INTRODUCTION

Students experiencing learning difficulties aret pdralmost every school community. The
term learning difficulties (LD) refers to notablgw achievement, relevant to same age-peers,
in academic skills. Learning difficulties resuloin a variety of causes and manifest in a wide
range of individual learning needs, yet, among o&dedents with LD, there is a common, key
skill deficiency in ‘the basics’ of reading and imetnatics. That is, students with LD in the
middle-school years are unable to perform fluidlgsioc academic skills — to read and
understand an age-appropriate text about a knopin, tor to recall and use basic maths facts
readily and accurately. These limitations in basidls impede progress and development in

many aspects of learning.

Effective recall and application of basic acadeskils is a key pre-requisite for school
learning across the curriculum, through the midtieeol years and beyond. Students who
have problems with the ‘basics’ of literacy and mwacy face a myriad of difficulties in
accessing the curriculum, particularly in the meddthool years (Grades 5-8), when the
educational focus shifts from learning basic acadeskills to using basic academic skills as a

tool for further enquiry and learning.

Students who experience LD are frequently unsubdessachieving appropriate learning
outcomes, as even very competent teachers havéldron providing, within a normal
classroom environment, the necessary support dudeith LD require to make progress.
Even when resources are available to provide intersupport in the middle-school years,
intervention programs may, at times, be poorly segad or inappropriately targeted, or may

not draw on critical research findings.

Despite increasing gaps in achievement betweenndnan- LD students in the middle-
school years, most students experiencing persisferndo show development, if delayed, in
their academic skills and conceptual understandasgdiey progress through school. However,
progress in these domains is slower than that efame-achieving students, such that the

performance gap becomes wider as students becai@e ol



Whilst the difficulties these students experience r@adily observable in the classroom,
knowing how to overcome the obstacles preventingsg¢hstudents from achieving their
academic potential is an ongoing challenge for aeteers, teachers and school systems.
Accordingly, basic academic skills developmentolider students experiencing persistent LD,
in contemporary educational context, is a fertideuis for an investigation. Findings from such
research may, potentially, support under-achievatgdents towards attaining improved

learning outcomes, and provide further informatdout effective teaching and learning.

The research described in this thesis takes ughi@enge, by investigating the effects of
an intervention implemented in two schools, a primechool and a secondary school, in rural
New South Wales. The intervention used focusesygraving basic academic skills through
the implementation of thQuickSmartreading and th@uickSmartmathematics programs. The
theoretical underpinnings of the intervention ar@xh from information-processing models of
cognition related to learning basic academic skiigecifically the process of developing
automaticity, the construct of working memory ameit roles in the allocation of limited

cognitive resources.

This thesis has seven chapters. Chapter 1 preseptgew of current literature about LD,
focusing, when feasible, on students in the middlesol years. General information about LD
is provided, followed by more specific informatioabout LD in reading and basic
mathematics. The social and emotional impact offuDstudents in their middle-school years’
are then considered, as well as evidence-basedagms to working successfully with them
to improve learning outcomes in basic academidsskihe chapter concludes by describing an
important area of focus for further investigati@mecifically, this is the impact of efficient and

inefficient cognitive processes on the acquisiaond use of basic academic skills.

Chapter 2 contains more detailed exploration ofitisees identified in the first chapter,
with a continued focus on information relevant ®velopment of basic academic skills in
reading and mathematics. The resulting summarycandlusions of the research literature are

used to inform the development of the researclctime of this thesis.

Chapter 3 describes the experimental design ofabearch. It begins with an overview of
the context in which the research was to be comrdiiéhcludes a description of the mixed-

methods research design selected for the study,alsud identifies factors which required



particular consideration in the planning stagehef tesearch. The design of the study is then
described in detail and procedures for selectingigy@ants, and information about the
instrumentation used for data collection, is preddTowards the end of this chapter the
research design is evaluated in terms of religbdmd validity. As a culmination of these

considerations about the research design, datgsasalans are developed.

Chapter 4 is a relatively brief chapter which deéxsxs the research procedure, specifically
the QuickSmartintervention programsThe processes and procedures of @uckSmart
reading and mathematics intervention programs aseribed, in order to ensure clarity about
the learning activities that constitute the intetven, and the teaching and learning strategies

implemented in the intervention.

In Chapter 5 the quantitative results of the stady presented. The research questions are
considered in turn. Descriptive and statistical lgses are reported, and the results are

considered together in a summary discussion.

The profiles of participant students are preseatedualitative information in Chapter 6 to
address the research theme. They are intendedntplement and expand upon the results
described in the previous chapter and to presaeialife’ description of both the difficulties
in learning, and the pattern of progress, expeeadngoy actual students in a contemporary,
Australian school setting. Each of the profiles gists of a description of the student as a
learner, graphs to show their progress throughwaitiritervention, and exit survey responses.
This information is supplemented by a descriptinalgsis of the participant profiles which
generates some notable and relevant informationtabs sample of students.

The final chapter, Chapter 7, identifies possilaeithtions of the study, summarises the
results of the research questions and the resetlyeme, and considers their relative
importance. Further discussion of the results, icemed in context of the relevant research
literature, is then presented, before implicatitorsresearch and practice are considered. The

report concludes with a summary.

In overview, the research reported in this thesian investigation into ways to support
students with LD during their middle-school yedtss based on the common observation that

the academic ‘basics’ present an obstacle to stedeith LD, and when encountered on a



daily basis in a classroom learning environmenis thbstacle has deleterious effects on
learning progress. The study also rests on the ipegnbased on research evidence, that
appropriate, targeted learning interventions hagaificant potential to support improved
academic outcomes and improved participation ircation for students experiencing LD. In

turn, improved educational outcomes potentiallywpte many other benefits:

For individuals, higher levels of education offéetpossibility of escaping
disadvantage, realising potential and personaillfu#nt, securing meaningful
work and achieving increased earnings. For socasya whole, levels of
education are positively and strongly correlatedhva range of measures of
health, family functioning, children’s wellbeing, dean environment and the
absence of violent crime. For the Australian econdevels of education and
training are directly related to levels of workfergarticipation and national
productivity. (Masters, 2007)

The potential for enhanced educational outcomgsdeide life-long benefits is enormous,
and provides inspiration and motivation to partté in, and contribute to, teaching and

conducting research focused on learning difficaltrethe middle-school years.



Chapter 1

Learning Difficulties Literature Review

The quest to learn more about learning difficulfeB) presents a diverse and interesting
challenge. Although the field of learning difficl could be viewed as a rather specific focus
within the discipline of education, it is, in fa@,broad topic for investigation because of the
volume of research and diversity of approaches. reBearch draws on knowledge and
approaches from a range of disciplines includingcpslogy, education, and brain science
research. Further, the field of learning diffice#tifocuses on diverse learners, who display

variable characteristics and a wide range of legrneeds.

The field of learning difficulties emphasises dey#hg evidence-based recommendations
for professional practice as well as on undertaksuientific enquiry. As the result of
increasing social and political expectations fopiiaving learning outcomes for low-achieving
students, there is a growing demand for effectefécient, evidence-based approaches. LD
research has an important role in providing reéabiformation to support the literacy,
numeracy and social skills development of studerperiencing LD at all levels of education.
Scientific enquiry in the field of LD investigataadividual differences in learning and
performance, generating knowledge about causesamskequences. Research in LD is also
becoming increasingly informed by advances in tbgndive neurosciences which have
enhanced understandings about the structure, sagam and development of the brain and

the biology of learning.

The aim of this literature review was to preseriorimation about LD and to identify a
focus for investigation. From the outset, an owehig purpose for this thesis was to produce
information that has utility for teachers and reskars working with students with LD in
classroom or intervention settings. In order tardslte the study, the focus was limited to LD
in the middle-school years and specifically, thesibaacademic skills of reading and

mathematics.

This chapter presents an overviei contemporary literature in the area of learning
difficulties and disabilities. It is divided inttitee main sections. The first section is concerned

with defining LD, and examines cognitive and leagicharacteristics of middle-school



students experiencing LD. The second section eapltre affective impact of lack of success
in academic learning by examining literature atsmdial and emotional aspects of LD, and the
influence on students’ learning behaviours. Thedtlsection focuses on ways to improve
learning outcomes for students experiencing LDJuisiag identification of strategies and
approaches shown to be effective in improving legymutcomes for students with LBt the

end of the chapter conclusions and issues requutiger investigation are identified.

Learning Difficulties in the Middle-School Years

Students experiencing LD in the middle-school ydac® a challenging future at school
and present their teachers with a complex setashér characteristics. In order to clarify the
phenomena of LD and its impact on learning thermgttion presented below examines some
of the basic tenets of LD and attempts to descetbects of LD on student learning and

performance in reading and basic mathematics.

Learning Difficulties: Definitions, Prevalence andStudent Characteristics.‘Learning
Difficulties’ as a term lacks a clear definition H&nh & Dally, 2001) ostensibly because
learning difficulties and learning disabilities ¢tkerm used in North America and Europe) stem
from such a wide range of causes and result incpéat manifestations for each individual.
The definition of LD is linked intricately to thelentification of students experiencing LD,
particularly their response to intervention. Howe\wbere are cumbersome issues relating to
terminology, identification, policy and funding adlation that impact not only on definitional
clarity but also on students’ access to appropsagort. In Australia, there is no operational
definition of LD nationally and there is consideelbverlap in the use of the terms ‘learning
difficulty’ and ‘learning disability’ (Scott, 2004)

In the first instance, definitional precision isepluded by international differences in
terminology — in Australia the term ‘learning ddtilties’ is frequently used in educational
settings whilst in North America ‘learning disabéds’ is used. Although there are some
parallels between the definitions used in the twauntries there are also significant
divergences (see Graham & Bailey, 2007). In Northefica the term ‘Learning Disabilities’
also presents a myriad of difficulties becausehefvagaries and antagonisms surrounding the
definition (Kavale & Forness, 2000). In the Unitéthgdom the term ‘dyslexia’ is broadly
used to cover what might be referred to in Ausiral ‘specific learning difficulty in reading’

or in North America as ‘specific learning disalylit



Within Australia there are even differences betwaaiessions with regard to terminology
— educators generally use the term ‘learning diffies’ but psychologists tend to use the term

‘learning disability’.

Definitions of learning disabilities and learningffidulties vary, and controversies over
identification procedures persist, particularly tiwion of a discrepancy between individuals’
potential and their actual performance (e.g., Fu&hBuchs, 1998; Scott, 2004). Issues of
concern relevant to this ability-achievement diparey model include that discrepancies may
not become apparent until the later years of pynsahool, and that specialist testing, such as
psychological tests and standardised achievemsig, tes required to determine eligibility.
Kavale and Forness (2000) noted that there istglabout what learning disabilities are not
(learning difficulties are not due to visual, hearior motor disabilities, nor to mental
retardation or emotional disturbance, nor primatiig result of environmental, emotional or
cultural factors). However, such ‘statements ofl@sions’ (p. 240) fail to provide a sense of

what is actually meant by the term ‘learning disabs’.

Nonetheless, differentiating LD or learning disdigis from other identifiable impairments
is integral not only to establishing a valid deiiom but also to effective identification and
remediation. Swanson and Siegel (2001) positedttigatoncept of learning disabilities rests
on two assumptions. Firstly, that these studertatiamic difficulties are not due to inadequate
opportunity to learn, general intelligence or toygibal or emotional disorders, rather they are
due to basic disorders in specific psychologicabcpsses. Secondly, that these specific

processing deficits are a reflection of neurololgicanstitutional, and/or biological factors.

The confounding and contentious issues of termgland identification continue to
present a challenge for researchers and educ#torsustralia the terminology used in this
field remains confusing, and the lack of spec#iait terminology has serious implications for
identification of and appropriate programming foudents with learning difficulties (Scott,
2004). Australian education authorities in diffdretates tend to use existing definitions from
the literature or adapt one that suits their owmppses. Sometimes the term ‘learning
difficulties’ is used interchangeably with ‘leargidisability’, and sometimes these two terms
can refer to different groups (Chan & Dally, 200@ther terms used in Australia to describe

students with LD include ‘at educational risk’, tler-achieving’, ‘special needs’ (Louden,



Chan, Elkins, Greaves, House, Milton, Nichols, Rarad, Rohl, & van Kraayenoord, 2000)

and ‘students with additional learning needs’.

