engaged in the interaction. Mechanical 
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recording was considered essential. Consideration was given to using video-taping, 

however, the intrusiveness of this technology within the individual mediation sessions was 

determined to be inappropriate. Audio-taping of the sessions was thus determined to be 

essential to provide reliable data for analysis, and to allow the researcher to participate 

fully as a mediator. The audio tapes were transcribed for later analysis. However, the 

audio-taping did not record non-verbal communication nor the actions of the student. 

The STOPV-DA record form, designed and trialled in the pilot study, included room for 

notes about actions and behaviour of the student that would not be recorded on audio-tape 

(See Appendix 4.7). The students' initial levels of performance and their ultimate levels 

of performance during the sessions were recorded on the form along with notes in regard 

to non-verbal information that would assist in interpretation. The form of analysis of 

these sessions is described in the data analysis plan in the next section of this chapter. 

Reliability and validity 

The dynamic assessment procedure, the STOPV-DA was developed for this study so 

there were no data concerning reliability and Validity of the assessment procedure as a 

whole. However, some evidence of validity of the cognitive research tasks in relation to a 

cognitive framework of development of understanding was available (Sierink & Watson, 

1991). The lack of reliability and validity produced an issue for investigation during this 

study, as these factors would affect the ability of the study to make comparisons involving 

this assessment procedure. Dynamic assessment relies on levels of understanding and 

cognitive growth determined by research. The ability of dynamic assessment to validly 

and reliably identify and describe levels of development depends on the validity and 

reliability of the developmental framework used. 

In response to this issue procedures for determining reliability and validity of the STOPV

DA have been built into the data analysis which is described in the following section. 

In summary, the dynamic assessment procedure followed the basic structure of dynamic 

assessment, with a pre-test, a mediation phase, and a post -test. These phases were applied 

within each of the Seven Tasks of Place Value. The pilot study highlighted the crucial 

nature of the positive relationship between the researcher and each student as well as the 

need for flexibility in the dynamic assessment session so that responses can be made to 

the individual needs of each student. These considerations were taken into account in the 

design of the dynamic assessment procedure for this study. The recording of the results 

of the dynamic assessment sessions was done through audio-taping and note-taking 
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during each session, to allow later analysis of the verbal and non-verbal behaviours of the 

researcher and the student. 

DATA ANALYSIS PLAN 

The data analysis plan involves two dimensions of interest to this study. Firstly, the 

analysis of the results relevant to each of the assessment instruments is described. 

Secondly, the analysis of data addressing the study research questions is detailed. 

Instrument data analysis 

The initial analyses of the results of the two conventional instruments, the DMT and the 

KeyMath-R, were as prescribed in their respective manuals. The analysis of the STOPV

DA data was derived from previous research applications, with considerations made based 

on the pilot study. The procedures used for analysis are briefly described for each of 

these forms of assessment below and fuller descriptions are included in Appendices 4.8 to 

4.10. 

Diagnostic Mathematical Tasks (DMT) data analysis 

The data analysis for the Diagnostic Mathematical Tasks was carried out as prescribed by 

the manual (Schleiger, 1993) for each of the three administrations in this study. This 

analysis provided a picture of the class and of individual students on three occasions. The 

forms of analysis included a coded checklist, percentage scores, pattern of mastery and 

item analysis, identification of students for follow-up, and individual interpretation. These 

are all detailed in Appendix 4.8. 

KeyMath-Revised (KeyMath-R) data analysis 

The gathering of data from the KeyMath-R, and their analysis, was carried out as 

prescribed in the manual (Connolly, 1988) for each of the three administrations of the 

KeyMath-R in this study (See Appendix 4.9). This provided a description of the class on 

three occasions, and of individual students. The manual provided scaled scores for the 

subtest, domain raw scores and item analysis. Individual analysis was carried out using 

raw and scaled scores, and individual profiles based on the defined objectives for the 

items. 

Seven Tasks of Place Value-Dynamic Assessment (STOPV-DA) data analysis 
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The STOPV-DA data analysis procedures for this study were informed by previous 

research applications of the tasks (Ross, 1986; Sierink, 1989), Vygotskian theory, and 

previous models of dynamic assessment. 

The pilot study provided an opportunity to explore fonns of data analysis for the dynamic 

assessment procedure. The literature review provided knowledge of a number of variables 

that had been used in analysing dynamic assessment sessions. These included: the extent 

of learning of the students; the intensity of effort of the mediation; the mediation strategies 

used; and the identification of cognitive, social, and emotional aspects of the learner's 

functioning. These have been adapted in this study to be the actual achievement, assisted 

achievement, distance between actual and assisted achievement, and context of the actual 

and assisted achievement. The task in designing this data analysis involved determining 

ways of reducing and displaying data so that conclusions could be drawn and justified 

(Punch, 1998). Each one of these factors is discussed in the next section and the design 

decisions resulting from the pilot study are presented where applicable. 

The data derived from the STOPV -DA included determination of actual achievement (pre

test), of assisted achievement (post-test), and of proximity to achievement (interpretation of 

the mediation). Actual achievement was defined through determination of the stage of 

development of understanding, as well as the profile of responses across tasks on the pre

test. Assisted achievement was defined by the extent of achievement evident with 

assistance through mediation and was described in the same tenns. Proximity to 

achievement was defined through the profile of actual and assisted achievement, the 

distance between actual and assisted achievement, and description of the context of 

assisted achievement. 

Actual achievement 

From the responses to the STOPV pre-test, a stage of understanding of place-value 

numeration was allocated to each student. A model of development of understanding 

proposed by Ross (1986) and used by Sierink (1989) was adapted for use in this study. 

The pilot study indicated that the five stages of understanding were not appropriate as the 

five stage model had been developed from the investigation of children's understanding 

across four grades of school. Since this study focused on two of these grades it was 

decided that three stages were more appropriate. The Ross Stages and the stages used in 

this study are included in the following Table 4.4. 

Table 4.4 Stages of development of place-value numeration 
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Ross Stage I Whole Numeral 
Ross Stage II Positional Property Emergent Stage I 
Ross Stage III Face Value 
Ross Stage IV Construction Construction Stage II 
Ross Stage V Understanding Understanding Stage ill 

The specific criteria for each stage are defined in Appendix 4.10. In practice the highest 

level responses on all seven tasks would fit the criteria for classification into the stage of 

'understanding' of place value. The 'construction' stage would include students who were 

showing understanding at times, however, they were unreliable in their performance. 

Therefore they would have some lower level responses. Students who were not showing 

understanding at all were classified into the 'emergent' stage. They would have lower level 

responses on most tasks. For each task there exist "qualitatively different" levels of 

performance that have been defined in previous studies and are used as the framework for 

this study (See Appendix 4.6). A profile of performance was designed from the pilot 

study, to allow efficient representation of the results of the STOPV (See Appendix 4.11). 

Assisted achievement 

This aspect directly reflects the Vygotskian zone of potential development and provides a 

measure of the difference between actual ability and potential ability. It was anticipated that 

the students would move to differing levels of response during the assessment session and 

that this would be an aspect which would assist in analysis. During the pilot study, all 

students were taken to the highest level on each task, resulting in a consistent level of 

assisted achievement. This outcome of the pilot study indicated that the assisted 

achievement of students would not provide a useful means of discrimination in this study, 

since it produced a ceiling. In the main study, the extent of assisted achievement was 

therefore prescribed as the target understanding, and was anticipated to be the same for all 

students. This fixed level diverted attention to the actual achievement and to the distance 

from assisted achievement. 

Actual and assisted achievement were therefore identified for the students in terms of stage 

of understanding and profile of responses to the STOPV. They were recorded on forms 

designed and trialled in the pilot study. From these recordings the proximity to 

achievement was investigated. 
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Distance between actual and assisted achievement 

The distance between the pre-test and post -test was measured in four ways, the number of 

assisted tasks, the number of assisted task-steps, the length of the mediation session, and 

the number of interactions during mediation. 

i) Assisted tasks 

Because of the ceiling effect produced by the structure of the tasks, it was not possible to 

discriminate between the final point of learning produced by the mediation. However, it 

was possible to measure the relative differences in distance from the pre-test profile to the 

profile of assisted achievement. For each student the number of tasks for which they 

needed assistance were counted and collated across the class. This measure was to be 

used to discriminate between the size of proximity to achievement across the class. 

ii) Assisted task-steps 

A further consideration of the distance between actual achievement and the target 

achievement was carried out by focusing on the steps within the tasks. Each task has been 

divided into two steps. The need for consistency in number of task-steps was dictated by 

the statistical analysis package (Adams & Khoo, 1993) to be used in the analysis. This 

two step division was therefore applied to all tasks. 

This meant that some mid-level responses were combined for the purposes of this analysis. 

Step 1 is from the lowest level response to a mid level response, and step 2 is from a mid

level response to the highest level response. The structure of this division is illustrated in 

the following Figure 4.8 for two of the tasks (l and 2), one of which has three levels of 

response while the other has four. 

Levell Level 2 Level 3 

Task 1 '-=-.,....,.""",""-..,.--'''L...,,,"""",,,,,,,-,,,,---=--' 
Task 1 Step 1 Task 1 Step 2 

Level I Level 2 & Level 3 Level 4 
Task 2 '-=-~"""'""-..,.--',,'-,o,...,.=.,----=--' 

Task 2 Step 1 Task 2 Step 2 

Figure 4.8 Task-step division of STOPV tasks 

Task 1 has three levels of response and so has two steps from Level 1 to Level 3 through 

the three levels. The first step for Item 1 is between Levelland Level 2. The second step 
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for this task is from Level 2 to Level 3. This is similar for Tasks 5, 6, and 7. However, 

Task 2 has four levels of response and for this purpose has been divided into two steps by 

combining the two middle responses into one. This has also been done for tasks 2, 3, and 

4, i.e., the mid levels have been combined so that the first step for these tasks is from Level 

I to either Level 2 or 3 and the second step is from either Level 2 or 3 to Level 4. 

iii) Length of mediation session 

The pilot study confirmed that the sessions could vary considerably in length and that this 

factor indicated differences in the effort required from the mediator. It was also noted that 

time needed to be flexible to allow as much time as necessary for each student. Reasons 

for the time differences were noted to include length of student responses and delays in 

their responses. Other extraneous factors contributing to the differences in time included 

distractions and interruptions inherent in the school setting, such as the bell ringing, 

teachers retrieving equipment from nearby and class movement along the corridor outside 

the room. 

In the main study, the time taken for the dynamic assessment sessions was recorded as a 

quantitative means of comparison, and notes were taken about particular factors 

contributing to the time. It was considered that this measurement could provide 

information useful in assisting in the overall interpretation. However, the measure needed 

to be interpreted with regard to reasons and the observed influence of these on a session. 

iii) Number of interactions 

Another aspect of the dynamic assessment noted to vary considerably in the pilot study, 

was the number of contributions by the researcher and the student during the sessions. 

Two sessions of similar length could involve very different amounts of researcher-student 

interaction. In the main study it was decided to count the number of interactions during 

each session as a dimension of comparison reflecting the intensity of mediation effort 

needed by each student. 

A clear definition of what constituted an 'interaction' was essential for this part of the 

analysis. It was decided to base this definition on each single mediation strategy used by 

the researcher, i.e., each statement, question, gesture, or action initiated by the researcher. 

To each of these mediation strategies, a student would provide some reaction (verbal or 

non-verbal). Therefore the 'interaction' was defined as one researcher strategy and the 

accompanying student response. 
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In the main study, the total number of interactions was calculated, resulting in a number 

for the session. The number for each task was also calculated and related to the number 

of tasks mediated and the length of time of the session. The determination of the distance 

between the actual and assisted achievement was carried out in terms of assisted tasks, 

task -steps, length of mediation session and number of interactions. The nature of the 

actual and assisted achievement was then contextually analysed. 

Context of the actual and assisted achievement 

The pilot study helped to delineate means of analysing and reducing the considerable data 

generated from the dynamic assessment mediation sessions. The context of the actual and 

assisted achievement was analysed to produce information about the mediation strategies, 

and about the aspects of functioning that affected the actual achievement and the assisted 

achievement. 

The analysis involved becoming familiar with the transcribed interviews and notes 

generated during the mediation. The researcher did all the transcribing, which supported 

reflection on the mediation to reinforce the overall picture within which to identify and 

define the concepts of mediation that needed to be analysed. This process used an 

"analytical model" in which the categories for describing aspects of mediation were 

developed and then applied (Minichiello et al, 1999, p. 591). This was in response to a 

number of specific questions about the mediation. 

i) What mediation strategies were generated during the mediation? 

ii) Was there a pattern to the use of these strategies? 

iii) How effective were the strategies? 

iv) What aspects of general cognitive, social and emotional functioning of the students 

were identified from the mediation? 

i) Nature of the mediation strategies 

It was determined that analysis of these strategies would provide information about the 

students' contexts for achievement. In investigating what mediation strategies worked and 

what strategies failed to enhance learning, the strategies were analysed. The strategies that 

were employed by the researcher during the mediation phase were described. The 

mediation strategies employed were anticipated to range from less intrusive to increasingly 

intrusive, as defined by Carney and Cioffi (1992). The word 'intrusive' refers to the 

directedness of the strategies. In the pilot study less directed or intrusive mediation 
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strategies were used to assess learning, and to provide minimal support for learning. This 

was in response to the researcher's need to determine what the student was understanding 

and the minimal arnount of support required for learning. This investigation of student 

understanding, using less intrusive strategies, occurred at the beginning of the session, as 

well as at later times, to further determine the current status of learning for the student. 

The selection of more directed strategies, or more intrusive strategies occurred to support, 

more fully, a student's learning and to determine the extent of support required for 

learning. 

The type of mediation strategies used during the dynamic assessment sessions provided 

information about the perceived needs of a student within the learning situation. From the 

coding a description of the types of mediation procedures used with each student was 

compiled. During the pilot study it was found that several different teaching strategies 

could be embedded within a single 'interaction' as defined for this study. Therefore the 

number of strategies exceeded the number of interactions. As an example, a single 

interaction is described. This occurred during teaching for task 3, in which the student had 

grouped the counters into fours with two left-over and was asked what the two digits in 26 

meant. 

The student provided a response that referred to the groupings, six groups and two left 

over. The researcher's first mediation interaction was: 

Res. Let's just forget about the grouping [of the counters]. (The researcher ungrouped 

the counters and combined them in one pile.) You've got 26 counters there. Now 

what does this [2] have to do with how many counters you have? 

This mediation from the researcher included five specific strategies. Initially, the 

researcher altered the format of the stimuli and accompanied the action with an 

explanation. Then she emphasised the stimulus, the whole group, and recalled the total 

number of counters, before repeating the task question. As well as these five strategies, 

that were embedded in the language and action used by the researcher, the delivery of the 

language also involved emotional and social dimensions. For this student it involved an 

expectation of competence and a moderate level of encouragement. The analysis of 

mediation strategies as illustrated in this example was carried out for each student on each 

task. Description of an overall session was compiled for all students. 

The classification of mediation strategies was derived from the study. A preliminary grid 

of mediation strategies was drawn up from the pilot study, and was increasingly refined 
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through ongoing analysis (Minichiello et al, 1999, p.596). This resulted in precise 

definitions of the mediation strategies and examples to complement the definition. The 

final framework is presented as results in Chapter 6. 

ii) Patterns of mediation 

Although some patterns were becoming evident during the pilot study, it was decided to 

analyse the mediation from the main study to determine whether there was a pattern of 

mediation and to analyse what was influencing its development. 

iii) Effectiveness of the mediation strategies 

An interpretation of the effectiveness of the strategies was also carried out for each 

student. This was done by determining which strategies supported change in the student. 

The resulting information was in the form of the types of strategies that worked for the 

student, and the context of their application, and those which were not effective. 

From this analysis of the mediation strategies used, it was anticipated that it would be 

possible to develop a description of effective strategies for each student, as well as those 

that were not considered effective. 

iv) Aspects of the learner's functioning 

The learning behaviour of a student was considered in terms of the three dimensions 

defined in the literature: cognitive, social and emotional functioning. The information used 

to make sense of this issue was gained through: comments made by the student during the 

session; analysis of the mediation strategies used; and any other notes taken by the 

researcher during each session. 

Analysis of each session involved interpreting the aspects of the individual student's 

functioning that were perceived by the researcher during the mediation. These aspects of 

functioning were general cognitive, social, or emotional factors. There was no pre

determined structure for the perception and definition of these factors. During the session, 

and during transcription of the taped sessions, notes were made about such aspects if they 

were identified. 

The lack of structure for this aspect of the interpretation was deliberate, as part of exploring 

the need for structure for administration of dynamic assessment in schools. While there 
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are problems with the consistency of perceptions when there is little structure, this was also 

an aspect of the operationalisation of dynamic assessment that was to be considered as part 

of the study. 

In summary, the data analysis for the two conventional assessment procedures was as 

prescribed in their manuals, while the data analysis for the alternative forms of assessment 

was developed from previous studies, and through a pilot study. The data analysis of the 

dynamic assessment procedures in this study involved both quantitative and qualitative 

procedures. The quantitative analysis included the measurement of the time taken for each 

mediation session and the number of interactions incorporated within each session. The 

qualitative analysis involved the analysis of the mediation strategies used for each student, 

and the cognitive, social, and emotional factors observed to be operating for each student 

during the session. The outcome of the analysis was a description of each student's 

learning, the effective and ineffective mediation strategies and the aspects of functioning 

that accounted for the level of learning. 

Research study data analysis 

In this part of the data analysis plan, the analysis procedures used to respond to the 

research themes for this study are described. In order to meaningfully compare the 

information from the conventional and alternative assessment approaches preliminary 

analysis of the instruments was carried out. Subsequent analysis focused on the three 

research themes. The preliminary data analysis and the data analysis for each of the three 

themes are described. 

Research theme 1 data analysis 

Prior to any comparison of assessment results across the conventional and alternative 

forms of assessment, some statistical analysis of the assessment instruments was carried 

out. Although the conventional and alternative assessment instruments all claimed to be 

investigating the same domain of mathematical leaming, it was important to establish that 

they were internally consistent and were assessing the construct of place-value numeration. 

Rasch analysis offered an opportunity to test this assumption (Snyder & Sheehan, 1992). 

RESULTS I: Preliminary data analysis 

A Rasch analysis was carried out to determine the internal consistency of the three sets of 

items used in the study, the STOPV, DMT, and KeyMath-R. Rasch analysis had been 
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used in the development phase of the KeyMath-R (Connolly, 1988) to establish reliability 

and construct validity. The same procedure was available for use on the other instruments 

and also across the total bank of items used in this study. Such statistical information 

provided by the Rasch analysis would provide a basis for subsequent comparison of the 

results of the three assessment procedures in the study. 

This provided an indication of the fit of the items and tasks related to the underlying 

construct of understanding of place-value numeration. The Rasch analysis also provided 

information about the relative difficulty of the items of the DMT, the KeyMath-R, and the 

STOPV so that this could be used in the interpretation of results, and in evaluation of the 

data analysis procedures. This preliminary analysis of the study data is contained in 

Chapter 5. 

Following this preliminary analysis of the data the issues contained in the research themes 

were investigated. This first theme sought to determine what educational decisions can be 

suppOlted by conventional and alternative assessment of school mathematical learning. In 

order to do this, data derived from the conventional and alternative assessment procedures 

were interpreted in terms of the three classroom educational decisions. The raw data 

derived from the conventional and alternative assessment was the result of the instrument 

data analysis as described in the previous section. For each decision the conventional 

assessment information was interpreted, then the alternative assessment information, then a 

comparison of the information was carried out. 

RESULTS II: Determination of achievement of students 

Research question 1.1 How do conventional and alternative assessments of place-value 

numeration support the determination of achievement of students? 

Each instrument used in this study was developed in reference to a particular definition of 

achievement of learning of place-value numeration. Descriptions of achievement of the 

class and of individual students from the conventional and alternative assessment were 

determined. The prescribed definitions of achievement for each instrument were used in 

this analysis. The conventional assessment provided descriptions of achievement in terms 

of 'mastery' of the content, and average achievement for age. The alternative assessment 

provided achievement descriptors in terms of actual and assisted achievement, distance 

between actual and assisted achievement and context for actual and assisted achievement. 
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The descriptions of achievement of learning of place-value numeration were compared. 

This involved consideration of the percentage of students within the class who were 

deemed to have achieved learning of place-value numeration based on particular 

assessments. Similarities and discrepancies in description were identified and considered. 

Similar comparison was also carried out for individual students. The data analysis for this 

part of the study is contained in Chapter 6. 

RESULTS III: Screening and selection of students 

Research question 1.2 How do conventional and alternative assessments of place-value 

numeration support the screening and selection of students? 

In response to this second focus of the research theme, a clear definition of what screening 

and selection meant for the particular setting was needed. The study was clearly restricted 

to a single class, and the decision-making relevant to that class provided the context for the 

interpretation of this purpose for assessment. Screening of the class was determined to 

mean that the assessment procedure would allow identification of students for 

consideration for selection from the class. This selection could be for further assessment, 

or for instructional intervention, other than that which would be provided within the class. 

Therefore the data analysis was developed to facilitate identification of students in need of 

further assessment, or of instructional programs outside the classroom. 

The conventional assessment procedures both provided criteria for screening and selection. 

The DMT criterion of mastery allowed screening in terms of those who were deemed to 

have not yet mastered the content of the DMT. The DMT design addressed this issue by 

providing procedures for the identification of students needing "special attention" 

(Schleiger, 1993, p.6). The KeyMath-R also provided a clear means of screening through 

consideration of the relative performance of the students with respect to the norm groups. 

The scaled scores reflected this and allowed screening of those 'average' or 'above 

average' from those 'below average' or lower. Selection was done in terms of the distance 

from the average range. 

The alternative assessment provided a criterion for screening and selection of students 

based on the development of understanding and measures of the zone of proximal 

development or proximity to achievement. It also allowed selection based on particular 

aspects of functioning. 

Different lists of selected students were compiled using these criteria, and are first 
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presented separately. A comparison of the lists was then carried out, to identify similarities 

and discrepancies in selection. This data analysis is presented in Chapter 7. 

RESULTS IV: Definition of instructional needs of students 

Research question 1.1 How do conventional and alternative assessments of place-value 

numeration SUppOlt the defining of instructional needs of students? 

The third classroom educational decision to be based on the assessment information was 

the defining of instructional needs for the class. Analysis of the instrument data with 

respect to this purpose was carried out for the conventional and alternative assessments. 

The DMT incorporated a mastery level for items that was used in identifying items that 

needed to be further taught. The conventional assessment items were defined in terms of 

objectives in the manual (Schleiger, 1993). These objectives were used to define the 

instructional needs based on the unmastered items on each occasion. The KeyMath-R 

manual (Connolly, 1988) also contained objectives for each of the items. There was no 

mastery level prescribed in this test so the analysis in this section included all items that 

had not been perfectly responded to by the class. The two conventional assessment 

instruments produced a list of objectives that defined the instructional needs of the 

students in the class. 

The alternative assessment defined instructional needs in two ways. The stages of 

development of understanding of place-value numeration provided a framework for 

defining the needs of the class in terms of concepts and skills. The information from the 

mediation within the dynamic assessment provided information about the amount and type 

of teaching that would be appropriate for the students. An analysis of the aspects of 

functioning identified in the mediation also informed the definition of instructional needs. 

This provided information about the general cognitive, social and emotional needs of 

students. 

The descriptions of instructional needs were then compared. This was done in two ways. 

A direct comparison was carried out, considering similarities and differences in definition. 

This was followed by a comparison in reference to the prescribed curriculum of the study. 

The information from the conventional and alternative assessment results was reframed in 

terms of indicators of learning related to the relevant curriculum outcomes. These 

considerations are presented in Chapter 8. 
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In summary, the data generated from the conventional and alternative assessment 

procedures were compared in terms of their ability to support the three classroom 

educational decisions which is the focus of the first research theme of the study. A 

discussion of the results of this large data analysis is presented in Chapter 9 culminating in 

conclusions about the ability of conventional and alternative assessment to support the 

three types of classroom educational decisions. 

Research theme 2 data analysis 

This second theme is concerned with the theoretical foundation of Vygotskian theory 

applied to a model of the dynamic assessment of school mathematical leaming. The theme 

is concerned with the "advancement, modification or rejection of theory" based on 

"building, testing and revising of models" derived from the theory (Keeves, 1999, p.6). 

Theory in this study has been defined as an "evolving concept" and not some absolute 

truth to be discovered (Redden, 1995, p.37). Instead, it is conceived of as "the human 

enterprise of making sense" (Mason & Waywood, 1996, p.1056). The two research 

questions for this theme focus specifically on the nature of Vygotskian theory and the 

assessment of school mathematical learning. 

2.1 How does Vygotskian theory contribute to the assessment of school mathematical 

leaming? 

2.2 What are the limitations of Vygotskian theory for the assessment of school 

mathematical learning? 

These questions are concerned with both verifying theory and extending or generating 

new theory (Punch, 1998) in the context of the current study. A framework for these 

considerations is provided by Mason and Waywood (1996) who describe the functions of 

theory in mathematics education research. Theories may have one or more of these 

functions. 

• to support description by providing "language to frame a way of seeing" 

• to offer explanation of "how or why something happened" 

• to predict "what will happen in similar situations through stating necessary or 

appropriate conditions" 

• to inform practice by "sharpening or heightening sensitivity to notice and act in the 

future" (Mason & Waywood, 1996, p.1060). 

The functions that Vygotskian theory performed in this study will be delineated, and those 

for which it was not adequate will be identified. In this way Vygotskian theory will be 
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tested against the evidence from the study in order to "reject or endorse" its adequacy 

(Keeves, 1999, p.12). The Vygotskian theoretical framework was placed within an 

existing psychoeducational setting in this study, in order to see how much stlUcture was 

required for the in-school implementation of dynamic assessment. The existing 

theoretical frameworks used by the researcher thus require explicit defInition, and 

consideration in the light of Vygotskian theory. Through such consideration of existing 

theoretical frameworks possible inadequacies of Vygotskian theory in this study are 

identifIed. The discussion derived from this analysis is presented in Chapter 9. 

Research theme 3 data analysis 

The third theme of this study is a practical perspective concerned with the implementation 

of dynamic assessment procedures in school settings. In particular, the evaluation of 

dynamic assessment practice within the context of assessment of school mathematical 

learning, is undertaken within the professional context used for the implementation within 

this study - that of the school psychologist. 

Literature on dynamic assessment has identifIed a number of practical issues that have 

been presented as reasons for the low level of adoption of dynamic assessment in schools 

(Chapter 2). The analysis of this theme involves the investigation of particular concerns 

that were raised in the literature that have been seen to restrict the use of dynamic 

assessment in schools. This analysis is guided by a number of dimensions of 

consideration that have been derived from previous literature on dynamic assessment, in 

particular Lidz (1991) who summed up many of the practical issues within the following 

list: 

• DefInition of the focus of the assessment 

• Principles for interaction and how these relate to instructional criteria 

• Inter-assessor reliability 

• Teachability of the procedure 

• Time required for administration 

• Utility of the information and recommendations derived from the assessment 

An interpretive approach to data analysis, will be used focusing on the understandings and 

meanings of the researcher as the 'case', in an attempt to present "an accurate 

understanding and representation" (Minichiello et al, 1999, p.44) ofthe implementation of 

dynamic assessment in the particular study setting. This analysis will also be guided by a 

principle from dynamic assessment which is to determine the minimum level of structure 
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necessary for implementation. In some ways this reflects the notion of level of 

intrusiveness used to define mediation strategies. In this sense it will be necessary to 

define the level of support required for school psychologists to use dynamic assessment 

to extend their practice in schools. 

EVALUATION OF METHODOLOGY 

The design and procedures used in this study need to be evaluated to determine whether 

the study has potential to answer the research questions (Punch, 1998). It is necessary to 

demonstrate how well the study was designed and implemented, and how well the findings 

will reflect the reality that has been studied (Punch, 1998). The ability of the research 

design to do this is discussed in this section in terms of the design of the study, the data 

collection and analysis procedures. Possible threats to the study have been identified and 

measures taken to account for these are presented. Ethical considerations of importance 

are also presented. 

Design of the study 

The study was concerned with an alternative assessment procedure to be used by school 

psychologists, and so was designed to test the development and implementation of a 

dynamic assessment procedure within an existing assessment setting. Therefore as much 

as possible the study was designed to reflect the situation in which such assessment would 

be administered. There was collaboration and consultation between the researcher and the 

classroom teacher, the researcher used the school counsellor's office, and the students 

were removed from class to work with the researcher. The decisions made about sample 

and conditions for gathering data are explicitly presented in this chapter so that the 

process is transparent. These decisions were made to provide realistic boundaries to the 

study. 

The sample of students who were participants were selected to be representative of a 

cross-section of the population, within a school that was representative of the general 

community in a large country town. It would be unusual for such clinical assessment as 

the KeyMath-R and the STOPV-DA to be administered to a whole class however. This 

was one artificial aspect of the design. However, it was a pragmatic decision for research 

purposes to facilitate the use of the group-administered instruments and to limit the 

disruption of the schooL A consideration in the selection of this school and this class was 

that it would include a wide range of achievement and ability levels so that the use of the 

various assessment formats would be explored across the range of abilities. This was 
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done to reduce any sample bias. The possibility of students being unavailable for the 

second and third assessments defined as attrition (Minichiello et al, 1999) was a concern. 

However, as all the parents had provided consent the study began with all twenty-eight 

students. No new students were brought in to the study. Several of the students 

transferred to other schools and were lost to the study. Difficulties with the recording 

equipment meant that there were some incomplete sets of data that had to be excluded. 

The study has thus relied on twenty one sets of data. 

The conditions for the data gathering were also carefully considered. This study involved 

the participation of the researcher as supervisor of the class test and as examiner and 

mediator during the individual assessment sessions. The researcher's connection as 

supervisor and a regular visitor to the school, and the use of the counsellor's room 

increased the normality of the situation for the students. The behaviour of the researcher 

was completely appropriate for a school counsellor, both in withdrawing students for 

individual work and in supporting teachers in the classroom. While there can be stigma 

attached to being seen by the school counsellor, the researcher was conscious of this and 

attempted to minimise the negative attitudes, by being as open as possible with all involved, 

and by framing the project honestly as a university project. Therefore it is considered that 

the situation was natural and that there was no threat to the validity from this aspect of the 

design. 

Since the study was designed to be illuminatory, many of the aspects of the 

implementation of the study were authentic in terms of the reality of school settings for 

assessment. The design used in this study reflects the research questions and is reported 

in enough detail for reader evaluation and for replication. The study produced 

conclusions that were illuminatory, since it was carried out within particular defined 

boundaries. In this sense it is not widely generalis able. However, the conclusions can be 

hypotheses for further investigation both in similar and different settings. 

Data collection and analysis 

The quality of the data is considered a key issue (Punch, 1998). This includes the 

collection procedures as well as technical aspects of the data such as reliability, Validity 

and reactivity. 

Collection procedures 

The data in this study was collected with professional care and thoroughness. The pilot 
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study supported preparation for the assessment procedures, indicating the need for record 

form support and audio-taping to allow researcher focus on the interaction rather than on 

written notes. The standardised procedures were administered as required and the 

alternative assessment was administered in the spirit of the dynamic assessment. To 

reduce the complexity of the research a single mediator was used. The principles for 

mediation were therefore applied consistently across all students. This eliminated 

mediator variables that would be difficult to standardise across a number of mediators. 

The administration of dynamic assessment was sClUtinised within the data analysis since 

the researcher's contributions to the mediation were also used in analysis. The technical 

aspects of the data are also considered. These are also to do with quality of the data. 

Reliability 

The ability of the data analysis to be replicated (internal reliability) needs to be addressed 

(Wiersma, 1991, p.7). There are several aspects of design that minimise the threats to 

internal reliability, including the use of low inference descriptors and of mechanical 

recording of data (LeCompte & Goetz, 1982). These were both incorporated into the 

design. Low inference descriptors represent direct data that can be referred to by others in 

evaluating the research conclusions. In this study, this was provided by students' written 

papers, checklists of responses to items, and transcripts from the audio-taped sessions. 

The analysis of the mediation was described thoroughly and is available for verification in 

this thesis. 

The mechanical (audio) recording of the individual assessment sessions and the 

subsequent transcribing of these provided reliable records of the sessions for later 

analysis. The use of the tape recorder was not intrusive and was not seen to alter the 

nature of the setting. In each session the student was asked to say hello to the tape 

recorder and to say their name so that the researcher would be able to identify and listen 

later to what had been said. The researcher then focused fully on the student and the 

interaction, only needing to include the tape recorder when tapes needed changing. 

The use of the individual interview situation for the KeyMath-R and STOPV-DA must be 

evaluated. A potential concern with interviews is the bias of the interviewer (Bell, 1987, 

p.73). Although this is usually of concern when tapping attitudes and opinions of 

interviewees in other types of research, it is worthy of consideration in this study. In this 

case the researcher was an experienced psychologist who has specialist training in 

interviewing and individual assessment, and thus a high awareness of the impact of aspects 

such as vocal emphasis and tone in questions. The researcher aimed to establish 
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maximum rapport and comfort for each of the students, and so altered the approach as 

needed, however, the stimulus questions and instructions were given in the same way to all 

students so as the minimise any bias in the initial stimulus provided, in the pre-test phase 

of the dynamic assessment. As the dynamic assessment progressed these aspects of the 

interaction provided data for the study. The particular researcher's perspectives then 

became more important and were considered in the analysis. 

Validity 

The validity of the study is the degree of accuracy of the interpretation and this includes 

internal validity, "the extent to which the results can be accurately interpreted" and 

external validity, "the extent to which the results can be generalised to populations and 

conditions" (Wiersma, 1991, p.4). Threats to the internal validity of a research design 

and analysis can be found in the history and maturation of the subjects, selection effects, 

observer effects, mortality, and spurious conclusions, while threats to the external validity 

of the research include setting effects, history and construct effects (LeCompte & Preissle, 

1993; Tuckman, 1988). These aspects are used as a framework to guide this evaluation of 

the present study. 

This study used the students as controls against themselves, since the multiple assessment 

procedures were administered to each student. The comparison in data is thus between 

data derived from the same students using different procedures. The threats to validity in 

this type of research include differences in conditions across the students for each 

individual procedure. The classroom test was administered to all the students at the same 

time under the same conditions. Unfortunately there were some aspects of the conditions 

that were not controlled, however, they reflected the reality of a classroom assessment. In 

particular, the arrangement of the room required that students would be placed in positions 

where they may be able to see other students' work. The power relationships between 

students in the class and the pressures to perform or not perform were not known and 

have not been included in the consideration. Otherwise the administration conditions were 

consistent for all students. 

Interruptions to the individual sessions also have to be considered. The room had a 

telephone extension for the school counsellor, that rang several times, the school had a bell 

attached to the wall just outside the room, so the ringing of the bell ceased any interaction 

in the room for a few seconds and interrupted the flow of the session. Other interruptions 

such as when classes moved along the corridor, or teachers looked for equipment that is 

stored in the room etc, occurred occasionally. These are very common in schools and 
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reflect reality. Any such issues were noted on student forms and taken into account in 

interpretation. 

The individual assessment sessions posed a number of threats to consistency. Because of 

the possible impact of motivation on participation, the researcher was careful to ensure that 

the students were not removed from class events that were of particular significance, such 

as excursions, and this was negotiated with the teacher. One student was observed to be 

reluctant to be taken out of P.E. (physical education) so he was allowed to return to class 

and his session was rescheduled later. This flexibility was used to maximise the 

engagement of the students during the assessment and to remove the possible effects of a 

student's strong desire to be elsewhere. 

History of the students is relevant in terms of the past and current opportunities for formal 

learning about place-value numeration. All the students were enrolled in one school and 

had received the same curriculum focus throughout their three and a half years at school. 

Although the students were placed in different year 4 classes in the second year this did 

not affect the curriculum context for the students. The school prescribed the curriculum 

content across the whole grade. It was determined that all the students had similar specific 

curriculum prior to and during the study. Other factors of history affecting the 

performance of each student were considered as part of the picture of each individual 

learner that mayor may not be known by the teacher, and would not threaten the internal 

validity of the study. 

Maturation refers to changes that are likely to occur during the research study for the 

students and the social setting because of the dynamic nature of these. The issue of 

maturation of the students was deliberately included in the study to give a longitudinal 

approach to the students' understandings of place value in the number system. The three 

assessment occasions were at similar times for all students. 

Strategies for validating data from less structured interviews have been discussed by 

Measor (1985, p.n) who used such interviews. A primary strategy is to "build good 

relationships" so that the interviewee is comfortable to disclose and participate fully. The 

intention to establish effective relationships was inherent in each interview and the skills 

were used in this way. 

Triangulation is also a method of validating data gained through interview. In this study 

triangulation is an inherent part of the design, since several different methods of data 

collection are explicitly being combined and compared. This analysis will be part of the 
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discussion of results for the study. Another issue that Measor (1985) puts forward is the 

interviewer's intuitive reaction and "sense" about the validity of the data (p.73). In this 

study the researcher was a trained interviewer who had considerable experience assessing 

the validity of infonnation gained in interviews. As well notes were made in order to 

illustrate and justify interpretations. 

Reactivity 

The fact that the process of collecting data changes that data (Punch, 1998) is a 

consideration for this study. The issue of reactivity was pertinent for the conventional 

standardised tests and decisions about the length of time between assessment were taken 

to reduce such practice effects on the standardised results. However, the dynamic 

assessment aimed to change data. It aimed to induce learning in the students and therefore 

was a feature of the data collection that was under study. Particular aspects of the STOPV 

were altered in the second and third assessments in order to prevent students reliance on 

memory and previous exposure to the tasks to provide invalid responses. Otherwise the 

changes in data were expected and facilitated. 

Another aspect of reactivity concerned interviewer factors. These were controlled to an 

extent by the same researcher carrying out all the interviews, consciously aware of the 

need to provide optimum conditions for each student. This resulted in different strategies 

being selected for individuals in response to the researcher's perceptions of the student's 

needs. This meant that the researcher produced changes in reaction to the student and 

sought to induce reaction in the students. 

Setting effects include the impact of the involvement of the researcher in the setting, and 

other aspects of the context ofthe study. As discussed before the setting was as natural as 

possible, and reflected the usual roles of the school counsellor and teacher and how they 

are seen to work together in classes. The use of the assessment instrnments was done in 

the way that they would be usually used in schools. The setting for assessment in school 

varies naturally and is an issue for all assessment. This study is situated in only one 

setting and therefore the illuminatory rather than generalisable nature of the results are 

kept in mind. 

This part of the chapter has presented the possible threats to the design of this study and 

the procedures that were put in place to minimise threats to the study. Ethical 

considerations were also confronted. 
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Ethical considerations 

A number of ethical considerations influenced the design of this study. They include 

informed consent of participants, expectation of researcher responsibility, and right to 

privacy (Kimmel, 1988). 

Informed consent and provision of sufficient information 

A letter explaining the project and requesting permission for student participation in the 

study was written and, following consultation with the principal, was sent home to parents 

of one Year 3 class (Appendix 4.12). All permission notes were returned which allowed 

involvement of the entire class in the study. Interviews to explain results were offered to 

parents following the collection of data. During these interviews the longitudinal results 

for that child were presented and explained, and feedback on the observed learning skills 

of the student was given to the parent. 

Apart from the written information provided to the parents prior to consent, the class was 

informed by the researcher that she was a school counsellor (as many of them knew) and 

also a university student who was investigating how children learn about numbers. 

During the individual sessions students were again told that they were going to do some 

number work and that they were assisting in the researcher's learning about how children 

learn. 

The right to expect experimenter responsibility 

The right to expect experimenter responsibility is the last ethical consideration. This is the 

right of the participants to expect the researcher to be well meaning and sensitive to the 

people in the study (Tuckman, 1988). In this study the researcher explained the study 

fully to all parents and the children participating and ensured that the sessions were a 

positive experience for all participants. 