Generally, it is agreed that students with learrdifyculties or disabilities have significant
and pervasive problems acquiring and using soméic@tion of listening, speaking, reading,
writing, reasoning, or mathematical skills, dueutalerlying difficulties involving their use of
language, and manipulation of abstract conceptaSan & Hoskyn, 1998). Most researchers
agree that neurological impairment is a key fawtorearning disabilities (Torgesen, 2004),
although the impact of other neuro-psychologicatdes have also been identified (Swanson &
Siegel, 2001).

In view of the above discussion, for the contexttbis thesis, the term ‘learning
difficulties’, abbreviated as LD, is used to reternotably low achievement in the academic
skills of literacy or numeracy, which is not relhtéo any disability or impairment. The
heterogeneity of those affected and the resultingyaof individual learning needs is
acknowledged, and intrinsic cause is assumed. dhe ‘tearning disability’ is used only when

that term is found in the cited source.

With such variability in definitions it is not suiping that estimates of prevalence vary.
However, the percentage of students identified Wwithor disabilities continues to increase.
Currently, about 5-7% of the school-age populaiioiNorth America is considered to have
some form of learning disability (Gersten, Fuchslli#wns, & Baker, 2001; Torgesen, 2004).
In Australia and New Zealand where the definitidrLD is broader, at least 20% of school
students are considered to have problems in acadeeas. Of these students, five percent are
considered to have specific learning disabiliteacademic areas, most commonly in reading
(Westwood & Graham, 2000). Students with LD, batheral and specific, that are not related
to any disability or condition, are the largestgdngroup of students with special needs, and
the size of this group continues to grow (Kaval€d&ness, 2000; Westwood, 2003). However,
as Kavale and Forness (2000, p. 240) pointed ouhowut a clear definition providing
unequivocal identification criteria, statements @bprevalence are but guesses and value

judgments, not based on scientific fact.

Despite the lack of rigorous definition and ideioation criteria, classroom teachers and

parents are well-placed to identify students exgmming LD. At the classroom level most



students with LD struggle with some or all of thesic academic skills of reading (decoding,
vocabulary and comprehending), writing (spellingntences and organisation) and calculating
basic arithmetic procedures. For students with dBvyeloping and applying these skills is
persistently effortful and error-prone. Further,e thesults of their labours are often
discouraging, as their attainment levels are ngthber than those of their average-achieving

peers who seem to read and calculate fluently withpparent effort.

Within the middle-school years and beyond, the ignt textual, cognitive, cultural
social and technological changes in the learningrenment require students to develop
‘grown-up basic skills’ that enable them to “managge and produce mono and multi-modal
texts that represent linguistic and numeric knogéedcross distinctive disciplines” (as stated
by Freebody, in Ellis, 2005, p. vi). Students wifh find it more difficult to develop critical
skills and knowledge when they have not attainedtemg level proficiency in basic academic

skills.

Students experience learning difficulties for a evidhnge of reasons and it manifests in
quite different ways for individual students. Dasghese differences, there are some common
‘learner characteristics’ and barriers to learrtimat many students with LD exhib{Benerally,
students with LD are very inefficient in the waysey go about the process of learning
(Westwood, 1993). These inefficiencies pertain tmgnitive behaviours such: as using
inappropriate or inefficient strategies that praglinigh error rates and undermine confidence;
having difficulty accessing and coordinating knodge encountered previously and the
flexible use of that knowledge; and displaying @ats of behaviour and thinking detrimental
to learning, including effective and well-practicadoidance strategies (Borkovski, Estrada,
Milstead, & Hale, 1989; Chan & Dally, 2001; DoylE83; Westwood, 1993).

Students with LD frequently display memory diffitak, including difficulty storing,
manipulating or retrieving previously encounteretbwledge. Short term memory, working
memory and long-term memory, are all potentiallyplicated. In terms of processing
efficiency, adolescents with learning disabilitiesk the flexibility to co-ordinate several
memory stores (Ashbaker & Swanson, 1996). Anotlugnitive characteristic, highlighted
primarily by the work of Swanson and colleague® (8shbaker & Swanson, 1996; Swanson
& Sachse-Lee, 2001; Swanson & Siegel, 2001), iepgparent relationship between inefficient

working-memory function and LD.



Relative to students in the early school yearsjesits with LD in the middle-school years
can perhaps be viewed as a neglected group bectasgeneral priority to direct remedial and
intervention resources to younger students. Eat@ntification and intervention is widely
acknowledged as good practice, and the premiserlyimdg early intervention, that younger
children are more likely than older children to elecate to keep pace with their peers, is

sound.

However, Deshler (2005, p.122) expressed concatnds compelling as the case for early
intervention can be, if that case is made at thpeese of addressing the equally problematic
and unique set of problems presented by older+agjeiduals, the long-term effects of putting
“all our field’s eggs into the early identificaticand intervention basket” are devastating for
thousands of individuals with LD. Further, Swansamd Hoskyn (2001) noted that the
challenges faced by adolescents with LD increagbegsface the demands of middle and high
school, and that the gap between academic perfaenah students with and without LD
increases across adolescence. Despite the fadhtbatention for these students is potentially
difficult to implement sustainably (Vaughn, Klingn& Hughes, 2004), there is evidence to
support the assertion that effective interventioage a positive, discernable impact on student

learning outcomes, as is shown in the followingisec

The information above, about issues of definitiond &entification in LD, the prevalence
of LD and the displayed learning behaviours of shid experiencing persistent LD, is
intended to provide a background from which morecgj exploration of the topic of LD can
be pursued. In the following two sections detallewd LD in reading and LD in mathematics
are examined. Where possible, the discussion lgigisimatters pertaining to students in the

middle-school years.

Learning Difficulties in Reading. Learning difficulties in literacy includes difficigs in
writing, speaking, listening and reading. Readmghie most common area of LD (Westwood
& Graham, 2000). The impact of poor reading skidzomes increasingly obvious during the
middle-school years: “If reading accuracy is notsteeed effectively by mid-primary school,
however, it becomes one of the most powerful blacksacademic and life progress that a
person can experience” (Galletly & Knight, 2004hisI section considers underlying factors
that contribute to LD in reading, and theoreticaigpectives that frame reading research. LD

in word reading, comprehension and reading flueareydiscussed.
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One of the most important and currently influentiecoveries in LD and reading research
has been that deficits in phonological processmegelated to reading problems (Hempenstall,
2004; Swanson, 1999; Torgesen, Wagner, & Rasht®@4). In fact, Adams (1991, p. 392)
claimed that the discovery of the importance of n@mic awareness is the “single most
influential advance in the science and pedagogegading” in the last century. However, other
researchers more recently have cautioned thatmpertance of phonological awareness may
have been overstated in the literature (Swansomridla& Graham, 2003). Nonetheless,
phonological processing is an important area afdarsh in reading LD, and is briefly explored

below.

Phonological processing involves the use of infdromaabout the sounds of language in
processing oral and written language. It requivesraness and understandings about the sound
structure of language (Torgesen & Morgan, 1990seRRech has linked deficits in phonological
processing to problems in sight word recognitiopelling, oral reading and reading
comprehension (Stanovich, 1986; Swanson, 1999;tdmherg, 2002; Westwood, 2003).
Students who enter school with high levels of phogical and phonemic awareness, or who
acquire them quickly, make good progress in eaadmng in an alphabetic language such as
English (Adams, 1990; Juel, 1988; Stanovich, 198&) young students with delays in
phonological processing, well designed, targetednpmic awareness interventions in the
early school or pre-school years, potentially hawery positive impact on ameliorating LD in
reading (Blachman et al., 1999; Byrne, Fielding+3tey, & Ashley, 2000) Notably, phonemic

awareness interventions decline in effectiveness tfe first or second grade (Fawcett, 2002).

Stanovich used information from phonology-baseccaesh and emerging ideas about
modularised processes in reading to develop higlesinore deficit hypothesis (Stanovich,
1986). His proposal was that reading difficulties aharacterised by a common underlying
deficit in phonological processing. He argued thath “garden variety” poor readers (those
with a more general deficit) and dyslexics (witlesific deficits) are impeded by a single core

deficit, in the specific domain of phonological pessing (Stanovich, 1992).

Stanovich’s hypothesis can be seen as a reactiahetotop-down’, whole language,
approach to reading instruction that emerged in XB&0s. In contrast to the underlying
framework of the whole language approach (see Turn€hapman, 1999), the work of

Stanovich and others highlighted the phenomena ihatling acquisition in less skilled
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students is not based on their inability to usetexinto facilitate word recognition but,
conversely, on their inability to recognise wordshaut the use of context clues (Stanovich,
1992). Good readers rely on an advanced level oflogical recoding ability — the ability to
translate letters and letter patterns into phonoddgforms (Tunmer & Chapman, 1999).
Consequently, able readers quickly learn to resmgmiords without the need to refer to the
context for clues. Poorer readers devote more twgniesources to the local level of word
recognition and rely more heavily on contextual hagssms, thereby simultaneously stressing
their already inefficient comprehension systemsar{8vich, 1980). These findings have
significant implications for instructional approashto support young, at-risk readers (see
Rowe, 2006)

Stanovich (1986) coined a phrase, “The MatthewdEffeas a metaphor for describing the
effects of learning disabilities, essentially imply that as the “rich” (able readers) get richer,
the “poor” (poor readers) get poorer. In this mbhtap poor phonemic awareness skills at
school entry are likely to cause students to lalginzein learning the processes of reading,
whilst effective readers get better and better witleir increasing reading proficiency
(Thompson & Nicholson, 1999). With each passingrysadents who experience LD in

reading fall further and further behind their peers

Another area of research that provides insight ieéoning disabilities in reading is that of
naming speed. The work of Denckla and colleaguen¢kla & Rudel, 1976) in the field of
neuroscience during the 1970s highlighted thasfie=d of naming a colour (or a similar task)
was predictive of reading skill (Wolf, 1991; WoMNjiller, & Donnelly, 2000). Over the next
two decades researchers collected information abwuitrole of naming speed in reading
disabilities, and concluded that early failure I tsub-processes used in naming speed may
disrupt the process of successful reading (DeeWéylf, & O’Rourke, 2001; Swanson &
Siegel 2001; Wolf, Miller, & Donnelly, 2000).

Building on research into the predictive role ofrmiag speed and reading failure, Wolf and
colleagues (Deeney, Wolf, & O’'Rourke, 2001; Wolb02 ; Wolf 1999; Wolf & Bowers, 2000;
Wolf, Miller, & Donnelly, 2000) expanded Stanovishsingle phonological core deficit model
into the “double deficit hypothesis”. This positsat students with the most debilitating
learning disabilities have deficits in both namisigeed and phonological awareness, whilst

others with less severe learning disabilities hdegcits in either phonological awareness or
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naming speed, both of which can lead to impairedmehension. This hypothesis, that rapid
naming and phonological processes are the reduitglependent processes, was supported in
a meta-analysis investigating correlation betwekanplogical awareness, rapid naming and
reading comprehension by Swanson and colleaguean&m, Harris, & Graham, 2003).

Wolf's work has provided evidence to support an kags on word reading and reading
fluency as a valid component of effective remediafior students experiencing LD in reading
(see Chard, Vaughn, & Tyler, 2002; Torgesen, Rashét Alexander, 2001). Oral reading
fluency is ordinarily perceived as the ability &ad aloud smoothly and accurately. However,
there are still no consensual definitions of ‘flagnthat encompass its relation to the set of
time-related terms frequently associated with by fexample, automaticity, speed of
processing, reading rate/speed and word recogmtiairciency (Wolf & Katzir-Cohen, 2001).

Adequate oral reading fluency requires sub-skilfs pbonological segmentation and
recoding, as well as rapid word recognition (Fu&suchs, 2001). Efficient, low-level word
recognition facilitates higher-level, integrativengprehension processing of text, a key point in
the theoretical argument that fluent oral readiognf text serves as a performance indicator of
overall reading competence (Fuchs & Fuchs, 2001).ifstructional focus on oral reading
fluency incorporates word-level reading using catee texts, or in some cases, list words, at
a level of task difficulty appropriate for the read

For students with LD, under-achievement in readneguently involves difficulties with
reading comprehension. Reading comprehension icdhglex outcome of the process of
constructing meaning from print. Reading comprelensan be conceptualised as an
interactive process requiring the dynamic combomatf a reader’s background knowledge
with the information decoded from text (Graham &8, 2004). Successful comprehension
requires students to coordinate many complex shitid to participate actively in their own
learning. Grammatical skills and vocabulary knowledre likely to be important influences
on the development of reading comprehension skaisg such skills assume greater
importance at later stages of development (Muterme, Snowling, & Stevenson, 2004).
Gough and Tunmer (1986) in their simple model aidieg proposed that the facility to
comprehend what was read depended on both decodimgls and oral language

comprehension.
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Although word recognition skills are necessary (butt sufficient) for reading
comprehension, phonological processing skills aaught to be relatively unimportant for
reading comprehension (Muter et al.,, 2004). Stigleniccesses in comprehension are also
influenced by how interesting and relevant theydfithe text they are reading, their
competencies in recognising, decoding and pronagnaiords fluently and accurately, their
awareness of the different purposes associatedregtting, and facility with comprehension
monitoring strategies (Gersten, Fuchs, WilliamsBé&ker, 2001; Swanson, 1999). Reading
comprehension for students with LD has been shawbet amenable to intervention (see
Swanson, 1999).

Language (talking and listening) and processinficdities, associated with LD in reading
and reading ability are predicted by different tacef children’s underlying language skills
(Muter et al., 2004). Children with reading LD gesly have vocabulary delays, verbal
memory difficulties and poor verbal reasoning ski(Al Otaiba & Fuchs, 2002; Hay &
Fielding-Barnsley, 2006; Torgesen, 2002). Delaygdoabulary development that are likely to
result in deficits in phonological awareness andabulary knowledge have also been
identified as an important predictor for readingnpoehension (Muter et al., 2004). Clearly,

knowledge of words is influential in appropriatadeng development.

Consistent with the identification of naming speglipnological awareness and vocabulary
as key deficits in reading disability, Torgesen Q20 emphasised that word-level reading
problems are a consistent stumbling block to readjrowth for children with reading LD.
Encouragingly, intervention in the form of intersjvypreventative instruction can bring the
word-reading skills of students with LD into theeazge range. However, there remains a
proportion of readers with LD, especially olderdsgnts with severe reading disabilities, who

do not respond to intervention (Torgesen, 2002).

In review, much reading and LD research in the pashty years has re-directed emphasis
away from contextual and environmental aspectsirLreading to focus on more ‘bottom-
up’ processing, or efficient processing of sounoisgl associations. For young readers
experiencing, or likely to experience, LD in reaglirexplicit instruction in phonological
processes is a substantiated, effective focusedfgmtative and remedial approaches. A focus
on word reading is similarly warranted in olderdeis experiencing LD in reading. Research

about the role of naming speed in reading hasdeddreased understanding about the role of
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reading fluency in proficient reading. Languagealepment (in younger students), vocabulary
and reading comprehension have also been identd#gedrucial components of effective

reading. Effective reading intervention approachearticularly those relevant for older

readers, are explored later in this chapter.

Learning Difficulties in Mathematics. Attempts to define learning difficulties in
mathematics or numeracy are confounded by thed&ekclear definition of LD, as referred to
above, and the profusion of terms used, for exanmpéghematics disability, learning difficulty
in mathematics (or numeracy), developmental dystial¢for a comprehensive description see
Munro, 2003a) or innumeracy. Additionally, there arrange of terms used within the field of
mathematics education that pertain to various aspefcmathematics learning, for example,

numeracy, number sense, arithmetic, calculatioes@&turther add to potential confusion.

Consequently, for the purposes of this researchettme ‘learning difficulties (LD) in basic
mathematics’ is generally used to describe studémtories of persistent difficulty and lack
of success in school learning in this subject a#eaarea of particular interest in this research
is the ability to carry out basic arithmetic caktibns so, where possible, this aspect of
mathematics learning is highlighted. The term nwaogrdefined as “having and being able to
use appropriate mathematical knowledge, undersigndikills, intuition and experience to
meet the general demands of life at home, in paikwnd for participation in community and
civic life” (AAMT, 1997 in Siemon & Griffin, 2000)js sometimes used interchangeably with
the term ‘mathematics’. The following section pi®$ an overview of some important

theoretical aspects and research findings regatdnigp mathematics.

Characteristically, many students who have LD irtheaatics have poor number sense.
Number sense refers to a student’s fluidity andilfigity with numbers. Number sense also
requires a certain amount of motivation to form reeetions between new information and
previously acquired knowledge (Gersten & Chard, 919Reys, Barger, Dougherty, Hope,
Lembke, & Weber, 1991). Number sense is viewedrdigat to conceptual understanding.
Many children enter school with informally acquiradmber sense concepts, whilst others
require formal instruction to develop the ideasrsBa and Chard (1999) posited that there is
increasing empirical support for a relationshipwestn the lack of number sense and LD in
mathematics, analogous to that of phonemic awaseaed LD in reading. However, this

analogy is viewed by Howell and Kemp (2004) as @eeme, because number sense needs to
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be defined more clearly, and the empirical evidetocgalidate the role of number sense in

mathematics achievement is, as yet, insufficient.

The co-morbidity of LD in reading and mathematies bbeen shown to be more than 60%
(Gersten & Chard, 1999). The prevalence of LD isibanathematics for Australian students is
difficult to ascertain because of issues of dabinitand identification as previously expounded.
There is some research to indicate that 5 - 10%twdents have significant difficulties in
numeracy (Geary, 2003, 2004; Louden et al., 2000¢d®, 2004). Australian prevalence
estimates suggest 10% to 30% of students experidifieulties in mathematics (van
Kraayenoord & Elkins, 2004). Gender-based perfoceadifferences appear not to exist
(Doig, 2001).

Some researchers propose that the reasons fomstudglure in basic mathematics are
related to teaching methods and curriculum issuather than factors within the learner
(Pincott, 2004; Vaughn, Bos, & Schumm, 2000). Thiereevidence to suggest that the
instruction given in mathematics is relatively pdbfiller, 1999), especially that delivered to
students experiencing difficulties (Westwood, 199399). Ineffective instruction can lead to
students developing learned helplessness in matlwsniRincott, 2004). However, a ‘poor fit’
between the learning characteristics of studentd wmathematics LD and the kind of
instruction they receive (Kroesbergen & van Luid03), instructional design deficits in text
books (Fuchs & Fuchs, 2001), as well as curricutiesign deficits may be more responsible

for students’ failure than poor performance by wdlial teachers.

In the past twenty years the instructivist/congtwst debate about effective instruction in
mathematics has shadowed the similar debate albenatcly instruction. As a reaction against
the prevailing instructional approach of the twettiticentury which saw mathematics being
taught as simply a set of facts, rules and proed(ivlastropieri et al., 2004), constructivist
learning approaches promoted the ‘process approamh’ ‘enquiry-based method'.
Constructivism has influenced syllabus frameworksl deaching approaches in Australia
(Evans, 2007; van Kraayenoord & Elkins, 2004) amdtlNAmerica (Mastropieri et al., 2004).
Influential educationists and researchers have esgad concern that such an approach is
ineffective or insufficient for students with LD mathematics (Baker, Gersten, & Lee, 2002,
Kroesbergen & van Luit, 2003; Mastropieri et al002; Rowe, 2006; Westwood, 2000). In

contrast, the teacher-directed direct instructippraach has been widely and effectively
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implemented with students of all ages who expegddd (Adams & Carnine, 2003). Further
information about effective instructional approaglier students with LD in mathematics are

explored later in this chapter.

Factors intrinsic to the student have been idetifn research looking at causes of LD in
mathematics. Students may have LD in numeracy Isecatia variety of causes associated
with learning and cognitive factors (Westwood, 200lhese include information processing
and memory problems, reading, language and metaitoggdifficulties, and attentional and
motivational issues (Louden et al.,, 2000; MastmopiScruggs, Davidson, & Rana, 2004).
Frequently, at least part of the difficulty expeced by students with LD in mathematics, can
be attributed to poor language and literacy skilestwood, 2001). ‘Math anxiety’ has also
been identified as a cause of LD in mathematicdléM& Mercer, 1997 as cited in Pincott,
2004).

These heterogeneous causes of LD in basic matresmatinifest in a range of deficits or
limited proficiencies. Memory deficits, inadequatese of strategies and deficits in
generalisation are general characteristics of siisd&ith mathematics LD (Kroesbergen & van
Luit, 2003). Students may exhibit difficulties iaveral areas such as basic computation skills,
word problems, the language of mathematics and enadlical reasoning (Milton, 2000). In
the area of computation, students with LD commodigplay inaccurate or inefficient
strategies, slow and error-prone retrieval of prasly encountered content, and reduced or

variable speed of processing (Louden et al., 2000).

Difficulties with arithmetic, and recall and apm@icon of previously encountered
knowledge, are readily observed and significantattaristics of LD in mathematics. Geary
(2004) stated that disruptions in the ability tdrieve basic facts from long-term memory
might, in fact, be considered a defining feature asithmetical mathematics learning
disabilities. The consequent difficulty studentshMiD experience solving simple arithmetic
and word problems limits the cognitive resourceailable for the more complex aspects of
mathematics problem solving (Chan & Dally, 2001 a6 2004).

Not surprisingly, the gap in academic performaneéwvben students with LD in basic
mathematics and their normally achieving peers msdguring the middle-school years. This

was demonstrated in a study by Cawley, Parmer, &axljller (1996) which showed that at
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age nine the difference in mathematics test pedoga between LD and non-LD groups exists
but it is not very large. At age fourteen yearsdiserepancy on mathematics test performance
has increased to four years, indicating that inhexaatics in the middle-school years gains in
achievement obtained by non-LD students in one taar students with LD approximately
four years to achieve. In Australia, students v in mathematics in their eighth year of
school have achievement levels up to five yearsnetmeir average-achieving peers (Pegg &
Graham, 2007).

In review, problems with storing and accessingdagthematical facts and procedures are
characteristics of students with LD in mathemat@sary, 2004), which becomes increasingly
evident in the middle-school years. Identified esusf LD in mathematics include poorly
developed number-sense, memory difficulties, lagguand communication disorders,
deficiencies in attentional processes and motimapimblems (Mastropieri et al., 2004). As
many of the underlying causes of LD impact acrosargge of learning domains, LD in

mathematics and LD in reading are often co-morbid.

Students who experience LD in reading and/or ma#tiesipresent pervasive challenges to
educators and researchers. These challenges begr@aker as students get older and fall
increasingly behind their same-age, non-LD peehng. Most conspicuous difficulties displayed
by students with LD in the middle-school years peesistent difficulties with basic academic
skills such as reading and calculating. Typicadtyidents with LD use inefficient approaches

to learning, and have low expectations of succdsshndrain motivation.

As educators, parents and students are awarejrigadoes not occur in isolation from
social and emotional development. During the middtlleool years all students begin to deal
with the rather intense social and emotional chgks of puberty. At this time, when social
emphasis shifts from family to friends and socistydents can be sensitive about issues such
as ‘normality’ and ‘abnormality’ (Fuller, 2002). Miag the daily experience of poor
achievement in basic academic skills, frequentlgy@tl out in front of peers, can be a
considerable trial for students with LD. In theléaVing section the impact of such experiences
on the learning behaviour and affective charadtesiof students experiencing persistent LD
is explored.
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Learning Difficulties — Social and Emotional Perspectives

Students experiencing LD are affected by a rang®moiil and emotional factors which can
act as further obstacles to learning progress. aVitilis likely that some students with LD
come to school with delayed social skills and immatemotional development, other students
experience difficulties in the affective domain dese of LD, and this potentially has a further,
negative impact on academic attainment. In thisti@ecthe affective consequences of
experiencing persistent LD are explored in thredgspdhrough the examination of research
about social competence, anxiety, and motivatios,gelf systems’, and learned helplessness.

Social Competence, Anxiety and MotivationSocial competence is a broad term used to
describe individual social behaviour. Vaughn andy&to (1990) described social competence
as consisting of four components — social skilidatronships with others, age-appropriate
social understandings and the absence of maladjubthaviours. Students with LD
demonstrate overall low social skills (Elbaum & gan, 2003) and many are unpopular with

their peers because they have difficulty with slerecoding, or reading social cues.

Additionally, students with LD tend to choose Iessnpetent solutions to social problems
or difficulties (Wong, 1996), and they often haweop relationships with their peers (Knight,
Graham, & Hughes, 2004; Westwood, 2003). They asperience low levels of peer
acceptance because of low achievement, difficultyc@ssing information and difficulty
expressing information (Vaughn & Hogan, 1990). Resle by Ladd (1990, in Knight,
Graham, & Hughes, 2004) showed that children regedty their peers had less favourable
perceptions of school and lower levels of acadgrarformance. Thus, for many students with
LD, poor social competence is a confounding fatitat decreases the likelihood of successful

school experiences.