The right to privacy 

Participants' right to privacy has been protected in this study through the use of 

pseudonyms incorporated into this thesis. Pseudonyms were allocated for the writing of 

the study. This was done such that no two students had the same initial. This allowed the 

use of initials in graphic representations of results, simplifying the presentation. 
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In summary, this study considered possible threats to its ability to elicit and present 

findings faithful to the reality that was being studied. This involved considering such 

aspects as design of the study, and the collection and data analysis procedures. This study 

was carried out with a number of ethical considerations, including fully informed consent, 

expectation of researcher responsibility and a right of privacy. These considerations have 

been used to ensure the research was carried out without infringing any rights of people 

involved. 

CONCLUSION 

This chapter has outlined the design and procedures used to investigate conventional and 

alternative procedures assessing children's understanding of place-value numeration. In 

particular, a dynamic assessment procedure developed for this study was implemented and 

evaluated in comparison to cUlTentIy used conventional assessment procedures. The 

theoretical and practical issues surrounding this implementation are to be investigated. 

The context for the study was outlined including the geographical setting, and the 

cUlTiculum context. The assessment procedures, including the items or tasks, the 

administrative procedures and forms of interpreting results were presented. The design of 

this study included the gathering of both quantitative and qualitative results. An evaluation 

of the research design and data collection and analysis as well as ethical considerations 

has also been included. 

With these aspects of the study specified, the following three chapters present the data 

produced. Chapter 5 includes the preliminary results that were generated by statistical 

analysis of the two conventional and the one altemative set of items. This chapter 

considers construct validity and thus credibility for the comparative analysis of the results 

later in the thesis. Chapter 6 presents the data from the conventional assessment in terms 

of the three defined classroom educational decisions. Chapter 7 presents the data from the 

altemative assessment in the same way. Chapter 8 includes discussion of all the themes 

based on the data presented in Chapters 5 to 7. 
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Chapter 5 

RESULTS I: Rasch analysis 
of the assessment instruments 

This chapter is the first of four presenting data from this study. Chapter 5 is a preliminary 

results chapter that provides evidence for the subsequent analysis. This chapter presents 

statistical data that were compiled and analysed in order to provide analytical triangulation 

(Redden, 1995) for the subsequent comparative analysis of data from the different 

assessment procedures used in this study. 

As detailed in the research design, the data about reliability and validity of the specific 

assessment procedures varied. The DMT manual did not include any data concerning 

reliability or construct validity, and no investigation of these aspects has been reported for 

the STOPV. However, the KeyMath-R manual (Connolly, 1988) contained technical 

information, based on Rasch analysis, that established reliability and construct Validity 

(Connolly, 1988, pp. 70-73). The reliability of the Numeration subtest was stated to be 

between 0.85 and 0.9 for the age range used in this study (Connolly, 1988, p.70). 

Because technical information was not available for the DMT or the STOPV it was 

decided to carry out the same Rasch analysis of all the instruments used in the study in 

order to make a determination about reliability and construct validity across the assessment 

procedures. Rasch offered the chance to pool the three instruments that claim to measure 

the same specific construct, place-value numeration (Snyder & Sheehan, 1992). Such an 

investigation would provide information about the basis of comparison of assessment 

information gained through the different processes. For the purposes of consistency in 

language in this chapter, the STOPV tasks have been referred to as items, so that the 

analysis is concerned with a total of sixty-one items rather than with fifty-four items and 

seven tasks. 

The relationship ofthis preliminary analysis, the definition of reliability, construct Validity 

and item difficulty for the three instruments, to the overall study is represented in the 

conceptual framework in Figure 5.1. 
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ASSESSMENT OF MATHEMATICAL LEARNING 

CONTENT ASSESSMENT APPROACH PURPOSE 
Theoretical Foundation 

School Mathematics 
r Conventional Assessment 

Mathematical learning is Behaviourist Theory of Learning 
a cognitive, social, and Psychometric Theory of Assessment 
affective process in 
which understandings are r- . Classroom -
constructed and applied. Classroom Procedure decision making 

* pencil and paper test DMT 
i Determining and 

Clinical Procedure describing achievement in 
School Mathematics is * individual test KeyMath-R place-value numeration 
concerned with: 
mathematical skills and ii Screening the class in 
knowledge, .. order to select students in 
concepts, attitudes, 

J 
need of further assessment 

appreciation, thinking. ,(' rn:'li"1iilitj~ 0 

or alternative programming 
communication, & 

i /L Co~sfructvalidity 
in place-value numeration 

problem solving ~',/ 
r:lt.~iIin'ic~ty .. -, . iii Defining the 

A specific domain of school 
~/ 

instructional needs of the 
mathematics: class in place-value 

Clinical Procedure numeration 
Place-value numeration Dynamic Assessment based 
of two-digit numbers on cognitive research tasks 1/ STOPV·DA 
Stages of understanding (Ross, 
1986) 

Vygotskian 711eory 
A student knows that the of Learning, Teaching 
individual digits in a two-digit and AW!SSIllent 
numeral represent a 
partitioning of the whole 

L.. Alternative Assessment 
quantity into a tens part and a 
ones part. The quantity 
corresponding to each digit 
can be determined even for 
collections which have been 
non-canonically partitioned 
(Ross, 1986, p36). 

Figure 5.1 Rasch analysis within the conceptual framework 

The Rasch analysis was carried out for four different combinations of assessment results. 

Firstly, the thirty DMT items were analysed as a combination, to establish construct 

validity of the DMT, and to determine relative difficulty of the items. Secondly, the seven 

cognitive research items (STOPV) were analysed for the same purposes. Thirdly, the 

steps within the STOPV items were analysed to produce a map of relative difficulty of the 

steps between levels of response on the items. Fourthly, all the items used in the study, the 

thirty DMT items, the twenty-four KeyMath-R items, and the seven STOPV items, were 

combined for analysis. This was done to establish whether a single construct underlying 
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all the instruments in the study existed, as well as to generate a ladder of the items based 

on their relative difficulty. 

From these analyses, conclusions have then been drawn about the construct validity of the 

instruments independently, as well as about the presence of a single construct underlying 

all instruments. The Rasch analysis also provided information about the relative difficulty 

of the items (and steps within items) across the assessments, allowing a reference map for 

interpretation of class and student patterns of results to be produced. In this chapter the 

analysis is presented for the DMT, for the STOPV, and then for the combination of items 

from all three instruments. 

Analysis of the DMT items 

The thirty items of the DMT used in this study were selected from sixty items that 

represented the specific domain of school mathematical learning of place-value numeration 

of two- and three-digit numbers, as defined in the NSW Mathematics K-6 Numeration 

strand in this test. No construct validity evidence was provided in the DMT manual so 

analysis of the thirty items of the DMT was carried out to determine the existence of a 

construct underlying the DMT and to provide information about the nature of the thirty 

combined items as a set. 

The QUEST implementation of item response theory (Adams & Khoo, 1993) was used. 

This program allows comparison of measures produced by different instruments (Wright 

& Linacre, 1989). The data from all three administrations of the DMT were modelled 

together, giving an effective sample size of 63 cases (21 x 3). In this model each student 

on each occasion is treated as a separate case. The reliability of the estimates is the 

proportion of the observed variance that is considered true (Adams & Khoo, 1993, p.24). 

This is reported in the following Table 5.1 along with the mean of item fit statistics. 

Table 5.1 Summary statistics of DMT Item estimates from Rasch model 

Reliability 0.86 

Infit Mean Square 
Mean 0.99 
SD 0.17 

Infit t 
Mean 0.05 
SD 0.85 
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The reliability of the item and case estimates for the DMT was 0.86 which means that 

there is good separation between the items. The infit mean square of 0.99 is close to 1.00, 

and the transformed infit (lnfit t) mean of 0.05 is close to zero. These figures indicate that 

the data fit the Rasch model well and therefore item fit analysis can be carried out 

meaningfully. 

DMTitemfit 

The infit statistics of the Rasch model indicate how appropriately each item fits the model, 

i.e., whether each item measures the same underlying construct, in this case place-value 

numeration. This is determined by the item infit mean square relation to a range of 

acceptability that has been defined in a number of ways. The QUEST program uses the 

range of 0.7 to 1.3 (Adams & Khoo, 1993) while other applications have used the range 

from 0.6 to 1.5 (Banerji, 2000, p.193) or have specified only an upper limit of 1.3 

(Karabatsos, 2000). It was decided to use this latest definition since it provided a middle 

perspective. The infit mean square map for the DMT items is shown in Figure 5.2. 

INFIT 
MNSQ .63 .71 .83 1. 00 1. 20 1.40 

--------------+---------+---------+---------+---------+---------+------
1 item 1 * 1 
2 item 2 1 * 
3 item 3 * 1 
4 item 4 * 1 
6 item 6 * 1 
7 item 7 1 * 
8 item 8 1 * 
9 item 9 * 1 

10 item 10 * 1 
11 item 11 * 1 
12 item 12 * 1 
13 item 13 1 * 
14 item 14 1 * 
15 item 15 1 * 
16 item 16 * 1 
17 item 17 *1 
18 item 18 1 * 
19 item 19 1 * 
20 item 20 * 1 
21 item 21 1 * 
22 item 22 * 1 
23 item 23 1* 
24 item 24 * 1 
25 item 25 1 * 
26 item 26 * 1 
27 item 27 * 1 
28 item 28 1* 
29 item 29 1 * 
30 item 30 1* 

======================================================================= 

Figure 5.2 DMT item infit mean square map 
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Twenty-nine of the DMT items are plotted on the map. One item, item 5 is not included in 

the map as it had perfect scores on all three assessments. Although it was obviously the 

easiest item, item difficulty could not be measured within this model since it did not 

discriminate between students at all. This map clearly identifies the pattern of infit mean 

square values for the other twenty-nine items. All items are within the range defined above 

and so reflect a single construct. This Rasch analysis indicates that the DMT items used 

in this study were generally internally consistent and that they combined to measure a 

single construct. This means that describing achievement based on the total scores of this 

test would be meaningful in terms of the construct being assessed. 

DMT item difficulty 

The relative difficulty of the items was also calculated using the Rasch model. The Rasch

based ordering of the thirty items of the DMT, against the logit scale, is shown in the Item 

Estimates map in Figure 5.3. The figures on the left of the map represent the logit scale of 

item estimates. The items are plotted on the right hand side of the map according to their 

degree of difficulty, the higher the item, the greater the estimated degree of difficulty for 

that question. The items are plotted in groups according to level of difficulty. 
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-2.0 

1 2 14 

-3.0 Easier items 

Figure 5.3 DMT item estimates 

This map illustrates the relative difficulty of the thirty items. Twenty-nine of the DMT 

items are shown in the map. Item 5 was answered correctly by all students on three 

occasions, and so is not analysed using this process. However, as it was the easiest item, it 

would sit off the bottom of the map. Six items were in a cluster at the top of the map, all 

above LOO on the logit scale. They are listed here in order: 26, 21, 30, 23, 27, 18. These 

items all involve counting-by-tens, or different representations of groupings, and were 

from the place value or counting sections of the DMT paper. 
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The combination of fifteen items in the mid range, between 1.00 and -1.00, included five 

items from the numeration and notation section, eight place value items and the two 

ordering items. The other eight items that were the least difficult were six numeration and 

notation items (1, 2, 3, 4, 8, & 9) and two place-value items (17 & 14). These six items 

involved writing the numerals for two-, and three-digit numbers from spoken or written 

number names. The items seeking written figures from spoken two-digit names were the 

easiest, and the other four items were at a higher value. They involved hearing three-digit 

number names, or reading two-digit number names. The easiest item sought the numerals 

for the spoken number "four hundred and nine." This analysis of the items from their 

ranking of difficulty clearly showed that it was not easier to write smaller numbers, as the 

easiest item involved a three-digit number. The two place value items that were easiest 

involved determining the total number of objects that were grouped in tens. 

In summary, analysis of the statistics produced by the Rasch analysis showed all DMT 

items have infit mean square values sufficiently close to the acceptable limits, implying that 

each item fitted well into the model to contribute to the estimate of student performance of 

place-value numeration of two-, and three-digit numbers. The plotting of the items against 

their difficulty thresholds suggests that writing the figures for spoken or written number 

names were the easiest items, along with counting objects that were grouped in tens. The 

most difficult items were all place-value and counting-by-tens items, and involved graphic 

representations of groupings. This analysis provides construct validity support for the 

DMT items selected in this study to represent place-value numeration of two-, and three

digit numbers. This was in addition to the content validity established in Chapter 3. 

Analysis of the STOPV items 

The Seven Tasks of Place Value were items selected from reported cognitive research, 

used by researchers investigating children's development of understanding of place-value 

numeration. These tasks had been used in a number of studies by various researchers, and 

combined in an Australian study conducted by Sierink (1989). The tasks were selected 

because they represented concepts involved in understanding place-value numeration with 

a focus on two-digit numbers. They thus have content validity. These seven items were 

also analysed through the Rasch Model to provide construct validity information about the 

nature of the seven tasks used as the basis of the alternative assessment in this study. The 

QUEST program (Adams & Khoo, 1993) was used to estimate item fit and to draw a 

comparison between the relative degrees of difficulty of the Seven Tasks of Place Value. 

The data from all three administrations of the STOPV were modelled together giving an 
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effective sample size of 63 cases (21 x 3). The fit statistics for the item estimates are given 

in Table 5.2 

Table 5.2 Summary statistics of STOPV item estimates from Rasch model 

Reliability 0.97 

Infit Mean Square 
Mean 1.00 
SD 0.18 

Infit t 
Mean -0.04 
SD 0.77 

The reliability of the item estimates for the STOPV was 0.97, close to 1.00, which means 

that interpretation of the items estimates can be carried out meaningfully. The infit mean 

square of 1.00 and the transformed infit (Infit t) mean of -0.04 which is close to zero, 

indicate that the data fit the Rasch model well. The item fit and item difficulty data for the 

STOPV is presented below. 

STOPVitemjit 

The Rasch method of analysis is based on a comparison between task results. The infit 

statistics indicate how well each task fits the model, i.e., whether the tasks measure the one 

underlying construct. The fit is illustrated in the following infit mean square map for the 

STOPV, shown in Figure 5.4 

INFIT 
MNSQ .63 .71 .83 1. 00 1. 20 1.40 

--------------+---------+---------+---------+---------+---------+------

1 item 1 1* 
2 item 2 I * 
3 item 3 I * 
4 item 4 I * 
5 item 5 * I 
6 item 6 * I 
7 item 7 * I 

======================================================================= 

Figure 5.4 STOPV task infit mean square map 

This map clearly shows that all task infit mean square values fell within the interval of 0.6 

to 1.5, within which components should fall if they are to represent a single underlying 

construct. This analysis indicates that all the Seven Tasks of Place Value were internally 

consistent and that they reflect the measurement of a single underlying construct. 
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STOPV item difficulty 

The relative difficulty of the items was calculated using the default threshold statistic of 

QUEST. This was done in two different ways to provide more comprehensive 

information about the item difficulty. Initially the item estimates of the STOPY in which 

the items were coded I/O for right/wrong only, were plotted on the logit scale to produce a 

map of the relative difficulty of the seven items. This is the coding on which the previous 

item fit analysis was based. A second analysis was done using three levels of performance 

on each item. All item responses were coded 0, 1,2: ° reflected a lowest level response on 

the item; 1 meant that the students had provided a level 2 or 3 response; while 2 meant that 

the student had provided a highest level response for the item. These levels of response 

have been defined in Appendix 4.8. 

The following Figure 5.5 illustrates how the item-step structure relates to the items of the 

STOPY. Each step is labelled as it was produced by the QUEST print out. 

Item 1 Levell Level 2 Level 3 

1 l.l 1 1 1.2 1 Conservation Item I Step 1 Item I Step 2 

Item 2 Level I Levels 2 and 3 Level 4 
1 2.1 1 I 2.2 1 

Standard place value partitioning Item 2 Step I Item 2 Step 2 

Item 3 Level I Levels 2 and 3 Level 4 
1 3.1 1 1 3.2 1 

Non-standard partitioning Item 3 Step I Item 3 Step 2 

Item 4 Level I Levels 2 and 3 Level 4 
1 4.1 1 1 4.2 ~ 

Counting by tens Item 4 Step I Item 4 Step· 

Item 5 Level I Level 2 Level 3 
1 5.1 1 1 5.2 1 (06) Item 5 Step 1 Item 5 Step 2 

Item 6 2 digit 3 digit 4 digit 

1 6.1 1 1 6.2 1 Writing multi-digit numbers Item 6 Step 1 Item 6 Step 2 

Item 7 2 digit 3 digit 4 digit 
1 

7.1 
1 1 7.2 1 Reading multi-digit numbers Item 7 Step 1 Item 7 Step 2 

Figure 5.5 STOPY item-step structure for Rasch modelling 

Each item has been divided into two steps for the purpose of this analysis as described in 

Chapter 4. The Rasch analysis, using this coding of the item-steps, produced fit statistics 

for the item-step estimates as summarised in the following Table 5.3 
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Table 5.3 Summary of STOPV item-steps fit statistics for Rasch model 

Item-step Estimates 

Reliability 0.74 

Intit Mean Square 
Mean 1.02 
SD 0.26 

Intit t 
Mean -0.04 
SD 1.18 

The reliability of the item-step estimates produced using this coding was 0.74 which is not 

as reliable as the total item estimates, which had a reliability of 0.97. However, it is still 

acceptable for the item-step fit to be analysed meaningfully. The infit mean square of 1.02 

is close to 1, and the transformed infit (Infit t) mean of -0.04 is close to zero, which 

indicates that the data fits the Rasch model well enough to allow interpretation of the fit. 

The Rasch based ordering of difficulty of the seven items, and of the steps within the 

items, are shown in Figures 5.6 and 5.7. These combined maps indicate the relative 

difficulty of the seven items, the STOPV (on the left) and the relative difficulty of each of 

the items within the tasks (on the right). They are plotted against separate logit scales 

which are both included in the figure. 
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-4.0 -4.0 

-5.0 -5.0 

STOPV 2 
-6.0 -6.0 

Relative difficulty of items Relative difficulty 0 steps in items 
Figure 5.6 STOPV item estimate map Figure 5.7 STOPV item-step estimate map 
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The map on the left, the Relative Difficulty of Items, clearly shows that the STOPY 2 was 

the easiest, followed by Items 1,7, and 4, and then by 6, 5 and the hardest is Item 3. The 

conservation item, Item 1, was not the easiest item in this analysis, although it was 

considered a pre-requisite item for the other place-value items. The digit correspondence 

items, 2, 3, and 5, were spread from the easiest (Item 2) to the two hardest items (3 and 5). 

Item 7, which involved reading multi-digit numbers, was the third easiest while writing the 

same numbers was the third hardest item. Counting by tens, Item 4 was the middle item on 

this scale of difficulty. 

The right column analysis shows that the most difficult steps in the STOPY were the last 

steps on Tasks 3 and 5, followed by the first step in Item 3, and the second step in Item 6. 

Of the three digit correspondence tasks, Tasks 2, 3, and 5, the easiest steps were the two 

steps in Item 2, then the first step in Item 5. These were closely grouped near the bottom 

of the map. The other three steps in these tasks were the three hardest steps in the 

STOPY, with the second step in Item 3 being the hardest. 

This shows that the three digit correspondence tasks provided a range of difficulty from 

near easiest to hardest. The other two easiest steps were the first steps in Tasks 6 and 7, 

the reading and writing numbers tasks. 

Analysis of the DMT items, KeyMath-R items and STOPY items combined 

The results of all the instruments used in this study were combined for analysis using 

Rasch, to establish construct Validity. This process allowed the investigation of the 

existence of a single construct being measured by all the items in the DMT, KeyMath-R 

and STOPY, and to see how well the items fitted the construct. The relative difficulty of 

the items was also determined from this analysis. 

The thirty DMT items, the twenty-four KeyMath-R items and the seven STOPY tasks 

were combined to make sixty-one items in the analysis. The data from all three 

administrations were modelled together giving an effective sample size of 63 cases (21 x 

3). The summary of the fit statistics for this compilation is shown in Table 5.4 
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Table 5.4 Summary statistics of DMT & KeyMath-R & STOPV 
item estimates from Rasch model 

Reliability 0.95 

Infit Mean Square 
Mean 0.98 
SD 0.20 

Infit t 
Mean -0.04 
SD 1.05 

The reliability of these item/task estimates was 0.95 which is high and so makes 

interpretation of the item statistics meaningful. The infit mean square of 0.98 is close to 

1.00 and the transformed infit (infit t) is close to zero, again within the levels that allow for 

interpretation of the data, as it fits the Rasch model. The existence of a construct was 

examined through analysis of the item fit and item difficulty. 

ltemfit 

The item fit of all the items used in this study was analysed using the Rasch model In this 

map there are twenty-nine of the thirty items from the DMT, seventeen of the twenty-four 

KeyMath-R items, and all seven of the STOPV items. The other items, those not included, 

were eliminated from analysis because they had either all perfect scores (DMT 5, 

KeyMath-R 1,2,3,4,7, and 8), or no score at all from the students (KeyMath-R Item 24). 

Another relevant aspect of this analysis is that it includes assumed scores built into the 

KeyMath-R structure. The scores for the KeyMath-R items incorporate assumed failure 

on items below basals, and assumed success on all items above ceilings, for each student. 

As the development procedure for the KeyMath-R established the relative difficulty of 

these items, the assumptions were accepted in this analysis. The infit mean squares of the 

fifty-three items are shown in the map in Figure 5.8. 
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INFIT 
MNSQ .53 .63 .77 1. 00 1. 30 1. 60 

--------------+---------+---------+---------+---------+---------+------
DMT 1 *1 
DMT 2 1 * 
DMT 3 * 1 
DMT 4 * 
DMT 6 * 
DMT 7 * 
DMT 8 * 
DMT 9 * 
DMT 10 * 
DMT 11 * 
DMT 12 * 
DMT 13 * 
DMT 14 * 
DMT 15 * 
DMT 16 * 
DMT 17 * 
DMT 18 * 
DMT 19 * 
DMT 20 * 
DMT 21 1 * 
DMT 22 1 * 
DMT 23 1 * 
DMT 24 1 * 
DMT 25 1 * 
DMT 26 * 1 
DMT 27 * 1 
DMT 28 1 * 
DMT 29 1 * 
DMT 30 1* 

KM 5 * 
KM 6 * 
KM 9 * 
KM 10 * 
KM 11 * 
KM 12 * 
KM 13 * 
KM 14 * 
KM 15 * 
KM 16 * 
KM 17 * 
KM 18 * 
KM 19 * 
KM 20 * 
KM 21 * 
KM 22 * 
KM 23 *1 

STOPV 1 * 1 
STOPV 2 *1 
STOPV 3 * 1 
STOPV 4 1* 
STOPV 5 * 1 
STOPV 6 1* 
STOPV 7 * 1 

====================================================================== 

Figure 5.8 DMT, KeyMath-R, & STOPV Item infit mean square map 
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All but three items (of fifty-three) are within the range of acceptability of fit. DMT items 

13, 18 and 25 are all just outside the boundary of fit. Responses to these items were 

inconsistent, and scoring on this item did not relate to overall scores. In particular, Jack 

made errors on each of these items on one occasion each (as his only or one of two errors), 

while many low scoring students provided correct responses on the same items. KeyMath

R item 18 is a single item at the lower end of the scale. This means that it is tending 

towards 'overfit', it fits the model 'too well' and a student's response on this item would 

be easily predicted by their other responses (Linacre, 1995). Otherwise all the items are 

within the criteria and therefore deemed to be indicators of a single underlying construct. 

Item difficUlty 

The relative difficulty of the items of the DMT and KeyMath-R and the tasks of the 

STOPV was plotted on the following map in Figure 5.9. This was only done with respect 

to the total tasks, rather than the task-steps as used in a previous analysis. One item of the 

DMT (5) and six of the KeyMath-R items (1,2,3,4,7,8) were not included in this map as 

they had perfect scores, all students on all occasions scored correctly. One other 

KeyMath-R item (24) was also not included as it did not score at all. Otherwise, the 

Rasch plotting of item estimates on the logit scale has produced a ladder representing the 

relative difficulty of all the items and tasks in this study. On the left is the logit scale 

against which the item estimates are plotted, and the item and task numbers are arranged in 

order of difficulty, with the hardest items at the top of the map. 
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6.0 

5.0 

KM 22 

KM 16 
KM 23 

4.0 KM 19,20 

STOPV 3 

3.0 KM 18 
KM 21 STOPV 5 

STOPV 6 
2.0 KM 17 

DMT 26 

DMT 21 
DMT 30 

1.0 DMT 23,27 STOPV 4 
KM 14 

DMT 18 
KM 15 STOPV 7 
KM 13 

DMT 24 
.0 DMT 25 STOPV 1 

DMT 7,16,19,22,29 

DMT 11,12,15 KM 10 
-1. 0 DMT 20 KM 11,12 

DMT 13 ,28 
DMT 10 

DMT 6 

-2.0 

DMT 3,4,8,9,17 

-3.0 

DMT 1,2,14 KM 5,6,9 STOPV 2 

-4.0 

Figure 5.9 DMT, KeyMath-R, & STOPV Item order of difficulty 
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This map illustrates the relative difficulty of all the items used in this study. The level of 

difficulty of the DMT items is well below that of the hardest items of the KeyMath-R and 

the STOPV tasks. It would be expected that this would be the case in comparison to the 

KeyMath-R since the DMT is limited to numeration of two- and three-digit numbers, 

whereas the KeyMath-R items extend to seven-digit numbers and advanced numeration 

topics. However, the relative difference between the DMT and STOPV would not be 

expected since they both focus on two digit numbers with some extension to three- and 

four digit numbers for some items. Two of the three STOPV items that are harder than the 

DMT items are tasks that are concerned specifically with two-digit numbers. This 

discrepancy raised questions about the nature of the items related to two-digit numbers 

and how that affects the interpretation of the performance of the students. 

Conclusion 

To support the content validity established in earlier chapters, this analysis established 

construct validity for the instruments used in this study. The Rasch analysis indicates that 

there is a single construct underlying the DMT, the KeyMath-R, and the STOPV. The 

DMT claims to assess students' knowledge of numeration, notation and place value, and 

the selected items referred to two- and three-digit numbers. The KeyMath-R claims to 

assess students' skills and knowledge of numeration, from single to multi-digit numbers, 

and includes items representative of the more specific domain used in the DMT and the 

STOPV. The STOPV assesses students' conceptual development of place-value 

numeration of two- and three-digit numbers. 

These three analyses have provided information about the construct bases of the DMT and 

the STOPV individually as well as all of the DMT, KeyMath-R and STOPV items 

combined. It seems that this analysis can support the notion of a construct underlying the 

thilty items in the DMT, which was called numeration notation and place value of two- and 

three-digit numbers. The analysis of the STOPV also allows us to establish that there is a 

construct underlying the STOPV, considered to be place-value numeration of two-digit 

numbers. The third analysis confirmed that the sixty-one items together, those from the 

DMT, The KeyMath-R, and the STOPV measured a single construct. 

The reported Rasch analysis of the KeyMath-R, together with this analysis, supports the 

planned analysis of the results across the three instruments in this study. All three 

instruments state that they are assessing students' learning of place-value numeration. 

The plotting of the items on to the Mathematics K -6 curriculum supported this notion and 

these statistical analyses of the DMT, KeyMath-R, and STOPV have also supported the 
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notion of a single construct, that we call place-value numeration, that is being assessed by 

all the instruments. Therefore comparison of the assessment infonnation gained through 

the different processes can be meaningfully carried out. 

This chapter has presented statistical analysis of the instruments used in this study. 

Reliability and construct validity for the instruments separately and combined has been 

established, in the same manner that was used in the construction of the KeyMath-R. This 

current analysis has shown that the three instruments, which all claim to assess place-value 

numeration, do in fact represent a single construct and that their results can be 

meaningfully compared. The patterns of relative difficulty must be kept in mind during 

the subsequent analysis. The items have differing levels of difficulty and therefore 

different opportunities for students to demonstrate skills, knowledge and understanding of 

place-value numeration. The next three chapters will present and compare the infonnation 

provided by the administration of these assessment procedures. This is done in the 

context of the educational decisions. This is as shown in the Table 5.5 

a e T bl 55Th e researc l questJons III apIers , an h . Ch t 67 d8 
Theme I Research questions Assessment procedures 

Conventional assessment Alternative assessment 
EDUCATIONAL DECISION Classroom Individual Dynamic assessment 

pencil and standardised 
paper test: test: STOPV-DA 
DMT KevMath-R 
Chapter 6 

i) Determining achievement of Question 1.1 How do conventional and alternative assessments of 
students place-value numeration support the determination of achievement of 

students? 
ii) Screening the class in order Chapter 7 
to select students in need of Question 1.2 How do conventional and alternative assessments of 
further assessment or alternative place-value numeration support the screening and selection of 
programming. students? 

Chapter 8 
iii) Defining the instructional Question 1.3 How do conventional and alternative assessments of 
needs of the class. place-value numeration support the defining of instructional needs of 

students? 

There are three research questions associated with this theme. Each focuses on one of the 

three educational decisions. Chapter 6 presents on the determination of achievement and 

the conventional and alternative assessment infonnation. Chapter 7 considers the 

screening and selection of students based on the two forms of assessment, and Chapter 8 

considers the definition of instructional needs using the assessment information. 
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RESULTS II: Determining achievement 
using conventional and alternative assessments 

Introduction 

This chapter is the first of three chapters (6, 7 and 8) that present and compare the data 

in this study in response to the first theme that seeks to investigate the support for 

classroom educational decision making from assessment. The first educational decision 

arising from assessment of school mathematical learning is that of determining and 

describing achievement of students. In this chapter, the information derived from 

conventional assessment procedures and alternative assessment is presented and 

considered as a basis for the determination of achievement of students in the class. This 

is in response to the first research question within this theme. 

Research question 1.1 How do conventional and alternative assessments of place value 
numeration support the determination of achievement of students? 

Achievement is the demonstration of learning of the taught content, in this study, place

value numeration. The chapter is organised into three sections. The first presents the 

results of the conventional assessment in terms of determination of achievement, the 

second section contains the results of the alternative assessment and the third section 

compares the two determinations of achievement. 

DETERMINING ACIDEVEMENT USING 
CONVENTIONAL ASSESSMENT 

In this section the two conventional assessments are considered. Firstly, achievement as 

determined by the Diagnostic Mathematical Tasks (DMT) is described. Secondly, 

achievement according to the KeyMath: A diagnostic inventory of essential 

Mathematics-Revised (KeyMath-R) is presented. 

Determining achievement using the DMT 

Achievement determined by the DMT was in two forms. The percentage scores and a 
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level of mastery against which to detennine achievement were considered. Analysis of 

the pattern of mastery of items was also carried out. 

Scores and mastery criteria 

A conventional classroom pencil and paper test, the DMT, prescribed a mastery level as 

the basis for determining achievement of students. The DMT was comprised of thirty 

items providing raw scores out of thirty, from which percentage scores were then 

calculated. A score of 75% was prescribed in the manual as the level of mastery and it 

allowed detennination of achievement across the class. 

The percentage scores of the, class, on each of the three assessment occasions, are 

presented in the following Figure 6.1 in the form of distribution graphs as defined in the 

manual (Schleiger, 1993, p.6). A common scale and mastery line allow for inclusion of 

all three sets of results on the one diagram. The graphs are labelled for the three 

assessment occasions (1), (2), and (3). Each letter on the graph represents one student, 

and the percentage of the class, on each occasion, on each side of the mastery level of 

75%, are noted in bold text. 
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Figure 6.1 DMT Mastery distribution graphs 

On the first assessment, DMT (1), the raw scores ranged from 12 to 29 out of 30, giving 

percentages between 40 and 97. It was determined that thirteen of the twenty-one 
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students (62%) had achieved mastery of numeration, notation and place value to three

digits as sampled by these items, as they had gained scores above 75%. The thirteen 

students who demonstrated mastery included two students who scored equal highest, 

Grace and Jack (97%), closely followed by Christopher (93%) and Maddie (90%). The 

other nine students classified as having achieved mastery, were grouped between 77% 

and 83%. Eight students scored below mastery. They were spread, with Natalie very 

close to mastery on 73%, and the lowest being Wanda at 40%, well below the mastery 

level. 

On the second assessment occasion, DMT (2), the percentage scores ranged from 47 to 

100. It was determined that seventeen of the twenty one students (81 %) had achieved 

mastery of numeration, notation, and place value to three-digits as sampled by these 

items. This second assessment produced a more compact grouping at the top, with Grace 

and Christopher on the maximum score (100%). Jack and Maddie, the two others in the 

top group on the first assessment were on (97%) with Peta and Zoe. Four students (19%) 

did not demonstrate mastery on this assessment. Two of those students were well below 

the rest of the class on scores of 47% and 50%. Of the eight students previously below 

mastery, Natalie, Kieren, Wanda, Thomas, and Hannah produced scores above mastery 

on this occasion. Brooke, Rachael, and Xavier remained below mastery level. Rachael 

and Xavier had increased scores, however, Brooke's score had decreased. One student, 

Farley, dropped below mastery level, from his earlier score of 80%. 

On the third assessment, DMT (3), the scores ranged from 60% to 100%. Seventeen of 

the twenty-one students (81 %) had demonstrated mastery, i.e., 75% or more, on this 

assessment. The students above mastery became even more compact on the third 

assessment, their range was now between 83 and 100%. Christopher and Maddie 

remained in the top grouping, with Grace very close, and Jack slightly lower on 93%. 

Other students, Peta, Sam and Natalie joined the perfect scorers, with Ewan and Laura 

close behind on 97%. Zoe's pattern of performance over the three assessments was 

unusual in that she increased her score and position in the class from the first to the 

second assessment, and then droPl?ed on the third assessment. This was all within the 

mastery range so the determination of achievement was not altered. Two of the students 

were just below mastery, on 73%, while two other students were further below, on 63% 

and 60%. The same four students who were below mastery on the DMT (2) remained 

below mastery on the DMT (3). Brooke had increased her score from 47% to 73% and 

was very close to the mastery level. Xavier was also close (73%), the same level as the 

previous assessment. Rachael increased her score from 50% to 63%, however, Farley 

dropped his score for a third time, from 67% to 60%. His total drop in score over the 

twelve months was from 80% to 60%. 
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Interpretation of the frequency of performance graphs for the DMT indicated that the 

distribution of scores "bulged" (Schleiger, 1993, p.6) to the right on all three occasions. 

These results can be interpreted as indicating that place value numeration as sampled by 

these 30 items was "reasonably well known" on the three occasions (Schleiger, 1993, 

p.6). The manual did not provided finer descriptors, so although the percentage of 

students above mastery differed between the initial assessment and the two subsequent 

assessments, there was no provision for a change in description of the achievement of 

the class. In summary, this information supports the conclusion that the class has 

demonstrated overall achievement (i.e., mastery) of the content material of the DMT on 

each of the three assessment occasions as defined by Schleiger (1993). 

Pattern of item mastery 

Achievement of the class is also described in reference to the content of the DMT (See 

Appendix 4.2 for the DMT items). The same level of 75% mastery was applied to 

determine items that achieved mastery on these assessments. A pattern of mastery of the 

items in the DMT was compiled from the percentage of students who scored correctly 

for each item. Items which were answered correctly by less that 75% of the class were 

deemed to be not yet mastered by the class and in need of further teaching. The nature 

of these items and the types of errors were analysed in reference to the coded checklist 

(see Appendix 6.1) and the students' responses. 

The item percentage scores are collated in Figure 6.2. This figure is organised to show 

the mastery levels of each item on each of the three assessment occasions. The 

percentage scores are arranged down the first column, with the mastery line, of 75% of 

students scoring correctly clearly shown across the diagram. The item numbers are then 

listed across the figure in line with the percentage score acquired on each of the 

assessments. All those items above the line achieved more than the mastery level, and 

those below did not meet the mastery level. 
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% Correct DMT (I) Items DMT (2) Items DMT (3) Items 

100 2,5 1,5, 14, 17 1,2,3,4,5,6,9, 13, 14 
95 1,4,8, 14 2,3,8,9,28 8,10, ll, 15, 17,22 
91 3,6,9, 10, 17 4,6, 13, 16,20,29 7, 12,20,28 
86 10, ll, 12, 15 19 
81 7 16,24,27 
76 12,13,18,19,20,24,25,28,29 19,22,25 25,29 
Mastery Level 
71 ll, 15, 16 23 30 
67 7,22 23,26 
62 21,24,27 18,21 
57 18,26 
52 30 
48 
43 23 30 
38 27 
33 21 
29 
24 
19 
14 26 

Figure 6.2 DMT item mastery 

On the first assessment, DMT (1), twenty items were classified as mastered by the class, 

as more than 75% of the class responded to these correctly. The ten other items were 

considered not yet mastered by the class and, by definition from the manual, in need of 

further teaching. These ten items included two from the numeration and notation section 

of the DMT, seven items from the place-value section and one item concerned with 

counting. 

Twenty-three items were considered mastered by the class on the second assessment, 

DMT (2), as more than 75% of the students responded correctly to these items. Seven 

items were identified as in need of further formal teaching, as they were below the level 

of mastery. These seven items included six items directly related to place value and the 

one counting item. 

On the third assessment, DMT (3), twenty-five items were considered as mastered by the 

group, leaving five items in need of further formal teaching. The nature of these five 

items and the type of errors on each item were determined. Four of the items were from 

the place value section of the DMT, and one item involved counting. 

This item mastery analysis provided information about the content of the achievement of 

the class, and about the extent of achievement for each item. A closer look at the 

particular items in need of further teaching was done by reference to the checklist. Full 

checklists for the three assessments, as prescribed in the manual are included in 
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Appendix 6.1. A summarised version is included here in Table 6.1 showing the defined 

objective for each item and the percentage scores for each item on each occasion. 

Numeration 

and 

Notation 

Place Value 

to 

999 

Ordering 

Table 6.1 DMT item % scores 
DMT( DMT 

This table shows the percentage scores on each of the three assessment occasions for 

each item of the DMT. The shaded items are those that scored less than the mastery 

level of 75%. Five items that were unmastered on the first assessment were mastered on 

both of the subsequent assessments. One item was unmastered on the first and second 

assessment but mastered on the third, that was the item concerning the interpretation of 

the abacus drawing. Two items achieved scores above mastery on the first assessment 

but not on the second. Both of these items scored 76%, just on the mastery level. Four 

items were unmastered on all three assessments. These items were concerned with 

constructing a graphic representation of a two digit number using given symbols, 

identifying three digit numbers from a graphic representation of base-ten blocks, and 
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counting forwards and backwards by tens. Of the four items still unmastered on the 

third assessment one was 4% off mastery, two were 8%, and two were 13% away from 

mastery. Items concerned with numeration and notation were only of concern on the 

first assessment, however, place value and counting were identified in all three 

assessments as content areas in which items were not'yet achieved by the class. 

This information derived from the DMT provided descriptions of the class and of 

individual students in achievement of place-value numeration. The DMT provided 

percentage scores relative to a pre-determined mastery level to describe achievement of 

the students in place-value numeration. Analysis of the nature of the items mastered by 

the class also provided information about the achievement of the class in aspects of 

place-value. 

Determining achievement using the KeyMath-R 

The KeyMath-R provided norm-referenced and content-referenced determinations of 

achievement (Connolly, 1988, p.5). Firstly, norm referenced scores against which to , 
determine achievement are presented. Secondly, a profile of achieved item objectives, 

as well as domain scores contribute to descriptions of achievement. 

Scaled scores 

The conventional individual standardised test, the KeyMath-R, provided scaled scores, 

from which to determine achievement across the class. Scaled scores, with a mean of 10 

and a standard deviation of 3, were derived from each student's raw score and age, in 

comparison to a same-age sample of students. 

The distribution of scaled scores across the class provided pictures of the class on each 

of the three assessment occasions. Figure 6.3 presents graphs, similar to the DMT 

distribution graphs, for each of the three assessments. Common scale and ranges for 

descriptors allow for the interpretation of the three graphs simultaneously. The 

descriptions of the performance were obtained from the KeyMath-R Report to Parents 

(Connolly, 1988, pA2). Each letter on the graph represents one student, and the total 

number of students as a percentage of the class, on each occasion, falling within each 

range, are noted in bold figures. 
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Figure 6.3 KeyMath-R scaled scores 

The results of the KeyMath-R (1) indicated that sixteen students (76%) in the class 

group had scaled scores that were 'average', 'above average' or 'markedly above 

average.' Five students (24%) scored 'below average' or 'markedly below average'. 