Anxiety and stress-related behaviours have beemwrsiio be present in students with
problems in reading (Kos, 1991 in McCray, VaughnN&al, 2001). Anxiety is an emotional
state that can monopolise and therefore reduceitoagrapacity. Performance anxiety and
fear of participating in a task or activity is aaccteristic displayed by many students with LD
(Westwood, 2003).

Galletly (1999) used the metaphor of a ‘fat happy’ caccompanied by a cartoon drawing,

to illustrate optimum processing capacity requivdten learning to read, and then describes
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the effect of anxiety on the capacity to think grdcess information as follows: “Our cup
shrinks when we are stressed, nervous or feelfiaguae. It becomes a sad, skinny cup. We fit
less in and make more mistakes” (p.21). When stsdsith LD exclaim that they ‘just can’t
think’, in reality it may well be that all they cahink of is their anxiety about performing or
failing. In such instances, cognitive capacity n@yconsumed by emotional reactions rather

than thinking processes.

Fear of failure can be viewed as a common ‘sideegffof repeated poor achievement at
school. It can have far-reaching effects on leayior students with LD. Students with LD are
more vulnerable to failure experiences, both academd social (Elbaum & Vaughn, 2003).
Students with LD can become victims of ‘the failugcle’ — failure, frustration, feelings of
inadequacy, withdrawal and avoidance of the tasgihg to a repeat of the failure experience
(see Westwood, 1995). Consequently students witlt@monly experience lack of practice,
negative attitudes, and behaviours that are dettimhéo further learning (Chan & Dally, 2001;
Westwood, 2004). Unfortunately, for most childremthwLD, failure begins early in their
school career (Westwood, 2004).

Students who are under-achieving or frequently B&pee failure at school generally lack
motivation for school work. This does not imply thstudents with LD choose to be
unmotivated; although some teachers have a tendenolame a student’s learning problems
on a lack of motivation. Motivation is not an inedtait of learners but rather a variable that is
significantly influenced by outside factors. Thusdrinsic motivation is a product of the

interaction among students and various schooltsius (Westwood, 2004).

Research by Biggs (1995, in Westwood, 2004) shatlvat motivation is diminished by
irrelevant or boring tasks, frequent experiencefaiire, negative criticism and information
overload. Essentially, a student who is poorly waded to do a task does not value the task or
believe in their potential ability to complete tha&sk successfully. This lack of intrinsic
motivation, a learning variable described in ‘Expecy-Value Theory’ (Atkinson, 1966 in
Westwood, 2004) predicts low effort and low achreeat, which, in turn, negatively affects

future learning experiences.

In review, levels of academic achievement and @p#dtion for students in the middle-

school years with LD can be further compromisedobgr social competence, anxiety about

20



learning and concomitant poor motivation to atteimptomplete academic learning tasks. In
such circumstances, students’ self perceptionskaly to be affected. In the following section
the poor self-system variables of students withi€Bhown to be a further barrier to effective,

successful learning.

The Self SystemPerhaps one of the strongest influences on thetaféecircumstances of
students with LD is the ‘self-system’, encompassasgself-concept, self-esteem and self-
efficacy (Wong, 1996). These concepts can be defasefollows:

Self-concept refers to a person’s awareness obriger own characteristics and
the way he or she is like and unlike others. Sstiéem refers to the value a
person puts on oneself and one’s behaviour. Pedeself-efficacy refers to a
person’s judgments of a competence to execute eswfsaction required to deal
with prospective situations. (Bryan, 1991, in Wohg96, p.95)

Self-concept has long been considered an impostanable, one that mediates other
significant outcomes such as academic achievenigitaym & Vaughn, 2003; Hay &
Ashman, 2003). It is a multi-dimensional constrwgth links to students’ motivation,
achievement, confidence and psychological well-gpéitay, 2005). Research on self-concept,
which typically relies on self-rating instrumenisdicates that children and adolescents with
learning disabilities tend to have lower acadenaif-soncept than their normally-achieving

peers, but equally as good self-concepts in nodean& areas (Wong, 1996).

In a meta-analysis of interventions focusing ot sehcept, EIbaum and Vaughn (2001 in
Elbaum & Vaughn, 2003) found that students with Wbo have very low self-concept can
benefit from interventions but that the effectivesn@f different types of interventions varies
with age. For younger students the most effectierventions were those focusing on
academic skills. For older students, programs aksd enhance social skills and interpersonal

problem solving were found to be more effective.

Positive self-esteem is an essential human needl@al1987). Seligman (1995) proposed
that self-esteem does not exist as an independemaateristic; rather it is almost entirely
created by an individual’'s experience of succeskfaitlure. Accordingly, low self-esteem is
not usually the cause of a learning or behaviooblgm, but rather it occurs as the result of
repeated lack of success (Westwood, 2004).
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Accordingly, in order to address the need for ssteem in students, especially those with
LD, they need more than self-esteem building aatiwior programs. To develop self-esteem
and maintain motivation students need to have amindpportunity to be successful in
academic, social and physical tasks (Ormrod, 20B€lf-esteem in schools can be undermined
by a variety of factors including labeling studeassfailures, using ability-grouping practices
and setting unsuitable tasks that result in fregtalure (Westwood, 2004).

Self-efficacy is another aspect of the ‘self systesnich interacts with failure experiences,
motivation, self-concept and self-esteem to hawtr@ng impact on the learning progress of
students with LD. Self-efficacy essentially reféosthe student’'s pre-task judgments about
their own performance (Harris, Reid, & Graham, 2004 displaying a lack of self-efficacy
students with LD generally pre-judge their own parfance poorly, and they may also have
unrealistically high pre-task expectancies whicim ¢@ad to lower self-efficacy following
failure (Harris, Reid, & Graham, 2004).

The lack of self-efficacy that leads students with to believe that they are unable to
succeed has a highly debilitating effect on acadegperformance (Diener & Dweck, 1978).
Self-efficacy influences performance because iec#f choice of activities, the amount of
effort expended and persistence in the face oicditly (Harris, Reid, & Graham, 2004). Poor
results and too much criticism reduce self-efficacyl lower a learner’s aspirations (Biggs,
1995), and conversely, achievement, praise andoadkdgement contribute to positive beliefs
about self-efficacy (Westwood, 2004).

In review, self-concept, self-esteem and self-affic are closely linked concepts which
largely determine students’ perceptions of theneselas learners. Students who experience
persistent LD very often know that their achievetmerels are below that of their peers, in
some cases, despite additional effort. In suchupistances, motivation to attempt and persist
with challenging tasks is likely to be compromised students may come to believe that their
attempts at learning will result in failure. Thigitade of learned helplessness is explored in the

following section.

Learned HelplessnessSocial competence, anxiety, fear of failure, selfiaept, self-
esteem and self-efficacy are all very much linkedhe concept of learned helplessness, a

condition that arises when a person expects thatohiher responses cannot control or
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influence outcomes (Westwood, 2004). Learned hedpless was first observed in animals —
following the administration of an unavoidable skomany non-human species did not avoid
that shock when provided with an opportunity tosgo(Weiner, 1992). Similar behaviour has
been commonly observed in humans. Seligman (197a)ysed this phenomenon and
proposed that when the likelihood of a desired rdws not thought to be improved through
personal responding, a state of helplessness fellavme observed symptoms of learned
helplessness in humans include lack of persistentiee face of failure, negative expectations
about the future, a tendency not to develop aegi@atapproach to learning, avoidance

strategies and a generally negative affect (Weit@92; Westwood, 2004).

Not surprisingly, learned helplessness has adwensgequences for cognition, learning and
motivation, and is a serious obstacle to successéuhing (Weiner, 1992; Westwood, 2004).
The research of Dweck and colleagues (e.g., Digri@weck, 1978; Dweck & Repucci, 1973;
Bush & Dweck, 1976) has been influential in theleggpion of learned helplessness theory to
child development and LD (Carnino, 1981). Speciljcdhese researchers determined that the
roles of success and failure attributions are ingyardeterminants of behaviour. In other
words, perceiving that one is unable to surmouitra can have a debilitating effect on
performance whilst perceiving that one is ablewoic or escape failure can have facilitating
effects on performance (Diener & Dweck, 1980). Thuss perceptions, rather than reality,
that are critical because they influence self-cphoexpectations for future situations, feelings

of potency and subsequent motivation (Hunter & Bark987).

Attributions for success or failure can be infertedoe determined by ability and effort,
task ease or difficulty, luck, mood and help ordnance from others. These inferences are at
least in part, based on information variables sashpast performance and social norms
(Weiner, 1992). Attribution theory suggests thaidsnts are not motivated to persist in
learning if they have attributed success or faillrdorces over which they have no control
(e.q., luck, ability, task difficulty, teacher peeénces). Conversely, students maintain
motivation because of attributions to factors thay control, for example, effort or the use of

successful strategies (Weiner, 1992; Westwood, 2004

Children with learning disabilities tend to have ladaptive attribution patterns (Wong,
1996) which undermine motivation, limit interesttpans, heighten negative affect (i.e., loss of

self-esteem) and retard intellectual growth (Caynin981). Accordingly, students with
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learning disabilities may attribute failure to lack ability, and success to luck or teacher
favour. In contrast, non-learning disabled studémfesr that their success is due to ability and
effort, and that failures are due to deficient gfi®ong, 1996). This is where the ‘helpless’
behaviour of learned helplessness is evident tuidlents perceive that they cannot achieve
success in a task because of factors beyond tlwitrat, then their participation and
performance on the tasks are lessened. In sudtisits, students believe that no matter what
they do, they will still fail in a task. Thus, mdkptive attributions, whereby an individual
‘blames’ the uncontrollable factors for their sugxeor failure, often trigger learned

helplessness.

In review, learned helplessness is a way of thmkebout learning that impedes
participation and success. Students with LD, paldity older students who have experienced
persistent failure in academic tasks, may be ptorteveloping this characteristic. A learner’'s
perception that they will not succeed at a taskamdigss of the effort invested, results in
reduced motivation and performance. In this waiyjbattion of causality is a determinant of
learned helplessness. Students experiencing ledrekpdessness attribute their performance
outcomes to factors beyond their control, promotingir perception that their own actions

cannot influence performance outcomes.

A key conclusion from the above discussions is #éxgieriencing persistent LD is likely to
have a negative impact on students’ social and iemadtoutlook, particularly with regard to
their perceptions of themselves as learners. Télisperception is a powerful indicator of
attainment. Students experiencing LD are at riskexgferiencing reduced social competence,
anxiety about learning and reduced motivation. ltarntthey are vulnerable to diminished
academic self-concept, poor self-esteem due taategdailure and a lack of self-belief, all of
which can lead to further failure experiences. Tiegative affective cycle can contribute to

students with LD developing the debilitating minidstlearned helplessness.

A key to overcoming this negative cycle is for gnts with LD to have repeated, authentic
experiences of academic success. This can be achiethe regular classroom when a teacher
uses instructional strategies that are effectivestadents with LD, and provides appropriate
adjustments to learning tasks. Well-designed, emdéased interventions which target areas

of academic difficulty for students with LD also vea great potential to both improve
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achievement of learning outcomes, and to overcomgative affective factors. Ways to

improve learning outcomes for students with LD diseussed below.

Improving Teaching and Learning Outcomes for MiddleSchool Students Experiencing
Learning Difficulties

This section describes key, evidence-based compooérffective teaching in classroom
and intervention settings, both of which have apantant role in improving learning outcomes
for students with LD in the middle-school yearsisTHiscussion is divided into three parts.
The first reviews research into effective teachang learning approaches for students with LD
Parts two and three provide overviews of intenantiesearch in reading and mathematics

respectively, particularly as they pertain to studevith LD in the middle-school years.

Effective Teaching and Learning for Middle-School 8udents Experiencing LD. The
impact of poverty, disadvantage and low studerittatbevels on the learning achievements of
students is implicitly understood by most educat®hilst it is important to acknowledge
these factors, in an educational setting they atdattors that educators can readily influence.
However, a key factor in improving achievement lsydor which educators do have
influence, is effective, quality teaching.eacher proficiency and other teacher-controlled
factors can, and do, have influence on studentainabent level at school and beyofithat is,
educational effectiveness for all students is ailicidependent on the provision of quality
teaching by competent teachers (Darling-Hammondr&nBford, 2005; Hattie, 2003, 2005;
Hill & Crévola, 2003).