These scaled scores indicated that the class group was 'normal' in that it included a wide 

range of abilities and the bulk of these were in the average range of performance. The 

wide range of scores indicated that the subtest was able to discriminate between the 

levels of learning within the group. Ewan stood out at the top of the scale, followed by a 

group of six students spanned the 'markedly above average' range and the 'above 

average' range. The rest of the class ranged from 'average' to 'markedly below 

average'. 

The second distribution of scores, the KeyMath-R (2), shows a bulk of students (52%) in 

the average range. Another 29% were 'above average' or 'markedly above average'. 

Four students (19%) scored 'below average' or 'markedly below average'. The results 

of the KeyMath-R produced a similarly wide range of scores across the group on this 

second assessment occasion. 
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The range of performance across the class on the third and final assessment, the 

KeyMath-R (3) was from 'below average' to 'markedly above average.' The results 

indicated that half the class (52%) scored in the average range, 43% above average and 

5% scored below average. No student could be described as 'markedly below average' 

on this occasion. This distribution of scores shows a bulk of students in the average 

range, but with a bunching in the higher range. The range of the student scores was 

more compact than on the previous occasion. 

Using identifying initials on these graphs it is possible to track performance across the 

three assessment occasions and to make comparisons between individual students. 

Ewan achieved the highest scaled score of 19 on all three occasions, and was joined by 

Daniel on the second and third assessments. Daniel made a big jump from a scaled 

score of 14 'above average' to the highest score of 19 on the second assessment, which 

he retained on the third assessment. Wanda, Rachael and Brooke scored lowest on the 

KeyMath-R (1). Rachael stayed in this 'markedly below average' range on the second 

assessment and then moved into the 'below average' range on the third assessment. 

Brooke and Wanda moved into higher categories while Xavier and Thomas dropped to 

join Rachael. On the KeyMath-R (3) no students were within the 'markedly below 

average' range. Rachael was the lowest, and was in the 'below average' range. 

Analysis of the achievement of particular parts of the content of the KeyMath-R was 

carried out using the profile of objectives for the items, and by considering the domain 

scores. 

Profile of item objectives 

The determination of achievement was also done using the content structure of the 

KeyMath-R. By plotting each student's responses against the list of objectives from the 

manual (Connolly, 1988, p.86) it was possible to develop profiles of performance. This 

form of organising and reporting the results of the KeyMath-R assessment provided 

information about the achieved skills and knowledge of the student, as well as the skills 

that were not demonstrated in the assessment. The compiled results across the class are 

shown in Table 6.2 for each of the three assessments. 
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a e ey at-~proleo Item objectives T bl 62K M h R fil f" 
Item Objective % % % 

(1) (2) (3) 
1 The student can count objects (1-5) in a set. 100 100 100 
2 The student can form a set whose numbers correspond with the members of a given 100 100 100 

set (1-5). 
3 The student can read one digit numerals (0-9), 100 100 100 
4 The student can order a set of one digit numbers. 100 100 100 
5 The student can count obiects (0-9) in a set. 95 100 100 
6 The student can name the ordinal position of each object in a row of up to nine 95 100 100 

obiects. 
7 The student can determine the numbers immediately preceding and following a 100 100 100 

given two-digit number. 
8 The student can order a set of two-digit numbers. 100 100 100 
9 The student can count sets of tens. 95 100 100 
10 The student can determine the two-digit number depicted in a given representation 95 86 95 

of tens and ones. 
11 The student can order a set of three digit numbers. 76 81 100 
12 The student can determine the two-digit number associated with a given point on a 76 81 100 

number line. 
13 The student can determine the next two numbers in a sequence of three-digit 48 76 100 

numbers in equal increments. 
14 The student can order a set of four-digit numbers. 57 57 76 
15 The student can determine the three-digit number depicted in a given representation 48 76 86 

of hundreds, tens, and ones. 
16 The student can determine the nearest hundred to which a given set of three-digit 14 10 76 

numbers all round. 
17 The student can determine the two-digit number depicted in a given representation 24 52 62 

of tens and ones that requires re2"rouping. 
18 The student can determine the greatest four-digit number that can be formed from a 19 33 33 

given set of four single digits. 
19 The student can read a large multi-digit number involving millions. 5 19 38 
20 The student can determine the next number in a sequence of four-digit numbers in 14 14 29 

equal increments. 
21 The student can determine the three-digit number depicted in a given representation 19 38 38 

of hundreds, tens, and ones that reauires regrouoing. 
22 The student can rename a three-digit number. 14 10 19 
23 The student can give the value of a point on a number line involving positive and 2 14 24 

negative inte2"ers. 
24 The student can determine the value of 10 raised to a given power. 0 0 0 

The profile provides a picture of the class achievement against each of the item 

objectives. All the class (100%) demonstrated these skills on all three assessment 

occasions. 

• count objects (1-5) in a set. 

• form a set whose numbers correspond with the members of a given set (1-5) 

• read one digit numerals (0-9). 

• order a set of one digit numbers. 

• count objects (0-9) in a set. 

• name the ordinal position of each object in a row of up to nine objects. 

• determine the numbers immediately preceding and following a given two-digit 

number. 

• order a set oftwo-digit numbers. 

Not one of the students showed that they can determine the value of 10 raised to a given 

power on any of the assessments. Between these extreme scores for items, percentages 
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of the class demonstrated the skills and knowledge specified for the items, e.g., 76% of 

the class showed that they could determine the two-digit number associated with a given 

point on a number line (which involved counting by fives) on the first assessment, this 

increased to 81 % on the second assessment and to 100% on the third occasion. 

This plotting of the class scores against the item objectives provided a profile of skills 

and knowledge across the class. The items of the KeyMath-R covered a greater range 

of content than that defined for the study. The study was focused on two-digit 

numeration however, the KeyMath-R Numeration subtest extends that focus from one

digit to multi-digit numbers and advanced numeration topics. Analysis of the more 

specific topic of two-digit numbers within the subtest was possible through the domain 

scores. 

Domain scores 

Class achievement was also interpreted through the analysis of the raw scores for each of 

the four domains within the Numeration subtest. The scores provided a picture of the 

class performance in terms of different size numbers (single-digit numbers, double-digit 

numbers, triple-digit numbers, and larger numbers) that were the focus of the six items 

in each of the domains. Analysis of the twenty-one students' responses to the items in 

each of these domains was then carried out. This process provided a description of class 

skills and knowledge of the different numbers, and the types of errors that were 

contained in the class performance. The distribution of domain raw scores achieved by 

the class is shown in Table 6.3 with the specific focus of this study, two-digit numbers, 

shaded. 
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Table 6.3 KeyMath-R domain raw scores 

.................. !. .. l . 

The pattern of scores from the first administration of the KeyMath-R indicates that the 

class was able to show the skills and knowledge needed for the first domain, numbers 0-

9, with one exception. One student (5%) made two errors within this domain, while the 

rest of the class scored perfectly on all six items. The class was then spread across the 

middle and upper end of the scores for the domain of numbers 0-99, across the whole 

range in the third domain, numbers 0-999, and into the mid range of the domain of 

multi-digit numbers and advanced numeration. All the items within the domain of two

digit numbers, the focus of this study, were achieved by 19% of the class, and all 

students (100%) scored on at least two items in this domain. This pattern of domain 

scores describes a wide range of performance across the class. In reference to the focus 

of the domain, two-digit numbers, the relevant items provided a picture of achievement 

within this domain. 

On the second assessment, KeyMath-R (2), the pattern of scores indicated that all 

twenty-one students. in the class achieved perfect scores in the first domain, and 3 or 

more in the domain of two-digit numbers. Eleven of the students (52%) scored perfectly 

on items concerned with two-digit numbers, while another ten students (48%) made 

between one and three errors. The class was then spread across the remaining two 

domains, with fourteen of the students scoring correctly on three or more of the three

digit number items. Twelve of the students (57%) scored on at least one of the multi

digit numeration items. The distribution of domain raw scores shows that the class 
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demonstrated skills and knowledge ranging from two-digit numbers into the multi-digit 

number domain. 

The scores for the third assessment, the KeyMath-R (3), show that all students in the 

class scored perfectly on the six items in the domain of numbers 0-9. Eight students 

(38%) made one or two errors in the next domain, of two-digit numbers, while the other 

thirteen students (62%) scored correctly on all items in this domain. All students 

(100%) got at least one item related to three-digit numbers correct, the domain of 

numbers 0-999, and two students (l 0%) achieved a perfect score in this domain. No 

students scored on all items in the highest domain, of multi-digit numbers and advanced 

numeration, however, a number of students (81 %) achieved scores up to four in this 

domain. 

The determination of achievement of the class in terms of the content of the 

conventional assessment instruments was done as prescribed in each manual. The DMT 

analysis involved patterns of mastery of items, checklists of item objectives, and item 

error analysis. The KeyMath-R analysis produced checklists of item objectives and 

analysis of domain scores. The DMT scores provided a picture of a class that 

demonstrates knowledge of the content of the DMT as 'reasonably well known' on each 

of the assessment occasions. Eight students were below mastery on the first occasion, 

and four on each of the two subsequent assessments. Otherwise the class has shown 

mastery of place-value numeration of two- and three-digit numbers as represented by the 

DMT. The analysis of the KeyMath-R scaled scores has provided a different picture of 

the class on three occasions, in terms of age-referenced scores. The class is spread from 

'markedly below average' to 'markedly above average' on the first and second 

occasions, but became more compact on the third assessment. These assessments 

indicate that there is a wide range of achievement of skills and knowledge of numeration 

as sampled by the KeyMath-R Numeration subtest, consistent with the report by 

Cockcroft (1982). 

This section of the chapter has presented conventional assessment information that 

supported determination and description of achievement of place value numeration. It 

involved the determination of achievement with respect to the criteria for each of the 

commercial instruments. The determination of achievement using the alternative 

assessment is presented in the following section. 
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DETERMINING ACHIEVEMENT USING 
ALTERNATIVE ASSESSMENT 

In this section the information derived from the dynamic assessment procedure, the 

STOPV-DA, is presented and considered as a basis for determining and describing 

achievement of students in the study. 

Achievement is described in terms of the Vygotskian model of the zone of proximal 

development that includes a description of actual achievement, of assisted achievement, 

and of the zone in between. First, actual achievement as determined by the pre-test is 

presented. Second, assisted achievement according to the post-test is discussed. Third, 

proximity to the target achievement is considered. 

To simplify language in this discussion, the following abbreviations will be used. 

STOPV Seven Tasks of Place Value 
(pre-test and post-test) 

STOPV -DA Dynamic assessment procedure in conjunction with the 
STOPV (includes pre-test, mediation, and post-test) 

Determining actual achievement using STOPV pre-test 

The STOPV pre-test provided information about the students' stages of development of 

understanding, and profiles of response to the seven tasks. 

Stage of development of understanding 

The responses of the students on each of the STOPV pre-tests were classified according 

to the prescribed levels of performance defined in the design. From interpretation of the 

responses each student was classified as functioning within: the Emergent stage; the 

Construction stage; or the stage of Understanding, (Appendix 4.7). The frequency of 

classification across the class is summarised in Figure 6.4. The figure is labelled for the 

three assessment occasions and each letter represents one student. The percentage of 

students classified in each stage are noted in bold text, and the line is proportionally 

divided (approximately). 
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A 
B 
F H C 
N K G 
R X L D M 
W Z T I S P E J 
STOPV (1) 71 % 24% 5% 

A I -
B H K C 
W F N L D E J 
X R Z T S G P M 
STOPV (2) 67% 24% 10% 

C 
A D 
F E 

B S L I M G 
W H X N T R K Z P J 
STOPV (3) 33% 38% 29% 

Stage of Stage of 
Emement sta~e Construction Understanding 

Figure 6.4 STOPY pre-test frequency of stages of understanding 

The first assessment STOPY (1) provides a picture of the class that has one student (5%) 

with established understanding of place value, 24% of students constructing an 

understanding, and 71 % with emerging aspects of place value. Jack was the only 

student who was classified as having achieved Understanding. 

On the second assessment occasion STOPY (2), two students (10%) were determined to 

have reached the stage of understanding, five students (24%) constructing an 

understanding and fourteen (67%) students developing the concepts. Jack was joined by 

Maddie as being deemed to have achieved understanding of place value numeration. 

The other four students in the Construction stage on the first occasion were again within 

that stage and were joined by Daniel, who had been classified in the emergent stage on 

the first assessment. 

On the third assessment, STOPY (3), the class provided responses that showed that six 

students (29%) had achieved an understanding of place-value numeration. Eight 

students (38%) were in the process of constructing that understanding, at times showing 

understanding, while seven students (33%) were dealing with early aspects of place 

value. Jack remained in the stage of Understanding, however Maddie was not 

considered to be in that stage on this occasion, since she provided a level 2 response to 

the Task 3 (non-standard partitioning). The other five students who were in the 

Construction stage on the previous assessment were considered to have established 

Understanding on this assessment. Seven students, Alex, Farley, Ingrid, Kieren, 

Rachael, Thomas and Zoe were all now classified within the Construction zone. They 
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had all previously been within the Emergent stage. Seven students were still within the 

Emergent stage, having been at this stage for the entire period of the study. 

Apart from Maddie, all students either remained within the same stage or moved to a 

higher one over the period of the study. Daniel moved through all three stages over the 

three assessments, however, the other students moved up one stage over the twelve 

months. Maddie moved up from Construction to Understanding over the first two 

assessments but then moved back to construction on the third assessment. She was 

distracted by the non-standard groupings used in Task 3 and did not provide a high level 

response on this occasion. The reasons for Maddie's depressed responses on the third 

assessment, were related to her physical and emotional well-being and are discussed in a 

later section. 

These figures show that a small proportion of the class have achieved an understanding 

of place-value numeration. This increased from one student (5%) to six students (29%) 

over the twelve months of the study. Fifteen students (71 %) were considered to be in 

the early stage of developing understanding at the beginning of the study, which was 

reduced to seven (33%) students after twelve months. The figures show growth of 

understanding within the class over the twelve months, but indicate that there are still 

fifteen students (71 %) who have not yet achieved understanding of place-value of two

digit numbers. 

Profiles of response 

The STOPV pre-test also provided descriptions of the achievement of the students in 

terms of the pattern of responses across the tasks of the STOPV. A compiled profile for 

the class on the three occasions is shown in Figure 6.5. The percentages of students 

providing STOPV pre-test responses at each level are recorded for each of the three 

assessment occasions. 
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STOPV (!) STOPV (2) STOPV (3) 

Task 1 Level I Level 2 Level 3 Level I Level 2 Level 3 Level I Level 2 Level 3 

Conservation 38% 5% 57% 24% 76% 10% 91% 

Task 2 Level I Level 2 Level 3 Level 4 Level 1 Level 2 Level 3 Level 4 Level I Level 2 Level 3 Level 4 

Standard place 100% 5% 95% 100% 
value partitioning 

Task 3 Level I Level 2 Level 3 Level 4 Level 1 Level 2 Level 3 Level 4 Level I Level 2 Level 3 Level 4 

Non-standard 14% 62% 10% 14% 19% 52% 14% 14% 5% 48% 10% 38% 
partitioning 

Task 4 Level I Level 2 Level 3 Level 4 Level I Level 2 Level 3 Level 4 Level I Level 2 Level 3 Level 4 

Counting by tens 29% 19% 52% 14% 29% 57% 10% 19% 71% 

Task 5 Level I Level 2 Level 3 Level I Level 2 Level 3 Level I Level 2 Level 3 

(06) 19% 76% 5% 71% 29% 48% 

Task 6 I digit 2 digit 3 digit 4 digit I digit 2 digit 3 digit 4 digit 1 digit 2 digit 3 digit 

Writing multi-digit 10% 67% 24% 57% 43% 43% 
numbers 

Task 7 I digit 2 digit 3 digit 4 digit I digit 2 digit 3 digit 4 digit I digit 2 digit 3 digit 

Reading multi-digit 14% 38% 48% 24% 76% 19% 
numbers 

Figure 6.5 STOPV pre-test distrIbution of levels of response 

(NB: The figures do not all exactly total 100% since each was rounded to the nearest whole number) 

The percentage scores above are now considered within the context of the nature of the 

tasks. A box including the task question and a representation of the format is included 

for reference. 

Task 1 Conservation of number 

@)®~ ~@ "Do you think there are 
more or less or the same 

00%"0 @ number of beans altogethel 
00 oo'b'b @ 

\l\l>o as before?" 
%0 00 

On the first assessment just over half the class (57%) demonstrated conservation of 

number. The other students were spread over the bottom two levels of response, 

indicating that they did not conserve number. The second assessment showed an 

increase in the number of students demonstrating conservation, to 76%. However, 24% 

of the class still did not demonstrate conservation. On the third assessment all the class 

(100%) showed that they were conserving number. 
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Task 2 Standard place value partitioning and digit correspondence 

"Use these counting blocks to build 52." "How do you know that is 52?" 

a 
DD 
a 

a 
a 

The first assessment results indicated that all the students in the class could construct the 

number fifty-two using base ten blocks and explain the meaning of the two digits in 52. 

One student (5%) did not demonstrate that during the second assessment, however she 

joined all the class again on the third assessment. 

Task 3 Non standard partitioning of twenty-six 

"Count these and write down how many." 

"Sort the counters into groups of 4. " .... 
•• • • 

••• • 
• •• • 

• •• • 
• • •• 

• • 
"Does this part of your 26 have anything to do 
with how many counters you have?" 

The class was spread across all levels for this task on all three occasions. The percentage 

of students demonstrating highest level performance of the task moved from 14% on the 

first and second assessments to 38% on the third assessment. There was movement up 

and down the levels on the three assessments, however, only one student (5%) remained 

on the lowest level on the third assessment. The results of this task contrast with the 

previous task which was also a digit correspondence task. The difference in context of 

the task questions apparently made a difference to the students' abilities to demonstrate 

understanding of the meaning of the two digits in a two-digit number. 

Task 4 Counting by tens 
~----------------------------------~ 

"How many beans do you think there are?" 

"Count them." 

"Count them again by tens" 

The preliminary activity in this task was to estimate the number of beans in a large pile 

on the table. This part of the task does not contribute to the allocation of level of 

response, which is solely focused on the process of counting-by-tens. However, the 

estimation responses are worth reporting. 
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For the first assessment the pile of beans contained 98 beans. The estimates ranged from 

40 to 150, with most students (91 %) giving estimates between fifty and about a hundred. 

The pile of beans was changed for the second assessment, to contain 89. The estimates 

ranged from 30 to 110. Again the concentration (91 %)was between fifty and about a 

hundred. On the third assessment 92 beans were in the pile and the responses ranged 

from 50 to 200. As with the previous assessments the estimates mostly fell between 50 

and 100. Only one student was outside that range. There did not seem to be any pattern 

to these extreme responses. Jack and Daniel were the two extremes on the first 

assessment with 150 and 40. On the second assessment Peta said that there were 30 and 

Zoe said 110. On the third assessment Brooke said there were 200 beans. 

The main activity within this task was to count a large number of objects by tens. 

Responses to Task 4 on the first assessment resulted in eleven students (52%) who 

counted efficiently by tens. Four students (19%) grouped the beans into tens, but were 

counting by ones as they moved on from each group. They did not demonstrate the use 

of the tens and ones systems simultaneously. The other six students (29%) gave each 

bean the value of ten. On the second occasion, more than half of the class (55%) 

provided responses at the highest level, counting efficiently by tens. This included two 

students who counted spontaneously by tens. Six students (29%) provided a mid level 

response. Three students (14%) gave responses that showed that they did not understand 

the task. On the third assessment fifteen students (71 %) counted well by tens, with four 

others (19%) showed developing skills. Two students (10%) provided responses that 

indicated that they did not understand the task as they gave each bean the value of ten. 

Task 5 Interpretation of the whole numeral '06' 

"What number is this?" 

USE BY: 0 6 APR 
"Why?" 

The stimulus item for this task was a biscuit packet. On the first assessment one student 

(5%) provided the highest level response to this task, while 19% of the class were at the 

lowest level, and showed no understanding of the role of zero in this two-digit number. 

The other 76% of the class provided responses that indicated emerging understanding. 

The stimulus object for this task on the second assessment was a biscuit pack with a use

by date of '06 Jun.' The particular grocery item package had been changed from that 

used in the first assessment, to reduce memory support. Of the twenty-one students, none 

provided a lowest level response, 76% gave a middle level response, and 24% provided a 

response that met the criteria for the higher level. 
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The third assessment occasion the stimulus package was altered again to reduce memory 

support for the students. On this occasion it was a lolly box with a date of '01 May'. Of 

the twenty-one students, 10% provided a lowest level response, not identifying the 

number as one, 38% of students gave a middle level response and 52% of students 

provided a top level response. 

Task 6 Writing multi-digit numbers. 

"Write these numbers 3,6, 19,83,109,172, 1607,3045,6572." 

During assessment (I) 29% of the class wrote all one- to four-digit numbers correctly, 

62% wrote one- to three-digit numbers correctly but made errors on four-digit numbers, 

and 10% wrote one- and two-digit numbers correctly but made errors on three- and four

digit numbers. 

On the second occasion, of the twenty-one students, 43% wrote all numbers correctly, 

while 57% made errors writing four-digit numbers. 

On the third assessment more than half of the twenty-one students (57%) wrote all the 

one-, two-, three-, and four-digit numbers correctly. One student asked for the four-digit 

numbers to be repeated as she wrote them. She got them all correct. The other 43% of 

the class made errors on the four-digit numbers only. 

Task 7 Reading multi-digit numbers 

"Tell me what these numbers are." 

[TIl 9 I DIJ I 40 Itsu~1004112407116251 I 

Within the group on the first assessment, 48% of students read four-digit numbers 

correctly, 38% read up to three-digit numbers, and 14% read one- and two-digit numbers 

correctly. Five students (24%) both read and wrote four-digit numbers correctly. 

On the second assessment all students read and wrote one- and two-digit numbers 

correctly. Within the group, 76% of students read four-digit numbers correctly. Five 

students (24%) made errors reading four-digit numbers, and twelve student made errors 

writing four-digit numbers. Overall, 38% of the students read and wrote all four-digit 

numbers correctly. 
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On the third assessment most of the class (81 %) read all the one-, two-, three-, and four

digit numbers correctly, while 19% of students made errors on the four-digit numbers. 

These results have provided descriptions of the class on three occasions, in terms of 

achievement of understanding of place-value numeration. This was done by considering 

the stages of understanding allocated to each student, and the profiles of response across 

the seven tasks. This description of achievement on the STOPV pre-test reflects the 

Vygotskian concept of actual achievement, which is determined from the static 

component of the assessment procedure (pre-test), prior to any mediation. 

Determining assisted achievement using STOPV post· test 

Dynamic assessment establishes the boundaries of each student's zone of potential 

development through a determination of actual achievement and of assisted 

achievement. The actual achievement has been described in the previous part of this 

section. In this study the assisted achievement was not open-ended but was bounded by 

the nature of the STOPV, as the stage of Understanding. This was the target 

achievement and was indicated by highest level responses on all seven tasks. 

Although only one student on the first assessment demonstrated achievement of the 

stage of Understanding during the pre-test, all the students were able to demonstrate the 

target achievement with assistance on the post-test. The STOPV and the target 

achievement of the stage of Understanding provided a ceiling to the assessment 

mediation, and to the demonstration of assisted achievement. Information about 

assisted achievement beyond the focus of two-digit numbers was not accessed, except 

for the reading and writing larger numbers in tasks 6 and 7. 

The nature of the assessment structure did not produce differing end points of the 

assisted achievement since there was a defined target achievement. When the target was 

achieved the assessment ceased. Although the students in this study demonstrated 

different levels of actual achievement, they were all assisted to the limit of the STOPV, 

the target achievement. 

Determining proximity to achievement using STOPV·DA 

Actual and assisted achievement have been determined by the STOPV pre-test and post

test. Proximity to achievement or the zone of proximal development was defined for 

each of the students in terms of the distance between actual achievement and assisted 
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achievement. The STOPY pre-test and STOPY post-test define the boundaries of the 

zone of proximal development within which the STOPY -DA mediation operates. From 

quantitative analysis of the STOPY -DA data it was possible to define relative proximity 

to the target achievement. Proximity to achievement is defined in two ways: the 

distance between actual and assisted achievement; and the context of the actual and 

assisted achievement. 

Distance between actual and assisted achievement 

The distance between actual and assisted achievement for each student was measured. 

This involved clearly specifying the two levels of achievement, and then measuring the 

distance using a number of dimensions. This part of the chapter begins with an 

explanation of the format of the recording of the actual and assisted achievement, which 

is followed by presentation of the quantitative analysis of the profiles. 

Profiles of actual and assisted achievement 

A profile of actual and assisted achievement allowed a visual representation of the 

proximity to achievement for each student. This was presented on a profile form that 

was designed to record and analyse the distance between actual and assisted 

achievement. The profile that was designed with the target achievement aligned to the 

right border of the figure, and the levels of response arranged to the left. Tasks I and 5 

have three levels of response, while the other tasks have four. Each student's pre-test 

and post-test response levels are plotted on the profile for the three occasions. The 

numbers in brackets mark the pre-test response on the first (1), second (2) or third (3) 

assessment occasion. Thus the student's profiles on all three assessments in this study 

are compiled on one form. The arrows mark the path of mediation to assisted 

achievement. The samples shown here in Figures 6.6 and 6.7 are those of Jack and 

Grace. 
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Task I Level I Level 2 Level 3 Task I Level I Level 2 Level 3 

Conservation (1)(2)(3) Conservation (C )(2)(3) 

Task 2 Level I Level 2 Level 3 Level 4 Task 2 Level I Level 2 Level 3 Level 4 

Standard nlace value oartitionin2 (1)(2)(3) Standard olace value oartitionin2 (C)(2)(3) 

Task 3 I Level I Level 2 Level 3 Level 4 Task 3 I Level I Level 2 Level 3 Level 4 

Non-standard oartitioning (1)(2)(3) Non-standard oartitioning (! )(2) ~) 
Task 4 Level I Level 2 Level 3 Level 4 Task 4 Level I Level 2 Level 3 Level 4 

Countin. bv tens (1)(2)(3) Countin. bv tens (C )(2)(3) 

TaskS Level I Level 2 Level 3 TaskS Level I Level 2 Level 3 
~ 

(06) (J )(2)(3) (06) (I) (2)(3) 

Task 6 I digit 2 digit 3 digit 4 digit Task 6 I digit 2 digit 3 digit 4 digit 

Writing multi-digit numbers (C)(2)(3) Writing multi-digit numbers 
~ 

(C)(2) (3) 

Task? I digit 2 digit 3 digit 4 digit Task? I digit 2 digit 3 digit 4 digit 

Reading multi-digit (J)(2)(3) 

Figure 6.6 STOPV-DA (1), (2), (3) 
Profiles for Jack 

Reading multi-digit 
(C)(2)(3) 

Figure 6.7 STOPV-DA (1), (2), (3) 
Profiles for Grace 

Jack provided highest level responses on the pre-tests on all three occasions. So his 

actual and assisted achievement were the same, and his proximity to achievement was 

not meaningful. Grace's proximity to achievement is represented by the arrows. Grace 

provided highest level responses on the STOPV pre-test for all but five tasks on the three 

occasions. Her other pre-test responses included Level 2 on Task 3 on the first and 

second assessment, Level 2 on Task 5 on the first assessment and her writing of numbers 

was restricted to three digit numbers on the first and second assessments. The arrows 

indicate that mediation assisted Grace in demonstrating highest level responses on all 

tasks on the first and second assessments. On the third assessment Grace demonstrated 

actual achievement equivalent to target achievement on all tasks of the STOPV pre-test 

(3) and so received no mediation. 

This visual representation of actual and assisted achievement was compiled for each 

student and is presented in Appendix 6.2. In summary, profiles of actual and assisted 

achievement were derived for each of the students and for the class by plotting the 

responses for the STOPV pre-test and the target achievement. 

The previously discussed profiles allowed visual analysis of the difference between 

actual and assisted achievement, Le., the proximity to achievement. Quantitative 

analysis of the relative size of this zone of proximity was carried out using four 

measures. The distance was determined by counting: the number of tasks that needed 

assistance for achievement; the number of the assisted task -steps to achievement; the 

length of the mediation sessions; and the number of interactions in the sessions. 
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Assisted tasks 

The number of tasks that required assistance were compiled across the class. The tallies 

are shown in the following Table 6.4 for each of the three assessment occasions. 
Table 6 4 STOPV-DA assisted tasks 

NQ STOPV-DA (1) STOPV -DA (2) STOPV-DA (3) 
Tasks % Student Initials % Student Initials % Student Initials 

0 5 J 10 JM 24 CDEGJ 
1 5 E 14 CEP 14 MPZ 
2 10 DS 14 DGS 29 AFIKLN 
3 24 CGIMP 19 IKLT 14 RSX 
4 10 LT 19 AHNZ 5 T 
5 19 HKXZ 10 FR 10 BH 
6 29 ABFNRW 14 BWX 5 W 
7 0 0 0 

Nobody needed assistance on all tasks and one student (5%) did not require any 

assistance on all three assessment occasions. On the first assessment nearly a third of 

the class (29%) needed assistance to achieve on six of the seven tasks. This was reduced 

to 14% on the second assessment and 5% on the third. The distribution of the students 

altered over the three assessments, with a concentration between three and six tasks on 

the first assessment, a more even distribution up to six tasks on the second assessment 

and a concentration up to three tasks on the third assessment. 

Jack did not need any assistance to demonstrate achievement so there was no distance 

between the actual and target achievement. He was joined by Maddie on the second 

assessment and by Christopher, Daniel, Ewan, and Grace on the third assessment. 

Otherwise the distance between actual and target achievement ranged from one to six 

tasks. The distance for Wanda on each of the three assessments remained at six tasks, 

while the other students who had six tasks on the first assessment all moved to a shorter 

distance on the subsequent assessments. 

Although it was simple to tally the number of tasks achieved and the number which 

needed assistance, this makes an assumption, which cannot be supported. It cannot be 

assumed that the tasks are of equal value and contribution towards the target 

achievement. Therefore the comparison of the number of tasks cannot be considered 

without looking at the nature of the particular tasks and the related concepts. It was 

possible to consider the relative value of the tasks using the Rasch analysis reported 

earlier, in Chapter 5. The relative difficulty of the tasks was shown in Figure 5.5. 

(Note: the tasks of the STOPV are referred to as items in Chapter 5) 
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From the profile, the distance between the pre-test profile and the target profile was 

measured by the number of steps to the target achievement. This procedure provided a 

rough measure of difference between students, which was considered with reference to 

the statistical analysis of the relative difficulty of the tasks. This analysis allowed 

discrimination of students on the basis of the number of tasks between actual and 

assisted achievement. 

Assisted task-steps 

The number of assisted task-steps was counted for the students and compiled for the 

class. Each task was divided into two steps, and so a task-step is one of those steps. 

Step 1 is from the lowest level response to a mid level response, and step 2 is from a 

mid-level response to the highest level response. The percentage of students who 

required assistance for each of the task-steps on the three assessment occasions is 

recorded in the Figure 6 8 below 
STOPV-DA (1) STOPV-DA (2) STOPV-DA (3) 

Task 1 Level I Level 2 Level 3 Level I Level 2 Level 3 Level I Level 2 Level 3 
, 38%, , 43% I , 24% I ' 24% , 5% 5% 

Conservation I ask i ~tep I Task 1 Step 2 Task I Step ~ Task 1 Step 2 T~sk 1 Step \ ~ask I Step 12 

Task 2 Level I Levels 2 and 3 Level 4 Level 1 Levels 2 and 3 Level 4 Level 1 Levels 2 and 3 Level 4 

Standard place 0% 0% 5% 5% 0% 0% , , , , , , , , , , I I 

value partitioning Task 2 Step 1 Task 2 Step 2 Task 2 Step 1 Task 2 Step 2 Task 2 Step I Task 2 Slep 2 

Task 3 Levell Levels 2 and 3 Level 4 Level I Levels 2 and 3 Level 4 Level I Levels 2 and 3 Level 4 

Non-standard 14% 86% 19% 86% 5% 62% 
I I I I I I I I I I I I 

partitioning Task 3 Step 1 Task 3 StepZ Task 3 Step I Task 3 Step 2 Task 3 Step 1 Task 3 Step 2 

Task 4 Levell Levels 2 and 3 Level 4 Level I Levels 2 and 3 Level 4 Level I Levels 2 and 3 Level 4 

Counting by tens 29% 52% 14% 43% 10% 33% 
I I I , I I I , I I I , 
Task 4 Step I Task 4 Step 2 Task 4 Step 1 Task 4 Step 2 Task 4 Step 1 Task 4 Step 2 

Task 5 Level I Level 2 Level 3 Level I Level 2 Level 3 Level 1 Level 2 Level 3 

(06) 19% I 95% 0% I 71% 0% , 48% 
I I I Ta~K 3 ~tep i 

, I I I I 
TaskS Step 1 Task 5 Step 2 Task 5 Step 2 Task 5 Step I Task 5 Step 2 

Task 6 2 digit 3 digit 4 digit 2 digit 3 digit 4 digit 2 digit 3 digit 4 digit 

Writing multi-digit 10% 76% , 0% 57% 0% 38% , I I I I I I I I I I 

numbers Task 6 Step 1 Task 6 Step 2 Task 6 Step 1 Task 6 Step 2 Task 6 Step I Task 6 Step 2 

Task 7 2 digit 3 digit 4 digit 2 digit 3 digit 4 digit 2 digit 3 digit 4 digit 

Reading multi-digit 14% 52% ,0% , I 24% ,0% , I 19% 
I I , I I I 

numbers 
Task 7 Step 1 Task 7 Step 2 Task 7 Step 1 Task 7 Step 2 Task 7 Step 1 Task 7 Step 2 

Figure 6.8 STOPV-DA assisted task-steps 

This figure contains the percentages of students who required mediation for each of the 

task-steps, on each of the three assessment occasions. The figures contain no surprises 

as more students needed assistance to move on the later steps for tasks. This reflected the 

development research that generated the tasks (See Chapter 3). However, it is possible 

to see the reductions in assistance needs over the three assessments, e.g., Task 5 Step 1 

reduced from 19% to 0% from assessment (1) to (2) and Step 2 from 95% to 71 % to 
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48 % over the three assessments. The only task -step that did not consistently reduce in 

needs was Task 2, on which one student needed assistance on the second assessment 

only. 

The total number of steps for each student was also considered in this analysis. The 

totals are recorded in the following Table 6.5 

Table 6.5 STOPV -DA Distribution of number of assisted task-steps 

(NB' The figures do not all exactly total 100% since each was rounded to the nearest whole number) 
NQ STOPV-DA (1) STOPV-DA (2) STOPV-DA (3) 
Task-steps % Student Initials % Student Initials % Student Initials 

0 5 J 10 MJ 24 CDEGJ 
I 5 E 0 14 MPZ 
2 5 S 29 CDEGPS 24 AFINS 
3 24 DGIMP 10 IT 14 KLR 
4 5 L 24 AHKLN 10 TX 
5 5 C 5 Z 10 BH 
6 19 HKTZ 0 0 
7 5 A 24 BFRWX 0 
8 5 N 0 5 W 
9 24 BFRWX 0 0 
10 0 0 0 
11 0 0 0 

12-14 0 0 0 

This table shows the distribution of the number of steps within the zone of proximal 

development, between the actual and assisted achievement. Jack, was placed at 0 on 

each graph as his actual achievement matched the target and there was no need for 

assistance. Maddie, on the second assessment, and Ewan, Daniel and Christopher on the 

third assessment all joined Jack, who consistently demonstrated the target achievement 

on all the assessments. The other students are spread across the scale up to nine steps 

(1), seven (2) and eight steps (3). The distribution of the students became more compact 

over the three assessments, and was restricted to most students on five or less steps by 

the end of the study. One student, Wanda, was eight steps from the target achievement 

on the third assessment. 

In keeping with the task discussion of the previous part of this chapter, the assumption 

that the task-steps are of equal value is needed for direct comparison of these numbers of 

task-steps within the zone of proximity. The Rasch analysis was again used to 

investigate the relative difficulty of the task-steps, and it clearly showed the differences 

in value of the task-steps. This statistical analysis provided information that allowed 

more meaningful interpretation of the numbers of task-steps. The relative difficulty of 

the task-steps was shown in Chapter 5 (Figure 5.6) and was used to consider relative 

differences in proximity to achievement through this factor. 
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These analyses of the profile of assisted STOPV tasks and task-steps provide 

information about the extent of the zone of proximal development; the distance between 

actual achievement and the target achievement across the class. There is a wide range 

of zones of proximal development across the class. Some students are only one task (of 

seven), and one task-step (of fourteen) away from the target achievement, while others 

are six tasks (of seven) and nine task-steps (of fourteen) away from the target 

achievement. The relative contribution of the particular tasks and task -steps to the size of 

the proximity to achievement was considered. This was done with reference to the 

Rasch generated ranking of the relative difficulty of the tasks and task-steps. These 

measures provided information about the relative sizes of the proximity to achievement 

for the students in the class. 

The number and difficulty of tasks and task-steps provided two dimensions for the 

interpretation of the difference between actual and assisted achievement. One is the 

proximity to achievement. Another dimension is the intensity of the mediation provided 

during the STOPV-DA. This is now considered in terms of the length of the mediation 

sessions and the number of interactions during mediation. 

Length of STOPV-DA sessions 

The amount of time used for the STOPV-DA was measured in minutes from the 

beginning of the STOPV pre-test to the end of the STOPV post-test. A graphic 

representation of the amount of time taken for each student is in Figure 6.9. Each 

student is represented by the first initial. 
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During the first assessment one student (5%) was able to achieve highest level responses 

on all tasks without any mediation. Jack's session, which was thus limited to initial 

responses to the tasks (STOPV pre-test), lasted 6 minutes. The other sessions ranged 

from 10 minutes to 36 minutes. The average session time was 20 minutes. Ten students 

(48%) had up to twenty minutes of mediation, while another seven students (33%) had 

up to thirty minutes. Three students (14%) needed over thirty minutes of mediation. 

These figures show a wide range of time used in the mediation of the seven tasks. 

On the second assessment two students achieved highest level responses on all tasks and 

therefore received no mediation. Their sessions, which were thus limited to initial 

responses to the tasks (the pre-tests), lasted seven and eight minutes. Another student 

required seven minutes for her session, which included two interactions of mediation. 

The other sessions ranged from 9 minutes to 29 minutes. The average time taken in the 

sessions was 16 minutes. Fourteen students (67%) had up to twenty minutes of 

mediation, while another seven students (33%) had between 20 and 30 minutes. Three 

students (14%) needed over 30 minutes of mediation. These figures again show a wide 

range of time used in the mediation of the seven tasks. 

On the third assessment five students (24%) received no mediation as they provided 

highest level responses on all tasks during the pre-tests. They used between five and ten 

minutes each for the administration of the STOPV pre-test, with four of them using 5, 6 

or 7 minutes. The mediation sessions ranged from 8 minutes to 29 minutes, with the 

average length of the sessions being 12 minutes. Seven students (33%) received up to 
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10 minutes, another ten students (48%) up to 20 minutes and one student (5%) required 

29 minutes of mediation. 

This measurement of the length of the STOPV-DA sessions provide a quantitative 

dimension for comparison of proximity to achievement across the class. 

Number of interactions in STOPV-DA mediation 

Another quantitative comparison of proximity to achievement was generated by the 

interactions that occurred during the mediation. From the transcript of each session, the 

number of interactions was counted. An interaction was defined as a pair of 

verbalisations or actions. The first verbalisation of the pair was a mediation strategy 

used by the researcher, and for each of these strategies there was either a response 

(verbal or action) from the student or a non-response. The number of interactions that 

occurred across the class are presented in the graph in Figure 6.10. For the purposes of 

the graph the number of interactions have been rounded up to the nearest five so that 

each marker includes the labelled value and the four preceding values, i.e., the mark of 

20 includes all values from 16 to 20 inclusive. Each student is identified by initial. (A 

table of the exact number of interactions is included in Appendix 6.3) 

Students 
(by initial) D 
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STOPV -DA (3) Number of Interactions 

Figure 6.10 STOPV -DA Number of interactions 

169 



Results II: Determining achievement 

On the first assessment the number of interactions ranged from 0 for Jack, who required 

no mediation, to 99. The students were spread in groups along this range, with nearly 

half (48%) needing up to 30 interactions. One student (5%), Kieren, needed between 30 

and 50 interactions, and nine students (43%) needed more than 50. Of those, Brooke 

and Wanda needed nearly 100 interactions each. The average number of interactions 

for the DA (I) was 43. 

From the second assessment the number of interactions ranged from 0, for the two 

students who received no mediation, Jack and Christopher, to 64 for Wanda. One other 

student, Maddie, required only two interactions, and she was in a group of nine students 

(43%) who required up to 20 interactions. Nine other students (43%) received 47 

interactions, and one student (5%) needed more than 50. The average number of 

interactions on this occasion was 23. 

The number of interactions used during the third dynamic assessments ranged from 0 to 

73. The average number of interactions on this occasion was 13, with most students 

using less than 20. Four students (19%) Christopher, Jack, Daniel and Grace, had no 

interactions as they scored on the highest level for each of the tasks on the pre-tests. 

Thirteen students (62%) needed up to 20 interactions. One student (5%), Wanda, had 35 

interactions and Brooke (5%) had 73 interactions. 

In summary, the determination of achievement of place-value numeration was done 

using the information provided by the alternative assessment procedure, the STOPV

DA. The STOPV-DA provided information about actual achievement, assisted 

achievement and proximity to achievement. Actual achievement, determined during the 

STOPV pre-test, described the understanding of place-value numeration across the class. 

Over the three assessments one student (5%), then two (10%), then six students (29%) 

were deemed to have achieved the stage of Understanding in this specific domain of 

school mathematics, while the rest of the class was in the process of constructing 

understanding or developing early concepts of place value. The assessment of the 

assisted achievement for the students provided a constant result, with all students being 

assisted to the level of the target achievement set by the STOPV. Proximity to 

achievement, the distance between actual and assisted achievement, was also determined 

and described. This was measured in four ways: the number of tasks that were assisted; 

the number of task-steps assisted; the length of time used in the STOPV-DA sessions; 

and the number of interactions used during mediation. These measures provided four 

dimensions of the proximity to achievement across the class, allowing comparison of the 

size of the zone of proximal development for the students. 
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The size of the zone of proximal development has been established through several 

measurement procedures, however, the interpretation of the alternative assessment is not 

complete without analysis of the nature of the zone. This is considered through the 

nature of the mediation that produced the assisted achievement. In the next section 

context for the actual and assisted achievement levels is described. 

Context of actual and assisted achievement 

Information about the context for actual and assisted achievement for the students was 

provided by the STOPV-DA assessment analysis. This was done by analysing patterns 

of mediation, the nature of the mediation strategies, and aspects of functioning affecting 

achievement. 

Patterns of mediation 

Patterns of mediation developed for each of the tasks and for the STOPV as a whole. 

This was guided primarily by the structure of the levels of response provided by the 

cognitive research base of the STOPV. It was also related to the researcher's 

conceptions of place value. The patterns of mediation for each of the tasks are described 

in Appendix 6.4. 

Mediation strategies 

Within this general pattern that followed the conceptual framework for the development 

of understanding of place value numeration, there was a range of mediation strategies 

that were used. Analysis of these strategies provided information about the students' 

contexts for achievement. 

As stated in the research design, the strategies to be used were not predetermined 

strategies to be used during the mediation of the STOPV-DA. Rather, the researcher, an 

experienced teacher and psychologist, used her counselling and teaching skills to 

interpret and respond to the perceived learning needs of each individual student. The 

strategies were derived from the tasks, the aspects of place value numeration underlying 

the tasks, the materials from the tasks, and the researcher's perceptions of the general 

cognitive, social, and emotional needs of each student. The need for flexibility in the 

selection and use of particular mediation strategies during the dynamic assessment was 

highlighted in the pilot study. The variance of learning needs of individuals reinforced 

the need to manage each learning situation as it progressed. The STOPV structure and 
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the need to establish the optimum relationship provided a framework for the choice of 

strategies. 

Considerable time has gone into analysing the mediation strategies that were used in 

this study, as a reference for future use. What teaching strategies worked and what 

strategies failed to enhance learning were investigated. The strategies that were 

employed by the researcher during the teaching phase were analysed to provide 

descriptions of the frequency of use of different types of strategies. The degree of 

intrusiveness of each strategy was also analysed. The classification of teaching 

strategies was derived from the literature and from the pilot study analysis. 

The type of teaching strategies used during the dynamic assessment sessions provided 

information about the perceived needs of a student within the learning situation. From 

the coding a description of the types of teaching procedures used with each student was 

compiled. The strategies used have been defined and are described across the 

dimension of intrusiveness in Table 6.6. 
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Table 6 6 Mediation strategies 
STRATEGY LEAST INTRUSIVE ... .. MOST INTRUSIVE 

l. EXPLANATION, seek an explanation. guide an explanation, provide an explanation, 
DESCRIPTION. SUMMARY, descriPtion. or summary description or summary descriotion or summary 
ORINfERPRETATION Tell me what you did. Why? You can sort them out so the /fwe had another nought ill there 

six tells ),OU ••• it would push the six along and 
make it sixty thousand. 

What's this telling me? This tells me there are 2 tens and 6 
ones. 

2. TASK QUESTION repeat paraphrase elaborate 

Does this part of your 26 have So what does this [2J tell you? IJfhe two tells yO/I how many tells 
anything to do with how mallY what does the six tell you? 
counters you have? 

3. RECALL seek recall guide recall provide recall 

HolV many beallsdid we have? How many beans are there We had 48 beans. 
altogether? (with gesture) 

4. FOCUS seek focus guide focus provide focus 

What is the same about these Think about this II/Imber here Look at how mallY digits are ;11 
IIl1mbers? again. this lI/1mber. 

5. ALTERNATIVE seek alternative guide alternative provide alternative 

How else could we do it? OK try that· see ifit works. There's another way to do this ... 

6. CONNECfION seek link guide link provide link 

previous aspects of session Have we done this before? Is this tile same as tile last Remember that this means tens 
task, making 52? and this means ones ". 

numeration relationships Read that number [that you But when you read this four-digit When we write a thousands 
wrote] to me. number YOIl said thousands. number it has to have four digits, 

jllst like this one, that you read 
correctlv. 

7. REPRESENTATION suggest use guide use model use 

material Is Ihere somethillg we could How call we make the counters I call group the counters ;lIto 
lise to help? look a bit like the blocks? groups of tens alld six left over. 

visual Can we drawafmme to help [drew boxes] thousallds, 
wilh thousallds IIl1mbers? hundreds, tellS, olles 

8.REFLECfION direct reflection paraphrased with elaboration 

tens OK so you've got two tens there. Theftrst digit tells you how mallY 
tells are in the number. 

9. EVALUATION seek evaluation guide evaluation provide evaluation 

Is that right? HOIvCOJI),ouchangerhat OK bill we've only got one left 
to make it olle thousand six over, so it's IIOt righl. 
hUlldred alld seve,,? 

10. TRANSFER seek similar task guide to similar task provide similar task 

Can you think of mwriJer Can yo// think of mwtller four- Let's Iry a different olle. 
questiolllike this olle? digit munber tlUllwou/d be 

writtelllike that? 
11. EMOTIONAL FOCUS non-verbal verbal - low level verbal - high level 

You giggled after these olles. Yes you call do it. 
Why were you gigglillg? 

This table includes definitions of the eleven strategies identified in the mediation of the 

STOPV-DA. Across the figure are three levels of intrusiveness defined and 

accompanied by an example of what that meant in the context of this study. Further 

definition of each of the strategies is included in Appendix 6.5. 

173 



Results II: Determining achievement 

The analysis of the mediation strategies was carried out for each task, and a description 

of the overall session was compiled. The description included the range of strategies 

and their effects. For a full analysis of the strategies from STOPV-DA (1) see 

Appendix 6.6. An interpretation of the effectiveness of the strategies was also carried 

out. This was done by determining which strategies had supported change in the 

student. The following transcript excerpt illustrates the type of analysis that was carried 

out. Grace provided a face-value response to task 3 in the pre-test. She stated that the 2 

in 26 meant "two left over" and the 6 meant "six groups". This reflected the groupings 

used in the task, and showed her reliance on the visual representation. The mediation 

began with the researcher regrouping the counters to see if the removal of the 

distracting groupings, the non-standard partitioning, would support Grace's 

interpretation of meaning for the digits. 

Res. [Circle 2] Does this part of your 26 have anything to do with how 
many counters you have? 

Grace Yes 

Res. What? 
Grace There's two left 

Res. [Circle 6] Does this part of your 26 have anything to do with how 
many counters you have? 

Grace Six groups 

* Res. Let's put them all into one group. Now what does this tell you about how 
many counters you've got? What about this? 

Grace No 

** Res. Make the same number using those (base-ten blocks). See if that helps 
because I'm sure you know. 

Grace [Routinely constructed 26] 

Res. Now what does this have to do with how many you've got? 
Grace There's two tens 

Res. And this? 
Grace There's six ones 

In this mediation for Grace the strategy of regrouping all the counters into one pile was 

used by the researcher (see * in the transcript). It was not effective. Grace did not 

provide a higher level response. The researcher then presented familiar materials, the 

base-ten blocks and sought a link (see **). The wording used in this interaction also 

emphasised the expectation that Grace would know. These strategies were effective. 

Grace was able to state the meaning of the two digits in 26. 
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From this analysis of strategies and their effectiveness, it was possible to specify the 

types of strategies that worked for the student, and the context of their application, as 

well as those which were not effective. 

A table of the mediation strategies employed for each student was compiled as part of 

interpretation of context of achievement for each student. An example of the type of 

notes that were generated is shown here in Table 6.7 for two students, Grace and Farley. 

The strategies were considered in terms of the effectiveness during the particular 

mediation session. Those which produced higher level responses from the student were 

determined to be effective, those that did not result in improved responses were 

considered to be ineffective on this occasion. 
Table 67 STOPV-DA Mediation strategies notes' Grace 

STOPV-DA (I) STOPV -DA (2) STOPV-DA (3) 
expectation of success, reflection of NO MEDIATION 

Effective mediation reversing roles, seeking spontaneous counting, 
strategies alternative task, grouping by tens, 

extension to five-digit seeking links 
number seeking evaluation, 
familiar representation, with reference to 
link with previous correctly read number 
ideas 
seeking link with 
familiar representation 
guided explanation 

Ineffective mediation regrouping regrouping 
strategies 

a e - e mtlon strategIes notes: T bl 68 STOPV DAM d' . F I ar ey 
STOPV-DA (I) STOPV-DA (2) STOPV-DA (3) 

sequence of guided providing description of explanation that 
Effective mediation explanation of very action, recalling number counting by tens means 
strategies small bits of information of beans, then asking grouping 

familiar representation, question again reflect the correct 
provide the language, emphasising the aspects of success, 
guide the links meaning made from his focus on pertinent 
modelling, labelling, explanations, providing aspects on the question 
repeating infonnation immediate feedback on link reading and writing 
and ideas (structured misconceptions 
training) familiar representation, 
providing evaluations guiding the links 

explanation, describing 
process for base-ten 
block countin~ 
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seeking explanations (he seeking description and 
Ineffective mediation made little or no explanation 
strategies response to many of reflecting on previous 

these) ideas 
frustration of the seeking links 
researcher is evident 
leading to selection of 
modelling strategies and 
direct explanations 
seeking evaluations 

These tables provide summaries of the strategies that were employed during the 

STOPV-DA sessions on each of the three assessment occasions. For Grace the only 

noted ineffective strategy was regrouping, which was a strategy used in the first stages 

of mediation of Task 3 (non-standard partitioning). On the two assessment occasions, 

Grace did not provide the appropriate response following that strategy and a more 

intrusive strategy, using the familiar representation of base-ten blocks, and seeking a 

link was used. It was effective. Farley did not respond to the less intrusive strategies 

such as seeking explanations and evaluations. Rather he needed more direction and 

structure in his mediation. 

In summary, the researcher used counselling and interviewing skills to establish an 

optimum teaching-learning relationship with each student. Within that relationship, 

mediation strategies were selected, during the session, in response to the perceived 

individual learning needs of each student. The selection of mediation strategies was 

guided by the structure of the tasks, and the materials available. It was also considered 

within the researcher's perception of each relationship and of the particular cognitive, 

social and emotional functioning of the student. The notes made for each student 

included summaries of mediation strategies used. These can be used to direct more 

specific analysis of each student's mediation through the transcript. 

Aspects of functioning affecting achievement 

The third dimension of the context of actual and assisted achievement that contributed to 

the interpretation of achievement of the students focused on aspects of functioning of 

students. This information from the assessment was the result of the researcher's 

perception of factors that were affecting the student's engagement in the mediation, and 

subsequent cognitive development. 

Analysis of each session involved interpreting the aspects of the individual student's 

functioning that were perceived by the researcher during the mediation. There was no 

pre-determined structure for the perception and definition of these factors. A case sheet 

has been compiled for each of the students, on which identified aspects of functioning 
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were compiled. One of the case sheets is shown here in Table 6.9 to illustrate the form 

of information recorded about the students. The other sheets are included in Appendix 

7.1. 
Table 6 .9 STOPV-DA Aspects 0 ff unctlOmng; notes: Grace 

STOPV-DA (I) STOPV-DA (2) STOPV -DA (3) 
eager to please, makes links, provides 

Aspects of functioning wanting to learn, good meaningful 
interpersonal skills explanations, 
absorbed by task, eager to please, 
comfortable in adult wanting to learn, good 
company, persistent, interpersonal skills 
needed minimum absorbed by task, 
commendation comfortable in adult 
excellent receptive and company, persistent, 
expressive language, needed minimum 
confident, challenged commendation, 
by hard tasks excellent receptive and 

expressive lan~ua~e 

Table 6.10 STOPV-DA Aspects 0 ff unctlOmng; notes: Farley 
STOPV-DA (1) STOPV -DA (2) STOPV-DA (3) 

unmotivated, not doubts ability, needed memory? 
Aspects offunctioning interested, needs urging, reassurance and minimal expressive 

distrusts own ability, feedback of success language made it hard to 
gives up easily, uses visual structure, know what he was 
distractible made beans into rows thinking 
minimal expressive for counting by tens happy to accept the 
language made it hard to immediate face 
know what he was meaning. doesn't search 
thinking for meaning 
some eagerness to 
please, the only aspect 
that could be used to 
keep the session going 
imprecise language, 
hard to determine 
thinking, confusing 

These tables show the notes taken from the STOPV-DA administration to Grace and 

Farley on each of the assessment occasions. Grace did not receive any mediation on the 

third assessment, so no notes were generated. The comments on the aspects of 

functioning are typical of the type of observations and interpretations that were made. 

There was no predetermined structure for interpretation of the sessions, except for the 

cognitive, social and emotional dimensions of mathematical learning defined in Chapter 

1. The notes above were generated by the researcher, without a structure to prompt 

identification. This was done to see what type of observations were generated. The 

notes were then analysed and considered in terms of the three dimensions. The 

identified aspects are listed, under the three dimensions identified as important to 

mathematical learning in Table 6.11 
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Table 6.11 Aspects of functioning identified in STOPV -DA analysis 
General cognitive aspects Social aspects Emotional aspects 
making sense engagement in interactions confidence 
focus and attention use of language anxiety 
memory motivation to learn 

perception of self as learner 

The nature of the identified aspects of functioning as defined in this table are presented 

briefly in order to describe the type of indicators of the aspects of functioning and the 

interpretations. Since the observation was not structured perceptions of these aspects of 

functioning were not necessarily carried out on each occasion. Therefore the notes 

below reflect the nature of the types of perceptions from all three assessments. 

General cognitive aspects of functioning 

Cognitive aspects of functioning that were identified fell into three areas: making sense 

of the learning; focus and attention on the pertinent aspects of the learning; and memory. 

These were identified in a number of students. 

i) Making sense 

On all three occasions most students were clearly making sense of the learning as it 

happened. Ewan and Grace were very efficient at making and evaluating links between 

concepts and made immediate links with little support from the researcher. They 

seemed to enjoy making sense of the tasks and concepts. Maddie was also clearly trying 

to make sense of the concepts and experiences, through expressing her ideas. Hannah, 

Zoe, Ingrid and Alex showed a need to make sense of the learning and some skill in 

doing so. Alex also showed a need to make sense of things by challenging some ideas. 

Hannah explained ideas clearly. Zoe explored some new ideas and sought clarification 

of instructions at times. Alex sought clarification of meaning of some instructions and 

tried to make sense of the tasks and concepts. He stopped at times to consider the 

aspects being dealt with, and sought clarification. Ingrid sought clarification at times 

although she was generally quiet, reserved and made a limited contribution to the 

interaction. Daniel sought clarification when things did not make sense. Ingrid showed 

some ability to make sense of ideas and link them, however, her tentativeness at times 

prompted the researcher to explore and consolidate ideas with her. She responded very 

well to guided explanations, where the researcher provided the beginning of 

explanations or descriptions. She contributed very effectively to these strategies. Kieren 

showed some ongoing confusion at times and needed consolidation and practice 

explaining ideas. Daniel considered his responses and self-corrected at times. 
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Some students either were not concerned with making sense or had particular difficulty. 

Christopher accepted concepts without questioning. He was not making sense of new 

ideas, or of the meaning of the instructions. He did not seek to clarify them at all, just 

acted on them. Kieren found it difficult to make sense of new ideas and needed to go 

over new ideas a number of times. At times Farley accepted misconceptions and needed 

immediate challenging of them. He seemed to use visual structure to assist in making 

sense of concepts, e.g., he talked about the blocks when explaining numbers and placed 

the beans in rows of tens for counting. Brooke needed lots of consolidation and practice 

of each new idea or strategy. She could not make any shortcuts, each step was difficult. 

She needed structure to make the learning meaningful. 

ii) Focus and attention 

Most of the students focused effectively on the tasks and the session. Grace was 

particularly absorbed by the tasks, persistent and challenged by hard tasks. Ewan 

displayed some distractibility, losing attention and diverting attention from the tasks at 

times. This occurred when the task was not easy, however, it did not seem to be a 

deliberate distraction away from the task, and was not accompanied by any observable 

anxiety. Rather he seemed to be thinking about multiple things all the time and when 

frustrated slightly by a hard task he switched over to his other thoughts. In contrast 

Farley gave up easily and was distractible. These behaviours were perceived to be 

associated with low motivation and confidence and were interpreted as avoidance 

behaviours. Kieren seemed to lose attention easily. 

iii) Memory 

A number of students showed some memory difficulties during the sessions. Brooke 

showed not only memory difficulties but a lack of trust of her own memory. She had no 

shortcuts and often went back to the beginning of tasks to recall information, in 

particular the number of beans in the task. When pressed by the researcher to recall 

without counting, she could do it. This suggested her trust of her memory was a 

problem. The researcher also had to check that she remembered before building on 

assumed knowledge. Farley showed some problems with memory. A question about 

memory was noted for Christopher when he asked for repetitions of the dictated 

numbers in Task 6. Thomas's recall of ideas and information was noted to be 

inconsistent. Wanda needed memory support at times, which involved the researcher in 

guiding the responses. 
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Social aspects of functioning 

The social aspects of the students' functioning within the individual learning relationship 

were analysed. Social aspects were defined through student contribution to the learning 

interactions, and the use of the sociocultural tool of language. 

i) Engagement in learning relationship 

The engagement of the student in the mediation relationship was examined for each 

student. The ease with which the researcher was able to establish a relationship with 

each student was rated using the relationship question from the Stanford-Binet Fourth 

Edition (Thorndike, Hagan & Sattler, 1986). This was used because it was a familiar 

rating procedure used in psychoeducational assessment. The ratings are shown in Figure 

6.11 

Was it difficult to establish rapport with this student? 
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LM APM 
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Figure 6.11 Rapport rating 

I Difficult 

Seven students were rated easy to establish a relationship with, these students were keen 

to learn, eager to please, receptive, and took turns appropriately. They seemed to enjoy 

the individual attention. Twelve other students were rated next to easy. They also 

showed these skills, however, they were more reserved in their contribution and 

participation within the relationship and left the responsibility more firmly with the 

researcher. One student, Christopher, was rated in the middle. He was not particularly 

engaged in the learning nor in the relationship and required some more effort from the 

researcher to maintain the relationship. One student, Farley, was rated next to difficult. 

He was clearly not motivated to learn nor to participate in the learning, at times he 

wanted to return to class, and the researcher had to alter session time for him to avoid 

taking him out of a favourite lesson, P.E. He did, however, show some eagerness to 

please the researcher, and this was the aspect of his functioning that was used to keep the 

session going. These impressions were stable over the three assessment occasions. 

Notes were also taken during the session of impressions of more specific social aspects 

of functioning that were used during the sessions. Brooke participated, volunteered 

ideas, and tried out things. Chris did not participate in the learning interaction very 
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effectively. He did not initiate any learning, it was all researcher managed, and he 

needed encouragement to respond. He was noted to be not taking any risks, and not 

exploring anything unknown. Daniel was self-driven and wanting to please the 

researcher as well. This resulted in strong contribution within the interactions. Grace 

was very well engaged in the learning interaction, had effective interaction skills and 

was eager to please. Peta waited to be told to try ideas. She let the researcher have the 

responsibility for the learning. She was not highly engaged but not in need of strategies 

to motivate her either. 

ii) Language 

Use of the sociocultural tool of language was also considered within this analysis. 

Expressive language differences were noticed across the class. A number of students 

were noted to be well skilled with language while others had some difficulties. 

Ewan displayed excellent expressive language, explaining his understandings fluently 

and meaningfully. Grace showed excellent receptive and expressive language. Grace 

provided meaningful explanations, showing a proficiency with expressive language. She 

also showed her well developed social interaction skills, engaging with the researcher 

very effectively and participating well. Hannah used good expressive language, full 

sentence responses that made sense. Ingrid showed good receptive and expressive 

language. All the other students, except for Peta, Parley, and Brooke, utilised effective 

language skills during the sessions. Peta used minimum language in her responses, 

which were short but usually precise. Zoe gave clear precise explanations. 

Some students were noted to have some difficulties with their language. Parley used 

very short responses which made it difficult to determine what he was thinking, and 

therefore determine direction for mediation. At times his language was imprecise and 

confusing. Parley used minimal responses that indicated a lack of Willingness to 

participate more than a problem with language, however, at times his explanations were 

confusing. The researcher responded by emphasising the meaning gained from his 

utterances, and provided immediate feedback on perceived misconceptions. Brooke 

showed confusion in her language that suggested expressive language difficulties, or 

confused reasoning or both. She sought clarification at times, but did not respond 

efficiently to the clarifications. Brooke's receptive language seemed to be letting her 

down at times. Brooke used the modelled language of the researcher very effectively. 

She used self-talk a lot herself and catches on to the researcher's language. The 

researcher found that she used a lot of accompanying explanations and modelled self

talk for Brooke. On the third assessment Brooke participated more effectively in the 
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interactions, taking turns well. Chris was very quiet and reserved in his participation in 

the social interactions. His responses at times were confusing and it was not clear 

whether he had conceptual or language difficulties. His responses on the third occasion 

were more precise and efficient, which suggested that the difficulty was conceptual 

rather than language. 

The students' social participation and engagement in the mediation provided some 

information about the social aspects of functioning that were used in their learning in a 

social setting. This included the rating of ease of establishing rapport in a teaching

learning setting, as well as information about the use of language. 

Emotional aspects of functioning 

Some aspects of emotional functioning of the students were also identified during the 

STOPV-DA. The emotional aspects that were noted included levels of anxiety, 

motivation, interest, and trust in own ability. Emotional aspects revolved around the 

linked aspects of confidence, level of anxiety, motivation to learn, and perception of self 

as a learner. 

i) Anxiety 

Some anxiety was observed during the sessions. Daniel was embarrassed that he could 

not answer at times. This resulted in him appearing anxious. During the session he 

showed that he liked to know what to expect. The unfamiliar items in the KeyMath-R 

caused most anxiety for him. At times Daniel looked to the researcher for clues as to 

whether he was on the right track. Hannah showed some anxiety, becoming flustered at 

times and mumbling at these times. She showed distrust of her ability and needed 

praise, encouragement and reassurance often. Laura showed anxiety and low confidence 

in herself. She needed opportunities to see herself as learning and the researcher 

reflected her learning often. She needed encouragement to continue at times. Alex was 

keen to learn but showed anxiety, perhaps attached to fear of failure. On the third 

occasion Daniel was rushed and agitated. He appeared anxious. Hannah rushed and 

made errors while reading the numbers. 

ii) Confidence 

A number of students appeared confident during the sessions. In particular, Maddie and 

Grace were very comfortable in adult company, and confident. On the second 

assessment Zoe became flustered when unsure of answers. She would mumble and 
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would not risk incorrect responses. Her lack of confidence inhibited her involvement in 

exploration of ideas, and the researcher needed to provide considerable encouragement 

and reassurance at times. Daniel doubted himself at times, seemed to easily lose 

confidence, needed reassurance and encouragement. Farley doubted his ability, he 

needed immediate feedback of success and reassurance, and encouragement to 

participate. Alex needed encouragement at times. Laura was overly reliant on the 

researcher to guide the learning. She was not confident enough to explore ideas without 

assistance. In response to this, the researcher reduced the contribution and attempted to 

transfer the responsibility more on to Laura. 

iii) Motivation 

Most students showed motivation to participate and to learn. These ranged from obvious 

intrinsic motivation to learn, to motivation to please the researcher. A few students were 

difficult to motivate. Farley in particular was very difficult to include. He did not seem 

to have any motivation to learn. Farley was unmotivated, not interested, and distrusting 

of his own ability. Maddie had been away for two days prior to the assessment and was 

still visibly unwell. She was very flat in the session and slow to respond. A different 

level of participation was evident in contrast to her involvement in the previous 

assessments. 

iv) Perception of self as a learner 

Ingrid stated that she was "not very good at these" during one task. She needed 

reassurance and acknowledgment of her successes. Zoe needed urging to contribute, 

waited to be told what to do, gave up and preferred easy tasks. She seemed to distrust 

her own ability and needed support to try. Brooke's lack of trust in her own memory is a 

complicated aspect of functioning that includes the cognitive aspect of memory as well 

as her self-perception of this ability. It seems that Brooke has developed a low self

perception of this cognitive ability that was itself inhibiting her performance. As 

McLeod (1992) noted, these aspects of functioning were found to be fairly stable over 

the three sessions. One exception was Maddie, who was sick on the third occasion and 

portrayed much more subdued affect. 

In summary, aspects of individual student functioning were noted from the STOPV-DA 

sessions. The aspects were those that were evident through student responses and the 

definitions and interpretation were very much a function of the particular assessment 

situation. The identification of aspects of functioning did not aim to be comprehensive, 

it aimed to pick up obvious indicators of aspects affecting the students' mathematical 
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learning within the teaching -learning situation. The categorical approach taken here is 

to assist analysis (Minichiello et aI, 1999) and to provide descriptors for the resulting 

interpretation. The categories are not mutually exclusive, however, they assist in sorting 

the data. Such aspects would be further investigated within the everyday learning 

setting. This discussion has presented the types of interpretations that were made 

concerning the cognitive, social and emotional aspects of functioning of the students 

during the three STOPV-DA sessions. These perceptions illustrate the nature of 

information that can be obtained during the dynamic assessment. 

This section has presented and discussed the information provided by the alternative 

assessment, the STOPV-DA. This information supported the determination and 

description of achievement of the students in the study. This was done initially through 

determination of actual achievement using the STOPV pre test, which allowed allocation 

of a stage of understanding of place value numeration to each student, and analysis of 

levels of response to each task. To complement the determination of actual achievement 

the STOPV post-test allowed determination of assisted achievement, which, in this study 

was bounded by the STOPV to be the same for all students. The third part of the 

analysis investigated the size and nature of the zone between actual and assisted 

achievement. 

COMPARISON OF DETERMINATIONS OF ACIDEVEMENT 

The conventional and alternative assessment procedures generated descriptions of 

achievement in place-value numeration for the class and for individual students. In the 

context of dynamic assessment, the determination of achievement is considered to be 

actual achievement and therefore only includes the STOPV pre-test information. This 

allows comparison of the conventional (DMT and KeyMath-R) and alternative (STOPV 

pre-test) determinations of achievement, which were presented separately in the previous 

sections of this chapter. 

These conventional and alternative descriptions of achievement have been collated and 

are illustrated in Figure 6.12 across the three assessment occasions. The bars represent 

the class, and are divided proportionally (approximately) into the descriptive criteria of 

achievement produced by each of the instruments. The two conventional assessment 

descriptions are seen to be complementary since they involve firstly a description in 

terms of mastery of the content and then in terms of comparison against age peers. 

These are combined as a conventional description of the class, and compared against the 

alternative description. The three determinations of achievement are combined for each 
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occasion and the alternative assessments are shaded. The percentage of students within 

each achievement category is in bold text. Individual students are identified by initial. 

Conventional ~lI&Xi~ Conventional mrtJ.iBll Conventional mlt6lrfi 
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Figure 6.12 Achievement by DMT, KeyMath-R & STOPV on each occasion 

On the first assessment occasion the conventional assessment indicated that much of the 

class had achieved learning in place-value numeration. The conventional assessment 

(DMT & KeyMath-R) determined that 62% of the class had demonstrated mastery and 

that 76% of the class were average, or above-average, in comparison to their age peers. 

However, the alternative assessment (STOPV) indicated that only 5% of the class had 

achieved understanding of place-value numeration. 

This discrepancy in achievement proportions within the class was repeated on the two 

subsequent occasions. On the second occasion the conventional assessments indicated 

that 81 % of the class had demonstrated mastery, and 81 % were at least average. These 

two conventional assessment procedures indicated high levels of achievement across the 

class. The alternative assessment did not indicate that this proportion of the class had 

achieved understanding, rather, only 10% were considered to have demonstrated 

understanding of place-value numeration. 

On the third assessment 81 % of students demonstrated mastery of place-value 

numeration and all but one student (5%) was described as average or above in relation to 

age peers. Again this was a positive picture of the class. However, the alternative 
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assessment determined that less than a third of the class, 29%, had achieved 

understanding of place-value numeration. 

These conventional and alternative descriptions of the class achievement of place-value 

numeration were discrepant on all three assessment occasions. The picture of the 

students' learning of place-value numeration provided by the conventional assessment 

on each assessment occasion was not supported by the alternative assessment results. 

Comparisons were also carried out for individual students. Analysis of the descriptions 

for individual students also provided some consistent and some discrepant cases. 

On the first assessment both conventional and alternative instruments indicated 

achievement of place-value numeration for one student (Jack). It was determined that he 

had achieved mastery, was markedly-above average and had achieved understanding of 

place-value numeration. There was also consistency at the other end of the scale. Four 

students (Brooke, Xavier, Wanda, and Rachael) were determined to have not yet 

achieved learning of place-value numeration on all three instruments. They were below 

mastery, and below or markedly-below average, as well as in the emergent stage of 

development of understanding. 

On the second assessment consistent results were evident for students at both ends of the 

scales. Jack and Maddie were shown to have demonstrated achievement on the 

conventional and alternative assessments. Four students at the lower end of the class, 

Brooke, Rachael, Farley and Xavier, were also consistently determined to have not yet 

achieved in this specific domain of learning. They were below mastery and below 

average and were in the emergent stage of development of understanding. 

On the third assessment all six students classified within the stage of understanding were 

also above mastery and above average on the conventional assessments. They were 

shown to have achievement of place-value numeration on all three instruments. No 

students were at the lowest on all three instruments. 

Discrepancies were evident on the first assessment for a group of seven students who 

were above mastery but were all classified within the emergent stage of development of 

understanding. Of these students all but one were also average or above. 

Discrepancies occurred for eight students from the second assessment (Alex, Hannah, 

Ingrid, Laura, Natalie, Sam, Wanda, and Zoe). They were determined to have achieved 

mastery and to be average on the conventional assessments, yet they were within the 

emergent stage of development on the alternative assessment. 
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On the third assessment four students were determined to be below mastery. Only one 

of these students, Rachael, was below average and she was not included in the lowest 

developmental stage of understanding. Of the seven students in the emergent stage only 

two were below mastery (Brooke and Xavier) and none were below average. For these 

students the information was discrepant. 

These differences in determinations of achievement reflect two dimensions of research 

data, description and explanation (Punch, 1998). The conventional assessment provided 

a description of achievement while the alternative assessment provided explanations 

which included descriptions of achievement. Vygotsky also made this distinction, and 

noted that "mere description does not reveal" the reasons behind particular responses, 

rather it focuses on product rather than on the process involved in developing a product 

(Vygotsky, 1978, p.62). 

In summary, achievement in place-value numeration has been determined by the 

conventional and alternative assessments and described in terms of the each instrument's 

definition of achievement as well as in reference to the curriculum relevant to the study 

context. This analysis resulted in achievement described in reference to mastery 

criterion, age norms, and to a cognitive definition of understanding, and in relations to 

curriculum outcomes. These different definitions of achievement operationalised as 

different assessment measures provided different results across the class. 

The conventional and alternative assessments both supported determination of 

achievement of students' learning of place-value numeration. Comparison of data 

derived from the conventional and alternative assessments however has identified 

consistencies as well as discrepancies in determinations of achievement of learning of 

place-value numeration. Decisions about achievement of the class and of particular 

students were not supported consistently by both the conventional and alternative 

assessments. In particular the class descriptions of achievement were largely discrepant. 

The reasons for this are considered in Chapter 9. 

The next chapter considers the assessment information in terms of screening and 

selection of students, the second classroom educational decision of interest in this study. 
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Chapter 7 

RESULTS III: Screening and selection 
using conventional and alternative assessments 

Introduction 

This chapter presents and compares the assessment data in relation to the second 

classroom educational decision concerned with the screening and selection of students 

for particular purposes. This is in response to the second research question. 

Research question 1.2 How do conventional and alternative assessments of place value 
numeration support screening and selection of students? 

Screening and selection of students in this study refers to the identification of students 

in the class who stood out as in need of further assessment or alternative programming 

to the rest of the class in the specific mathematical domain of place value numeration. 

The chapter is organised in three sections. The first presents the conventional 

assessment selections, the second considers the alternative assessment selections and the 

third section compares the selection of students from the assessment procedures. 

SCREENING AND SELECTION OF STUDENTS 
USING CONVENTIONAL ASSESSMENT 

The conventional assessment procedures used in this study provided means of screening 

and selecting students. The DMT screened the class using the mastery level criteria and 

it explicitly provided a framework for the identification of "students who stand out" as 

in need of special attention (Schleiger, 1993, p.6) through interpretation of the 

frequency of performance graphs. These students may be those at either end of the 

class scale. The KeyMath-R provides information about each student's performance in 

comparison to other students of the same age, and so a means of screening and selection 

of students who are not progressing in line with the norm group of same age students. 

Again, these students who stand out may be those well above the norm and those well 

below. In this section screening and selection of students is considered, firstly, with 
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respect to the DMT, secondly, based on KeyMath-R results and thirdly, with reference 

to results of both the conventional instruments considered in combination. 

Screening and selection of students using the DMT 

Screening of the class and selection of students using the DMT was achieved through 

comparison of achievement across the class as presented in the previous section. The 

procedure for identifying students in need of follow up on the DMT, as described in the 

manual, was followed, resulting in a selection of students on each of the three 

assessment occasions. The distribution graphs for the DMT on the three assessment 

occasions are presented again in Figure 7.1 for reference during this section. 

Students 
(by initial) 

W RX 

38% 

H K 
B T 

o 5 [0 [5 20 25 30 35 40 45 50 55 60 65 70 

DMT (1) % Score 

19% 

~ 
~ A 
1"1 62% ... F 

~ I D 

L E J 
NPZS MCG 

5 80 85 ~o 95 ioo 
D 
I 81% J 

K M 
NA PC 

BR F XTWHLESZG 
, "I I I I I -, -, -, " I I I II 

o 5 [0 [5 20 25 30 35 40 45 50 55 60 65 70 5 80 85 90 95 [00 

DMT (2) % Score 

19% 81% 
C 

M 

ZT EN 
B HWI GP 

FR X KAD J L S 
r , , , , , , , , , I I I 

o 5 [0 [5 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 [00 

DMT (3) % Score 

Figure 7.1 DMT Performance graphs 

Of the thirteen students who scored above mastery on the first assessment, none stood 

out as needing investigation for extension on their own. There were four students 

closest to the top. Eight students scored below the mastery level on the DMT (1) and 

therefore required follow-up. Three of these particularly stood out on the graph. They 

were Wanda, Rachael and Xavier, who scored 40%, 47% and 50%, respectively. The 

other students below the mastery level were Hannah (60%), Brooke (60%), Thomas 

(67%), Kieren (67%) and Peta (73%) who were all closer to the level of mastery. 
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Schleiger (1993, p. 7) recommended further diagnostic assessment for these students to 

identify their learning needs. 

Four students were identified as needing follow-up from the results of the DMT (2). 

They were Brooke (47%) and Rachael (50%) who were well below mastery, and Farley 

(67%) and Xavier (73%), who were close to mastery. Again no students stood out as in 

need of individual extension. 

On the third DMT four students in need of follow-up, as determined from their score in 

relation to mastery, were identified. Farley (60%) and Rachael (63%) were clearly 

below the rest of the class and Brooke (73%) and Xavier (73%) were just outside the 

mastery level. On this third occasion no students stood out at the top of the class. 

In summary, the DMT did not provide discrimination at the top of the class; no students 

were identified as standing out. The nature of the content produced a ceiling against 

which students were increasingly grouped over the three assessments, restricting any 

selection of students needing extension. However, it identified a number of students in 

need of follow-up, based on their mastery scores are listed in the following 6.6. The 

students at the top of the list were furthest from the mastery level of 75%. 
Table 7 1 Selected students from the DMT 

DMT (1) DMT(2) DMT (3) 

Stood out 
above 
class 

Stood out Xavier Brooke Farley 
below Hannah Rachael Rachael 
class Brooke Farley Brooke 

Kieren Xavier Xavier 
Thomas 
Natalie 

Three students, Rachael, Brooke, and Xavier, were within this selection on all three 

occasions, although their scores increased over the twelve months. Five students who 

were identified in the DMT (1), Wanda, Hannah, Kieren, Thomas, and Natalie, were no 

longer in the selection on the subsequent assessments. One student, Farley, who was 

above mastery on the DMT (1) was within the selected students on the two other 

assessments. His scores consistently reduced on each of the three assessments. These 

students were identified as in need of follow up as they stood out from the class group 

on the DMT assessments. 
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Screening and selection of students using the KeyMath-R 

The KeyMath-R, the conventional standardised individual test, provided comparative 

standardised scores as the criterion on which to screen and select students. Screening of 

the class was in terms of those who were not achieving in line with a norm sample of 

students of the same age. The following distribution graphs with identifying initials are 

used to assist in the interpretation of the data. These are shown in Figure 7.2 
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Figure 7.2 KeyMath-R Scaled scores 

The KeyMath-R (1) results produced a spread across the class. One student, Ewan, 

stood out clearly above the rest. His high scaled score was derived from his raw score 

of 19 out of 24, and his youth. He was one of the two youngest students at 8 years 1 

month at the beginning of the study, and this score indicates that he was achieving well 

above the average for his age. Three other students, Maddie, Jack, and Christopher, 

scored 19 or 20 raw score but were given scaled scores of 15 or 16 based on their ages, 

which were between 9 years and 9 years 2 months. (See Appendix 7.1 for all ages) 
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At the other end of the scale, Xavier and Alex were in the 'below average' range, and 

Brooke, Rachael, and Wanda were in the 'markedly below average' range. These five 

students scored 8, 9, or 10 out of 24 as raw scores. Their ages ranged from 9 years 5 

months (Brooke), to 9 years 1 month (Rachael), to 8 years 9 months (Wanda and 

Xavier), to 8 years 7 months (Alex). The age contributions were not as clear as for 

Ewan. However, the establishment of below average and markedly below average 

scores allowed for selection of these students as being apart from not only the class 

group but from the norm sample. 