Accordingly, regardless of student and environmefdators, classroom instructional
processes are a major variable influencing studeimievement, and this is particularly the case
for student with LD (Hattie, 2005; Mastropieri & 19ggs, 2002; Sanders & Rivers, 1996;
Schacter & Thum, 2004). Whilst some may suggedtdbmpetent learners can be successful
with varied instructional quality, students with ldDe particularly vulnerable to poor pedagogy
(Strain & Hoyson, 2000), and are more likely to é&f@nfrom effective teachers (Sanders &
Rivers, 1996). For all students, high quality teaghis a powerful influence on student
achievement (Hattie, 2003).

Definitions of effective teaching vary, and theneérology used to describe effective

teaching is not always consistent. Effective teaghinay vary in its delivery in different
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subject areas and for students of differing absiti Westwood (1993) defined effective
teaching as the clear teaching of important skildprmation and appropriate strategies.
Effective teaching approaches, particularly difastruction, highlight the need for teachers to
take an active role in imparting information andlskwhile still providing opportunities for
active participation by students. Instructionaatggies that rely on teacher behaviours, such as
providing students with explicit examples of praditt performance before they commence a
task, and providing ample guided and independeatdtioce opportunities, are common features
of effective instruction for students with LD. Modetailed examples of effective instructional
strategies for students with LD are presented ipeglix A.

Importantly, evidence is emerging (see Baker, @ars& Lee, 2002; Ellis, 2005; Pincott,
2004; Rowe, 2006), in both reading and mathematizsesearch, that student-centered or
discovery-learning instructional approaches arepaaticularly effective in improving learning
outcomes for students with LD. However, this is twosay that students with LD should never
participate in constructivist-type learning aciie#, or that non-LD students do not require
direct instruction. Under particular conditions lbdhese approaches have merit in their own
right. For students with LD constructivist learniagtivities can be effective, provided that
prior instruction in the relevant basic knowledgel &kills has been provided. However, there
are clear indications in the literature that claesn teachers can facilitate learning for students
with LD by ensuring that their pedagogy and classroroutines reflect a planned and
structured approach to teaching and learning whichrporates, but does not solely rely on,

direct, explicit instructional strategies.

Whilst effective teaching for students experiencidg difficulties involves more than
direct instruction (also referred to as explicistmction), direct instruction does have a
considerable role to play in effective teaching &udents with LD (Ellis, 2005). Direct
instruction “is a systematic method for presentggrning material in small steps, pausing to
check for understanding and eliciting active andcsessful participation from all students”
(Rosenshine, 1986, p.60). Direct instruction iseegly applicable when teaching new or
difficult information and when content is criticed subsequent learning (Mercer, Jordan, &
Miller, 1996).

In a series of influential meta-analyses Swansoth ewileagues (e.g., Swanson 1999,
Swanson, Carson, & Sachs-Lee, 1996, Swanson & hodi898) established that two models
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of instruction, direct instruction and strategytinstion, had greatest potential to improve
learning outcomes, and that when combined theseoagipes are particularly powerful and
effective. Although most of the meta-analyses wereed to reading (these are more closely
examined in the following section), Swanson et(&4896) found no significant differences
across domains of reading, spelling and mathemaitiaglying that direct instruction and

strategy instruction are generally effective foudgnts experiencing LD, regardless of the
domain. The findings are increasingly applied geady to LD interventions, perhaps because
they seem to ‘make sense’ to both classroom tesched researchers. That is, effective
teaching for students with LD requires emphasisanmtent (direct instruction) and on teaching

‘how to’ (strategy instruction).

Ostensibly, direct instruction and strategy indinrc may appear to come from different
educational perspectives with direct instructiorkdéid to behaviourist approaches and strategy
instruction linked to cognitive approaches. Howewdrategy instruction and direct instruction
have many commonalities (Swanson, 2001), and sharg/ similar techniques (Dole, Duffy,
Roehler, & Pearson, 1991).

Strategy instruction encompasses a range of irginad approaches for teaching
cognitive, meta-cognitive and self-regulation €igi¢s. The use of mnemonics and graphic
organisers is common in strategy instruction (seekih & Ellisy, 2004). Examples of
cognitive strategy instruction include elaboratistrategies such as paraphrasing and
summarising, promoting the use of effective leaimeiaviours like underlining, note-taking
and selecting the main idea, and organisationaltegres such as diagramming or using
mnemonics (Mclnerney & Mclnerney, 2002). Providingprmation about how to approach a
task is referred to as meta-cognitive strategyruicsibn, which is concerned with students’
awareness of their own thinking and their ability regulate strategy use. Meta-cognitive
strategies include strategies for planning, momtpand test-taking strategies (Mclnerney &
Mclnerney, 2002). Self-regulation strategies ainmstpport students manage their behaviour

and approaches to tasks to promote more effecaming.

Effective teaching for students with LD in the r&guclassroom requires frequent
adjustments to instructional strategies and/orniegr content. Whilst direct instruction and
strategy instruction are necessary in effectivechieay for students with LD in regular

classroom, they are not sufficient — other adjustsé the content and delivery of instruction
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are also required. To do this, effective teacheakaruse of pedagogical content knowledge,
i.e., knowing which method to use with particulasntent in a specific context with an
individual or group of students (Shulman, 1987)gtode their decisions about appropriate
adjustments. Pedagogical content knowledge entddebers to differentiate or adapt teaching
and learning experiences to provide genuine legroipportunities for the range of ability

levels in inclusive classrooms.

Differentiated instruction (variously referred te aurriculum differentiation, adaption,
modification or adjustment) is both a way of thimiabout teaching and learning and a
collection of strategies (Heacox, 2002). Differatibn occurs mainly in terms of content,
process and product (Tomlinson & Allan, 2000), afeb in terms of a variety of other factors
including classroom management and environment,a@sdssment and grading (Westwood,
2001).

Modifying content by adjusting the level of taskfidulty, so that students with LD have
an opportunity to develop and practice desirediskit strategies successfully, rather than
unsuccessfully attempting difficult tasks, is arportant means of curriculum differentiation.
This is because controlling the level of task diifty has great potential to influence student
learning outcomes positively (Swanson & Hoskyn, Z0@aughn, Bos, & Schumm, 2000).
Other examples of curriculum differentiation inctudaccepting alternative formats for
responses, incorporating the use of adaptive téobpo and adjusting directions and
instructions, for example, by providing repeatexplieit instruction about the content to a

small group of students.

Any informed, contemporary discussion about clamsrosupports and appropriate
adjustments for students with LD, especially in ttoatext of consideration about service
provision for students with additional learning deerequires consideration of the framework
called Response to Intervention (RTI) (see FuchBug&hs, 2006; Gersten & Domino, 2006:
Vaughn, 2003). A key premise of the RTI framewakhe multi-tiered model which presents
effective literacy instruction as, firstly, the eoreading program for all students, secondly,
supplementary instruction for children with earBading difficulties, and thirdly, intensive
intervention for children who still struggle. Withithis model children are identified as

experiencing LD when they fail to progress at aprapriate rate, rather than waiting until they
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are identified using psychometric testing. Alsosriculum-based assessments are used to

inform instructional decision-making.

Although the research focus in RTI is on early tdaation of younger students with
reading difficulties, it is relevant to this broadg#iscussion because it both emphasises the
importance of effective, evidence-based approathetassroom teaching, and acknowledges
that classroom teachers alone cannot provide tiemsity of support required to effectively
support students who are struggling with basic ewad skills. Effective teaching and learning
requires professional development of teachersasest and systematic support from school
leaders and school systems, and, in turn, suppoough government policy and budget

decisions.

In review, classroom teachers, when supportedlioeald systemically, are well placed to
effect significant influence on the attainment levef all their students. Regardless of inherent
student or environmental characteristics, goodhtei@c have the power to make a positive
difference to educational and life-long outcomesstfdents who experience persistent LD.
Effective teaching for students with LD is teachet- and relies considerably on direct

instruction and strategy instruction.

The focus on inclusive educational settings thatdraerged over the past two decades has
led to educational administrators placing incregsiesponsibility on classroom teachers to
cater for the needs of students with LD (Westw@iif)1). Whilst this change may have led to
a welcome, enhanced focus on appropriate pedagogjynglusive settings, there are those
who guestion whether this “utopian vision of a glaaeducation for all” (Westwood, 2001, p.5)

is the best way forward for students with LD aneirtheachers:

At present the zeitgeist suggests that the regidessroom is the place where all
learning disabled children should be educated. Wewethe needs of children
with LD for instruction that is more explicit, monetensive, and more supportive
than normal are going to be very difficult to méetmost regular classroom
settings. (Torgesen, 2004, p. 31)

Clearly, there is a need for an additional tiersapport for students experiencing LD.
Targeted interventions which provide more specdind intensive teaching and learning
experiences have great potential to offer additisnpport. Encouragingly, there is evidence to
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indicate that LD interventions are effective andvénasolid potential to make a positive
difference to student learning outcomes (Swansdfio&kyn, 2001). In the following sections

intervention research in reading and mathematieseviewed.

Reading Intervention Research.This overview of evidence-based research interuaati
aims to identify components of effective intervens designed to improve reading
competence for students with LD beyond the earfry®f schooling. The research reviewed
here focuses on reading comprehension, word reahdgreading fluency with reference to
language processes and vocabulary. It refers toa-amlyses, reviews and selected

experimental studies.

As a result of the history of one hundred yearseafding research and twenty years of
credible research into reading disabilities, thare many thousands of experimental study
reviews (Lovett, Barron, & Benson, 2003) availabteinform research about reading and
developing reading skills. More recently the auallty of meta-analysis, a technique for
statistically combining the results of several stadhat address a common research topic, has
enabled results of many studies to be considemgether. In a meta-analysis, research studies
are collected, coded, and interpreted using stalsinethods similar to those used in primary
data analysis. The result is an integrated reviéWndings that is more objective and exact
than a narrative review (Glass, 1976). Meta-analysan ascertain the major sources of
variability contained in the intervention and thagnitude of the effect on students’ learning.
The results of individual studies are converted standardised metric called effect size. Effect
sizes range from naught (no observable effectgven negative numbers, to one or greater,
and can be thought of as standard deviation un#;szore (Forness, 2001).

Swanson and colleagues’ series of meta-analysesseérch in word reading and reading
comprehension (e.g., Swanson, 1999, Swanson, Ca&dpachs-Lee, 1996; Swanson &
Hoskyn, 1998), in addition to the significant finds in support of direct instruction and
strategy instruction referred to in the previoustisa, provided a solid foundation of evidence-
based information about effective reading interi@nfor students with LD. These reviews of
180 studies, focused on experimental interventitors participants with LD, aged from
kindergarten to adult. Results showed a mean effiget of .79 for treatment versus control

conditions. This is an optimistic finding as it iodates that, with appropriately targeted and
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implemented interventions, much can be done toinattaproved reading outcomes for
students with LD.

These authors’ meta-analyses reported that 12%adfhles in student achievement
outcome were attributable to a set of key instamgl components which include control of
task difficulty (by sequencing and scaffolding amnitto enable participants to experience
success), small interactive groups (with studenbugs of 6 or less) and directed
response/questioning (where students learn seltiqueng and meta-cognitive strategies).
Word recognition and reading comprehension intdigas that include these components

produce the strongest impact on student learnirgi§tin, Gersten, & Chard, 2000).

Further, analysis of results related to the supesftectiveness of direct instruction and
strategy instruction indicated that interventiortgatt included a combination of direct
instruction and strategy instruction yielded largdfect sizes than those based on direct
instruction alone or strategy instruction alonetrénd was also identified which showed that
for improving word recognition direct instructionoofels yielded larger effect sizes than

competing models.

In another meta-analysis, Swanson and Hoskyn (20@hlified instructional components
and looked for instructional factors that predicpasitive outcomes specifically in relation to
adolescents with LD. The study provided evidene guucational intervention for adolescent
students with LD produces ‘positive effect sizeSwanson & Hoskyn, 2001, p. 116).
Instructional components that enhanced interventiaicomes for adolescents with LD were
advanced organisation and explicit practice. Adednarganisers included statements directing
students to preview material before instruction ibhggdirections to focus on particular
information, and stating the objectives of themnstion. Explicit practice includes distributed
review and practice, repeated practice, sequeneetws and daily or weekly reviews
(Swanson & Hoskyn, 2001, p.111).