The KeyMath-R (2) scaled scores ranged from 5 to 19. Two students, Ewan and 

Daniel, were placed together at the top on a scaled score of 19. They were two of the 

three youngest in the class and had similar raw scores to Maddie and Jack. Four 

students were grouped together from 14 to 16, eleven students were grouped in the mid 

range and four students stood out at the bottom with scaled scores of 5 and 6. These 

four students, Xavier, Rachael, Thomas and Brooke were described as 'below-' and 

'markedly below average'. 

On the third assessment two students were together on 19, the highest possible score. 

Daniel and Ewan again were at this level. Jack and Christopher were again very high. 

At the other end of the range, all but one of the other students were within the average 

range, while one student, Rachael, achieved a 'below-average' score. The other 

identified students from the previous assessments were all within the low average range 

on this assessment. 

The selected student, those who stood out from the class group, on the three occasions 

are listed in the following Table 7.2. 
Table 7 2 Selected students from the KeyMath-R 

KeyMath-R (I) KeyMath-R (2) KeyMath-R (3) 

Stood out Ewan Ewan Ewan 
above Daniel Daniel 
class 

Stood out Alex Xavier Rachael 
below Xavier Thomas 
class Wanda Rachael 

Rachael Brooke 
Brooke 

This analysis of the KeyMath-R scaled scores allowed decisions about selection of 

students to be made. On the first assessment Ewan stood out as well above his age level 

on this test. Ewan remained in the highest scaled score on all three assessments and was 

joined by another student, Daniel, on the second and third occasions. Five students 

were below average and so of concern. Investigation of their learning would be 
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recommended. Four students were identified on the second assessment and one of these 

students also remained in the below average range on the third assessment. The 

KeyMath-R allowed selection of students for extension work and for further teaching of 

the age-appropriate content as determined by this Numeration subtest. 

Screening and selection of students using the conventional assessments in 
combination 

The two conventional assessment procedures in this study provided two different 

criteria for screening and selection of students. The DMT used the criteria of mastery 

as a cut off point, as well as the comparison to the class performance on a distribution 

graph. A number of students were identified from this process. The KeyMath-R used 

criteria that were in reference to achievement in comparison to other students of the 

same age, to identify students who were performing outside the 'average' range for 

children of their age. This allowed identification of a number of students who were 

achieving well above their age cohort, as well as some who were' performing well below 

the expected range for their age. The results of the two conventional assessments were 

considered together, to assist in selection of students. They provided two conventional 

perspectives to the selection as would be the case in reality. 

On the first assessment eight students were identified by the DMT. Their results on the 

KeyMath-R were then considered. Wanda was last on the DMT, with a score well 

below mastery (40%). She also scored 'markedly below average' on the KeyMath-R 

confirming that her performance was also of concern when compared to her age group. 

These two results supported the selection of Wanda as a student in need of intervention 

in this domain of learning. Rachael and Xavier, the next two students on the DMT with 

scores of 47% and 50%, were also very low on the scaled scores of the KeyMath-R, 

confirming that they were having relative difficulty in this domain of learning, in 

comparison to their age peers. Brooke and Hannah both scored 60%, below mastery but 

not as extreme as the other three students. These two were placed differently on the 

KeyMath-R scale. Hannah achieved an 'average' score, while Brooke achieved a 

'markedly below average' score. So although the DMT identified them both as of 

concern, the KeyMath-R determined that only Brooke was of concern, since Hannah 

achieved in the average range for her age. Kieren and Thomas were next on the DMT 

with scores of 67%, within 10% of mastery. They scored very differently on the 

KeyMath-R. Thomas was in the 'average' range while Kieren was in the 'above 

average' range, neither of these results would be cause for concern. Natalie was the 
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only other student below mastery, on 73%. She scored mid average on the KeyMath-R 

and so not determined to be a student in need of selection. 

There was one student who stood out on the KeyMath-R but not on the DMT. Alex 

scored in the 'below average' range on the KeyMath-R but provided a score inside the 

mastery level on the DMT. This discrepancy identified him as a student to be 

monitored, as he was perhaps at risk. 

At the other end of the scale, Ewan stood out clearly from the rest of the class on the 

KeyMath-R, and was in the second highest grouping on the DMT. As mentioned 

before, he was the youngest student in the class and so his norm-referenced score was 

higher that others who were above him on the DMT. This may be an indication of a 

faster rate of learning in this domain of school mathematics than his age peers, and 

identifies him as in need of possible selection for individual extension. 

Considering the results of these two forms of conventional assessment, Wanda, 

Rachael, Xavier, and Brooke are identified as needing selection for more intervention in 

this domain of school mathematics, while Ewan was identified as in need of monitoring 

for possible extension. 

Brooke and Rachael were the lowest on the DMT (2). They were also both low on the 

KeyMath-R with 'below average' and 'markedly below average' scores. The only other 

two students below mastery, Farley and Xavier, were very close on 67% and 73%. 

Their KeyMath-R results were very different. Xavier was in the 'markedly below 

average' range, however, Farley was in the mid 'average' range. All other students 

were above mastery on the DMT and at least average on the KeyMath-R. At the other 

end of the scale, Ewan was again separated from the DMT grouping by the age

referenced norms. Another student, Daniel, was also placed with him on the highest 

scaled score. Daniel was taken from twelfth position on the DMT to equal first on the 

KeyMath-R. 

The third assessment on both instruments provided much more compact results (a 

ceiling effect) as more students approached the target of the domain content. Four 

students were again below mastery on the DMT, but they were within 15% of the 

mastery level. Farley was the lowest this time on 60%, with Rachael on 63%. These 

two students were very different on the KeyMath-R. Rachael was lowest, in the 'below 

average' range, supporting her low DMT position, however, Farley was in the mid to 

high 'average' range, higher than ten of the other students. Brooke and Xavier, who 
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were still below mastery on the DMT were in the low 'average' range of the KeyMath

R, not inconsistent with the DMT positions and indications of achievement. Daniel and 

Ewan were again at the highest level, with Jack close behind. They were in the 

positions of sixth, ninth, or tenth on the DMT respectively. 

Consideration of the two conventional assessment results provided identification for 

selection across the two procedures for some students. The two criteria for selection 

were considered in conjunction as they would be in reality, to assist in determining need 

for selection of particular students. This process resulted in the identification of a 

number of students on each of the three assessment occasions. 

This section has presented the conventional assessment information that supported the 

screening of students in terms of each of the conventional assessments, as well as 

through a combined consideration. The two conventional assessment procedures 

provided criteria within which to screen and select students from the class group. 

Consideration of the information from both the procedures also provided a basis on 

which to select students. 

SCREENING AND SELECTION OF STUDENTS 
USING ALTERNATIVE ASSESSMENT 

This section considers the alternative assessment information in terms of the students 

who were selected. The STOPV-DA provided information about actual achievement 

and proximity to achievement that are considered in this section. Screening and 

selection of students based on the information provided by the STOPV-DA was carried 

out in terms of actual achievement, and proximity to achievement. Screening is in 

terms of student learning of place-value numeration, and selection is of those students 

who stand apart from the class group with respect to their actual achievement or their 

proximity to achievement. This includes all aspects of functioning affecting 

achievement. 

Screening and selection of students using actual achievement 

Screening of students was done initially in reference to the stages of understanding of 

place value numeration: emergent, construction, or having understanding of place value 

numeration. Because of the nature of the categories they did not discriminate between 

students who were in the process of developing understanding, and so no particular 

students stood out from this classification. 
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Table 7.3 Select d d e stu ents f rom STOPV stages 0 un er f d standing 
(1) (2) (3) 

Jack Jack Jack 
Maddie Christopher 

Daniel 
Ewan 
Grace 
Peta 

One student, Jack, was determined to have achieved understanding of place value 

numeration. He was clearly in the position to benefit from teaching of more advanced 

numeration concepts as he had constructed an understanding of the place value of two

digit numbers. Otherwise the class was made up of two groups within the two stages of 

development leading up to understanding. No other students stood out from the class on 

these criteria on the first assessment. 

On the second assessment two students, Jack and Maddie stood out from the rest of the 

class group since they demonstrated understanding of place-value numeration of two

digit numbers. The rest of the class was contained within the two categories; emergent 

understanding and construction of understanding. 

On the third assessment, Jack, who stood out on the first assessment was joined by six 

other students and so was now within a large group of the class that had demonstrated 

understanding of place-value numeration of two-digit numbers. The rest of the class 

were again spread across the other two categories of development of understanding. 

The information provided by the STOPV pre-test allowed screening of the students in 

terms of actual achievement. This resulted in the identification of particular students 

with outstanding achievement in terms of stage of understanding. Further consideration 

was also given to the data concerning proximity to achievement. 

Screening and selection of students using proximity to achievement 

The information gained from the STOPV-DA that defined proximity to achievement is 

now considered for another purpose: the identification of students in need of further 

assessment or alternative programming. The number of assisted tasks, number of 

assisted task-steps, length of session, number of interactions, and aspects of functioning 

were all considered in the selection process. 
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Number of assisted tasks 

Considering the distribution of students across the number of tasks to be achieved, did 

not support clear selection of students who stood out from the group. Rather, the class 

was spread across the number of tasks, and although there were students at the extreme 

points, they were not far from other students. The distribution is shown in the following 

Table 7.4 

Table 7 4 STOPV DA Assisted tasks -
NQ STOPV-DA (I) STOPV-DA (2) STOPV-DA (3) 
Tasks Student Initials Student Initials Student Initials 

0 J JM CDEOJ 
1 E CEP MPZ 
2 DS DOS AFIKLN 
3 COIMP IKLT RSX 
4 LT AHNZ T 
5 HKXZ FR BH 
6 ABFNRW BWX W 
7 

By considering these criteria, Jack was very close to another student, Ewan, who had 

assisted achievement on one task only in order to demonstrate understanding. He 

therefore did not stand out from the class group distinctly. On the second assessment 

the students were spread evenly across the number of tasks, and no particular students 

stood out from the class. On the third occasion, although one student was alone in 

needing assistance for achievement on six of the seven tasks, there were two other 

students needing assistance to demonstrate achievement on five tasks. Again these 

students did not stand out distinctly from the class. 

This criterion, the number of assisted tasks, did not discriminate enough to identify 

students whose performance was considerably different from the rest of the class. 

Number of assisted task-steps 

The next criterion which presents possibility of being able to identify students who stand 

out from the class, is the number of assisted task-steps. These are shown in the 

following Table 7.5 with identification of students by initials. 
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T bl 75 STOPV DA D' t 'b f a e - IS n u IOn 0 num er 0 aSSlS e as -s eI f b f 'tdtkts 
NQ STOPV-DA (1) STOPV-DA (2) STOPV -DA (3) 
Task-steps Student Initials Student Initials Student Initials 

0 J MJ CDEGJ 
1 E MPZ 
2 S CDEGPS AFINS 
3 DGIMP IT KLR 
4 L AHKLN TX 
5 C Z BH 
6 HKTZ 
7 A BFRWX 
8 N W 
9 BFRWX 
10 
11 

12-14 

Jack needed no assistance on the first assessment, however, he was adjacent to Ewan 

who was only one task-step from the target achievement. Another student, Sam was 

next with three task-steps. Jack, therefore did not stand out as distinctly from the class 

using this criteria. No students stood out at the other end as there was a group of 

students needing assistance on nine task-steps, and others ion eight or seven. 

On the second assessment some students did stand further apart from the class. At the 

top, Jack and Maddie needed no assistance, while the next group of students needed 

assistance on two task-steps. This suggested that Jack and Maddie were apart from the 

class. At the other end, a group of five students were in need of assistance on seven 

task-steps while all the rest of the class needed assistance on five or less task-steps. This 

distribution suggested that Jack and Maddie stood out, needing the least assistance in 

terms of task-steps, and Brooke, Wanda, Rachael, Farley, and Xavier stood out as 

needing the greatest assistance in terms oftask -steps. 

On the third assessment Wanda stood apart from the class as in need of most assistance 

in terms of task-steps. No students stood out from the class at the top end of the scale. 

The number of assisted task -steps provided a criterion that allowed for the identification 

of students who should be selected from the class on the second and third assessments. 

Length of session 

The length of session in minutes provided another dimension against which to consider 

selection of students. The distribution of measures across the class on the three 
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assessment were shown in Figure 6.9. The figure is repeated here, as Figure 7.3 for 

reference during this part of the analysis. 

PE 
F 
L 

J M CAD SGINZ K 

H 
XR TV. B 

i I I i I I I o 5 
STOPV-DA (I) 

M 

i I I I I 
to 

P 

S L 

1~ j j j j 2~ 

Time in Minutes 

T X 

I iii I 
30 

JCG NDZE AI BK FHW R 
I i I I I I i I o 5 

STOPV-DA (2) 

Ib I i I 1~ j I I I 2b I I I i 2~ 

Time in Minutes 

A 
G M DPI 

CJEZKNSLHFX WRT 
i I I I iii i I o 5 

STOPV-DA (3) 

I I I 
to iii 1; Iii 12b 

Time in Minutes 

B 

Figure 7.3 STOPV-DA Length of sessions 

I i I 
35 

Iii 
35 

i~ 

This dimension produced increased discrimination across the class, allowing for 

selection of students apart from the class. On the first assessment Jack stood out as 

needing the least amount of time in session. He had no mediation and his time was 

limited to the STOPV pre-test only. At the other end, Brooke, Wanda and Thomas 

stood apart in a group needing the most time in mediation. Thomas had not been 

identified on any of the previous scales, as he was in the lower middle group in the class. 

However, the fact that he needed one of the largest amounts of time and interaction for 

less tasks was notable. On the second assessment Jack was joined by three other 

students, the group of four stood slightly apart from the class. Rachael stood apart from 

the class at the other end, needing the longest session by five minutes. On the third 

assessment no students stood apart at the top end of the scale, however Brooke was well 

apart from the class, needing ten more minutes than anyone else in mediation on this 

occasion. 

This criterion, the length of the mediation session, identified students for selection from 

the class on each of the three assessments. 

Number of interactions 

The number of interactions used in mediation provided another dimension against which 

199 



Results III: Screening and selection 

to consider selection of students. The distribution of measures across the class on the 

three assessments was shown in Figure 6.10. The figure is repeated here, as Figure 7.4 

for reference during this part of the analysis. 
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Figure 7.4 STOPV -DA Number of interactions 

This representation of the measure of number of interaction used during mediation 

provided a format for identifying students who stood out from the class. On the first 

assessment Jack stood apart from the class, needing no mediation. Brooke and Wanda 

also stood apart, needing nearly a hundred interactions each. On the second assessment 

Jack was joined by others and was not far from the bulk of students on this scale, so did 

not stand out. However, Wanda was apart from the class at the other end, needing 

fifteen more interactions than the rest of the class. 

On the third assessment the bulk of the class was in a group needing less than twenty 

interactions. Two students stood apart from the class: Brooke, who was well apart from 

everyone else; and Wanda, who was closer to the class. 

The criterion of the number of interactions used in mediation provided a measure for 

identifying students who stood out from the class. The students who required distinctly 

more interactions than the other students in the class were identified. 
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Aspects offunctioning 

Reference to the notes on aspects of functioning identified several students who were in 

need of selection for further assessment or programming apart from the class. This 

dimension was not interpreted quantitatively and so no distribution of scores could be 

collated and interpreted. 

A number of students who were identified from other dimensions of the assessment 

were noted to have particular aspects of functioning that contributed to their difficulties. 

In particular, Brooke showed difficulties with language and memory that needed to be 

dealt with apart from the class. Brooke was noted to have difficulties in language and it 

was unclear whether her difficulties during the mediation were due to language or to 

underlying difficulties with reasoning, concepts or memory. Farley was clearly 

identified through analysis of the aspects of functioning as at risk and in need of further 

intervention. His low levels of motivation and engagement were significantly apart 

from the others in the class. Farley stood out from the class as the student who needed 

the most effort from the researcher to establish participation and engagement in 

learning. Farley was noted to give up easily and have low confidence and motivation. 

He used imprecise language, which made it difficult to determine what he was thinking. 

The analysis of the aspects of functioning identified one students who had not been 

selected at all from the other measures. Christopher had not stood out at all in the 

measures previously considered. He was classified within the Construction stage, he 

needed assistance on three tasks, involving five task-steps, and he needed twelve 

minutes of mediation and less than ten interactions. None of these criteria identified him 

as apart from the class. However, the interpretation of his participation in the STOPV

DA provided evidence for selection for further consideration. He did not demonstrate 

any questioning of ideas, did not seek information or clarification. He was not fully 

engaged in the relationship and did not initiate any learning. There was no evidence of 

risk-taking, and he needed encouragement to respond. His observed willingness to 

accept mathematical concepts that did not make sense was of concern. He did not seem 

to be linking new ideas to his existing conceptualisations and seemed to see mathematics 

as a collection of discrete ideas or procedures that are not related to each other or to the 

world. He also appeared to have some difficulty recalling information. These 

observations identified Christopher as 'at risk' of difficulties as academic learning 

becomes more complex and of achieving through learning procedures rather than 

developing understanding. 
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The information about proximity to achievement was used to identify students in need of 

selection from the class group for further assessment or alternative programming. This 

occurred at both ends of the achievement scales. The quantitative measures displayed in 

distribution graphs assisted identification of students who stood apart from the class on 

each of the criteria. The aspects of functioning analysis also produced a selection of 

students who stood out from the class. Overall, the STOPV-DA information was 

concerned with actual achievement, and proximity to achievement, as well as context of 

the proximity to achievement. The summary of the students selected using each of these 

dimensions is collated in the following Table 7.6 
Table 7.6 STOPV-DA proximity to achievement selections 

STOPV-DA STOPV-DA STOPV-DA 
(\) (2) (3) 

Number of - - -
assisted tasks 
Number of above - Jack 
assisted task- class Maddie 
steps 

below - Brooke Wanda 
class Farley 

Rachael 
Wanda 
Xavier 

Length of above Jack Jack -
session class Maddie 

Christopher 
Grace 

below Brooke Rachael Brooke 
class Wanda 

Thomas 
Number of above Jack - -
interactions class 

below Brooke Wanda Brooke 
class Wanda Wanda 

Aspects of above 
functioning class 

below Christopher Christopher Christopher 
class Farley Farley Farley 

Brooke Brooke Brooke 

The dimensions of proximity to achievement supported some selection of students who 

stood apart from the class. The number of tasks was a criterion that did not discriminate 

enough to allow selection of students. Similarly, the number of task-steps did not 

produce any selection on the first assessment. Otherwise the criteria did identify students 

who stood apart from the class. 
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COMPARISON OF SELECTION OF STUDENTS 

The conventional and alternative assessments both provided information on which 

screening of the class in order to select students in need of further assessment or for 

intervention apart from the class could be based. They all produced information about 

each student in relation to the group. For the DMT and the STOPV-DA it was in 

comparison to the class and for the KeyMath-R it was against a large norm sample. The 

selections are summarised, for comparison, in Table 7.7. The students identified for 

selection because they stood out above and below the class on each of the three 

assessment occasions are listed. The lists generated from the alternative assessment 

procedure are shaded. 
Table 7 7 Selected students from conventional and alternative assessments 

(I) (2) (3) 
Conventional Alternative Conventional Alternative Conventional Alternative 
Assessment Assessment Assessment Assessment Assessment Assessment 

Stood Ewan Jack Daniel Jack Daniel Daniel 
out Ewan Maddie Ewan Ewan 
above 
class Christopher 

Grace 
Jack 
Peta 

Stood Brooke Brooke Brooke Brooke Brooke Brooke 
out Thomas Thomas 
below Wanda Wanda 

Farley Farley 
Rachael Rachael 

Farley Farley 

class Xavier Xavier Rachael Christopher 
Hannah Christopher Xavier Wanda 
Kieren Farley Thomas Wanda 
Natalie Christopher 
Rachael 
Xavier 
Alex 

Analysis of these selections produced some consistencies and some discrepancies. On 

the first assessment no individual students stood out at the top of the class on the DMT. 

The DMT produced a ceiling effect which was stronger on the later assessments. Many 

students scored high on each occasion, preventing discrimination between students at the 

top of the class. Ewan was identified as standing out above the class based on the age 

normed scores of the KeyMath-R. He was joined by Daniel on the subsequent 

assessments. This was very different to the selected students above the class produced 

by the alternative assessment information. Jack was selected from the first alternative 

assessment and he was joined by other students on the subsequent assessments. Ewan 

and Daniel were in this group on the third occasion, but not identified on the previous 

two assessments. Of the other students only two were consistently identified in both 

assessments (2) and (3). The students selected from conventional and alternative 

203 



Results III: Screening and selection 

assessment were different on each occasion, however, on the third assessment the two 

students identified through the conventional assessment were also included in the 

alternative assessment selection, along with a number of other students. 

There was more consistency among the selection of students below the class. Of the 

nine students identified from the first conventional assessment, Brooke, Wanda and 

Thomas were also selected through alternative assessment. However, another two were 

also identified. The nature of the stages used in classification in the STOPV-DA 

restricted the ability of the results to identify students at the bottom of the group. For this 

study the three early stages of Ross's (1986) model were combined. However, by 

considering the number of tasks, task-steps, length of session, and number of 

interactions, further discrimination was possible. On the second assessment four 

students (Brooke, Xavier, Farley, and Rachael) were identified on both assessment 

procedures. However, one student, Thomas, who was selected through conventional 

assessment was not identified through alternative assessment and two students from 

alternative assessment were not identified from conventional assessment. On the third 

assessment two students, Brooke and Farley, were selected using both procedures. 

Other students identified from the conventional assessment, Xavier and Rachael, were 

not picked up using alternative assessment and two students from the alternative 

assessment, Wanda and Christopher, were not identified from the conventional 

assessment. This showed discrepancy among the selection of students at the lower end 

of the class. 

As discussed in Chapter I, in order to support this particular educational decision, 

assessment instruments need to discriminate well between the bulk of students and those 

at the extremes of performance. The most sophisticated conventional instrument, the 

KeyMath-R did this well, as it was designed to do. Some aspects of the other 

assessment instruments affected their ability to screen and select effectively. The DMT 

produced a ceiling which prevented discrimination and selection at the upper end of the 

class, and the STOPV stages were less discriminatory at the lower end of the class. The 

selection of students from the conventional and alternative assessment procedures was 

consistent at times and discrepant at other times. The reasons for this and implications 

are discussed in Chapter 9. 

The next chapter considers the third classroom decision, defining instruction to meet 

students' needs. 
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Chapter 8 

RESULTS IV: Defining instructional needs using 
conventional and alternative assessments 

Introduction 

The third educational decision that is considered in terms of the study data is concerned 

with informing instruction in the classroom. This was considered the prime educational 

decision-making purpose of assessment. This chapter considers both conventional and 

alternative assessment and their ability to inform instruction, in response to the third 

research question. 

Research question 1.3 How do conventional and alternative assessments of place value 
numeration support the defining of instructional needs of students? 

The chapter is again organised in three sections. The first presents the instructional 

directions derived from the conventional assessment, the second from the alternative 

assessment and the third compares the two sets of defined instruction. 

DEFINING INSTRUCTIONAL NEEDS OF STUDENTS USING 

CONVENTIONAL ASSESSMENT 

The conventional forms of assessment, the DMT and KeyMath-R, provide information 

from which to inform classroom instructional needs. The process of selection of 

particular students for intervention also contributes to informing instruction. In this 

discussion the instructional needs, as derived from the conventional assessments are 

presented in terms of the objectives defined for the items. 

Instructional needs derived from the DMT profile of objectives and mastery scores 

Instructional direction for the class was derived from the nature of the unmastered items 

on the DMT on each of the three assessment occasions. The following Table 8.1 is part 

of a previous table covering all items in the DMT. This excerpt includes all the items 

that were related to two-digit numbers and the students' scores on them across the three 
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assessment occasions. The items that did not meet mastery scores across the class are 

shaded. These can be used as the basis of determining the instructional needs of the 

class in this specific domain. 
Table 8.1 DMT item numbers 

From this information, the instructional directions derived from the errors in the first 

assessment would include: 

• Reading number names and writing numerals (error analysis of this item suggested 

that reading the word 'seventy' was a difficulty, and that some students read it as 

'seven' or 'seventeen'). 

• Counting numbers of items, with and without bundling by tens, and discussing 

which is easier and why. 

• Counting the number of tens in a number of items which have been bundled. 

• Stating how many tens and ones in numbers. 

• Constructing symbolic representations of tens and ones in a number. 

• Counting forwards and backwards by tens from any two-digit number. 

The instructional direction derived from the second and third assessments would be a 

subset of these objectives, which remains constant for the two subsequent assessments. 

• Counting the number of tens in a number of items which have been bundled. 

• Stating how many tens and ones in numbers. 

• Constructing symbolic representations of tens and ones in a number. 

• Counting forwards and backwards by tens from any two-digit number. 

Analysis of the errors produced by the class on unmastered items of the DMT generated 

directions for instruction for the class. The instructional needs of the class reduced from 
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the first to the second assessments and then were stable between the second and third 

assessments. 

Instructional needs derived from the KeyMath-R item objectives 

Instructional direction for the class was derived from the analysis of the errors on items 

in .the domain of two-digit numbers on the KeyMath-R, across each of the three 

assessments. The items in this domain are listed in the following table, which is an 

excerpt of the full table of items shown in Table 6.4 above. This Table 8.2 shows the 

six items with their objectives and scores. 
T bl 8 2 K M h R fit f . b' a e eyJ at - . pro leo Item 0 JJectJves: N b 099 urn ers -

Item No Item Obiective % % % 
7 The student can determine the numbers immediately preceding and 100 100 100 

following a given two-digit number. 
8 The student can order a set of two-digit numbers. 100 100 100 
9 The student can count sets of tens. 95 100 100 
10 The student can determine the two-digit number depicted in a given 95 86 95 

representation of tens and ones. 
12 The student can determine the two-digit number associated with a 76 81 100 

given point on a number line. 
17 The student can determine the two-digit number depicted in a given 24 52 62 

representation of tens and ones that requires regrouping. 

This analysis has used 100% correct as the target, since there is no level of mastery 

defined for the Key Math-R. All items that were not perfectly scored were included in 

the definition of instruction for the class. The items that were not correct for all 

students on the first assessment involved counting sets of tens, interpreting number lines 

and base-ten representation of numbers. Three areas would become focus areas for 

instruction for the class. On the second assessment the number lines and the base-ten 

representations are still identified as an instructional need. On the third occasion only 

base-ten block representation is identified as in need of instruction. 

DEFINING INSTRUCTIONAL NEEDS OF STUDENTS 
USING ALTERNATIVE ASSESSMENT 

This section considers the information derived from the alternative assessment, the 

STOPV-DA, and how it can inform instruction in the classroom. Instruction is 

described in two ways. Analysis of the information provided by the STOPV-DA 

produced direction for instruction across the class, along three dimensions. This was 

initially in the form of development of understanding, as defined by the stages of 

understanding and the concepts and skills incorporated within the seven tasks. 
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Secondly, instruction in terms of intensity and type of teaching was defined. Thirdly, 

instruction in terms of aspects of functioning was also defined. 

Instructional needs in terms of development of understanding 

Definition of instruction for the class was done in reference to the developmental stages 

specified as the framework for the cognitive research tasks, the STOPV, and then 

through analysis of the aspects of place value incorporated in the tasks. The 

instructional needs for the class were defined through analysis of the STOPV pre-test 

responses and also the mediation strategies (See Appendix 7.4). 

On all three assessment occasions there were students within each of the three stages of 

development defined in the study, although the proportions altered over time (See 

Chapter 6). The implications of this for future teaching were that the full range of 

development of understanding needed to be catered for. 

Stage of Understanding 

There were a number of students who already demonstrated understanding. Their 

learning needs were outside the curriculum framework within which this study is 

situated and could not be defined from the assessment. As a result they are not a focus 

of this discussion. However, since all but one of the students had moved into this stage 

during the course of the study, consolidation and application of conceptual 

understanding would still be appropriate. 

Construction Stage 

The instructional needs of each of the students who were seen to be in the process of 

construction were defined through analysis of their STOPV-DA and delineation of the 

factors restricting demonstration of understanding. Students in the Construction stage 

are students who know 

the left digit in a two-digit numeral represents sets of ten objects and that the 
right digit represents the remaining single objects but this knowledge is 
tentative and characterized by unreliable task performances. 

(Ross, 1986, p.37) 

For these students, the instructional focus would be on the consolidation of the 

conceptual understanding. This would involve further experience with situations of non-
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standard partitioning, and exploration of the meaning of the digits representing standard 

parts of the whole. The instructional needs of these students are to do with exploring 

less familiar number arrangements, and having to explain and justify their interpretation 

of digits in numbers. These students showed understanding of the meaning of the digits 

in two-digit numbers, but were still distracted by non-standard partitioning and the 

unfamiliar nature of the number '06'. Their errors in writing large numbers exposed 

some gaps in development of understanding related to the number of places in a numeral 

and the associated values. 

Analysis of the STOPV-DA for these students allowed the definition of instructional 

needs for the group. Four of the students have similar needs, to further develop their 

establishing understanding. They would benefit from similar learning experiences in 

which they explore and discuss the meaning of the digits. However, one student showed 

up as at risk of developing and accepting incongruent conceptions. His needs for 

developing skills of questioning, challenging and justifying are greater. 

Emergent Students 

For the students in the Emergent stage, a variety of needs were evident. Since this study 

combined three stages defined in previous research, the students in this group do not 

have consistent learning needs. They may be in one of three defined phases, whole 

numeral, positional property, or face value (as defined in Chapter 4). The students 

classified within the Emergent stage were all considered to be in the process of 

developing discrete concepts that are essential for the construction of understanding of 

place-value numeration. Analysis of their instructional needs was carried out in terms of 

the concepts identified within the tasks: conservation; digit correspondence; counting by 

tens; and reading and writing numbers. This was done for each of the three assessment 

occasions. 

i) Conservation 

From the first assessment four students (Xavier, Farley, Wanda, and Brooke) were 

identified as in need of instruction in the concept of conservation of number. Three 

students, Brooke, Wanda, and Farley, still showed some difficulty on the second 

assessment, to which memory and language difficulties contributed. No students were in 

need of this specific instruction after the third assessment. 
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However, another instructional need was identified from the conservation task on each 

of the three assessments. The mediation indicated that there was some difficulty related 

to interpreting the task. Instruction in interpreting task language and format was 

indicated for four students, (Natalie, Christopher, Alex and Zoe) on the first occasion, 

two students (Zoe and Xavier) on the second assessment and two students (Wanda and 

Sam) from the third assessment. 

In summary, this analysis indicated that a small number of students in the class required 

instruction in conservation on the first two occasions, but this was not an instructional 

need on the third occasion. Another instructional need identified through this task was 

the skills in interpreting task format and language. A number of students on each 

occasion were in need of this instruction. 

ii) Counting by tens 

Instruction in counting by tens was identified for some students as an instructional need 

on each of the three occasions. The analysis of mediation indicated that some students 

needed to become familiar with the term 'counting by tens' and what it meant, as they 

still wanted to give each bean the value of ten. Otherwise instruction would focus on 

increasing familiarity and efficient skills, through practice, of counting large numbers of 

objects by tens. This practice would also facilitate the simultaneous use of the tens and 

ones in counting. For all these students practice on tasks requiring counting of large 

numbers of objects using tens and ones would be essential in their instruction. 

Brooke stood out on the third assessment as in need of more structured instruction in 

this skill. She was very disorganised, sometimes counting by fives and sometimes by 

tens, and losing track. She is in need of some structures within which to develop her 

counting skills more efficiently. Wanda also stood out as needing more teacher support 

in developing her counting. Modelling may need to be a stronger part of her instruction, 

than for the other students. The use of meaningful practical contexts for the counting 

was indicated for two students. Christopher needed to develop a meaningful context for 

the task in order to build it into his conceptual framework and Farley needed meaning to 

assist in motivating him. The use of money as a contextual use of base ten may be 

appropriate for him. 

Instructional needs for these students should involve a mixture of real context situations 

with a need to count large numbers efficiently, as well as practice in grouping, 

organising groups, and then counting by tens and ones. 
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iii) Digit correspondence 

Digit correspondence is the central focus of instruction in place-value numeration. The 

three tasks that focused on digit correspondence (tasks 2, 3, and 5) provided a wide 

range of information about the learning needs of the students. The mediation provided 

for Tasks 6 and 7 also provided information about the learning needs of the students in 

this area. There were students in the class on all three occasions who required 

instruction in this aspect of place value. 

The responses to task 2 showed that all the students were familiar with base-ten 

representations of tens and ones and could construct two-digit numbers routinely. 

However, the explanations provided by many of the students indicated that the use of 

base-ten blocks was a procedural response, rather than based on conceptual 

understanding of tens and ones. The students did not need instruction in using base-ten 

blocks, however, they needed to develop explanations and justifications that went past 

the procedural perspective. 

Responses to the other two tasks also showed that any conceptual understanding was 

not being extended to other less familiar situations. The mediation of tasks 3 and 5 as 

well as 6 and 7 provided information about the instructional needs for digit 

correspondence. Instruction should include explicit discussion of the many ways of 

partitioning numbers, the meanings of the places in a two-digit number, and the 

meaning of number names like twenty in terms of the standard groupings of tens was 

needed. The familiar representations, the base-ten blocks were already available and 

assisted linking of ideas during mediation for many of the students. This approach was 

effective since many of the students were at the face-value stage and the base-ten blocks 

provide a face value support for the numbers. This should be incorporated into the class 

instruction. 

The use of a variety of partitioning that challenges the partially established 

understanding should be included in instruction. This was indicated by the 

effectiveness of removing the partitioning (of six groups of four counters and two left

over) in Task 3 mediation, which was enough support for some students to demonstrate 

digit correspondence. 

The mediation for tasks 6 and 7 involved some other instructional strategies that would 

be appropriate in the class instruction. For some students place-value boxes (drawn) 
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were used to clearly separate and organise the digits and their values. Some students 

did not have a clear idea that the number of digits in a number determined its size. The 

use of zero as a place-holder was also not clearly established. The use of the organising 

boxes should be included in instruction for these students. 

These analyses of the STOPV-DA data provided instructional information related to the 

conceptual understanding of place-value that would be included in instructional 

planning for the class and for particular students in the class. Although there were 

students within each of the development stages on each of the assessment occasions, the 

emphases were altered in response to the needs of particular students. 

Instructional needs in terms of intensity and type of teaching 

The information provided by the measurement of length of dynamic assessment 

sessions and the number of interactions in the sessions, allowed interpretation of the 

relative intensity of teaching for all students (Chapter 6). From this information it was 

possible to determine the intensity of teaching needed across the class for this domain of 

learning. The data from the dynamic assessments showed that there was a great range 

of teaching intensity required across the class. Analysis of the sub-groupings of the 

students allowed information about similar needs for teaching, which could be used for 

determining groupings within the class for explicit teaching of the domain. 

On the first assessment, Brooke, Wanda and Thomas stood out as in need of the most 

teaching, both in terms of time and number of interactions. They are clearly identified 

as in greatest need in the class. Hannah and Rachael were in the next group, and seen to 

require large amounts of teaching time and interactions for their learning. Xavier could 

also be included in this second grouping as he required considerable time and number of 

teaching interactions. At the other end, Jack needed no teaching, and should be 

extended in numeration. From the length of session data, Maddie, Christopher, Alex 

and Daniel were in a small group needing only short sessions, however, they were 

mixed with other students with similar needs in terms of the number of teaching 

interactions. This information suggests that there is a group of students who require 

similar amounts of teaching interaction, but who take different amounts of time. The 

other students were placed between these groups and so need relatively moderate levels 

of teaching. This information would support the grouping of the students within the 

class for teaching in this domain, and direct focus on the groups and on particular 

students who may need more intensive teaching than others. However, it also identifies 
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a group of students who needed smaller amounts of teaching and so with some well

targeted teaching may demonstrate achievement of understanding in the near future. 

Groupings within the class in terms of needed intensity of teaching were also identified 

from the second alld third assessments. In particular, Rachael stood out as in need of 

the most time, while Brooke was in need of the most interactions. Other small 

groupings were also delineated. On the third assessment the class was much more 

compact on these two measures and so larger groups were defined. Brooke still stood 

out as in greatest need of time and teaching interactions, while Wanda stood slightly 

apart. Otherwise the class was relatively compact and seen to be in need of similar 

amounts of teaching. 

The analysis of the length of sessions and number of interactions used in mediation 

gave indication of the relative needs of the students in the class. This allowed 

groupings of students with comparable instructional needs in terms of intensity of 

teaching. Such information would assist in classroom organisation for instruction. 

Instructional needs in terms of general cognitive, social and emotional functioning 

Defining instructional needs across the class also incorporated information about the 

general cognitive, social and emotional functioning of the students. Aspects of 

functioning that were seen to be significant for instruction were delineated. In 

particular a number of students stood out and consequently their learning needs are most 

clearly specified. The notes related to these aspects of functioning are compiled and 

presented earlier in Chapter 6 as part of the context of the assisted achievement across 

the class. The instructional needs of the students described here are derived from those 

same notes which are included in Appendix 6.2. 

Aspects of general cognitive functioning 

Some notes were made about the making sense, attention, and memory abilities of some 

students during the mediation. These can be taken into account during instructional 

planning. Christopher was noted to be limited in his need to make sense of new ideas 

and to make them fit into his previous conceptual development. This was seen as an 

aspect of his functioning as a learner that places him at risk of developing a series of 

discrete conceptions that should be considered and developed in conjunction with other 

ideas. His perception of learning may need to be explored and challenged in order to 

make him a more effective learner. He seemed to resist changing his concepts. This 
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may be facilitated by exploring existing ideas and encouraging expression and defence 

of them. Kieren was noted to be having difficulty in making sense of ideas and in need 

of more exposure and exploration of ideas than many of the other students. How he 

best deals with this should be the focus of ongoing assessment during teaching in the 

classroom. 

Attention to the task and the learning was noted to be a slight issue for Ewan. His resort 

to other thoughts at times of pressure may not be of concern as he is learning very 

effectively. However, it should be kept in mind and monitored in case it develops 

inappropriately. Farley's distractibility was of concern and in need of addressing in the 

classroom. He was perceived to have low motivation for learning and low levels of 

confidence as a learner. Farley had developed avoidance behaviours to compensate for 

his perceived inadequacies. 

A number of students were noted to have some difficulty with working memory. 

Brooke was noted to have memory difficulties on all three assessments. Her learning is 

in need of supports that will alleviate the difficulties in this area of functioning. The use 

of visual information for reference during lessons, and strategies such as making notes 

of where her thinking is during learning may also assist. 

Aspects of social functioning 

The types of social aspects of functioning that were noted during the STOPV -DA can 

also contribute to instructional planning for the class. These included engagement in 

the social interactions involved in learning, and facility with language. 

Christopher and Farley were noted to be less engaged in the teaching-learning 

interaction than the other students. If they were not easy to include in a one-to-one 

interaction, it is likely that they are more difficult to include in a class lesson. It is 

important to see if they do engage in the class or if they have strategies for avoiding 

engagement as were observed in the STOPV-DA. If the same disengagement is evident 

in class it is important to put in place strategies to alter it. 

Some language difficulties were noted during the STOPV-DA procedures. In 

particular, two students were identified as in need of teaching to extend their expressive 

language. For Peta this meant skills of elaborating on already focused ideas. For Farley 

this need was not so clear. He gave very limited explanations which lacked clarity. It 

was not clear whether his expression was limited by conceptual development or by 
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expressive language skills. He needs explicit assessment in expressing explanations and 

descriptions of known concepts. This would assist in determining his instructional 

needs in communicating mathematical ideas. 

Brooke's language was also in need of instructional intervention. She had confused 

expression as well as difficulties interpreting receptive language. The extent of these 

difficulties should be investigated by a specialist. However, from this assessment 

modelled language was used effectively by Brooke, so this should be continued in the 

classroom. She also used self-talk a lot during her mathematical activity, so modelled 

self-talk (mediation) would be an appropriate approach to use in the classroom, by the 

teacher and by peers. 