Similarly, Mastropieri, Scruggs, Bakken, and Wheldd996) undertook a meta-analysis
of reading comprehension literature. They conclutied reading comprehension interventions
had potentially powerful positive effects with aaneeffect size of .98 reported. Interventions
in reading comprehension potentially have powephditive effects on reading comprehension

attainment for students with learning disabilitidsastropieri, Scruggs, Bakken, & Weldon,
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1996). Gersten, Fuchs, Williams, & Baker (2001) reixeed instructional methods for
improving the comprehension of narrative texts amgository texts Strategy instruction,
particularly the use of ‘story-grammars’ where gtstructure is taught as an organisational
framework to support comprehension of narrativestewas highlighted as “best practice” in
this review. This finding is consistent with Swanso (1999) conclusion that advance
organisation is a key component in effective LDementions. Other factors identified as
important to effective reading comprehension irgations include longer treatment duration
to better ensure long-term maintenance, and thefuseer-mediated instructional activities.

In Chard, Vaughn, and Tyler's (2002) synthesis ekearch on reading fluency
interventions, a strong link was made between rgpdluency, theories of automaticity in
reading (La Berge & Samuels, 1974) and modularigeztessing (Perfetti, 1985). This
synthesis of reading fluency intervention studieghlighted the effectiveness of repeated
reading as a key strategy for intervention, asatls to improvements in both accuracy and rate
of reading, and ultimately leads to better undediteg of text. Repeated reading focuses on
developing students’ rapid processing of print tigto providing multiple opportunities to read
familiar text passages. The synthesis also indic#tat explicit modelling of fluent reading,
corrective feedback and advancing through progrebsimore difficult texts based on

performance, are essential components of effeoti@ding fluency interventions.

Repeated reading as an effective strategy for impgoreading fluency is a consistent
theme reported in the current research literatbeav€ett, 2002; Galbraith & Clayton, 1998;
Levy, 2001; Torgesen, Rashotte, & Alexander, 206&)vcett (2002) also noted that repeated
reading interventions are both effective and clfsteéve because they require no particular
training or materials; they can be carried outhi@ tlassroom and can be delivered by parents
or tutors. Other reading fluency strategies incly@detner or buddy reading, tape assisted

reading and various forms of reading aloud to aritddee Winebrenner, 1996).

The Neurological Impress Method (NIM), an approaohreading fluency, was first
reported by Heckelmann (1966) although he did teitrcto have invented the strategy. NIM
requires an (adult) tutor to read a suitable tegéether, aloud, with a student. The tutor reads a
little louder and a little faster than the studewiho also reads aloud, trying to keep up with the
tutor. Several strategies are employed to supperstudent as they read and the student is not

under pressure to remember the words on the pdgs. r€latively simple to implement
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strategy was investigated by Flood, Lapp, and Fig@05) with 20 participant students. They
found that NIM, supplemented by a re-tell actividyaid comprehension, works effectively as
a means for increasing fluency for children whaiggle with reading in Grades 3 — 6, and it
also had a positive effect on children’s affectudag attitude toward reading and motivation

to read.

Wolf and colleagues (for example, Wolf & Bowers999Wolf, Miller, & Donnelly, 2000)

at Tufts University developed a more complex regdinency intervention program called
“Rave-O” (Retrieval, automaticity, vocabulary eladtion, orthography) in response to their
“reconceptualisation of dyslexia”, and subseque&vetbpment of the double deficit hypothesis
(Wolf & Bowers, 1999). Rave-O aims to develop flagnand automaticity in severely
impaired readers. Wolf and colleagues have providecomprehensive description of the
intervention including a theoretical framework (WdVliller, & Donnelly, 2000) but have not
yet reported an empirical study. However, Wolf, I8t and Donnelly (2000) stated that
preliminary data indicated participating studentsdm significant gains in almost every aspect
of reading. Components of the intervention inclpdaviding practice reading connected texts
and recognising orthographic patterns, and adaitihat address lexical and sub-lexical
reading fluency related skills. The Rave-O inteti@nis complemented by a phonological
program. Rave-O also includes a component of gyairestruction linked to emotional and
motivational components which aim to improve studeself-efficacy.

As indicated by the discussion above, reading fiyaesearch is an emerging focus in LD
in reading, and is particularly relevant for oldeladers experiencing LD. However, more
analysis of the interaction of reading rate, accyrand fluency, as well as of sight words
vocabulary and recognition of orthographic pattenissrequired to better substantiate this
approach (see Torgesen et. al, 2001; Wolf & Katohen, 2001).

Effective reading interventions for older studestperiencing LD focus on remediation of
key aspects of reading including word reading, irgadluency and reading comprehension.
The research reviewed indicates that there is aotigl evidence to support interventions
focusing on word reading and reading comprehensasn effective, particularly when
instructional strategies or approaches includinggai instruction and strategy instruction,
advance organizers, control of task difficulty aself-questioning strategies are utilized.

Reading fluency intervention research has been showe a promising area of intervention
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for reading remediation, although further work tooypde greater clarity about specific

approaches and interactions between factors, isrezlj

Mathematics Intervention Research.Consistent with the current emphasis on early
intervention for students with LD in reading, matfaics interventions in Australian schools
are also largely focused on students in the lowengry or infants grades (Doig, 2001; van
Kraayenoord & Elkins, 2004; Milton, 2000), oftentiain the framework of number sense and
strategy development. Although there are currefyer published research reports on
mathematics instruction for students with LD in hsahatics than in the past (Mastropieri,
Scruggs, Davidson, & Rana, 2004) and even feweausied on the middle-school years, the
available literature does identify components dieafve interventions relevant to older
students who experience difficulties with basic meatatics. However, Baker, Gersten, and
Lee (2002) noted that mathematics intervention® ltlemonstrated only moderate effect sizes,

relatively low compared to measures of literacgimentions.

For present purposes, the mathematics interveméeearch reviewed here is limited to
work that largely focuses on the development ofidbasathematics skills. Meta-analyses
reporting results in effect size have been utilized provide an overview of effective

approaches by drawing together the results of nstudies.

Pellegrino and Goldman (1987) concluded their nesegeview by stating that the focus of
mathematics interventions for students with LD dtiaavolve extended practice on basic facts
particularly those for which the student still eglion counting procedures to retrieve, until
these facts become declarative knowledge storeldrig-term memory. Their conclusion,
which went against the grain of the pre-dominamistauctivist approaches of the time, was
later validated by research findings, as shownveehut with the qualifying recommendation
that the extended practice on basic facts requireaningful context, and not simple rote
learning. For example, Gersten and Chard (1999h@eledged that a core component of
mathematical disabilities is difficulty in the regsentation and retrieval of arithmetic facts, but
they argued that drill and practice interventioegehto also encompass a focus on developing

number sense and mathematical reasoning.

Fuchs and Fuchs (2001) conceptualised preventiomathematics LD at three levels —

primary, secondary and tertiary. At each levelringional principles proven to be effective in
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mathematics for students with LD are identifiedinfary and secondary level principles
incorporate non-intrusive instructional methodst thee delivered by a general educator
(classroom teacher) in a whole class, classrootmgefTertiary prevention is synonymous
with intervention and the instructional features atrikingly different to those for the other
two levels. The key difference is that the emphatidts from pedagogy and classroom

instructional design to a clear focus on the irdlnal student’s learning needs.

At the tertiary level Fuchs and Fuchs (2001) idesdi three evidence-based principles,
supported by research, to inform intervention fimdents with LD in mathematics. The first
principle, individually referenced instructional aitgon making based on the strengths and
weaknesses of the individual student, is associaiéd of an effect size of .70 (Fuchs &
Fuchs, 1986). The second principle, intensive uasion, can produce impressive growth rates
among students with LD in mathematics. Intensigructtion involves responsive interaction,
instruction commensurate with the student’s skldl, instructional cues, prompts and fading
to support students to approximate correct resgorsed detailed task-focused feedback.

Intensive instruction can be delivered either onesne or in small groups.

The third principle of effective intervention idéred by Fuchs and Fuchs (2001) is
explicitly contextualised skills-based instructidrhis principle reflects the recommendation of
Pellegrino and Goldman (1987) by acknowledging ithportance of skills instruction but
moves away from isolated drill and practice rouite an emphasis on the explicit teaching of
skills in authentic, “contextually rich” (p.93) tel@ing and learning experiences. These three
instructional principles, which have been veriflgda substantial body of intervention studies,
can be combined in mathematics interventions thaty mesult in improved student

achievement with effect sizes ranging from .50uerdL.50.

In a comprehensive synthesis of 194 selected stymiblished from 1971 to 1999 on the
effects of interventions to improve the mathematichievement of students with learning
disabilities, Baker, Gersten, and Lee (2002) idiext four findings stated as “consistent
enough to be considered components of best pra¢icé). These are (1) providing teachers
and students with specific information on how eatiident is performing, (2) using peers as
tutors or guides, (3) providing clear specific feack to parents of low achievers on their
children’s successes in mathematics, and (4) prayidirect or explicit instruction. Each of

these is briefly explored below.

35



Providing performance data to teachers and studamsved greater effect on student
learning outcomes when supplemented by recommemdsatio them on what problems to work
on (overall effect size.57). The positive role ofiputers in generating problems for students
to work on and providing performance feedback tedents, was also demonstrated in the
analysis. The considerable success of peer as$gstaung for students with mathematics LD
(average effect size .62) is contingent on sevasatitions including using older tutors who
had received extensive training, students workingpairs rather than larger groups, the
opportunity for students to alternate between the of tutor and tutee, and a tightly structured

format for the tutoring session.

Although only two studies in Baker and colleagueséta-analysis (2002) included
providing parents with information about studentcass, the results for this approach showed
moderately improved student achievement (effea s12) when parents were informed about
and encouraged to celebrate their child’'s progré@$ss finding, though not statistically
significant, was notable not only because of itslaerate efficacy but also because of the low-
cost of implementation, and the fact that no addal teaching was involved.

Baker and colleagues’ (Baker, Gersten & Lee, 200®)ings about explicit instruction
were embedded within an investigation into the @ffeof instructional practices which were
generalised into two categories — explicit teadbdrand contextualised teacher facilitated
approaches, each comprising four studies. Contehitded mathematics operations, problem-
solving, rational numbers and concept developmamggregated effect size for explicit
instruction was .58, indicating moderate improvetdime overall effect size of studies in
contextualised instruction was .01, essentiallyozdihese results suggest that principles of
direct or explicit instruction can be very useful teaching mathematics concepts and
procedures to students with LD but that contexsealiapproaches, where the teacher serves

primarily as a facilitator, have no perceptible &®rfor low-achieving students.

In a meta-analysis that sought to identify the diosaf mathematics-related skills targeted
in effective interventions for elementary studemtgh mathematics learning disability,
Kroesbergen and van Luit (2003) analysed 58 sturhésgorised as preparatory mathematics,
basic skills or problem solving. Findings relevamtinstruction, rather than research design,

are previewed here.
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Kroesbergen and van Luit’'s (2003) analysis shovkat the majority of studies focused on
basic skills but that there was no significant eléince between the effect sizes of the three
different domains. Across all domains the self-ftatpry strategies of self-instruction, (1.45)
were shown to be more effective than direct instonc(.91), mediated instruction (.34), peer
tutoring (0.87), or computer-assisted instructionb{). However, for the learning of basic
skills, direct instruction was most effective. Intentions in the domain of basic skills showed
the highest effect size, leading to the conclusiat basic mathematics skills appears to be “a
domain in which intervention is effective” (p.111).

Results of analysis of single variables includest 8mall studies showed higher effect size
than large studies, interventions with older stusldrad more effect than interventions with
younger students (age range 5 to 12 years), sttuction led to higher effect sizes than direct
instruction; and that computer-assisted instrucstudies had lower effect size than direct
instruction studies with no effects found for péetoring. A trend was identified showing
direct instruction to be more effective than mestiatinstruction (discovery learning
approaches) but no significant differences weradouHowever, the authors do comment that
recent changes in mathematics education (towaridsg usscovery learning approaches) “do
not lead to better performance for students wittci needs” (Kroesbergen & van Luit (2003,
p.112).

In looking at multiple variables to explain diffeies between the studies within each
category Kroesenbergen and van Luit (2003) foundt tfor preparatory arithmetic
interventions most of the variance pertained toation of the intervention and instructional
time. In basic facts interventions direct instrantiwas shown to be more effective than
mediated instruction or self-instruction, and im&rtions for older students were more
effective. Analysis of problem-solving intervent®orshowed that students with a specific
learning disability are less responsive to intetien than those with a mild intellectual
disability.