These STOPV-DA sessions provided a sample of learning interaction and language 

skills from each student. Some students' engagement in learning or facility with 

language was noted as of concern and worthy of further investigation and consideration 

during classroom teaching. 

Aspects of emotional functioning 

The emotional aspects of functioning that were identified during the STOPV-DA can be 

taken into account in instructional planning for the class. A number of students showed 

some anxiety during the sessions, which should be considered in class. Hannah, Ingrid, 

Laura, Zoe, Alex, and Daniel were all noted to have some level of anxiety evident 

during the sessions. They seemed to be related to low confidence in ability, or fear of 

not achieving. All these students had not been identified from the other assessments as 

at risk of difficulty however, the observation of some anxiety is of concern. Brooke 

showed some anxiety at times, mixed with persistence on what seemed to be very hard 

tasks for her. She seemed to have a low perception of her ability. 

The analysis of these aspects of functioning provided further information that could be 

included in instructional decision-making in the classroom. The instructional needs 

have become less class focused and more individually focused during this definitional 

section. 

COMPARISON OF DEFINED INSTRUCTIONAL NEEDS 

The conventional and alternative assessments both provided information from which 

instructional needs for the class were defined. Conventional assessment provided a list 
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of unmastered and incorrect items from which instruction was defined. Alternative 

assessment provided details of aspects of place value, of the intensity and type of 

teaching required, and the aspects of general cognitive, social and emotional dimensions 

of learning that needed to be taken into account during instruction. The nature of the 

instructional needs specified across the three assessments have been combined in the 

following Table 8.3. 
Table 8 3 Instruction from conventional and alternative assessment 

Conventional Assessment 
(I) 
• Reading number names and writing numerals 

(error analysis of this item suggested that 
reading the word 'seventy' was a difficulty. 
and that some students read it as 'seven' or 
'seventeen'). 

• Counting numbers of items. with and without 
bundling by tens. and discussing which is 
easier and why. 

• Counting the number of tens in a number of 
items which have been bundled. 

• Stating how many tens and ones in numbers. 
• Constructing symbolic representations of tens 

and ones in a number. 
• Counting forwards and backwards by tens 

from any two-digit number. 
• Counting sets of tens 
• Interpreting number lines 
• Interpreting base-ten representations of 

numbers 

(2) 
• Counting the number of tens in a number of 

items which have been bundled. 
• Stating how many tens and ones in numbers. 
• Constructing symbolic representations of tens 

and ones in a number. 
• Counting forwards and backwards by tens 

from any two-digit number. 
• Interpreting number lines 

Alternative Assessment 
(1) 
Understanding of place value 
• Conservation (Xavier. Brooke. & Wanda) 
• counting by tens (48% of class) 
• digit correspondence (95% of class) 
The needs across the class ranged from one student 
no! needing instruction in any of these concepts to 
some students needing instruction in all concepts. 
Most of the class needed instruction in digit 
correspondence activities, particularly extending their 
procedural understanding of base-ten blocks to less 
familiar contexts. 

Intensity and type of teaching 
The needs across the class ranged widely. Some 
students needed a small amount of consolidation and 
construction activities, while others needed intensive 
explicit instruction. Students in need of greatest 
intensity of teaching were Brooke. Wanda. Thomas. 
then Hannah. Rachael and Xavier. The use of familiar 
materials. relating to previous learning. and use of 
verbal explanation were also needed by some students. 

Aspects offunctioning 
These varied across the class. Development of 
interpretation of language or explanations was 
identified as a need (Brooke. Christopher. Alex. Zoe. 
Natalie & Farley). A number of students were 
identified with need for more support emotionally 
than the rest of the class (Farley.. Some students 
needed opportunities to have their conceptual 
understanding challenged and for them to justify .and 
verify their understandings (Christopher). A number 
of students were identified with focus a.nd attention.1 
difficulties that impeded their learning. 
(2) 
Understanding of place value 
• conservation (Brooke. Wanda & Farley) 
• counting by tens (52% of class) . 
• digit correspondence (91 % of class) 
The needs across the Class ranged from two students 
not needing instruction i.n any of these concepts to 
some students needing instruction in all cond.epts. 
Many in the .class needed instruction in digit 
correspondence activities, particularly extending their 
procedural understanc!ing of base-ten blocks to less 
familiar contexts. 
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(3) 
• Counting the number of tens in a number of 

items which have been bundled. 
• Stating how many tens and ones in numbers. 
• Constructing symbolic representations of tens 

and ones in a number. 
• Counting forwards and backwards by tens 

from any two-digit number. 

Results N: Defining instructional needs 

Intensity and type of teaching 
The needs a,cross the class ranged. Some students 
needed a small amount of conSOlidation and 
constru,ction activities, While others needed intensive 
explicit instructiOn. Brooke and Rachael in most 
need. 

Aspects of functioning 
These varied across the class. Support clarifying 
language (Zoe & Xavier). Development of .language, 
in explanations, was identified as a need (Farley, 
Brooke). Farley needs more support emotionally or 
motivationally than the rest of the class. Christopher 
needs to experience challenge to his ideas and to 
justify and verify his understandings. Memory 
support (Wanda & Brooke). 

(3) 
Understanding of place value 
• counting by tens (48% of class) 
• digit correspondence (71 % of class) 
The needs across the class ranged from six students 
not needing instruction in any of these concepts to 
Some students needing instruction in all concepts. 
Most of the class needed instruction in digit 
correspondence activities, particularly extending their 
procedural understanding of base-ten blocks to other 
contexts. . 

Intensity and type of teaching 
The needs across the class ranged widely. Brooke and 
Wanda in most need. More students needed a small 
amount of consolidation and construction activities, 
while some needed intensive explicit instruction. 

Aspects offunetioning 
These varied across the class. Interpretation of 
language and format of task (Sam & Wanda). 
Development of language, in explanations, was 
identified as a need (Brooke and Farley). A number 
of students were identified with need for more support 
emotionally than the rest of the class (Farley). 
Christopher needed opportunities to have conceptual 
understanding challenged and to justify and verify 
understandin~s. 

From the first conventional assessment nine skills were defined as in need of instruction. 

The first seven of these came from the DMT and the other two from the KeyMath-R. 

The instructional direction derived from the second assessment was a subset of these 

objectives. On the third occasion the same skills were specified except for one item; 

interpreting number lines was no longer considered to be an instructional need. 

217 



Results N: Defining instructional needs 

The instructional needs of the class were also specified from the interpretation of the 

alternative assessment on the three assessment occasions. They were defined in terms of 

development of understanding, intensity and type of teaching, and aspects of 

functioning. Aspects of place-value understanding included conservation, digit 

correspondence and counting by tens. The analysis showed that all these aspects of 

place-value needed to be included in instruction for the class on each occasion, at 

differing levels. The instructional needs across the class were also defined in terms of 

intensity and type of teaching, Le., how much teaching was needed by individual 

students in relation to the others. It was possible to state that particular students were in 

need of more teaching than others. Aspects of functioning that needed to be taken into 

account in instruction were identified. These included language interpretation and 

expression, emotional support, skills of justification and verification, as well as focus 

and attention. 

These two definitions of instruction for the class have some similarities but are 

essentially very different. The frameworks of definition are completely different. The 

conventional instruction is framed in terms of skills to be taught, while the alternative 

instruction is framed in terms of conceptual development, amount and type of teaching, 

and focus on aspects of functioning for particular students. 

Comparison of defined instruction in reference to the prescribed curriculum 
context of the study 

Instruction defined from the assessments can be related to the curriculum framework 

within which the class is operating. Another way of comparing the defined instruction 

here is to link the assessment information to the prescribed curriculum for the study. As 

detailed in Chapter 4 the particular curriculum for this study is the NSW Mathematics K-

6 (N.S.W. Department of Education,1989) with its associated Outcomes and Indicators 

(Board of Studies N.S.W.,1998). The defined instruction from the conventional and 

alternative assessments are now considered in reference to these frameworks. The 

outcomes are defined as "specific intended results of the teaching of the syllabus" 

(Board of Studies N.S.W., 1998, p.5). Such specific statements provide ideal reference 

for comparison of the information provided by the conventional and alternative forms of 

assessment. The Outcomes are the framework for assessment and reporting of student 

learning within the Mathematics K -6 curriculum, and so any information provided from 

the assessments is appropriately reported in the same form as it would be reported to 

parents and students in the schools. 

218 

__ 1 



Results IV: Defining instructional needs 

From the items of the conventional assessments it is possible to match relevant 

outcomes. The items can be considered as indicators, i.e. "behaviour that students might 

display as they work towards the ... outcomes" (Board of Studies N.S.W., 1998, p.7). 

The task is to determine the instructional needs for the class working towards the 

outcomes. The two Numeration outcomes relevant for the assessment instruments are 

included in the following Table 8.4. This table shows the outcomes towards which 

indicators of achievement could be derived from the conventional and the alternative 

assessments used in this study (shaded). Indicators are behavioural evidence of learning 

towards the outcomes (For a full analysis see Appendix 8.1). 
Table 8 4 Numeration outcomes 

N 1.1 Approximates, counts, compares, orders and represents whole numbers and groups of objects up 
to lOa 
N 2.1 (a) Counts, compares, orders whole numbers up to 9999 and represents them in symbols and 
words, stating the place value of any digit. 
(b) Demonstrates an understanding that numbers can be represented using groupings of 10, lOa, 1000 

The specific focus of the content domain is contained within the N 1.1 outcome, 

however, the assessment content extended to the subsequent outcome N 2.1 also. Both 

assessment approaches provided indicators for the Numeration outcomes (See Appendix 

8.1). These included items on counting, ordering, comparing, representing 

(conventional and alternative) and approximating (alternative). 

The task for the assessor is to determine what teaching towards these outcomes is still 

needed based on the patterns of indicators derived from the conventional and alternative 

assessment. The full table of indicators derived from the assessment items is included in 

Appendix 8.1. From this table the following instruction is defined. 

Accepting the DMT mastery level as 75%, and placing a 100% mastery level on the 

KeyMath-R and STOPV allowed the identification of indicators that were in need of 

further instruction on each of the three assessment occasions. From these an 

instructional plan was developed and is shown in Table 8.5. 

Table 8.5 Instruction defined by outcomes and indicators 
Conventional Assessment Alternative Assessment 

N. 1.1 (two-digit numbers) N. 1.1 (two-digit numbers) 
Approximates (needs to be assessed) Approximates 
Counts: bv ones, bv fives, by tens Counts by tens and ones 
Compares: (needs to be assessed) Cornpares (needs to be assessed) 
Orders: (one student) single digit numbers Orders (needs to be assessed) 
Represents: states value of digits, represents Represents: explains value of digits 
using symbols for tens and ones, interprets 
graphic representation (with and without 
regrouping). 
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This matching of the conventional and alternative assessment content to the Numeration 

Outcome allowed a list of instructional focus areas to be devised (Appendix 8.2). No 

information was available form the conventional assessment about approximating or 

comparing numbers, so assessment is needed. Otherwise the instruction required 

involves counting by ones, by fives and by tens, ordering of single digit numbers (one 

student only), stating the value of digits, using symbols for representing, interpreting 

graphic representations (with and without regrouping). From the alternative assessment 

instruction in these include approximating, counting by tens and ones, and explaining the 

value of digits. No specific information about the group is available about ordering and 

comparing, however, for particular students these would have shown up in mediation of 

Tasks 6 and 7. 

The conventional and alternative assessments were also considered to see whether 

instructional direction related to the processes of working mathematically, and the values 

and attitudes outcomes defined within the Mathematics K -6 curriculum was available. 

The following Table 8.6 lists the outcomes related to Working Mathematically and 

Values and Attitudes that are relevant to the Numeration outcomes for this study. These 

include general cognitive skills, social skills required in learning mathematics, and 

attitudes and emotional responses to Mathematics. The shading indicates the outcomes 

about which information was derived from the conventional and/or alternative 

assessments. The analysis on which this table is based is in Appendix 8.3. 

Table 8.6 Working Mathematically and Values and Attitudes outcomes identified in 
conventional and alternative assessment 

Conventional assessment I Alternative assessment 
WORKING MATHEMA TICALL Y OUTCOMES 
Questioning WM 1.1 Asks questions about Questioning WM 1.1 Asks questions about 
mathematics when using materials and in mathematics when using materials and in 
practical situations. practical situations. 
WM 2.1 poses questions or problems about WM 2.1 poses questions Or problems about 
mathematical situations. mathematical situations. 
Problem Solving WM 1.2 answers mathematical Problem Solving WM 1.2 answers mathematical 
questions using objects, pictures, imagery, questions using objects, pictures, imagery, 
actions or trial and error. actions. or trial and error. 
WM 2.2 uses one or more strategies to solve WM 2.2 uses one or more strategies to solve 
mathematical problems. mathematical problems. 
Communicating WM 1.3 explains simple Communicating WM l..3 explains simple 
mathematical situations using everyday mathematical situations osingeveryday 
language, actions, materials and drawing. language, actions, materials and drawing. 
WM 2.3 represents, interprets and explains WM 2 .. 3 represents, interprets and explains 
mathematical situations using everyday language mathematical situations using everyday languag~ 
with some mathematical terminology, including with some mathematical terminology. illcluding 
simple graphs. simple graphs. . 

Verifying WM 1.4 supports answers to Verifying WM 1.4 supports answers to 
mathematical questions by explaining or mathematical questions by explaining or 
demonstrating how the answer was obtained. demonstrating how the answer was obtained. . 
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WM 2.4 checks, using an alternative method if WM 2.4 checks, using an alternative method if 
necessary, whether answers to problems are necessary, whether answers tcY problems are 
correct and sensible. correct and sensible. . 

Reflecting WM 1.5 recognises what worked and Reflecting WM 1.5 recognises what worked and 
what did not work while answering mathematical what did not work while. answering mathematical 
questions. questions. 
WM 2.5 compares own method of solution to a WM 2.5 compares own method of solution to a 
problem with that of others. problem with that. of others. 
Using technology WM 1.6 uses the available Using technology WM 1.6 uses the available 
technology to explore basic mathematical technology to explore basic mathematical 
concepts. concepts. 
WM 2.6 uses the available technology to help in WM 2.6 uses the available technology to help in 
the solution of mathematical problems. the solution of mathematical problems. 
VALUES AND ATTITUDES OUTCOMES 
V A I appreciates that mathematics involves V A I appreciates that mathematics involves 
observing, generalising and representing patterns observing, general ising and representing patterns 
and relationships and relationships 
VA 2 demonstrates a positive response to the use VA 2 demonstrates a positive response to the use 
of mathematics as a tool in practical situations of mathematics as a tool in practical situations 
VA 3 shows an interest in and enjoyment of the VA 3 shows an interest in and enjoyment of the 
pursuit of mathematical knowledge pursuit of mathematical knowledge 
VA 4 demonstrates the confidence to apply VA 4 demonstrates the confidence to apply 
mathematics and to seek and gain knowledge mathematics and to see.k and gain knowledge 
VAS demonstrates a willingness to work VAS demonstrates a willingness to work 
cooperatively with others and to value the cooperatively with others. and to value the 
contributions of others contributions of others 
VA 6 appreciates the importance of visualisation VA 6 appreciates the importance of visualisation 
when solving problems when solving problems 
VA 7 shows willingness to take risks when VA 7 shows willingness to take risks when 
working mathematically working mathematically 
VA 8 demonstrates a willingness to persist when VA 8 demonstrates a willingness to persist when 
solving problems and to try different methods solving problems and to try different methods 
VA 9 uses mathematics creatively in expressing VA 9 uses mathematics creatively in expressing 
new ideas and discoveries new ideas and discoveries 
VA 10 recognises the economy and power of VA 10 recognises the economy and power of 
mathematical notation, terminology and mathematical notation, terminology and 
convention in helping to develop and convention in helping to develop and 
communicate mathematical ideas communicate mathematical ideas 
VAil appreciates that conventions, rules about VA 11 appreciates that conventions, rules about 
initial assumptions, precision and accuracy initial assumptions, precision and accuracy 
enable information to be communicated enable information to be communicated 
effectively effectively 
VA 12 appreciates that a mathematical model is VA 12 appreciates that a mathematical model is 
a simplified image of some aspect of the social a simplified image of some aspect of the social 
or physical environment orphysical environment 
VA 13 realises that justification of intuitive VA 13 realises that justification of intuitive 
insights is important insights is important 
VA 14 appreciates how mathematics is used in a VA 14 appreciates how mathematics is used in a 
range of aspects of society range of aspects of society 
VA IS appreciates the contribution of VA 15 appreciates the contribution of 
mathematics to our society mathematics to our society 
VA 16 recognises that mathematics has its VA 16 recognises that mathematics has its 
origins in many cultures and is developed by origins in many cultures and is developed by 
people in response to human needs people in response to human needs 
VA 17 appreciates aspects of the historical VA 17 appreciates aspects of the historical 
development of mathematics development of mathematics 
VA 18 appreciates the impact of mathematical VA 18 appreciates the impact ofroathematical 
information on daily life information on daily life 
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The conventional assessments did not provide opportunity to derive information about 

the students' use of processes of working mathematically. They relied on products of 

thinking. However, the alternative assessment did provide opportunities for students to 

demonstrate the processes of questioning, problem solving, communicating, verifying 

and reflecting. Both the conventional and alternative assessments allowed some 

indication of values and attitudes. This was minimal during the conventional 

assessments and relied on inference from any observed responses. The researcher, 

however, responded to perceived emotional or attitudinal aspects of functioning during 

the STOPV -DA which allowed some exploration of the indicators. Therefore instruction 

direction can be derived from the alternative assessment instrument for these outcomes, 

however, the conventional assessment did not provide any information from which to 

derive any instructional direction. 

In summary, the conventional and alternative assessment information was framed into 

instructional focus areas in reference to the relevant Outcome. Both conventional and 

alternative assessment produced a list of skills, as needed in reference to this Outcome 

that would be the focus of instruction for the class. The conventional assessment 

provided very limited information about processes of working mathematically or values 

and attitudes, however the alternative assessment produced direction for instruction 

related to many of the processes, and some of the values and attitudes. 

Comparison of the instruction defined for the class highlighted differences in the type of 

information produced by the forms of assessment. The conventional assessment 

produced lists of skills to be taught, while the alternative assessment defined concepts, 

intensity and type of instruction needed and focus is on specific aspects of functioning. 

Both the conventional and altemative assessment data can be interpreted in reference to 

the specific curriculum context of the study. This resulted in some detail about 

instruction in terms of the skills defined within the outcomes for mathematical learning 

inN.S.W. 

CONCLUSION 

In conclusion this chapter has considered the conventional and alternative assessment 

information in terms of instructional needs of the class, a key purpose of assessment. 

Instructional descriptions were derived from both the conventional and alternative 

assessments. The conventional and alternative descriptions of the instructional needs of 

the class were different, but not necessarily discrepant. Rather, they were produced 

within differing frameworks, and tended to be complementary. The conventional 
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description was a skills-based list, while the alternative description was a broader 

cognitive, social, and emotional description, which included information about intensity 

and type of teaching required across the class. 

This is the last of the results chapters, which have presented the assessment information 

derived from the conventional and alternative assessments used in the study. This was 

in response to the first research theme, that sought to determine the support provided by 

the two assessment paradigms for classroom-based educational decisions. The analysis 

has shown that the conventional and alternative assessments both support these three 

decisions. Determinations of achievement, selection of students, and instructional 

directions were all derived from both conventional and alternative assessments. 

Comparisons of the educational decisions that would arise from the two forms of 

assessment have highlighted discrepancies in decisions. Major differences in 

determinations of achievement, some differences in selection of students, and 

differences in the nature of the instructional directions that were derived from the two 

assessment paradigms have been detailed in these chapters. The reasons for the 

differences need to be considered, in order to clarify how well the two assessment 

approaches support the decisions. This consideration is presented in the next chapter, 

which includes discussion of the three research themes, based on these four results 

chapters. 
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Introduction 

Chapter 9 

RESEARCH OUTCOMES 
Discussion and Conclusions 

The previous four chapters have presented and compared the results derived from this 

study. This chapter considers the themes of the research on the basis of the previously 

presented results. The themes are shown in the following Table 9.1. 

Table 9 1 Research themes 

Theme 1. What educational decisions can be supported by conventional and alternative 
assessment of school mathematical learning? 

Theme 2. What is the nature of the contribution of Vygotskian theory to assessment of 
school mathematical learning? 

Theme 3. What conditions are required for the practical implementation of dynamic 
assessment in schools? 

The chapter is structured in three sections, one for each theme. The first section presents a 

discussion arising from the comparison of the support provided by the conventional and 

alternative assessments for classroom decision making (Chapters 6, 7 and 8). The second 

and third sections of the chapter respond to the themes of the study which were derived 

from the literature review of Vygotskian theory and dynamic assessment. They involve 

consideration of the theoretical and practical issues relating to dynamic assessment as an 

alternative assessment approach for school mathematics. 

THEME 1: EDUCATIONAL DECISIONS USING 
CONVENTIONAL AND ALTERNATIVE ASSESSMENTS 

Theme 1 sought to detennine whether conventional and alternative assessment provided 

support for classroom educational decision making. The theme and related research 

questions are shaded in the conceptual framework in Figure 9.1. 
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ASSESSMENT OF MATHEMATICAL LEARNING 
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Figure 9,1 Theme I 

Classroom 
decision making 

i Determining and 
describing achievement 
in place-value 
numeration 

ii Screening the class in 
order to select students for 
further assessment or 
alternative programming 
in place-value numeration 

iii Defining the 
instructional needs of 
the class in place-value 
numeration 

The data generated from this study in response to the three research questions of theme I 

were presented in Chapters 6, 7 & 8, It was demonstrated that both conventional and 

alternative assessment provided support for the three classroom decisions, However, that 

discrepancies were highlighted in the nature of the resulting decisions raises questions 

about the differences in that support, 

The literature in the first chapter of this thesis suggested that conventional assessment does 

not reflect the currently accepted nature of school mathematicalleaming; it is not assessing 

what it is supposed to assess, This issue, the validity of the assessment, may be the basis 

for the discrepancies between conventional and alternative assessment for detenninations of 
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achievement, selection of students and definition of instructional needs. This discussion 

considers the validity of the conventional and alternative assessments. 

Validity of the conventional and alternative assessments 

Validity is considered a most crucial issue in the development of assessment instruments 

(Groth-Marnat, 1997, p.l7). Validity refers to the idea that assessment measures "what it 

is supposed to measure" and therefore produces information that is useful (Sattler, 1992, 

p.30). In this study, useful assessment reflects the nature of school mathematics and of 

mathematical learning as defined in Chapter 1. The validity of each instrument, as defined 

here, was reported in Chapter 4. In the light of the data collected during the present study, 

the validity of the conventional and alternative assessments can be re-evaluated. This is 

done through examining several dimensions of validity, i.e., construct, face, criterion and 

content validity. 

Construct validity 

The conventional and alternative assessment instruments used in this study were shown to 

have construct validity. Construct validity reflects the extent to which the instrument is 

capable of measuring a "hypothetical trait or construct" (Witt et al, 1998, p.llO). The 

KeyMath-R was statistically developed and its construct validity was established using item 

response theory. It thus had been shown to have construct validity (Connolly, 1988). The 

same analytical procedure, Rasch modelling, was applied in this study across all three 

instruments as reported in Chapter 5. It supported the construct validity of the KeyMath-R 

as well as of the other two instruments, the DMT and STOPV. The analysis showed that 

the instruments used in this study were all assessing a single construct, place-value 

numeration. 

Face validity 

The instruments also all have face validity. Face validity is a judgement that the assessment 

procedure "looks like it measures what the title or description states it measures" (Hoy & 

Gregg, 1994, p.73). As detailed in Chapter 4 the distributor of the two conventional 

assessment instruments claimed validity of the DMT and KeyMath-R with respect to 

'understanding' of place-value numeration and in reference to the N.S.W. curriculum. 

The objectives of the items defined by the respective manuals, however, refer to counting, 

reading, writing, ordering, recognising tens and ones, determining the number represented 

by a graphic representation of base-ten blocks, interpreting a number line, rounding 
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numbers and renaming numbers (Appendices 4.4 & 6.1). Eleven of the thirty DMT items 

and three of the twenty-four KeyMath-R items include partitioning into tens and ones, and 

focus more specifically on the partitioning of two-digit numbers. Non-canonical 

partitioning is included in one item in each of the instruments (DMT 25 & KM-R 17). 

From the item objectives it seems that the two conventional assessments do reflect a valid 

definition of understanding of place value. They, therefore, appear to measure what they 

claim. The alternative assessment, the STOPV also has face Validity since it has similar 

content focus to the conventional assessment and was derived from cognitive research into 

the specific domain of place-value numeration. Both conventional and alternative 

assessment instruments have face validity. 

Criterion validity 

Criterion validity is concerned with the relationship between the results and "some type of 

criteria" which can be other test scores or classifications (Sattler, 1992, p. 30). 

Comparison of the conventional and alternative test scores was shown to be very low since 

the determinations of achievement on the conventional assessment did not converge with 

those of the alternative assessment. The descriptions of achievement proportions across 

the class were different. Further consideration of criterion validity, against the criterion of 

definition of achievement leads into the issue of content validity. Therefore, the remaining 

consideration of validity is focused on content validity. 

Content Validity 

Content validity is concerned with whether assessments cover all major aspects of the 

content area and do so in the correct proportion (Groth-Marnat, 1997, p.1S). Although the 

instruments in this study claim to have content validity (see Chapter 4) this has been 

questioned by the discrepancies in results. These discrepancies suggest that the 

assessments vary in content and cognitive demands. Since "there is no simple formula for 

determining the kinds of validity evidence that will be sufficient" for any purpose (Hattie, 

Jaeger & Bond, 1999, p.42S), a model for consideration of content validity was generated 

from the issues explored in the study. Content Validity of the assessment procedures is 

now considered along three dimensions: content as defined by cognitive research; the range 

of difficulty within the content domain; and content as defined in the curriculum. 

Content defined by cognitive research 

The content of school mathematics and in particular of place-value numeration, has been 
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discussed extensively in this thesis in Chapters 1 and 3. The research design for this study 

sought to ensure high content validity of the alternative assessment from the outset. The 

researcher referred to the international body of cognitive research in order to validly define 

understanding of place-value numeration as the content focus of the study as recommended 

in the literature (O'Connor, 1992). The alternative assessment was developed on the basis 

of well-defined content, and thus has content validity in reference to the cognitive research. 

The two conventional instruments claimed to assess "understanding" of place-value 

numeration (Connolly, 1988, p.l; Schleiger, 1993, p.13). In order to evaluate these claims 

the conventional assessment instruments were analysed to determine whether there were 

aspects that may threaten the ability of the assessments to make determinations concerning 

understanding of students. During the analysis of data two aspects of the conventional 

assessment instruments were found to inhibit inferences about understanding from these 

instruments. There were identified irrelevant difficulties within items and a small number 

of relevant items. 

Some items from the conventional and alternative assessments were contaminated by 

"irrelevant difficulties" (Witt et al, 1998). That is, there were reasons other than 

conceptual understanding that could account for students not responding correctly to a 

number of items. These are also termed "rival hypotheses" (Maxwell, 1996, p.88), 

"assessment bias" or "construct-irrelevant variance" (Birenbaum, 1996, p.20). These 

factors threaten validity. Error analysis of the responses to items indicated some irrelevant 

difficulties. In particular, these involved misinterpretation of format or of language within 

items. For example, the language used in KeyMath-R Item 17 "How many pencils are 

there in all?" was colloquially American and misinterpreted. The graphic representations 

used in DMT items 18,23-26, and KeyMath-R items 15 and 21 seemed to cause some 

difficulty in interpretation. It is not known how many of the conventional item responses 

were mismatches since no investigation of the reasons for particular responses was allowed 

in the interpretation. 

However, the factors affecting responses on the STOPV were investigated through 

mediation. The first STOPV task presented difficulties in format and language. This was 

explored in the dynamic assessment confirming that the difficulties with interpreting the 

task inhibited demonstration of conservation by a number of students. No other 

interpretation difficulties within the STOPV were identified from the mediation. 

The conventional assessments had face validity, but on closer examination aspects of the 

items reduced their content validity. This included language and format of the items. 
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There were also a limited number of items that reflected the definition of understanding. 

This reduced the validity of the evidence of learning. Each conventional instrument had 

only one item that reflected the definition of understanding. This small sample is not an 

adequate representation of the conceptual domain. Although many of the other items may 

be related to the development of understanding, they do not elicit sufficient evidence on 

which to make an interpretation of understanding. This is particularly important when 

there exists the potential of thirty per cent of responses being mismatches (Clements & 

Ellerton, 1995). 

In summmy, although the items seem to reflect the definition of learning of place-value 

numeration, it is clear that they include less relevant difficulties that affect interpretation of 

a student's understanding of place-value numeration. It is not possible to make a 

determination of understanding conclusively from these items. There is only one item in 

each test that reflects the definition of understanding, and both of these use a graphic 

representation of base ten blocks that needs to be interpreted. Responses to these items 

showed the possibility of confusion about the graphic stimulus. Interpretation of 

responses may be misleading in terms of understanding and may reflect other aspects of 

functioning. The content validity claimed by the distributor is not supported by this 

analysis. 

Range of difficulty of content 

The second dimension of content validity has to do with the range of difficulty 

incorporated within the content domain. Rasch analysis of item difficulty provided a ladder 

of difficulty of the items from all three instruments (Chapter 5, Figure 5.8). A number of 

items had perfect scores and so were not on the ladder, otherwise the items ranged from 

-4.0 to +5.0 logits. There was a range of difficulty across the three instruments, however, 

the coverage of this range for the conventional instruments was not broad. The DMT items 

and the KeyMath-R two-digit items were restricted to the lower end of the ladder « 2.0 

logits) while the STOPV extended from -3.5 to +3.5 logits. This analysis confirmed that 

the relevant items from the DMT and KeyMath-R (two-digit items) were easier than those 

from the STOPV. The STOPV sampled a wider range of difficulty, using qualitatively 

different levels of understanding across tasks. They more fully represented the range of 

development of conceptual understanding. In particular, the three digit correspondence 

tasks ranged from the lowest point on the scale to the highest. The near 100% results for 

matching of base-ten blocks to the two-digit number on Task 2 was not supported by the 

much lower response levels to the other two tasks. Tasks 3 and 5 were at the top of the 

difficulty ladder for the STOPV and were higher than all the DMT items, and all the two-
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digit KeyMath-R items (See Figure 5.8). This showed a wide range of difficulty across 

the three tasks, one of which was very low on the scale to the other two which were near the 

upper end. Analysis of the pattern of responses indicated that the students had achieved 

procedural knowledge of the use of base-ten blocks, yet not conceptual knowledge 

(Hiebert, 1986). This supports previous research indicating that the use of base-ten blocks 

does not necessarily result in the development of conceptual understanding of place-value 

and further development to bridge the gap between the manipulatives and the symbols is 

needed (Price, 1998). 

In summary, the relevant items of the conventional assessment were restricted to the lower 

end of the difficulty range and were not representative of the whole range of content of 

place-value numeration. This produced a ceiling effect in the DMT results. This supports 

the idea that the selection of items for these conventional assessments was restricted to 

lower level procedural items and excluded items that tap into higher level thinking and 

conceptual understanding. 

Content as defined by the prescribed curriculum for this study 

The third dimension of content validity is with reference to the curriculum. This discussion 

looks at one specific curriculum context, the N.S.W. Mathematics K-6, in exploring this 

aspect of content validity. The two conventional instruments used in this study claim 

content validity for place-value numeration within the specific curriculum setting in the 

study (Chapter 4). The DMT is Victorian (Australian), and the KeyMath-R is North 

American. However, they are both marketed to N.S.W., Australia, with the assurance that 

they reflect the curriculum (A.C.E.R., 1996-7, pp.25-26). Although the claims of the 

DMT and KeyMath-R distributor (A.C.E.R.) imply content validity with school 

mathematics, closer analysis of the manuals define the limitations of the two instruments. 

Both the DMT and KeyMath-R are limited to skills and knowledge "essential for 

understanding", and although the DMT claims to establish levels of understanding, the 

definition of understanding used is not clear. The STOPV was not developed with any 

particular curriculum in mind. Instead it was referenced to cognitive research in the 

specific domain of place-value numeration. 

This section examines place-value numeration, as well as the general cognitive, social and 

emotional outcomes associated with this specific domain of learning. 
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Numeration content 

The N.S.W. Mathematics K-6 curriculum outcomes relevant to this study have been 

specified in Chapter 4 and the ability of the conventional and alternative assessment items 

to act as indicators towards the outcomes has been presented in Chapter 8 as part of the 

definition of instructional needs. These dimensions showed that the conventional and 

alternative assessments could both be interpreted in terms of the defined Numeration 

outcome. However, this analysis raised questions about the content validity of the 

Numeration outcome definition itself. 

In this particular curriculum the specific domain is defined through one outcome 

specifically defining place-value numeration of two-digit numbers and a similar one for 

three-digit numbers. Judgements about student progression must be based on, and 

justified in terms of these outcomes (Willis, 1994, p.3). The outcome, N 1.1, representing 

the content focus for this study states that studerits need to: 

Approximate, count, compare, order, and represent whole numbers and groups 
of objects up to 100. 

(Board of Studies N.S.w., 1998, p.58) 

These are all skills that can be learnt procedurally and performed, not necessarily with 

conceptual understanding. So does this outcome, that is a list of skills, really define 

understanding of place value of two-digit numbers? The ability of this specific domain of 

learning to reflect cognitive research in the field, and its alignment with the curriculum for 

which it was developed are both considered below. 

Aspects of place-value such as the values of places in a number, and the associated 

partitioning, which are key themes in cognitive research are not defined within this 

outcome. They are mentioned in the subsequent outcome N 2.1, "stating the place value of 

any digit" in a four digit number. However, stating the value of a digit in a multi-digit 

number has been shown to be an early level of the development of understanding and does 

not mean the students understand place value (Chapter 3). The definitions do not reflect 

essential aspects of the cognitive research definitions of understanding of place-value. 

This wording of the outcomes suggest that place value is not taught until Units 12 and 13 

which work towards Outcome N 2.1. However, the content of Unit 10 is clear. 

This unit focuses on place value. The value of digits in various numerals is 
investigated. Students should understand, for example, that the 5 in 35 
represents five ones but the 5 in 53 represents five tens. 

(N.S.W. Department of Education, 1989, p.204) 
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This statement from the Mathematics K -6 curriculum clearly defines understanding of 

place value for two-digit numbers as tbe focus of tbe unit. This definition of understanding 

is not reflected in the outcome that represents the learning for this unit. The outcome itself, 

a definition of a criterion against which assessment is to be carried out, does not have 

content validity. It does not reflect tbe nature of tbe learning as defined in tbe content of 

cognitive research, nor in the curriculum units it was designed to reflect. The writer of tbe 

outcome has relied on defining skills related to tbe understanding. These skills may not 

necessarily be indicative of understanding. 

Another issue for consideration in this discussion of the content validity of the assessments 

in reference to the curriculum, is the broad nature of the curriculum. As discussed in 

Chapter 1 school Mathematics includes general cognitive, social and emotional aspects of 

learning. These are reflected within Mathematics K-6. 

General cognitive, social and emotional content 

As presented in Chapter 8 tbe DMT and KeyMath-R both generated some indicators 

relevant to the Working Mathematically and Values and Attitudes outcomes tbat reflect 

general cognitive, social and emotional dimensions of school mathematics within tbe 

curriculum (Appendix 8.3). The STOPV-DA however, provided more substantial 

indicators for interpretation of all three types of outcomes: numeration; processes of 

working matbematically; and values and attitudes. It must be noted again tbat tbese 

outcomes were not available at the time of the development or implementation of the study 

and so did not guide its design. It is clear from the analyses presented tbat altemative 

assessment provided more information related to these outcomes than tbe conventional 

assessments, i.e., it had higher curriculum content validity for the broad nature of school 

matbematics. 

In summary, the content validity of the conventional and alternative assessments was 

considered in the light of the study in order to reconcile the discrepancies in data generated 

for Theme 1. This was done by considering the content defined in cognitive research, tbe 

range of difficulty of the content, and the content of the curriculum. The content validity of 

the conventional assessment procedures used in this study was not found to be adequate. 

The conventional assessment items were not representative of tbe content of place-value 

numeration as defined through international documents and cognitive research. 

Conventional assessment was restricted to lower level items and was not representative of 

the range of difficulty inherent in the domain. However, these assessments were to an 
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extent representative of the content as defined by the curriculum which was the context for . 

this study. 

The alternative assessment, the dynamic assessment procedure, had better content validity 

related to all three dimensions. The STOPV represented the content as defined in cognitive 

research since that is where the tasks and strategies were derived. The range of difficulty 

required in order to elicit evidence of understanding was also present in the STOPV. The 

interpretation of the dynamic assessment phase of the STOPV-DA also provided 

opportunities for eliciting evidence of processes for Working Mathematically and Values 

and Attitudes, i.e., general cognitive, social and emotional aspects of students' functioning. 

Theme 1: Conclnsion 

Discussion of the validity of the conventional and alternative assessments has supported 

the hypothesis that differences in validity contribute to the discrepancies in information 

about student learning identified in the results chapters. Although there exists a single 

construct underlying the conventional and alternative assessment procedures, the construct 

is not well represented by the conventional assessment. Conventional assessment reflected 

some of the skills defined in aspects of place-value numeration but not the cognitive 

research definition of understanding. It was limited to lower level difficulty items that 

reflected this limited focus. The conventional assessment instruments used in this study 

did not reflect the content of school mathematics that is now considered essential. They 

could provide information about the traditional skills and knowledge of school 

mathematics, however, they did not provide adequate information about understanding, or 

about the social and emotional dimensions of school mathematical learning. No 

information about the processes of understanding used by the students was legitimately 

accessed through the conventional assessments. 

In contrast, the alternative assessment was designed to have content validity with respect to 

cognitive research. The range of difficulty of the tasks in the alternative assessment also 

reflects the complexity of the cognitive definition. In addition this procedure has potential 

for content validity with respect to the curriculum as it was able to elicit information 

relevant to the curriculum outcomes, as well as general cognitive, social and emotional 

processes. 

A key issue that has arisen from this discussion is whether the content validity of the 

Mathematics K -6 Numeration Outcome is adequate. It does not appear to represent the 

understanding of place-value numeration of two-digit numbers as defined in cognitive 
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research, nor in the curriculum for which the outcome was designed. Instead the outcome 

is framed as a list of skills, which does not reflect the complexity of the conceptual learning 

and mayor may not indicate development of understanding. It is possible for students to 

meet all the criteria of the outcome and still not have developed a conceptual understanding 

of the number system. It is also possible for teachers to rely solely on the skills defined 

and yet still not have determined whether a student has constructed an understanding of 

place-value numeration. In its present form it is possible that the outcome will restrict the 

development of teacher understanding of conceptual development in numeration, and thus 

restrict the instruction related to curriculum within the classroom. 

This section of the chapter has considered the reasons underlying the discrepancies in 

information provided by the conventional and alternative assessments of school 

mathematical learning (Chapters 6-8). Differences in validity of the assessments have been 

shown to contribute to these discrepancies. As was suggested by the literature in Chapter 

1, conventional assessments do not have adequate content validity. It is restricted by the 

nature of the items to lower level skills and knowledge, and does not reflect the range of 

difficulty of the content. The alternative assessment was developed with content Validity as 

a basic fundamental. It was formulated based on what was known about learning in this 

domain. The tasks and procedures of the alternative assessment were selected to support 

this definition. 

The following section considers the theoretical underpinnings of the alternative assessment 

approach and the implications of this study for theory. 

THEME 2: VYGOTSKIAN THEORY AND ASSESSMENT 
OF SCHOOL MATHEMATICAL LEARNING 

This second section of the chapter considers the theoretical perspective of the study. As 

discussed in Chapter 1 conventional assessment has a basis in two discrete theories that 

support assessment and learning separately. These theories, the psychometric theory of 

assessment and the behaviourist theory of learning, are no longer considered adequate as 

bases for assessment. The theoretical foundations for alternative assessment are found 

within social constructivist theories of learning that reflect the social context of leaming. In 

particular, one of the alternative assessment procedures, dynamic assessment, was developed 

within a social constructivist theory that also explicitly integrates teaching and assessment 

with learning. Vygotskian theory was considered worthy of investigation in this study since 

it offered potential for support of alternative assessment of school mathematicalleaming. 
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This study has contributed to the body of information about Vygotskian-based assessment, 

through the development and implementation of a dynamic assessment procedure, the 

STOPV -DA, within a specific domain of school mathematical learning. This section 

evaluates the contribution that Vygotskian theory has made to the development of an 

alternative assessment procedure, the STOPV-DA, within a specific domain of school 

mathematics. Two research questions guide this consideration. 

• How does Vygotskian theory contribute to the assessment of school mathematical 

learning? 

• What are the limitations of Vygotskian theory for the assessment of school 

mathematics? 

How does Vygotskian theory contribute to the assessment of school mathematical 

learning? 

This study relied on Vygotskian theory as the starting point for the development and 

implementation of an alternative assessment procedure. The examination of Vygotskian 

theory in Chapter 2 indicates that this theory considers assessment as a process integrated 

closely with learning and teaching. Vygotskian theory is also supported by a social 

constructivist view of learning that emphasises the role of social tools such as language, and 

the multidimensionalirty of learners within the social learning situation. This orientation 

offered promise as a theoretical basis for assessment of mathematical learning. The 

functions that the theory performed in this study will be now considered. 

Four purposes have been defined for theory in mathematics education research (Mason & 

Waywood, 1996). These are the ability to support description, to offer explanation, to 

predict what will happen in similar situations, and to inform practice. In this study the 

theory fulfilled all four of these functions to some extent. However, the primary function of 

theory in this study was to support the development and implementation of the assessment 

procedure, to inform practice. The initial three functions for theory, to describe, to explain, 

and to predict various concepts and aspects of the assessment, allowed the 

operationalisation of the theory into practice. 

i) Description 

The review of literature in Chapter 1 identified the integration of assessment with teaching 

and learning as an essential perspective for alternative assessment. Vygotskian theory 

assisted in "fram[ing] a way of seeing" (Mason & Waywood, 1996, p.l060) how 
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assessment can be integrated with teaching and learning. The framework was supported by 

a number of concepts and their labels. The definition of two planes of learning, of the 

processes of mediation and internalisation, and of the zone of proximal development all 

support this way of seeing assessment. These concepts are all used in the subsequent 

explanation of the nature of the integration of assessment with teaching and learning. 

ii) Explanation 

Vygotskian theory has supported the explanation of the trend observed in alternative 

assessment to place assessment within everyday teaching/learning situations in the 

classroom, or to rely on interpretation of the products of such teaching/learning activities 

rather than on test products. This focus on learning activities for assessment was in 

response to the current belief in mathematics education that observation and interpretation 

of a student in the process of learning will support an understanding of that learner (Silver 

& Kenney, 1995). This reflects Vygotsky's view that assessment and instruction are 

inextricably related (Brown et al, 1992, p.138). In order to understand the student as a 

learner, it is essential to investigate learning while it was occurring, and therefore, in the 

context of the teaching that was inducing the learning. The Vygotskian theoretical 

framework required the inclusion of a mediation or teaching/learning phase within the 

assessment procedure. This was done in the STOPV -DA by mediation of the tasks and the 

students' understanding of place-value numeration. Mediation was the social vehicle within 

which the assessment was implemented. The assessment aim was to understand an 

individual learner "as enmeshed in ongoing cultural practices" rather than as apart from 

the situation in which the learning and assessment were taking place (Renshaw, 1996, p.59). 

Thus the explanation of the integral nature of teaching, learning and assessment reflected 

the complexity of learning more realistically than previous explanations from behaviourist 

and psychometric theories. This lack has been specified by Stake (1995) as an inadequacy 

of the previous theories. In this study the nature of the mediation produces a contextual 

description of student learning which supports decisions about future instruction. 

Vygotskian theory explained the need for an assessor to use a combination of teaching and 

assessment skills to administer dynarnic assessment. In this study the combined skills of 

teaching and assessment were operationalised, and were also complemented by counselling 

skills that focused on the development and maintenance of an optimum relationship within 

which to mediate. Such a relationship was found in this study to be crucial to effective 

mediation. 
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iii) Prediction 

The third function of theory to be considered is that of predicting "what will happen in 

similar situations through stating necessary or appropriate conditions" (Mason & 

Waywood, 1996, p.l060). The ability of dynamic assessment to provide rich information 

about student learning was predicted by the theory and confirmed in this study. 

Vygotskian theOlY predicted that dynamic assessment, which involves exploring student 

leaming within the ZPD, would provide information about the nature of leaming needs of 

students. The information gained from the dynamic assessment about student learning 

supports classroom decision-making as defined in Chapter 1. Not only did the static part 

of the alternative assessment, the STOPV, provide superior information about student 

understanding of place-value numeration but the dynamic assessment procedure, STOPV

DA, produced extensive information about student learning that was not available from 

conventional procedures. The application of the Vygotskian concept of the zone of 

proximal development provided descriptions of actual and potential development, of 

concepts in the process of maturing, and not just those that were mature and resistant to 

dis tractors. In this study the ceiling for the zone of proximal level was created by the nature 

of the particular domain of school mathematics that was the focus of the learning. 

Generating information about student leaming that is unique and enhanced in comparison 

to the results of the conventional assessments was considered essential for the credibility of 

any alternative assessment approach (Delclos et al, 1992; Lidz & Greenberg, 1997). 

This study has demonstrated the ability of a model based on Vygotskian theory to support 

a prediction that dynamic assessment provides information about student learning of 

mathematics that is superior and enhanced in comparison to that produced by conventional 

assessment. This was through the inclusion of teaching within the assessment procedure. 

The Vygotskian theoretical framework allowed interpretation that provided stronger support 

for classroom educational decisions. In particular the nature of the information strongly 

informed future teaching. The information also allowed valid determinations of 

achievement and selection of students based on criteria derived from cognitive research. 

Although the most sophisticated psychometric instrument used in the study, the KeyMath

R, performed best at discriminating between the students for screening purposes, this was at 

the expense of content Validity which has been identified as a key factor essential in any 

assessment. 
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iv) Inform practice 

Through the three functions, of description, explanation and prediction, Vygotskian theory 

provided a framework that informed the development and implementation of a dynamic 

assessment procedure for assessment of school mathematical learning. It informed 

practice. The development of the assessment procedure, the STOPV-DA, was informed in 

terms of the nature of the assessment interaction, the role of the assessor, the types of 

information being accessed and the ability to reflect the nature of learning in a specific 

domain of learning. 

Vygotskian theory informed the structure of an assessment procedure integrated closely 

with teaching and learning. The STOPV -DA was developed as a procedure that had a clear 

focus on assessment while being integrated with teaching and learning. This occurred 

through the inclusion of a teachinglleaming phase within the assessment. Although the 

pre-test and post-test phases were defined as separate parts of the STOPV -DA they were 

integrated into the total process and influenced the direction of the assessment. In 

particular, Vygotskian theory supported the combined perspectives necessary for the 

assessor in this type of assessment. 

Vygotskian theory informed the action of the mediator. By explaining the integral nature of 

mediation as the social, emotional and cognitive involvement of a more competent other in a 

sociocultural activity with a learner, the theory informed the behaviour of the mediator. 

Such a role essentially required assessment and teaching skills to be used in combination. 

It also required mediator knowledge of the specific domain of learning as well as of the 

general cognitive processes relevant to the domain of learning. The description and 

explanation of the role of the mediator allowed the researcher to identify similarities to 

actual skills of practice used by a school psychologist. Such similarities supported the 

application of existing skills within the newly developed dynamic assessment procedure. 

Vygotskian theory had predicted the nature of the information derived from such integrated 

assessment. Exploration within the theoretical concept of the zone of proximal 

development provided a rich source of information and hypotheses about each student's 

learning. The theoretical framework gave the assessment procedure the ability to respond 

to the nature of school mathematical leaming as a cognitive, social and affective process in 

which understandings are constructed and applied (Chapter 1). The theoretical framework 

allowed the recognition and exploration of 'irrelevant difficulties' of the tasks, which 

became 'relevant' within this theoretical context. Such aspects of interpretation of the tasks 
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including language and graphic representations were explained in Vygotskian theory as 

integral parts of teaching and learning and therefore of any assessment. 

The theoretical framework informed the assessment role of the sociocultural tools of 

learning that were usual in the students' classroom leaming situation. The assessment was 

thus able to use and investigate the roles of language in communicating about mathematics 

within the tasks. The procedure also supported the identification and exploration of other 

social, emotional and general cognitive aspects of functioning, allowing the gathering of 

multidimensional information about each student's learning. 

Vygotskian theory informed the development of a procedure that did not inhibit content 

validity. It supported the development of an assessment tool "based on sound theoretical 

analyses of the skills and knowledge required" within a specific domain (Brown et ai, 

1992, p.163). The dynamic assessment allowed the use of tasks that were designed to 

investigate conceptual leaming. The procedure did not place any technical restrictions on 

the tasks that could distort content validity, as does conventional assessment. The 

assessment procedure demonstrated adequate content validity, both in reference to what is 

known about mathematical learning and about the specific domain of conceptual 

development. In this study the application of Vygotskian theory related to the use of a 

cognitive research based set of tasks, linked to a cognitive research framework of 

development, as the content basis of the assessment. In this way the assessment maintained 

the content validity of the tasks. It also supported the investigation of difficulties not 

directly connected to the specific conceptual development but associated with learning. 

This supported an extended interpretation of student leaming that included general 

cognitive, social and emotional aspects of functioning, as well as proximity to achievement 

of the specific cognitive development. 

Vygotskian theory has contributed to the assessment of school mathematical leaming 

through the description and explanation of the trend towards assessment integrated with 

learning and teaching. The theory also predicted the extended nature of the information 

generated during the assessment. Based on these functions Vygotskian theory also 

informed the development and implementation of a clinical assessment procedure for 

assessment of a specific domain of learning within the school mathematics curriculum. 

Vygotskian theory supported a change in focus from the readily measurable mathematical 

behaviours to the more obscure mathematical thinking that has been the primary challenge 

of alternative assessment. The assessment was able to validly reflect the nature of school 

mathematical learning. Although the theoretical framework has fulfilled these functions for 

theory and thus has been validated, it was not explicitly used for all aspects of the 
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assessment procedure development and implementation. These other dimensions will now 

be considered. 

What are the limitations of Vygotskian theory for the assessment of school 

mathematics? 

The current study involved the importing of Vygotskian theory into an existing assessment 

context. Theoretical bases were sought and used for some aspects of the assessment, 

however, for others the researcher set principles derived from the Vygotskian theory, but 

did not impose any more explicit frameworks. Since "all investigators work from theories 

even though the theories may be quite local and implicit" (Hiebert & Carpenter, 1992, 

p.91), this situation into which the dynamic assessment was placed needed to be explicitly 

defined. 

The aspects of the assessment to be considered include the definition of the cognitive 

development within the specific domain, the selection of tasks; the definition of aspects of 

functioning of leamers; the nature of the interaction relationship; and the selection of 

mediation strategies. The definition of cognitive development and the selection of tasks 

were based on cognitive theory, while the interpretation of aspects of functioning, the nature 

of the relationship and the selection of mediation strategies were not explicitly guided. 

Definition of cognitive development within a specific domain 

The study followed the advice of the literature (Chapter 1) and sought definition of learning 

within the specific domain of school mathematics from a cognitive research basis. This 

source provided a definition of the target conceptual understanding, a pathway of 

development and a set of tasks. These tasks were used in the construction of the pathway, 

within which the assessment procedure was applied. Although research into cognitive 

development in domains of school mathematics is ongoing, the documented studies 

provided a framework that was useful and valid with respect to what was known about 

learning in this domain at the time. There is debate about the existence of developmental 

pathways as used in this study however, and current research is exploring children's 

individual representations of concepts such as numeration (Thomas, 1997). This research 

contributes to our growing understanding of child cognitive growth in specific domains. 

The result of such research is a "map of the content domain" within which to determine 

"(a) where the child is, (b) where the child is likely to go, and (c) different paths that the 

child is likely to take" (Jones & Thornton, 1993, p.26). This kind of research is being 
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carried out into other specific domains of mathematical learning (e.g. Pegg & Davey, 

1998). 

Vygotskian theory was not used explicitly in this dimension, however, it has contributions 

to make to this aspect of the assessment. Vygotskian theory of assessment was derived 

within a context of general cognitive development from a critique of general intellectual 

tests. Within general cognition Vygotsky made distinctions between spontaneous and non

spontaneous (scientific or taught) concepts (Vygotsky, 1962). The conceptual development 

in this study is of the latter type. It is also a sociocultural tool, a means of systematic 

knowledge (Vygotsky, 1962). Place-value numeration is a socially constructed number 

system that is a symbolic and abstract tool of mathematical thinking and a means of 

communication about numerical relationships in the world. Recent work into cognitive 

development in mathematics using Vygotskian theory aims to "fully understand the 

construction of mathematical meanings" (Van-Oers, 2000). Use is being made of the 

Vygotskian concept of the zone of proximal development in order to observe and document 

changes in children's strategies and therefore inferences about cognitive development 

(Wright, 1996b). This suggests potential within Vygotskian theory for more support for 

this dimension of the assessment. This will be through cognitive research that defines the 

specific cognitive development necessary for such focused applications of dynamic 

assessment. 

Selection o/tasks 

The selection of the tasks to be used in the assessment was guided by the definition of the 

domain of learning as discussed above. Cognitive research uses tasks designed to 

investigate cognitive development, and these were appropriate for use in school assessment. 

The assessment tasks were selected to reflect the cognitive research definition of specific 

domain learning. They were tasks that researchers used to investigate cognitive 

development within the domain. This was done to optimise the validity of the assessment by 

using 'what is known' about learning in the specific domain. This assessment framework 

allowed for the use of the research tasks 

Item response theory was drawn on to assist in comparative analysis of the conventional 

and alternative assessment instruments. It shows potential for use in defining the range of 

difficulty across specific domains of learning since it can provide "information about any 

set of items at each point along the ability scale" (Hattie, Jaeger & Bond, 1999, p.402). 

Caution has been expressed about the limitations of such modelling in reflecting the 
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complexity of the cognitive learning (Pellegrino, Baxter, & Glaser, 1999, p.338). However, 

it assisted in establishing the existence of a construct and in definition of the range of 

difficulty within the construct. 

Two discrete theoretical frameworks were thus used to support the selection of tasks in this 

study. Cognitive research supported the selection of tasks while item response theory 

supported the establishment of a construct, and the range of difficulty underlying those 

tasks. Vygotskian theory does not have support for these aspects of dynamic assessment 

within specific domains of leaming. However, the decisions made can be supported by 

theoretical frameworks from other strands of educational psychology. 

Interpretation of aspects of functioning of the learners 

The interpretation of the aspects of functioning of the students was not explicitly defined 

prior to the implementation of the study, except in terms of dimensions of functioning 

derived from the literature on the nature of school mathematical leaming, and definitions of 

processes derived from dynamic assessment (Chapters 1 & 2). It has been said that "it is 

difficult to establish advance criteria for the inferences about each child's cognition and 

affect" and the best course of action is to "make the best conjectures possible and to try to 

be explicit about the reasons for the conjectures" (Goldin, 1993, p.308). This was the 

perspective the researcher employed, in order to avoid pre-empting, restricting or 

misdirecting the interpretation and therefore the mediation. 

The principles derived from Vygotskian theory and defined in previous dynamic 

assessments guided this interpretation. However, the researcher was also guided by some 

other implicit frameworks that were derived from her practice in educational psychology in 

schools. Reflection on these resulted in directing focus onto the curriculum as providing a 

reference point for further development in this area. 

A relevant framework that was not available for the development and implementation of this 

study is the curriculum framework of outcomes related to processes of mathematical 

working and to values and attitudes (Board of Studies N.S.W., 1998). Such a framework 

provides structure for the identification and interpretation of aspects of functioning of 

mathematicalleamers. Other frameworks exist in literature designed for teachers, such as 

that presented by Reys et al (2001). It specifies and discusses five mathematical processes 

that may provide a framework for this aspect of the mediation. A caution generated by this 

study is the need to validate any framework with reference to relevant research. 
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Vygotsky's writings have dealt with many general cognitive aspects of functioning of 

learners from which other applications of dynamic assessment have derived frameworks. 

Vygotsky was concemed with "the qualitative assessment of psychological processes and 

the dynamics of their development" (Minick, 1987a, 119). Vygotsky wrote about the 

development of higher mental functions such as perception, attention, memory, imagination, 

and thought (Vygotsky, 1978). These were discussed within the sociocultural context, and 

in particular, in terms of the role of language as the tool of thinking. Language was also 

considered to have an important role in emotional aspects of child growth, although 

Vygotsky did not delineate this role as clearly (Hall, 1995). Vygotsky's discussion about 

mental functions has been used to support dynamic assessment investigation of general 

cognitive development (e.g. Feuerstein et al, 1987: Lidz, 1991; Vizcarro et al, 1996; 

Wingenfeld, 1991). The studies provide a range of definitions from which to select 

processes applicable within a specific domain of learning. In particular, Lidz's (1991) 

Mediated Learning Experience Rating Scale for pre-school assessment presents an explicit 

structure that could be adapted for the school learning context. 

There is growing research into the role of affect in mathematical learning (McLeod, 1992; 

Reddy, 1996). Such research offers support for the development of frameworks related to 

school mathematical learning that can support teaching and assessment mediation. Reddy 

(1996) identified and ranked indicators of emotion during mathematical activities including 

assessment. The indicators were elicited from teacher observations, and from verbal 

contributions during activities, interviews, and questionnaires. This type of framework 

could offer support for defining indicators of emotional aspects of functioning for use in 

dynamic assessment. As more Vygotskian theory is being used to make sense of learning 

and teaching, so his perspective on emotions is being considered. Vygotsky moved the 

focus of theory on emotions from the biological view to a socio-constructivist perspective 

that can contribute to assessment procedures (Vygotsky, 1987; 1999). 

The study left the interpretation of aspects of student functioning open, and has reflected on 

the results. A number of aspects of general cognitive, social and emotional functioning 

were identified across the class and influenced the mediation. This preliminary framework 

could be supported by frameworks from research into the processes and emotions involved 

in school mathematics that have been the focus of other research. 

Nature of the relationship and selection of mediation strategies 

Within the neo-Vygotskian principles for mediation the researcher used psychoeducational 

assessment and counselling frameworks to establish and maintain an optimum relationship. 
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The researcher worked within these principles and relied on her professional counselling 

and teaching skills to ensure the relationship was optimised. Particular mediation strategies 

were employed to establish a comfortable, trusting relationship responsive to the social and 

emotional needs of the student. The instruction was designed to reflect the type of teaching 

that would be common in classrooms. There is potential for support for this from 

Vygotskian theory as well as from other research into mathematical instruction. 

As Vygotsky stated "every theory of education imposes its own conditions on the teacher" 

(Vygotsky, 1997, p.338). It thus follows that every theory of assessment imposes 

conditions on the assessor. In this situation the theory relates to teaching and to 

assessment and so it influences the role of the mediator. Principles for the relationship 

derived from the theory have been defined by other applications of Vygotskian theory. It is 

important to establish a "rational, intentional conveying of experience and thought" or an 

"understanding between minds" within the mediation relationship (Vygotsky 1962, p. 6). 

Recent work using Vygotskian theory has been used to consider 'sociomathematical' 

norms that would enhance the development of mathematical power within the students that 

is sensitive and nurturing, that develops trust and is supportive of effort (Dupree, 1999; 

Yackel & Cobb, 1996). Within Vygotsky's thinking the classroom is organised 

"purposefully to promote conceptual development within specific domains of knowledge" 

(Renshaw, 1996, p.63). Vygotskian theory gave a general framework for the mediation and 

previous studies defined principles, but the generation of the range of strategies was not 

guided explicitly by the theory. Previous applications of dynamic assessment provided 

some support. 

The current study analysed the mediation that grew out of this particular situation. The 

analysis of the mediation strategies provided a framework of different types of strategies 

across a dimension of intrusiveness as defined by Carney & Cioffi (1992). This was 

presented in Chapter 6 (Table 6.6). Much of the mediation can be interpreted in reference 

to Vygotsky's writings and there are parallels with other neo-Vygotskian frameworks. The 

power of interactions have been investigated in Vygotskian instructional studies, that have 

produced principles for teachers (e.g. Jones & Thornton, 1993). Other dynamic 

assessment applications have provided principles for mediation. Many of these seemed to 

reflect the psychometric perspective of task analysis, restricting the mediation to set patterns 

based on external analysis of the task, and reflecting behaviourist theories of leaming rather 

than social constructivist perspectives. 
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In contrast, a growing body of instructional research derives also from Vygotskian social 

constructivist theory. Such frameworks, many of which have been applied within 

mathematical learning, include cognitive apprenticeship (Collins, Brown & Newman, 1984), 

reciprocal teaching (Brown et ai, 1992), theoreticalleaming approach (Karpov & Haywood, 

1998); expert teaching (Sternberg & Horvath, 1995), metacognitive approaches (Delclos et 

ai, 1992); process-based instruction (Ashman, 1992); and scaffolding (Bickmore-Brand & 

Gawned, 1990). Investigations of classroom interactions are defining different types of 

teaching/leaming or mediating interactions such as dynamic scaffolding and reflective 

discourse and their effect on learning (Tanner & Jones, 1998). As more of Vygotsky's 

writings are translated (e.g. Vygotsky, 1999) and explored, there will be further 

contributions of his theOlY to be considered. 

In particular a number of studies have used Vygotskian frameworks to analyse classroom 

instructional interactions across a range of curriculum areas (Anton, 1999; Berger, 1998; 

Cordeiro, 1999; Harvey & Chamitski, 1998; Scott 1998; Seng, 2000; Shepardson, 1999). 

A popular reading intervention for young children, Reading Recovery, has also been 

interpreted within Vygotskian theory (Clay & Cazden, 1999). Four of these classroom 

investigations were concerned with mathematical learning (Berger, 1998; Cordeiro, 1999; 

Harvey & Charnitski, 1998; Seng, 2000). They all provide further bases from which to 

define mediation within dynamic assessment, and for interpreting and reporting on the 

mediation for the students' teachers. These studies will contribute to the elaboration of 

Vygotskian theory that will in turn support the structures for use in dynamic assessment. 

The role of motivation within the mediation sessions was noted for a number of students. 

In particular Grace seemed intrinsically and socially motivated while Farley seemed to have 

very little motivation and was very difficult to engage in the interactions. These perceptions 

highlight the possibility of contribution to mediation structures from the vast amount of 

research into motivation in learning. Other recent studies have focused on aspects of 

learning that are relevant to dynamic assessment, e.g., the role of private speech in 

motivation (Montero & Huertas, 1999). Some support for providing and analysing the 

effects of social reinforcers within the interaction would be valuable (e.g. Cameron & 

Pierce, 1994; Gall & Artero-Boname, 1995). 

In summary, the explicitly derived dynamic assessment was placed into an existing 

psychoeducational assessment situation. However, consideration of the setting has 

concluded that much of the setting reflects aspects of Vygotskian theory about cognitive 

development within a social setting, and about school instruction. In this case the inclusion 

of theory from other associated fields has strengthened the assessment. 
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This discussion about the potential roles of a variety of theoretical perspectives within a 

framework for assessment of school mathematicalleaming reflects other calls for synthesis 

of previously discrete areas of research as far back as 19S7 (Pellegrino, Baxter & Glaser, 

1999). However, more recently stronger calls for integration of theories have emerged. 

Greeno (1997) calls for the synthesis of cognitive psychology and social interaction 

research and theory and discusses the possible varying emphases in the syntheses (p.lS). 

Pellegrino, Baxter & Glaser (1999) examine how cognitive theory can be linked to 

assessment and instruction. They note the power of cognitive theory to influence 

assessment as well as the power of assessment to influence curriculum and instruction. 

This mutual influence has been considered in this study. This call for synthesis is also in 

the current study, and the emphasis is strongly on the Vygotskian theory of learning and 

assessment which can be supported by theories from other fields. 

Vygotsky considered the issue of borrowing discrete existing theoretical frameworks from 

other fields for educational psychology (Vygotsky, 1997). In his discussion about this 

emerging discipline he supported the development of the new independent framework, as 

discrete from other existing frameworks. However, since Vygotsky wrote about 

assessment and instruction in an integrated way he has set the basis for mutual support 

between theoretical fields. Just as a European strand of dynamic assessment, the Learning 

Test Concept, drew on a range of theoretical frameworks apart from Vygotskian theory 

(Guthke & Wingenfeld, 1992), other theoretical frameworks were also employed in this 

study. 

The Vygotskian theoretical framework provided a useful starting point for the development 

of the alternative assessment procedure used in this study. Although it was embedded 

within an existing assessment situation, many of the theoretical structures within that 

situation reflected Vygotskian theory. Support was also sought from discrete theoretical 

fields. In this study, cognitive research in a specific domain, general cognitive research into 

affective and social dimensions of leaming and statistical theory (item response theory) all 

have potential to support dynamic assessment of specific domains of learning. 

Theme 2 : Conclusion 

This section discussed the theoretically focused theme of the study, by evaluating the 

contribution of Vygotskian theory to assessment of school mathematical leaming. These 

two research questions have been concerned with the contribution of Vygotskian theory to 

assessment of school mathematicalleaming. The questions have been considered within the 

context of the particular dynamic assessment procedure in this study. The conclusion is that 
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Vygotskian theory supported the development and implementation of a model of clinical 

assessment for a particular curriculum domain. Although the model was not exclusively 

informed by Vygotskian theory, the theory allowed the procedure to be implemented within 

the particular assessment context, and to ensure content validity. Vygotskian theory has 

been evaluated in terms of the functions that it fulfilled in this study. It provided language 

that supported a way of seeing assessment integrated with teaching and learning, it explained 

the integration of assessment with teaching and learning, predicted the ability of the dynamic 

assessment to provide useful information about student learning, and thus it informed 

practice. 

There were other theoretical supports used in this study. As advocated in the literature, 

cognitive research was relied on to provide the definition of learning within the specific 

domain of school mathematics. This field also provided the tasks that were used in the 

assessment. Implicit theories of educational psychology, counselling and teaching were 

identified as supporting the establishment of the assessment relationship and the mediation 

phase. These reflected neo-Vygotskian principles defined in other dynamic assessment, 

and more recent Vygotskian referenced research into instruction. 

The call for a theoretical framework for assessment of school mathematical assessment was 

articulated in the literature. In this study, Vygotskian theory has supported one procedure 

for assessment. It is worth considering whether the theory can provide support outside this 

specific study. Vygotskian theory provided a way of seeing the integration of assessment 

with teaching and learning, and explained the trend of embedding assessment in classroom 

teaching/learning activities. This is a potential theoretical framework against which to 

consider the other forms of assessment that have become useful in classrooms. 

THEME 3: PRACTICAL CONSIDERATIONS FOR THE USE OF 
DYNAMIC ASSESSMENT IN SCHOOLS 

This section of the chapter considers the third research theme, the practical perspective of 

the development of dynamic assessment of school mathematics. 

What conditions are required for the practical implementation of dynamic assessment in 
schools? 

The theme is an important one for the study, as it will assist in evaluating the reality of the 

implementation of dynamic assessment in schools. A number of practical constraints have 

been reported as the reasons for dynamic assessment failing to become established in 

schools. The experiences from this study can contribute to our understanding of the 
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practical issues related to dynamic assessment in schools and can help define the level of 

support required for school psychologists to use dynamic assessment practice. To begin 

this discussion a summary of the operationalisation of dynamic assessment in this study is 

included in !be elaborated conceptual framework in Figure 9.2. 
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ASSESSMENT OF MATHEMATICAL LEARNING 
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School Mathematics 
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constructed and applied. 
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PURPOSE 

Classroom 
decision making 

Detennining and describing 
achievement in place-value 
numeration 

Screening the class in order 
to select students in need of 
further assessment or 
alternative programming in 
place-value numeration 

Defining the instructional 
needs of the class in place
value numeration 

Figure 9.2 Dynamic assessment procedure for specific domain 
of school mathematicalleaming 

In this conceptual framework the dimensions of dynamic assessment as it was developed 

and implemented in this study are summarised. It was a clinical assessment procedure for 

assessment of a specific domain of school mathematics. The domain was defined by 

cognitive research and in reference to the curriculum, and tasks were selected to be used in 
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the assessment. The tasks reflected the range and complexity of the content of the specific 

domain. The assessment procedure involved a pre-test, mediation and post-test within an 

individual interview setting between a student and the assessor. The mediation. established 

and maintained an optimum relationship, and focused on the structure of the content of the 

domain. Interpretation of student leaming occurred both during and after the assessment. 

It involved exploration of the student's actual and assisted achievement and the context of 

these two levels of functioning. The resulting information from the assessment was 

reported in terms of the specific cognitive, general cognitive, social and emotional aspects of 

functioning as well as specifications of intensity and types of teaching needed. This 

assessment procedure responded to the nature of school mathematical leaming, and 

provided information that supported the three classroom educational decisions that are the 

purposes of such assessment. 

Although dynamic assessment has potential to meet the needs of assessment in 

mathematical leaming, it has not been widely adopted. There have been few new 

documented applications of dynamic assessment in the past two years (e.g., Gillam, Pena & 

Miller, 1999; Lidz & Macrine, 2001; Shurin, 1999). This reinforces the idea of resistance 

to the procedure. At the same time, over a third of US school psychologists in a national 

survey reported using dynamic assessment techniques once a year or more (Haney & 

Evans, 1999). This problem is discussed through a consideration of the practical issues 

within the context of the present development and implementation of dynamic assessment. 

The main difficulties evident from the literature are: time required for administration; 

definition of the focus of the assessment; utility of the information derived from the 

assessment; principles for the assessor; teachability of the procedure; and inter-assessor 

reliability. 

Time required for administration 

The amount of time taken for a dynamic assessment administration has been cited as a 

reason for it not being developed and used more widely in schools. In the most recent 

survey of US school psychologists it was cited as a key reason for not using dynamic 

assessment (Haney & Evans, 1999). Time was not identified as a significant obstacle in 

this implementation. 

If any assessment has inadequate Validity it is a waste of time. Instead the dynamic 

assessment procedure used in this study was not any more time consuming than 

conventional assessment for most students, and it produced much more valuable 

information about leaming. The use of cognitive research tasks, and the cognitive 
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developmental framework allowed for a brief set of tasks which included many indicators 

of the conceptual domain to be administered in around six minutes, as a pre-test. The 

researcher continued the mediation for up to thirty-six minutes depending on the student. 

This is a long time to spend with one student. However, a standardised test can take similar 

amounts of time and not provide the information derived from the mediation session. This 

is not a procedure that would be carried out by a school psychologist on every student in 

the class as was done for this study. It would be used with students referred for 

assessment. The depth of information provided in half an hour is worth the time because 

much of the information about general cognitive, social and emotional aspects of 

functioning may be applicable across domains of learning. 

Assessment in literacy has already accepted that conventional standardised tests are not the 

most effective form of assessment within the classroom. Running records and miscue 

analysis, which involve one-to-one interaction, and take time, are important as assessment 

for analysing the development of the reader and the factors supporting and inhibiting 

reading. Previously, these procedures were only used by specialists, now they are 

mainstream procedures. All teachers are expected to be able to effectively use them in their 

classrooms (Board of Studies N.S.W., 1994). 

Assessment of the use of the sociocultural tool of written numbers also requires adequate 

emphasis in assessment. Although the specific domain used in this study was narrow, it is 

a crucial domain that affects all mathematicalleaming. The STOPV -DA provides a suitable 

procedure for this assessment that could be used initially by specialists, with a view to being 

incorporated within the classroom assessment tool kit. Research tells us that it takes many 

years to construct understanding of place-value numeration (e.g., Denvir & Brown, 1986a) 

and yet the curriculum seeks to teach applied numeration from early primary grades on. 

This places many learners in the situation of having to use proceduralleaming in order to 

cope with the demands since their cognitive development has not been supported 

adequately. Perhaps this is a contributor to the significant levels of dislike of mathematics, 

and of learning difficulties (A.E.C., 1994). An assessment procedure that takes time to 

investigate the development of such a core understanding is extremely valuable. 

Significant time is allocated to the assessment of children's development of facility with the 

other key sociocultural tool of school learning, written language. Similar time needs to be 

invested in children's learning of place-value numeration in order to support mathematical 

learning. The assessment procedure developed in this study would complement the 

classroom assessment that is being developed through programs like Count Me in Too 

(N.S.W. Department of Education and Training, 1999). As it is clearly focused on 
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understanding of the numeration system, the time required is not unreasonable, and 

compares to time needed to administer conventional assessment. 

Definition of the focus of the assessment 

This issue has proven to be a key consideration in the study and was discussed in relation 

to the first research theme. The need for assessment to reflect the nature of school 

mathematical learning has been strongly emphasised. Cognitive research was used to 

define a target understanding, the nature of conceptual development towards that 

understanding, and descriptions of the pathway of development. Definition of general 

cognitive, social and emotional aspects of functioning was more problematic. However, 

there are frameworks available to support identification and interpretation of these 

dimensions of learners. This study has shown that it is possible to use cognitive research 

related to specific domains of school mathematical learning to define the focus of dynamic 

assessment. By using cognitive research tasks, the sarne tasks that were used to define the 

learning, it was possible to retain content validity for the alternative dynamic assessment. 

The extent of definition of learning within other domains of curriculum will influence how 

well they can become the focus of dynamic assessment. Bransford et al (1987) cautioned 

that a focus in a specific domain "may become purely task oriented" (p,493). Assessor 

knowledge of the conceptual development within a domain is essential to prevent this task 

focus. 

Utility of the information derived from the assessment. 

One of the criticisms leveled at information derived from dynamic assessment was that it 

was predictable. That all students could do more than they were initially able to show 

(Haywood, Brown & Wingenfeld, 1990). If the information generated is of this form it is 

not useful. However, the STOPV -DA assessment was not restricted to such conclusions. 

The information derived from the STOPV -DA provided very directed information about 

specific cognitive development, language skills, emotional barriers and general cognitive 

processes that were supporting or hindering learning. In particular it identified two students, 

Christopher and Farley, who were at risk of learning difficulties that did not show up at all 

on the conventional assessment. It identified some current barriers to their learning that 

were not obvious from the conventional assessments. This illustrates the type of useful 

information that can be elicited form dynamic assessment. It is useful for developing 

interventions (Lidz, 1991, p.6). 

In summary, the information generated about student learning was more than an optimistic 
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statement about potential. It included specific details about conceptual development and 

about general cognitive processes, social and emotional aspects of functioning that could be 

taken into account in teaching and learning. This was in contrast to the scores and 

descriptors and list of skills to be taught that were derived from the conventional 

assessment. 

Principles for interaction and how these relate to instructional criteria 

This criterion refers to what the assessor does in establishing the assessment relationship 

and in mediation. In this study, a number of principles were provided for the mediation and 

the selection of strategies was carried out within those guidelines. This resulted in a matrix 

of strategies derived within the study, which were used to mediate the content and the 

relationship of researcher and student. These identified strategies could be refined in 

reference to instructional theory. Keeping in mind that a goal was to specify the minimum 

amount of support required for implementation of dynamic assessment (Chapter 4), and the 

aspects without which the dynamic assessment would not be effective, a number of essential 

principles regarding administration are evident from this study. 

The first essential principle concerns the establishment of an optimum teaching/learning 

relationship within which to carlY out the assessment. This was achieved in this study 

through the use of interpersonal skills developed within a counselling frarnework. These 

reflected many of the principles of mediation delineated in previous studies. This 

dimension of the assessment is crucial and the explicit definition of such skills would 

support the implementation of the assessment. The following dimensions are compiled 

from dynamic assessment, counselling and instructional resources, and from the study 

(Egan, 1998; Feuerstein, 1980; Jones & Thornton, 1993; Lidz, 1991; Skuy, 1997). 

The relationship is a mutual learning relationship in which 
• the student learns about place-value numeration and about the self as a 

learner 
• the assessorlearns about the student's learning and about the nature of 

teaching appropriate for the student 

Establish expectations of 
• commitment 
• competence 
• trust 
• openness 
• acceptance 
• affective involvement 

Aim to 
• enhance confidence 
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encourage explore and accept different solutions and strategies 
enrich communication 

active and careful attending to verbal and nonverbal communication 
accurate perceptiveness 
appropriate responses and feedback 
a variety of strategies 

Such a structure that explicitly defines the nature of the relationship would support the 

introduction of dynamic assessment to other practitioners. The language chosen for this 

frarnework reflects the language of counselling rather than the words developed specifically 

within the dynamic assessment frameworks. This is to connect it more closely to the 

existing context most familiar to educational psychologists. 

It would be possible to prescribe mediation strategies more explicitly to be used in dynamic 

assessment place-value numeration, however, this could be as much a hindrance as a 

support for the mediator. The matrix of strategies derived from this study may be 

restrictive in other situations, and may limit the ability of the assessment to explore 

idiosyncratic responses of students. The spontaneous nature of dynamic assessment would 

be hampered. Rather, the interpretation of the assessment should include definition of the 

mediation within which the information was elicited. It provides a balanced view of the 

teaching/learning interaction and reflects the complexity of the situation. The appropriate 

level of support along this dimension can be further investigated. 

The second essential principle concerns the knowledge of the assessor of the content of the 

assessment. The assessment relied on the researcher's understanding of the conceptual 

development under instruction. This is seen as a key principle that is essential for the 

implementation of this form of dynamic assessment. Instructional criteria for the specific 

domain of school mathematics were defined by the cognitive research definition of 

understanding and the pathway of development as well as the defined multi-dimensional 

nature of learning. A functional understanding of the nature of the learning that is the focus 

of the assessment is essential. This means the assessor needs to know where the student is, 

where the student is likely to go, and different paths that the student is likely to take (Jones 

& Thornton, 1993). This understanding is more important in dynamic assessment than it 

would be in conventional assessment since the assessor's contribution to the assessment, 

the mediation, depends on it. 

These two principles, the guidelines for the relationship and the knowledge of the mediator 
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were derived from the current study. They reflect the key emphases that the researcher 

found essential for the use of dynamic assessment. They reflect instructional criteria in 

terms of the social interactions within which instruction occurs and the nature of the content 

of the instruction. 

Inter-assessor reliability 

Inter-assessor reliability is a concept that is derived from psychometrics, and is strongly 

advocated in conventional assessment. In this alternative assessment context it is the issue 

of whether "independent, equally well trained assessors [would] derive similar conclusions 

and types of recommendations from the assessment" (Lidz, 1991, p.60). Many criticisms 

of dynamic assessment from the psychometric perspective reflect this issue (Campbell & 

Carlson, 1995; Embretson, 1987; Lidz, 1997; Haywood & Wingenfeld, 1992; Tzuriel, 

1992). 

In order to attain inter-assessor reliability in conventional assessment, the involvement of 

human judgment is minimised. Some applications of dynamic assessment have also done 

this through the use of computer programs for scoring student responses and providing 

contingent responses (e.g., Gerber, Semmel & Semmel, 1994). The current study has 

rejected such standardising in preference for assessment that can access and investigate 

some more of the complexity of learning. It has accepted that the skills, beliefs and 

experience of the practitioner will greatly influence the session, the interpretation, and the 

reporting of the assessment (Haywood & Tzuriel, 1992, p.397), and that the information 

resulting from any assessment will be based on the interaction between the individual and 

the assessment situation. Any clinical method reflects the individuals involved in it. 

The implication of this concept for the current study then has to do with the framing, 

substantiation and justification of any interpretations about a student's learning. Just as in 

a classroom "neither an individual student's mathematical activity or the classroom 

microculture can be adequately accounted for without considering the other" (Malone & 

Ireland, 1996, p.128) so in an assessment both need to be the focus of interpretation. Such 

interpretations should be described in context and should be seen as contingent and 

dependent on many factors within the assessment situation. The report to teachers will not 

be in the form of absolute descriptions of a student. Rather, it will be in the form of 

hypotheses about a student's learning that could be further investigated during classroom 

teaching. This interpretation is limited to the particular setting at the particular time and 

must be accepted in this way. Being honest about the dynamic nature of individual 

functioning is a step forward from conventional assessment which claims more 
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absoluteness than is reasonable. Any assessment is a sample of an individual's functioning 

within a particular setting and should be accepted as such. It cannot be seen as an absolute 

measure. Sharing the information with the teacher is a form of triangulation, since 

hypotheses are put forward and discussed. 