Throughout the mathematics intervention researglfewed, explicit instruction in basic
mathematics has emerged as an important compomhenicoessful numeracy interventions.
Examples of effective, explicit teaching includadker demonstrations and student modeling
(Miller, Butler, & Lee, 1998) and explicit instraoh in teaching mathematics concepts and

procedures (Baker et. al, 2002). As researcherseatirat a core difficulty experienced by
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students with LD in mathematics is the ability ®euetrieval-based processes (Geary, 2004;
Gersten & Chard, 1999; Pellegrino & Goldman, 198Mhg importance of direct skills
instruction should not be overlooked in any intat@ aiming to support students in their
middle-school years’ experiencing persistent LDmathematics. Although beyond the scope
of research reviewed here, highly explicit instimcal approaches to teach problem solving
have also been clearly demonstrated as effectasdejated practices (Gersten, Chard, Baker,
Jayanthi, Flojo, & Lee, 2006).

In review, it would seem that the conclusion ofl&gino and Goldman (1987), that the
focus of mathematics interventions for studenthiwiD should involve extended practice on
basic facts, still holds considerable currencyhalgh contemporary researchers emphasise the
importance of incorporating relevant context andtsgies into basic skills instruction. Close
attention to individual learning needs, intensimstiuction, a focus on basic skills, providing
feedback to teachers, students, and parents ang psers in a highly structured, reciprocal
intervention are also identified as very effectiveathematics intervention approaches for
students with LD.

Teacher proficiency has been shown to be very ential in determining learning and
vocational outcomes for students, and this is ealhgthe case for students who experience
persistent LD. Effective teaching in the classro@ines on teachers’ understanding not only
the content of the subject they are teaching laat tile learning needs of their lower-achieving
students. To meet these needs effective teachérsore a repertoire of strategies and
approaches that feature direct instruction andtegjyainstruction. Effective teachers lead
instruction in their classroom and when utilisirtfystovery learning’ approaches they ensure
that students with LD have first had adequate uresiton in the basic knowledge and concepts

of the topic.

The above review of intervention research substtedithe idea that interventions to
support students with LD in reading and basic nratites can achieve positive results. Direct
instruction and strategy instruction are highlightes core instructional features of effective
interventions. Interventions in reading that foamsword reading and reading comprehension
have validated potential to improve the academidopmance of students with LD, as do
mathematics intervention focusing on basic skitisceading, interventions to develop reading

fluency also show promise but are yet to be firsupstantiated. In mathematics interventions
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sound approaches include problem solving usingissifuction, the use of peers as tutors,
computer-assisted instruction and the importard oblfeedback. However, interventions need
to be based on rigorously evaluated research,rréthe a practitioner’s ‘best guesses’ about

what might work well.

To be considered rigorous, intervention researcbdseo include a control condition,
provide information about follow-up studies, anceqdate information to enable replication
(Swanson, 2000). Follow-up studies are importagbse maintenance and generalisation of
knowledge, particularly strategy use, is potenti@lfoblematic, especially for students with
LD (Westwood, 2003). Schools should be wary of sufipg programs that do not have a
significant body of sustained research to supplaitns of success (Louden et al.,, 2000) as
interventions based on unsubstantiated ideas n@vpdtential to take up vulnerable students’
valuable instructional time with little, or no mé&med gains in performance (Strain &
Hoyson, 2000).

Conclusion

Research and remediation in the field of LD wouhdl@ubtedly be aided by greater clarity
in definitions and timelier, more accurate idewstfion of students experiencing LD. Despite
these challenges, in Australia, the current apgradcschool-based identification of students
with LD according to achievement levels does aléovelatively wide range of under-achieving
students to access support services. However, mamyd question whether the level of

support available and the approaches utilised @peogriate.

The learner characteristics displayed by studentsthe middle-school years who
experience LD are clearly related to memory difties, and the role of working memory has
been strongly implicated as a causal factor in BDcommon observation of the learning
behaviour of older students with LD, notably thiEick of automaticity in basic academic
skills, such as reading and calculating, appearsbdo linked to memory deficits or

inefficiencies.

Researchers in the field of LD in reading identifithe important role of phonological
processing in younger students, and the relatettitdefn word reading in older students.
Similarly, in mathematics LD research, younger stud have been shown to commonly

experience delays in the development of numberesesrist older students, beyond the first
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few years of school, exhibit difficulties in baseomputation, have difficulty recalling
previously encountered knowledge, and use inaceueatd inefficient strategies. Such
constraints in basic skills have considerable negatmpact on students’ ability to access and
participate in higher-order, novel and interestisgects of classroom teaching and learning.

The experience of having persistent LD impacts ouadents’ self-concept, social
interactions at school, and the development oftpesattitude to learning and to themselves as
learners. The powerful effects of learned helplessnnvoke a cycle of failure that can be
difficult to interrupt. A potent antidote to suckgativity is for affected students to experience
authentic success in learning tasks, and to at&rithis success to effort and effective strategy

use.

Effective teaching has a significant role in supimgr students with LD to be successful in
their learning and to achieve improved learning dmthg outcomes. Effective teaching
requires teachers to use a range of instructigmaoaches which, of necessity, must include
direct instruction of basic academic skills, angtsigy instruction to promote more efficient
learning. Intervention research and meta-analysissuch research has indicated clear
directions in effective remediation of persisteadding and basic mathematics difficulties.
However, no single approach may be successful Ifstadents, and a variety of evidence-
based instructional designs, intervention contsingtegies and resources, as well as systemic
support, need to be considered when designingveméons for middle-school students

experiencing LD.

The literature review in this chapter has providdaroad overview of contemporary theory
and research in the field of learning difficultibst, in order to develop plausible, authentic
research questions, further information is requit@de of the main themes which emerged
from the literature review is that the cognitiveogessing underlying basic academic skills
development has a very significant place in undedihg LD, and in informing the
development of effective, responsive interventidvismory, information storage and retrieval,
cognitive processing for different types of infotina, and the component processes of
reading and basic mathematics are all topics iffighe of psychology that are relevant to this
investigation into learning difficulties. These uss are examined in the following chapter,

with a view to developing appropriate, relevaneggsh questions.
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Chapter 2

Investigating Cognitive Processing and Learning Diffculties, and Developing Research

Questions

The preceding chapter provided a broad coveragditefature related to students
experiencing learning difficulties, LD in readingdabasic mathematics, and effective teaching
and learning for LD. One of the key issues ideadifi particularly in relation to framing an
investigation into effective intervention for studge experiencing LD, was the crucial role of
cognitive processing in learning. Accordingly, aramination of models of cognitive
processing, and an exploration of cognitive proegssglated to learning academic skills, are
key areas of focus for further investigation, ahéyt are addressed in this chapter. This
additional information about cognitive processiragtbrs enables formulation of research
guestions that are well informed, theoretically gistent, and relevant to the study population,

Australian students in the middle-school years ggpeing LD, and their teachers.

The chapter is divided into three sections. Thet fand longest section explores the
information-processing framework and the cognifprecesses implicated in basic academic
skills and LD The second section provides a summary of theatitee review and presents a
series of conclusions. In the third section, specdsearch questions and a research theme are

proposed for investigation.

Information-processing Models of Cognition

The study of LD is not limited to the field of eduon. Learning difficulties research is
also an important field in psychology and, increghi, in the neurosciences. Theory and
research from these perspectives provide relevdmtnnation for educators that is particularly
instructive in relation to students experiencing.LDeveloping knowledge, informed by
cognitive psychology, about how human thinking &afning functions can lead educators to
clearer understandings of the barriers to effedéaening experienced by students with LD,
and to identification of teaching strategies tdlf@te student progress. Information-processing
models of cognition relevant to learning basic a&caid skills are described in this section,
which is divided into three parts. Firstly, infortiza-processing concepts and selected models

are described in relation to learning and LD. Timections and processes of working memory
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are then explored. This section concludes with a&amgnation of the development of

automaticity and factors that hinder its developniefasic academic skills.

Information-processing Theory. In this section key thinking and learning functicarsd
processes relevant to the development of basiceatadskills are examined. The purpose of
this information gathering is to provide backgrouimformation from psychology that is
relevant to an educational investigation into LDheTinformation-processing model, a
predominant approach to understanding the procedsasgnition, is explained, and relevant
information about memory and types of knowledgepiisvided. As effective knowledge
storage and retrieval are key processes for suatésarning, these topics are also discussed
in some detail. This part of the chapter concludgh a brief examination of modularity
theory, a model of cognitive architecture thatastigularly relevant to learning basic academic

skills.

Information processing is a theoretical framewodvealoped over the last sixty years to
explain cognitive processes. It focuses on theystfdthe structure and function of mental
processing within specific contexts, environmerus, ecologies (Huitt, 2006). Cognitive
processing models pertaining to this frameworknapieto explore the processes by which
humans encode, represent and retrieve knowledgethenway that knowledge is organised
and sequenced (Weiten, 2004). The information-msiog framework is a theoretical model,
often using ‘the mind as a computer metaphor, ésctibe how cognition takes place. It is
currently a predominant conceptual framework fae gtudy of cognitive development and
learning (Eysenck & Keane, 1995; Lohman, 2005).sTdpproach is quite distinct from the
behaviourist perspective which focuses on a morgamyn model of human and animal
behavioural causes and effects, but not thinking) laarning processes (Borich & Tombari,
1997).

As the mental processes and structures of learcamypot be readily observed (though
technological advances are changing this), resesscinto the features of information
processing have developed models to explain thdme. development of various models of
cognition within the information-processing framewdas enabled descriptions of cognitive
activities that are theorised to occur between tirgfuinformation and output of responses
(Mclnerney & Mclnerney, 2002). Thus, by describimgpat ‘good thinkers’ do, cognitive
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psychologists have also been able to identify astlesome of the obstacles that prevent

students with LD from making satisfactory progresacademic learning.

Information-processing theories of cognition idBntstages and component parts of
complex thought processes. Swanson (1987) outtimeg general components as i) structural
components within which information can be procdsaé a particular stage; ii) strategy
components which control the operations at varigtages; and iii) an executive process by
which learners’ cognitive activities are overseemd amonitored. In addition to these
components, information-processing theory recognikat the flow of information occurs in a
sequence of stages, whereby information is tramsfdr in each stage, and the output
information forms the input of the next stage. Wstending LD within an information-
processing model requires knowledge about how tloeseponents and stages influence
student performance, and the effect of teachingpomsive cognitive and meta-cognitive

strategies (Borich & Tombari, 1997).

An important premise of cognitive psychology is tldea that cognitive resources are
limited, based on Kahneman’s (1973) limited cent@pacity theory. The limited capacity
assumption implies that there are constraints am imaich information we can think about at
one time, how long we can hold information, and hquickly we can process information
(Kahneman, 1973; Shiffrin & Dumais, 1981). Acco@lyy humans cannot think of two or
more things simultaneously nor can they attendvim ¢complex, non-automatic tasks at once
(Shiffrin & Dumais, 1981). Limited capacity resoartheory is an integral part of cognitive
psychology because, when a system operates witibetimresources, the distribution and
efficient use of these resources is a key detemiobperformance (Towse, 1994). From such
a perspective, the amount of cognitive resourced isnot the focal point, rather the focus is
on efficient use of resources in cognitive proagegs(see Stanovich, 1990). To better
understand the issues associated with efficientafiseognitive resources, an overview of
relevant information-processing theories of develept, within the topics of memory, types of

knowledge, knowledge storage and retrieval, andutaoitly theory, are presented below.

Memory. In seeking to describe what happens when new irdgbam is encountered by a
learner, information-processing models commonlgréd models of memory. The functions
and processes of memory are briefly described &eitbey underlie much of the forthcoming

discussion.
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A prevailing model of memory, called stage theasybased on the work of Atkinson and
Shiffrin (1968). This model proposes that inforratis processed and stored in three stages,
sensory memory, long-term memory and short-term omgn(Huitt, 2006). Information
processing begins with sensory perception (e.gndosight, smell) which may be influenced
by prior knowledge or expectations (Borich & Tombdi997). These sensory impulses are
registered in immediate or sensory memory. Wheentitinal resources are devoted to this

information, memory codes are created in short-temory.