The context of this study raises another issue. The particular blend of professional skills of 

the researcher reflected the Vygotskian theoretical perspective and provided the opportunity 

to employ teaching and counselling skills within the dynamic assessment situation. Since 

dynamic assessment is a blend of assessment and teaching, this was the ideal professional 

combination of skills. All counsellors in N.S.W. government schools have similar dual 

training and experience. Would such equally trained professionals reach the same 

interpretations as the current researcher? 

This is a question for future research. Its answer depends on the identification and control 

of many variables. Teaching backgrounds vary and every individual assessor will have a 

unique view of the student, coloured by his/her own understandings, attitudes and values. 

This issue is reflected in classroom teaching in which the teacher perceives each learner's 

needs and mediates the curriculum to respond to those perceptions. Pirie (1989) strongly 

supports teachers' professional capabilities to "assess their own pupils fairly and 

accurately" during classroom interactions (p.52). From such assessment teachers 

formulate "definite and quite accurate opinions concerning the competence of their 

students" however, such "informal assessment generally lacks structure, and the 

information it provides while it may influence teacher decision making is not systematically 

recorded and lacks the status accorded to a test score" (Clarke, 1987, p.9). Teacher 

perceptions or judgments are used in educational decisions within the classroom. The 

amount of structure required for optimum levels of inter-assessor reliability need to be 

defined while still leaving room for responding fully to the assessor's perceptions of the 

learner's needs. 

In summary, this is an issue that needs further investigation. The skills and training of the 

person carrying out a formal dynamic assessment have been presented as a difficulty 

related to implementing dynamic assessment. The assessor needs to be skilled in teaching 

as well as in observation and interpretation of children's leaming. However, it is the view 

of this study that the complexity of the learner is matched by in the complexity of the 

assessor. Some balance between level of structure and facility to follow individual 

perceptions is needed for the dynamic assessment to produce valid, useful information 

about the individual leaming needs of students. Ensuring that any interpretations are 

supported by evidence will go some way to reducing this tension. 
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Teachability of the procedure 

This study has shown that a trained school psychologist with teaching, counselling and 

assessment skills could implement a dynamic assessment procedure with minimal extension 

of skills. The possibility of teaching the procedure to other similarly trained professionals 

is crucial. Many of the principles and skills used in school psychology practice reflect 

Vygotskian theory and dynamic assessment principles. They can be made explicit and used 

for developing dynamic assessors. Some key issues have been identified in this study that 

affect the teachability of specific domain dynamic assessment. Two key issues, the 

principles for the relationship and for mediation, and understanding of the content of the 

specific domain were discussed in a previous part of this section. They should be 

considered within another foundation issue, the attitudes of the professional. 

Three dimensions of attitudes and beliefs concerning are relevant here. The teachability 

depends on i) an acceptance of the integration of teaching and assessment, ii) on a belief in 

the modifiability of student cognition, and iii) on acceptance of the general cognitive, social 

and emotional nature of school mathematics. 

i) Dynamic assessment requires an acceptance of the use of teaching during assessment in 

order to facilitate investigation of hypotheses about student learning. This requires a 

change in perspective since trained psychologists have accepted the limits placed on them 

by standardised assessment of school learning. Such a change in perspective involves 

"unlearning old concepts and techniques, while acquiring new theories and approaches" 

(Meyers, 1987, p. 405). Negative attitudes to mathematics are prevalent within the 

community (A.E.c., 1994) and these are reflected in teachers and school psychologists. 

The researcher's experience providing a professional development program for a regional 

tearn of school counsellors in N.S.W. reinforced the view that many have strong negative 

attitudes to school mathematics and feel inadequate in assessing children's mathematical 

learning. Such aspects of assessors' functioning will hinder their ability to effectively 

implement such assessment. This must be taken into account when teaching dynamic 

assessment procedures. 

ii) The teaching of the dynamic assessment approach would be based on principles 

empowering the mediation relationship and for the assessor's role within that relationship. 

These were specified in an earlier part of this discussion. 

iii) The teaching would include development of understanding of the conceptual learning 

within specific domains. The ability to use dynamic assessment effectively in assessments 
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is dependent on understanding of specific learning domains. The amount of time taken to 

develop the STOPY and to be able to interpret the responses meaningfully is enormous. If 

the curriculum was more soundly based on cognitive research then it would be the ideal 

vehicle for implementation of dynamic assessment. The principles of taking a pre-test, 

mediating in terms of the conceptual development relevant for the domain of learning and 

then analysing the mediation information would be applicable to any domain of learning. 

The process of assessing the interactions between a teacher and student is another 

dimension of an effective teacher. This reflectiveness is a strategy that can be developed. 

Development of frameworks for guidance of assessors will assist development of dynamic 

assessment skills. These need to be simple, explicit and not overwhelming. 

The experience of this study has defined three issues relevant to the teachability of dynamic 

assessment. 

• Attitudes and beliefs of the mediator 

• Principles for the relationship and for mediation 

• Mediator's knowledge of the specific cognitive domain 

These need to be taken into account in the development of a professional development plan 

introducing dynamic assessment. The specific domain of school mathematics used in this 

study is an appropriate domain for all educational psychologists to have better 

understanding and assessment skills. It is therefore appropriate to teach this particular 

procedure, the STOPY -DA, as an initial introduction to dynamic assessment. As dynamic 

assessment can be applied to any static tests, the framework for dynamic assessment can be 

introduced within this specific domain of the curriculum. This would be with a view to 

extension to other curriculum domains at a later stage. It would also be presented as a 

complementary form of assessment to those already in use. At present many educational 

psychologists rely on instruments such as the KeyMath-R. As has been shown in this 

study, the information gained from such conventional standardised instruments is limited in 

its ability to define understanding and to described factors affecting leaming that could be 

taken into account in future instruction. 

The procedure developed in this study can be packaged, and taught through guided 

participation (Rogoff, 1990). This could involve: 

Introduction to dynamic assessment 

Live or video modelling with discussion and reflection of the differences between 

standardised and dynamic assessment. 
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• Discuss the nature of the relationship. What is the nature of the relationship? 

What strategies had the mediator used to establish the relationship? Were they 

effective? Was it threatened? How? How was it maintained? How did it reflect 

counselling relationships? Consider the differences in role to that used in 

standardised assessment. 

• Connect to currently used observation of instruction as an assessment procedure 

and the type of information it provides and how this complements standardised 

assessment. 

• Focus on the mediation/teaching in these two situations. Emphasise the need to 

consider the antecedents of any student response (just as is done in behavioural 

assessment) in order to understand it better. Discuss the perceptions of the 

mediator in providing particular mediation strategies. What was she responding 

to? Why? Was it an accurate perception? Were these specific cognitive, general 

cognitive, social or emotional aspects of functioning? 

• Consider the pre-test responses of the student as the basis for drawing 

conclusions about the student to take back to a teacher. Discuss the changes 

observed in the student? What contributed to these changes? Compare to pre

test conclusions. What can now be reported to the teacher? 

• Discuss the particular emotional issues associated with mathematics. Confront 

own feelings. 

Development of skills 

• Consider the principles for mediation. Connect to existing assessment, 

interviewing, counselling and teaching skills. 

• Consider the effects of particular skills on student participation in interactions 

and the range of needs of individual students. 

• Reflect on current skills in terms of the expectations to be established in 

dynamic assessment. 

• Practice skills with peers, and then with students. Use video for later reflection, 

to be done with another professional (a more competent other). Do some 

investigation of the accuracy of perceptions using student reflection. A third 

person could act as a mediator for the psychologist and the student, identifying 

and seeking reflection from each of the participants. 

• Consider the nature of instructional interactions in classrooms. In this specific 

domain there are classrooms using the Count Me In Too program that would 

provide some suitable modelling of instruction for analysis. Reflect on own 

skills in terms of this instructional perspective. 
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Development of understanding of specific domain of school mathematics 

• Professional development sessions, exploring the concepts involved in place

value numeration and the importance of this conceptual development for all 

mathematics. 

• Introduce the cognitive research frameworks that explain how children leam 

about the numeration system. Discuss the concepts. Participate in a number of 

classroom lessons and analyse them in terms of the concepts to be developed. 

Synthesise these separate concepts into the overall definition of understanding 

of place value. Consider what particular performances of skills by students can 

tell about conceptual understanding. (This is likely to raise emotional issues 

again that may be dealt with through growing understanding of the concepts.) 

• Reflect on existing conventional assessment instruments in reference to this 

definition. Can you get enough evidence about understanding? What else 

would you need to know? How could you find out? Discuss applied numeration 

and its relation to this conceptual development. 

This discussion has provided a beginning structure for teaching one dynamic assessment 

procedure to school psychologists. It has taken into account prior leaming, and has 

responded to the key principles defined earlier. It begins by looking at the change of 

beliefs needed for the subsequent development of dynamic assessment skills, these concern 

the inclusion of instruction within assessment, a sense of optimism about student learning, 

and the nature of school mathematical learning. Upon this foundation the skills needed for 

dynamic assessment would be developed, along with development of understanding of 

conceptual growth within the specific domain. This development would be linked to 

existing skills and understandings. 

Theme 3: Conclusion 

This section has considered the practical issues associated with the use of dynamic 

assessment in the school setting. Issues that had been presented in the literature as reasons 

for the limited applications were evaluated in the light of the current study. 

The time required for the assessment was not seen to be a major obstacle. In fact, for many 

students the time needed for conventional assessment and for alternative assessment were 

similar. Extra time was needed for students with more significant learning needs, who 

would be accessing more extensive assessment. The definition of the focus of the 

assessment reflected the emphasis that arose during this study on the definition of learning 

within a specific domain and within a context of social and emotional functioning. This is 
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an issue for all assessment and does not limit dynamic assessment any more than other 

procedures. However, there is an inherent need for the assessors to have an understanding 

of the content, as they are interpreting and responding to it throughout. This is no excuse 

to put dynamic assessment in the too-hard basket, and it is no reason to continue to rely on 

conventional assessment that has inadequate content validity. The utility of the information 

derived from the assessment was demonstrated, particularly in terms of defining 

instructional needs of students. The information provided by the dynamic assessment was 

in a form that would be useful for teachers. It would directly assist in informing 

instruction. 

Principles for the assessor were considered carefully and defined within two dimensions, 

the mediation relationship, and the assessor's understanding of the domain of learning. 

The study supported the use of existing skills of assessment, counselling, and teaching that 

reflected the principles for mediation in the literature. The question of the teachability of 

the procedure has been tackled. The issue of attitudes and beliefs of the assessor were 

highlighted. An initial proposal for a professional development program to introduce 

dynamic assessment of numeration to school psychologists is included in the discussion. 

It responds to the key issues identified in this study, the need for particular attitudes and 

beliefs, for skills for mediation, and for understanding of the conceptual development that is 

the focus of the assessment. 

Inter-assessor reliability has been considered. Dynamic assessment has been considered 

less appropriate than conventional assessment because of the lower reliability of the 

assessor interpretation. This can be a problem, but it is also a source of diversity that may 

be the key for some learners. If all assessors are going to interpret a student's responses in 

an identical way, restricted by some outside structure, then particular idiosyncratic needs of 

students may be ignored or denied. The data from the assessment is in the form of 

hypotheses, which can be altered based on further assessment, they are not fixed, though 

some will be more stable than others. The process of reference to a well defined learning 

outcome, and gathering of evidence of learning to justify interpretations can be more useful 

than ensuring each assessor would access the same information. Again the need for 

validity of the reference framework is essential, more so than the need for assessors to be 

consistent in perception. 

This theme focused on the practical issues associated with implementing dynamic 

assessment in school settings. Through consideration of many issues dynamic assessment, 

as applied in this study, has potential as a practical alternative assessment procedure to be 

used by school psychologists. 
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CONCLUSION 

This chapter has considered the three themes of the study on the basis of the data generated 

within the study. Discussion around the first theme concluded that both conventional and 

alternative assessments could support the three classroom educational decisions, however, 

the content validity of the assessment instruments was of concern. As suggested in the 

literature, the conventional assessment lacked adequate content validity and so any decisions 

based on it were questionable. Alternatively, the dynamic assessment demonstrated better 

content validity and therefore better support for classroom decision making. It also 

provided enhanced information about student learning that could be used in future teaching. 

The second theme considered the contribution of Vygotskian theory to the development of 

a particular alternative assessment procedure within this study. It demonstrated ability to 

SUppOlt alternative assessment of school mathematical learning that reflects what is known 

about such leaming, and therefore responds to the multiple purposes of assessment in the 

classroom. The theory provided description and explanation of the integrated nature of 

learning, teaching and assessment, and predicted the richness of the information gained 

from such integrated assessment. Based on these, the theory then informed the 

development and implementation of the assessment procedure for assessment of a specific 

domain of school mathematical learning. However, the Vygotskian theory did not explicitly 

inform all aspects of the procedure. Rather, existing theories within the school psychology 

practice were able to support many aspects of the assessment. Reflection on these 

frameworks delineated theoretical influence from other associated fields. Cognitive theory 

was also relied on to provide valid definition of the nature of the specific domain of 

learning. Recent research work in classrooms has relied on Vygotskian theory, which 

shows potential for further support of the mediation within dynamic assessment and the 

stronger links with the reality of instruction in interactive classrooms. 

Dynamic assessment of specific domains of school mathematical learning is appropriate for 

further development and use in schools. It allowed the use of research-based definition of 

content and instruction to guide the assessment as advocated (Graue, 1995). The theoretical 

foundation of dynamic assessment is valid. It fits the current nature of assessment of 

school mathematical learning. The study has highlighted the need for explicit structure for 

many aspects of the dynamic assessment. However, it has been effectively applied to a 

specific domain of learning, validly defined by cognitive research, resulting in the 

generation of information abut student learning in reference to a developmental path of 

learning. 

262 

I 



Research outcomes: Discussion and conclusions 

The third theme investigated the practical constraints that had been identified in previous 

work. The current application has responded to many of these issues, it demonstrated that 

the time required for administration was within reasonable limits, particularly when the 

crucial nature of the specific domain of learning was considered. It allowed a clear 

definition of the focus of the assessment, by using definitions from cognitive research into 

the specific domain. It provided information about student learning that could support 

definition of instructional needs of students, so it was directly applicable in the classroom. 

It was placed within an existing set of principles for the assessor which were derived from 

conventional assessment, counselling and teaching. A proposed professional development 

plan demonstrated the teachability of the procedure for other school psychologists with 

blended assessment, counselling and teaching skills. The last issue of practical 

implementation, inter-assessor reliability, was discussed and remains problematic. 

However, professional development such as is proposed will support the development of 

such reliability. 

This study has demonstrated the development, implementation and evaluation of a dynamic 

assessment procedure for school mathematics. The researcher sought to construct her own 

conceptualisation of the procedure from within the context of her professional experience 

and consider it in the light of other people's understanding of dynamic assessment. This 

has supported a dynamic assessment procedure for a specific domain of school 

mathematical learning, that is theoretically based, practical and able to be incorporated into a 

school assessment situation. 
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Chapter 10 

IMPLICATIONS FOR PRACTICE AND RESEARCH 

Introduction 

This final chapter of this study is concerned with its limitations and important implications 

for practice and for future research. This study has been a "disciplined inquiry" in that it 

has been guided by concepts from school mathematics education and educational 

psychology and is presented so that it can be examined and verified (Grouws, 1992, p.3). 

An evaluation of the methodology was presented in Chapter 4 in terms of the design of the 

study and the processes used for data collection and analysis. Possible threats to the study 

were identified and the measures taken to reduce these have already been detailed. There 

are some features of the study that remain problematic, however, and the decisions made to 

deal with these are presented here. 

LIMITATIONS OF THE STUDY 

Three aspects of the study require reflection. These are the use of a single assessor, the 

particular conventional instruments chosen and the contextual factor of a single curriculum. 

These aspects of the study pose threats to external validity, however, in combination they 

also contribute to a greater degree of ecological validity. Ecological validity is concerned 

with whether the investigation reflects the demands of the outside world (Gutbke, 

Beckmann & Stein, 1995, p.125). In this context it means the authenticity of the research 

situation. These three dimensions of the study sought to place the research within an 

authentic school setting, which has a prescribed curriculum and which uses individual 

school psychologists to carry out psychoeducational assessment. The potential threats 

posed by this setting were taken into account in the following ways. 

The involvement of a single assessor was deliberate, in order to provide a natural setting and 

to reduce other threats. The use of more than one assessor would have increased variables 

that would have needed more analysis than with the use of one assessor. The expected 

outcome that "different teaching styles would influence the diagnostic conclusions that are 

reached about children's cognitive skills" (Day & Cordon, 1993) was eliminated from this 

study by the use of one assessor. Differences in assessor attitudes, and understanding of 
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the specific domain were also not an issue due to this decision. The researcher sought to 

reflect the natural teaching interactions that occur in classrooms and so endeavoured to 

reduce any artificiality related to the teaching. This was best accomplished by the use of the 

single assessor/mediator. 

However, this aspect of the study poses a threat to the validity of the interpretation of the 

assessment results. This was recognised and a number of procedures were used to limit 

this threat. The sixty-three assessment sessions produced a considerable amount of data. 

It was all taped and transcribed prior to analysis. The researcher worked to transform the 

data so that it was "accessible to those who [had] not participated" in the situations 

(Minichiello et ai, 1999, p.37). Conceptual frameworks used for interpretation were defined 

explicitly and used in description. They are available for consideration. The narrative of 

the dynamic assessment mediation, which involved summaries, interpretations and 

illustrations are included in the appendices. The interpretations that were used in the results 

chapters have been derived from this data. This limitation reflects an issue inherent in 

assessment, the acceptance of human judgement in interpreting student learning. So, 

although this is a limitation, it was also advantageous because it limited the number of 

variables to be considered and it reflected the reality of clinical assessment in schools. 

The second possible limitation was the use of conventional assessment instruments that 

have been clearly shown to have low content validity. The instruments were marketed by 

reputable companies and were commonly used in schools. The face validity of the 

instruments, as discussed in Chapter 9, was what practising teachers and educational 

psychologists would use to initially determine appropriate usage so the selection of the 

instruments reflected the process that would be used in schools. This study deliberately 

focused on a specific domain of learning in order to investigate the assessment instruments 

much more thoroughly than is realistically expected in practice. This resulted in 

identification problems inherent in the conventional instruments. 

The third potential limitation of the study is derived from a decision to contextualise the 

study in terms of curriculum. The restriction of the study to one educational system can be 

seen as a limitation in scope in one sense, however, it provided an ecologically valid 

curriculum context for analysis of the data. The curriculum used is not idiosyncratic. It 

was shown in Chapter 4 to reflect the nature of international curricula, and it was developed 

within one of the largest education systems in the world. This inclusion in the study 

provided opportunities to consider one curriculum closely and to provide a framework 

against which other curricula can be considered. The intensive focus on this single 
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curriculum has resulted in identification of significant problems with definition of the 

particular leaming outcome. 

These limitations, the use of one assessor, the low content validity of the conventional 

instmments, and the focus on one curriculum context, have been recognised and taken into 

account in the drawing of conclusions. They were all deliberate decisions that were made 

to increase contextual validity and thus provided illuminations from this particular instance 

(Butler, 1997). Within these contextual boundaries the research has shed light on the 

potential of dynamic assessment as an assessment procedure within specific domains of 

schoolleaming, as well as on the crucial importance of the content validity of curricula and 

assessment. 

IMPLICATIONS FOR PRACTICE AND THEORY 

As the conventional "psychometric approach [to assessment] is being challenged by a 

contextual-qualitative approach" (Birenbaum, 1996, p.8), this study has contributed to the 

research on alternative assessment procedures for school mathematics. Several 

implications are derived from the study that are relevant for assessment and teaching in 

schools, for school curriculum development, and for research interested in establishing 

theoretical frameworks for assessment. Many of these have been discussed in the previous 

chapter. They are summarised here. 

Implications for assessment and teaching 

This study has made a practical attempt at operationalising the blending of assessment and 

teaching, which is a theme of the literature on assessment of school mathematical learning 

(e.g., Chambers, 1993). This study has combined assessment with teaching in a particular 

situation, in clinical assessment conducted by a school psychologist. From this specific 

situation, two implications have been generated. The first is the possibility of developing 

stmcture for educatiorial psychologists to implement dynamic assessment as part of their 

assessment practice. The second is the possibility of teachers developing skills in 

interpreting their teaching (mediation) in such a way that it has validity as assessment, i.e. 

provide a theoretically based framework for the interpretation of the learning-teaching 

interactions within the classroom. 

i) Dynamic assessment in the educational psychologists' tool kit 

In the light of this study, dynamic assessment has potential for use by educational 
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psychologists in their assessment of specific domains of learning within the school 

curriculum. This ,Procedure, the STOPV-DA, responded to research knowledge of 

learning within a specific domain and accessed information about student learning that 

could be used as a basis for the determination of achievement, selection for further 

assessment or alternative programming, and definition of instructional needs. It was 

particularly strong in defining instructional needs, and provided useful information to be 

reported to teachers and students to support future learning. The clinical procedure, as 

used in this study, has potential for complementing the growing practice of classroom 

teacher assessment of numeration using the procedures such as the Schedule for Early 

Number Assessment (SENA) within the Count Me in Too project (N.S.W. Department of 

Education and Training, 1999). This project has supported the clarification and 

articulation of teacher assessment and teaching in reference to cognitive models of learning 

in school mathematics. School counsellors/psychologists also need to "clarify and 

articulate their models of assessment" to respond to the changes in how learning is seen 

(McKay, n.d. p.2). 

The anticipated practical problems in dynamic assessment derived from literature were not 

found to be barriers to the use of this procedure. The amount of time needed was not 

unreasonable, the procedure was placed directly into the context of a practising educational 

psychologist so that no new skills were needed, rather the psychologist had to alter 

perspective and rearrange the use of skills. Three key dimensions were identified as the 

focus of a professional development plan for dynamic assessment. These were attitudes 

and beliefs, principles for the mediation, and the knowledge of the specific cognitive 

domain. Development of structures for selecting mediation strategies, and for identifying 

and describing aspects of functioning of the students were needed to support 

implementation. 

The use of both conventional and dynamic assessment interpretation may offer better 

support for assessment (Day et al, 1997). In this case the use of the two conventional and 

the alternative assessment provided a comprehensive picture of leaming, that neither would 

provide discretely. 

ii) Dynamic assessment as a framework for interpreting classroom interactions 

This study has used a theoretical framework for assessment that is used within a 

teachingllearning interaction in a clinical setting. However, there is potential for this same 

framework to be able to support the everyday ongoing assessment that occurs during 

classroom interactions. Although such informal assessment is not seen to be based on a 
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"science of education" it occurs in all classrooms and informs classroom decision making 

(Stake, 1995). This is supported by perceptions that dynamic assessment can support 

necessary changes in classroom culture that will move assessment "into the middle of the 

leaming process" (Shepard, 2000, p.l). The theoretical framework may support 

interpretation of these interactions by teachers, so that the resulting information can be 

interpreted as indicators towards particular curriculum outcomes or targets with a scientific 

or theoretical foundation. 

Shepard (2000) sees potential for dynamic assessment to be applied to groups within the 

classroom, not just in clinical individual situations. The types of skills needed to implement 

dynamic assessment in groups are related to communicating about understanding and 

"offering and receiving feedback about their developing competence as part of a social 

group" (Shepard, 2000, p.2). Assessment and leaming are both social activities (Gipps, 

1999, p.355). Thus the social processes used in leaming in a classroom reflect those 

specifically, generated in dynamic assessment. These skills are concerned with the use of 

language, as the tool of learning and of assessment, which reflects the importance placed on 

learning in Vygotskian theory that is now reflected in teaching (Westwood, 2000, p.l8). 

These two contexts for the potential use of dynamic assessment represent the inclusion of 

teaching within a clinical assessment setting, and the inclusion of assessment within the 

existing classroom teaching/leaming setting. Both contexts reflect the integration of 

teaching and assessment with different emphases, the first on assessment and the second 

on teaching. These aim to improve both assessment and teaching in order to ultimately 

improve learning for students. Such a perspective on assessment "can influence how 

teachers view mathematics" (Carr, 1998, p.129). From these possibilities arise a number 

of professional development opportunities for the people involved. 

Implications for professional development of school psychologists and teachers 

The professional development needs of school psychologists for using dynamic 

assessment have been considered in the previous chapter. They are related to three 

dimensions, attitudes and beliefs, principles for mediation, and understanding of the 

specific domain of learning. These dimensions are also relevant for teachers. 

i) Educational psychologist professional development 

The professional development needs of educational psychologists have been considered, to 

the extent of a preliminary proposal being presented (Chapter 9). This was designed for 
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the purpose of developing necessary attitudes and beliefs, principles for mediation, and 

understanding of conceptual development for the implementation of dynamic assessment 

as used in this study. Even if dynamic assessment is not to be included in the school 

psychologists' tool kit, there are still implications for professional development arising 

from this study. In particular the third of these issues, knowing about learning in specific 

domains of the curriculum has been highlighted as important for any assessment in 

schools. 

Interpretation of any assessment information in terms of cognitive development depends 

on the assessor's understanding of cognitive development. If the assessor has knowledge 

of the cognitive domain and the possible concepts and processes involved in learning in 

that domain, the inferences about leaming and understanding will be more validly based. 

The use of the cognitive research frarnework of the Count Me In Too project has 

contributed to teacher professional development, in terms of understanding of children's 

learning in numeration (Bobis & Gould, 1998; Mulligan, Bobis & Francis, 1999). The 

foundation of understanding of learning in specific domains is essential for the 

interpretation of student learning by school psychologists, who are now charged with 

responsibility for contributing to future learning for the students they assess. This is 

relevant for other specific domains of learning as well. 

The need to assess and report on the context of specific cognitive development has also 

been highlighted in this study. Professional development also needs to focus on 

development of understanding of the general cognitive, social and emotional aspects of 

learning that need to be identified and taken into account in assessment and teaching. 

Understanding the aspects of functioning that are involved in school mathematical learning 

is necessary for school psychologists to support identification and description. 

ii) Teacher professional development 

It is important to recognise "the key role of professional development in supporting 

teachers to enhance the numeracy outcomes of all students" (Commonwealth of Australia, 

2000, p.23). Professional development of teachers is essential if the teaching and 

assessment of place-value numeration is to be more effective. For too long have we been 

allowing students to rely on procedural learning, to carry out calculation and computation 

and because they get correct answers to assume that they have developed understanding of 

the number system. This has created generations of people who have difficulty seeing 

meaning in and enjoying mathematics. More emphasis on assisting students to construct a 

meaningful understanding of numbers and how we communicate them may prevent some 
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of these learning difficulties and the negative emotional responses to mathematics that are 

prevalent. 

Professional development for teachers can be defined using the sarne three dimensions 

defined for school psychologists, attitudes and beliefs, principles for instructional 

interactions, and understanding of the specific domain of learning. 

Teacher beliefs and attitudes are highlighted as crucial to mathematical teaching and 

learning. There are structures that have been developed for investigating teacher beliefs 

about mathematics, about mathematics learning and about mathematics teaching to assist in 

this reflection and professional development (Tracey, Perry & Howard, 1998). The 

attitudes and beliefs are concerned with valuing their perceptions of student needs that are 

accessed during classroom interactions, an optimism of student conceptual learning and 

responsive teaching, and explicit recognition of the general cognitive, social and emotional 

dimensions of learners. 

The principles for interacting with students in the class are similar to those specified for 

mediation in dynarnic assessment. Professional development could involve teaching 

teachers to reflect on their teaching interactions with students and on what these can tell 

them about the student's learning and about their teaching, their perceptions of the learner 

and how that affects how they teach each student. These aspects of professional 

development were all identified in the evaluation of the Count Me In Too Project 

(Mulligan, Bobis & Francis, 1999). The assessment focus on mediation as well as on 

student responses has shifted the focus of responsibility from wholly within the student, 

onto the social interaction within which learning is initiated. Teachers need to become 

aware of how they interact and of the "consequences of interacting in a particular way as 

opposed to some other way" (Steffe, 1996, p.89). This has implications for teacher 

professional development. Reframing the crucial nature of their contributions within the 

classroom leads to a need to be reflective in order to evaluate the effectiveness of 

instruction, and thus alter strategies in order to contribute more effectively to student 

learning. This would contribute to an increase in effectiveness and reflectiveness of 

teachers. Teachers are required to assess and report on the outcomes of social and 

emotional aspects of learning mathematics. There is room for further structure for teachers 

to develop observation and identification skills with these outcomes in mind. 

The need for understanding of the specific cognitive domain is also essential for good 

teaching. The need for teachers to understand how children learn about place-value 

numeration is reinforced by this study, particularly in light of the established problems of 
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content validity of conventional assessment instruments and of curriculum outcomes 

definition. If the system accepts skills-based definitions of learning, then the teachers are 

supported in their reliance on such observable skills as indicators of conceptual 

development. Instead, support for teacher development in this area is essential because 

"having as comprehensive an understanding of each student's mathematical knowledge as 

is possible is a prerequisite to effective teaching" (Wright & Stewart, 1999, p.4). 

The study has identified a number of dimensions of professional development of both 

school psychologists and teachers that would contribute to more effective teaching and 

assessment of school mathematics. These include beliefs and attitudes, 

mediation/instructional skills and conceptual understanding of the domain of learning. 

Implications for curriculum development 

The inclusion of the curriculum context in this study has generated a significant 

implication for curriculum developers. Specific curriculum outcomes and broader national 

benchmarks (Commonwealth of Australia, 2000, p.22) must be informed by what is known 

about student learning in specific domains. Those charged with writing the curriculum 

outcomes or standards need to "pay close attention" to the ''justification of the domain 

boundaries" so that the resultant teaching and assessment strongly supports "accuracy of 

inferences about the level of students achievement in a subject matter domain" (Shavelson, 

Gao, & Baxter, 1996, p.140). The wording of such definitions must reflect the nature of 

the learning, and must not be allowed to slip back to easily observed skills or products of 

learning. 

This study has reinforced previous evidence supporting the fact that teaching and 

assessment of numeration are not aligned with what we know about learning within the 

domain. In particular, the assessment procedures relied on to determine achievement in 

this domain support assumptions that understanding exists when it may not. Subsequent 

teaching within the number domain pressures students to rely on procedural learning in 

order to cope with the demands of the curriculum. Wording of the curriculum outcomes 

also support teacher focus on procedural skills, that can be achieved not necessarily with 

associated development of understanding of the numeration system, the tool for all 

numerical activities at school and in life. This Vygotskian framework in early mathematics 

instruction aims to provide the "culturally evolved cognitive tools which, once internalized 

by the child, mediate and advance the child's cognitive functioning" (Arievitch & 

Stetsenko, 2000, abstract). This development of understanding of the place-value 
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numeration system has implications for future mathematicalleaming since it is a cultural 

tool for mathematicalleaming. 

The N.S.W. curriculum outcome written for this specific domain of learning has been 

shown to have restricted validity. Based on the experience of this study, the outcome could 

be something like this: 

N 1.1(a) Demonstrates understanding of the place-value structure of the base

ten number system. 

Related skills: Approximates, counts, compares, orders and represents whole 

numbers and groups of objects up to 100, and explains the value of digits in two

digit numbers. 

This reflects the structure of the next outcome (N 2.1), but changes the action to 

"explains" rather than "states" since stating the value of a digit has been shown to be an 

indicator of emerging development rather than of established understanding. The outcome 

also reflects the definition for this specific domain contained in the recent US Standards, 

that refers explicitly to understanding (N.C.T.M., 2000). 

The implications for curriculum developers from this study are related to more validly 

defined curriculum outcomes, and resulting statements of what leaming really is in specific 

domains. The study has focused on one specific domain, other defined curriculum 

outcomes need to be evaluated in reference to what is known about leaming in the specific 

domains. 

Implications for theories of assessment 

There are implications for theory of assessment generated by this study. Vygotsky 

provided a theoretical framework that fulfilled a number of functions in this study. It 

provided terminology and a way of seeing the integration of assessment with teaching and 

learning, it explained the nature of this integration and informed practice through guiding 

the development and implementation of an alternative assessment procedure. The 

assessment procedure, STOPV-DA, incorporated instruction, had high content validity and 

the ability to respond to classroom decision making. Vygotskian theory was not used for a 

number of the dimensions of the assessment, however. These dimensions were either 

supported by other theoretical frameworks or were later analysed and found to reflect other 

aspects of Vygotskian theory. Cognitive research structures were relied on for the 

definition of the focus of the assessment, counselling and teaching structures were found 
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to be underlying the mediation decisions made during the assessment, and a need for 

explicit definition of general cognitive, social and emotional aspects of functioning were 

identified. The possibility of Vygotskian support for all these issues was highlighted. The 

ability of Vygotskian theory to explain the nature of the integration of assessment with 

teaching and learning suggests potential for its testing against the other alternative 

assessment procedures being used in the classroom. 

The conceptual framework in this study, within which the Vygotskian theory was applied, 

allowed the inclusion of theories and frameworks from other related fields to support 

different aspects of the assessment that is now framed within teaching and learning. 

Within this framework theoretical perspectives related to teaching, to learning, and to social 

interactions can all contribute to the future development of theoretical frameworks for 

assessment of school learning. The consequence of accepting this eclectic perspective is to 

broaden the theoretical boundaries, acknowledging the potential of theories from a number 

of previously discrete fields of research. This reflects the integration of assessment with 

teaching and learning that is now a theme of the school mathematics field. 

In summary, there are a number of implications for teachers, for assessors, for curriculum 

developers, and for theory contained within this study. They relate to the potential of 

dynarnic assessment as a procedure for school assessment, the need for better definition of 

learning translated into curricula, and the potential of Vygotskian theory for explaining and 

informing other alternative assessment procedures. 

FUTURE RESEARCH DIRECTIONS 

This study has analysed the practical implementation of a dynamic assessment procedure 

by one professional. The dynamic assessment procedure shows potential for adaptation to 

other specific domains of learning and for implementation by other practitioners. It also 

may be an applicable framework for interpreting everyday classroom interactions as 

assessment opportunities. There are a number of directions for future research generated 

by this study. These are linked to further developing the dynamic assessment procedures, 

to exploring the usefulness of the information generated from dynamic assessment in the 

classroom, and to continuing researchers' exploration of cognitive development in the 

specific domain of place-value numeration, 

Dynamic assessment procedures 

Most previous applications of dynamic assessment have required "many hours of 
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training" for the assessor (Shurin, 1999). It is worth investigating whether it is possible to 

provide more structure for the teaching strategies in dynamic assessment, without making 

the preparation too onerous. Future research could investigate the level of structure for 

mediation that would be possible to impose without losing the dynamic nature of the 

procedure. This would define the minimum amount of training needed. An aim would be 

to identify the nature of the "critical information" that would support the use of dynamic 

assessment by school psychologists (Fennema & Franke, 1992, p.147). This study has 

proposed the nature of that critical information, presented in the professional development 

program (Chapter 9). Further research would consider this more comprehensively. 

The issue of inter-assessor reliability generates another direction for further research. It is 

not possible from this study to determine whether application of similar procedures by 

"other equally well-trained assessors" (Lidz, 1991, p.60) would result in similar 

interpretations. Further research could investigate the similarities and differences in 

assessors' mediation and interpretation and the factors contributing to this variance. Such 

aspects as assessor "math anxiety" (Reisman, 1982) and "mathephobia" (Maxwell, 

1989) need to be considered carefully in research using a number of assessors. Models 

that consider complexity of teacher effectiveness in mathematics such as those discussed 

by Koehler & Grouws (1992) may support investigation of the effects of different 

mediator factors on the information derived from dynamic assessment. 

The two directions for research concerned directly with dynamic assessment both seek 

further understanding of the nature of the mediation and the complexity of aspects of 

functioning of the mediators and the impact of this complexity on the wider use of 

dynamic assessment. The balance between standardisation and opportunities to explore 

idiosyncratic responses in learning will provide a tension for this future work. 

Definition of content and of assessment tasks 

The use of the cognitive research tasks and framework for the development of 

understanding of place value added significant validity to the dynamic assessment in this 

study. It provided an instructional path and set of clearly defined outcomes to guide 

mediation during the sessions. Although there is controversy as to the fixed nature of such 

developmental pathways, it is a direction that cognitive research continues to follow and it 

proved to be useful in this study. Research is occurring into pathways of development in 

specific domains of mathematics leaming using the theoretical framework like the SOLO 

taxonomy (Biggs & Collis, 1982). This supports definition of the quality of a student's 

leaming and the analysis of instructional sequences based on how students acquire 
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concepts. Such frameworks would add stronger foundations for dynamic assessment 

procedures. 

A possible future direction in cognitive research could include dynamic assessment 

procedures to explore the longitudinal development of concepts. This study has identified 

the need to thoroughly investigate the cognitive research bases for other curriculum 

definitions ofleaming. 

Previous applications of dynamic assessment to specific domains of leaming began with 

identification and analysis of a target task. This is advocated for curriculum-based 

dynamic assessment (Lidz, 1991). However, this study defined the target leaming not as a 

task but as conceptual development, and then sought tasks that would elicit evidence of the 

conceptualleaming. The selection of those tasks, that reflect conceptual development is a 

focus of future research. 

The Rasch analysis of the instruments contributed to specification of the path of cognitive 

growth. The analysis showed that the development of skills in numeration are not 

therefore as sequential as is assumed in the Mathematics K-6 curriculum. Some skills and 

understanding about numbers can be achieved prior to other skills and understanding of 

two-digit numbers. This was indicated to an extent by the ordering of the KeyMath-R in 

which the domains of two-digit numbers, three-digit numbers and multi-digit numbers 

were integrated during construction on the basis of order of difficulty. The implementation 

of partial credit modelling as a process not only for assisting in definition of 

developmental pathways, but also for supporting selection of assessment tasks presents 

possibilities for further research. 

The use of theoretical models for analysing quality of leaming and construct validity and 

range of difficulty of tasks that represent the content domains present potential for support 

in this type of assessment. Such models are being used in a growing number of domains 

(e.g. Doig, 1995b) and can be used to improve assessment tasks within conventional and 

alternative assessment instruments. 

Application of assessment information in the classroom 

As Clarke, Stephens & Wallbridge (1993) stated "research is required which links 

changed assessment practices with instructional consequences." (p.l?). This is also a 

dimension of credibility of dynamic assessment defmed by Lidz (1991). Future research 

can include the process of informing the class teacher and/or student of the information 
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derived from the dynamic assessment and then determining how effective it was in 

improving learning. This can include a focus on how teachers interpret assessment reports, 

how they incorporate the new information into their instruction, and how that affects the 

learning experiences and outcomes of the students in their classes. 

There are a number of directions for further research arising from this study. These 

include further development of dynamic assessment procedures for use in clinical and 

classroom settings, definition of content and tasks for use in assessment instruments and 

therefore in teaching, and investigation of the impact of dynamic assessment derived 

assessment data for enhancing learning in classrooms. 

CONCLUSION 

This study has responded to a challenge to develop an alternative assessment procedure 

that reflects what we know about school mathematical learning. This was the springboard 

for the current study which has explored one framework for alternative assessment of 

school mathematical learning based on Vygotskian theory of assessment of learning. The 

study has shown that it is possible to develop a domain specific assessment from which to 

determine valid information about learners for use within the. teaching situation for that 

student. The focus of the challenge for assessment, content validity, returned as the key 

theme of the study. The potential of any framework for assessment depends on the 

Validity of the content on which it is focused in terms of development of conceptual 

understanding. 

Conventional assessment has been driven by technical needs which have restricted the 

ability of the assessment procedures to reflect the thinking curriculum, to have high levels 

of content validity. Dynamic assessment "shares all the advantages of static assessment" 

(Haywood & Wingenfeld, 1992, p.255) and has potential for improving assessment and 

learning. It is able to retain a focus on conceptual development and support interpretation 

of student behaviours and language in terms of what is known about "what it means to 

know mathematics and how students come to know" (Romberg, 1993, p.1 09). 
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