Short-term memory holds up to seven pieces of wanesed information for about 20 to 30
seconds (Miller, 1956). Information then needsdadhearsed or acted upon to pass into long-
term memory, otherwise it is lost. Attention hassignificant role in the selection of
perceptions that will enter memory stores. A défomi of attention is that it involves the active
process of focusing awareness on a narrowed rahgtinouli or events (Weiten, 2004).
Focusing attention allows small amounts of newrimiation to be stored temporarily in short-

term memory, which has a limited duration and capac

Information is stored in long-term memory in a rangf forms, for example as visual,
semantic or verbal data, and can be held thera kengthy period of time. There is evidence to
suggest that long-term memories are permanentthigithas been questioned as long-term
memories have also shown to be subject to distodralecay (Payne & Blackwell, 1998). The
way that memories are stored in long-term-memanyg, the consequent retrieval mechanisms
used to access the information are the subject r@inge of theories proposed by cognitive

psychologists.

Once the information-processing approach was appie memory research the stage
model of memory function described above, incorfioga sensory registers, short-term
memory and long-term memory, fell into disfavouhis occurred because the accounts of
memory, particularly of short-term memory as a passtore, were oversimplified (Eysenck &
Keane, 1995; Smyth, Levy, & Ellis, 1987). ConsedlygrBaddeley (1986, 1992) developed
the more complex construct of working memory whigs become increasingly influential
(Hulme & McKenzie, 1992). The construct of workimgmory incorporates the ability to hold
and manipulate information, and is postulated teeh@n important executive function in the

processes of cognition. Working memory is explarechore detail later in this chapter.
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Some cognitive psychologists see working memorg sss-conceptualised version of short-
term memory. Others view the working-memory cordtias a separate model or that short-
term memory is an activated portion of long-terrmmey (Cantor & Engle, 1993). The debate
about whether they are actually separate memorgssts yet to be resolved (Weiten, 2004).

Types of knowledge. A widely referred to information-processing modélneemory and
knowledge, focusing on storage and access, is And&r Adaptive Control of Thought (ACT)
(Anderson, 1983, 1990) which was re-conceptualissd ACT-R (Andersen, 1993) to
incorporate working memory. Within this model, kredge is conceptualised as fitting three
types of memory structures: declarative (verbabrimiation such as facts, concepts, principles
and theories); procedural or production memory {edge about how to do); and working
memory which is the combination and interactionhaf declarative and procedural knowledge

in the context of task demands.

As described in ACT-R, all knowledge begins as aative information. Procedural
knowledge is then learned by making inferences, @eveloping a ‘production system’) from
already existing declarative knowledge. Expert kKbis (in this sense those who display
efficient and accurate knowledge output) have geldrase of knowledge which includes both
procedural and declarative knowledge, with theiocedural knowledge characterised by
automaticity (Sternberg, 1985). Expert thinkers avke to develop automaticity because their
procedural knowledge is efficient, and their deafiae knowledge is organised and stored in

domains that are connected and related (Borich &ari, 1997).

Knowledge is further categorised as being eithesogjic or semantic (Tulving, 1972).
Episodic memory is made up of temporal recolledioh personal experiences, allowing one
to re-experience the past. The semantic memorgmsysontains general knowledge that is not
strongly connected to the time when information \easned. There is evidence to suggest that
episodic and semantic facts operate somewhat eliffigr and are stored in different parts of
the brain (Tulving, 1984).

Knowledge storage and retrieval. The storage and retrieval of declarative and prodd
knowledge in long-term memory is the subject of muesearch and theorising by cognitive
psychologists. One such theory is Paivio’s dualimpdheory (1986, in Weiten, 2004) which

proposes the creation of both a visual and verlahary for the same knowledge item. Dual
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coding theory holds that knowledge is stored in gl@x networks of verbal representations
and visual images, and that memory codes for veniatmation are enhanced by the use of

visual images (Tigner, 1999).

Anderson’s ACT-R hypothesis incorporates the ided knowledge is stored in networks
of interconnected ideas called propositional neks@Anderson, 1983) or schema. A schema
is a structure, or a cluster of related knowledfpe, representing concepts, events or
relationships stored in semantic memory (Atkinsatkinson, Smith, & Bem, 1993). Storing
knowledge in schemata enables large amounts ofniafiton to be processed efficiently.
Schemata contain hierarchically organised netwarksinter-related knowledge about a
domain-specific category (Rummelhart & Ortony, 19B¢hallert, 1982). Consistent with
ACT-R, schema theory holds that one’s existing kKeodge influences the content and
formation of new knowledge. Schemata affect bothéhcoding and retrieval of information
and may also account for distortions of long-teremmory (Atkinson, et al., 1993) when one

tries to ‘fit’ new information into an existing sema.

Connectionist models of memory incorporate intemmxrted networks of general
knowledge. Such models attempt to reflect what nevkn about how the brain’s neural
networks process information (Weiten, 2004). Whiest theorised, connectionist or parallel
distributed processing (PDP) models of memory anocgssing were claimed to be a
revolutionary new way of understanding cognitiveogassing (Rumelhart & McClelland,
1986). Within this model, interconnected semanttworks are associations (connections)
between concepts (nodes). Nodes are activated ati#mtion or input, sending either
excitatory or inhibitory simultaneous signals asr@m entire semantic network to link with
other nodes (Weiten, 2004). Such models are amgealkecause links can be readily made
between these networks and actual nervous systeads op of inter-connected neurons and
receptors (Atkinson et. al, 1993). However, suctkdiare theorised only and have not been
substantiated.

Modularity theory. A contrasting information-processing theory abth# storage and
access of information is Fodor's (1983) modulatitgory, wherein information is held in
domain specific cognitive modules that are actidatetonomously and at times, automatically
(Eysenck & Keane, 1995). In modularity theory atiddion is made between perceptual

processes and cognition, or higher-order procegsesordingly, perceptual or lower-order
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processes are autonomous, that is, not dependenthen information, while cognitive or

higher-order processes require information integtdtom a range of modules (Fodor, 1983,
1985). Hence, in modularity theory, knowledge isretl in self-contained (or encapsulated)
modules which do not interact with other modulesewlsolving lower-order or perceptual
tasks (Fodor, 1983, 1985).

Efficient processing, according to modularity theatepends on the quality of knowledge
representation (i.e., how thoroughly information ‘keiown’) in autonomous, independent
modules. The modularity proposition that knowledgstored in these encapsulated modules is
in direct contrast with the connectionist notionis scshema theory and PDP. Information
encapsulation is important in efficient, lower-ardmgnitive operations (including reading
words and recalling mathematics facts) becauskoiva for speedy access to specific stored
knowledge. Therefore, cognitive efficiency is a sequence of not having to make a decision
(Stanovich, 1992), that is, not having to refeotieer modules containing potentially distorting
background knowledge and beliefs but rather by rigaviast, accurate access to domain
specific stored information.

A key implication of modularity theory for learnifzasic academic skills is with regard to
the ‘quality of the knowledge representation’ amufdrmation encapsulation’. Well known
(memorised) basic knowledge, effectively storedniadules in long-term memory, and used
regularly, is essential for the efficient and effee cognitive processing required to master
basic academic skills. The important role of modtyaheory in providing a framework for
developmental theories of reading was explainedo@veloped by Stanovich (1990) in a paper
about cognitive processes and reading, which irdutie sub-heading ‘Modularity is King:

Information Encapsulation’.

In review, information-processing models attemptetxplain the processes by which
humans encode, represent and retrieve knowledgehamnday that knowledge is organised and
sequenced. From this perspective, learning diffiesilin basic academic skills are viewed as
inefficiencies in cognitive processes, predominatelver-order processes, generally due to
inappropriate resource allocation and/or deficieagnitive processes. Successful learning
requires that new knowledge is learned thoroughhd effectively stored in memory for
efficient retrieval. Different types of cognitiverqeessing are utilised for different types of

knowledge, and the time required for processingetieving information is a determinant of
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efficient, effective learning. The modularity moalcognitive architecture seems particularly
pertinent when attempting to understand efficiesgmnitive processing of basic information,

such as word reading or basic mathematics calouati

The construct of working memory, relevant to mahyhe models of cognition mentioned,
has been identified as a key cognitive resourcefiicient processing. The functions and

processes of working memory are discussed in tlenfimg section.

Working Memory and Learning Difficulties. In this part of the chapter working memory
is explored, with a view to developing further uredandings about efficient and deficient
cognitive processes that impact on the academitompesnce of middle-school students
experiencing LD. A model of working memory and i®mponent parts is described,
processing constraints within working memory arenttfied, and links between working-

memory function and automaticity in basic acadeskitls is established.

All major information-processing models which focas skill acquisition and learning
include the component of working memory (Meyen, g&son, & Whelan, 1996). Working-
memory measures significantly correlate with imgelhce measures and with performance on
academic and language related tasks such as vacgblanguage acquisition, mathematics
and problem solving (Swanson & Siegel, 2001). Rerémce on working-memory tasks can
even predict reading proficiency (Ashbaker & Swamsi®96). In this section the construct of
working memory is described, specifically the modeleloped by Baddeley and colleagues
(e.g., Baddeley, 1996; Baddeley & Hitch, 1974; Badyg & Logie, 1999). The relationship
between working-memory functions and processesldndn basic academic skills is also

explored.

Working memory has been described as a theoretioaltruct used in cognitive
psychology to characterise the system or mechanisderlying the maintenance of task-
relevant information during the performance of grative task (Miyake & Shah, 1999). Other
definitions in the literature similarly describe kking memory as a temporary, simultaneous
storage mechanism in memory for incoming infornratrequired in the performance of a
complex task (Baddeley, 1992; Hulme & McKenzie, 2:98iegel & Ryan, 1989; Swanson &
Keogh, 1990).
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Everyday examples of activities that involve wotkimemory include holding an address
in mind whilst listening to directions about howdet to the destination or remembering the
price of an item whilst calculating the correct amb of change due. The essential
characteristic is that working-memory functions $iynultaneously storing and processing
information (Ashbaker & Swanson, 1996). Other cbmastics of working memory include its
limited duration of 10-20 seconds and a limitedamdyy of 7-9 units of information (Hulme &
McKenzie, 1992). This means that only a limited amtoof information can be held
temporarily in working memory and then it must begemded to, through rehearsal or
connection to prior knowledge, or else it is lostdanot transferred to long-term memory.
Working memory improves throughout childhood, adoénce and into early adulthood and

then declines in older adults (Wilson & SwansorQD0

Baddeley and Hitch’'s (1974) predominant model pressgvorking memory as consisting
of three subsystems: the central executive angvdsslave systems; the phonological loop and
the visuo-spatial sketchpad. Each component isoressple for different cognitive activities
(Baddeley & Logie, 1999; Swanson & Sachse-Lee, 20Die central executive is regarded as
the most important component of working memory widgard to its general effect on
cognition (Baddeley, 1996). Its function is to cwhoate the transmission of information
between parts of the cognitive system, includirggdlave systems and long-term memory. It is
essentially responsible for attention and the obraf behaviour. The central executive is of
limited capacity and controls the manipulation dlodv of information, including the small
amount of information that may be held in the slat@es (Baddeley, 1992; Baddeley, 1996;
Baddeley & Logie, 1999).

The two other components of working memory, thenatagical loop and the visuo-spatial
sketch pad are thought to process and maintaierergrbal or visual information (Swanson &
Sachse-Lee, 2001). The phonological loop is thet mxensively explored component of the
model (Baddeley, 1996). It comprises a phonologstate and an active rehearsal process,
effectively enabling one to both store and reheaesbal or visual information, to prevent
losing it. Students with LD in reading frequentlpvie deficits in the phonological system,
particularly in relation to verbal working memorgwanson & Siegel, 2001). Similarly, the
visual-spatial sketch pad is specialised in itscessing and storing of visual and spatial
information (Baddeley & Logie, 1999).
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Baddeley’s model of working memory has importantphications for understanding
cognition and LD because working-memory deficies fandamental problems of students with
LD (Swanson & Saez, 2003). Working memory is a &bla cognitive resource for learning
but its limits in both capacity and duration mehattefficient processing within and between
the components are required for effective learnjBgddeley & Logie, 1999). Inefficient
processing in working memory is ‘expensive’ in terof general cognitive resources. Thus,
poor working-memory processing may explain, attléagpart, why basic academic tasks are
more effortful (i.e., require more cognitive resmes) for students with LD when compared to

their non-LD peers.

Perhaps one of the most informative findings ireaesh into LD and working memory has
been that, relative to non-LD students, studentth WD have reduced capacity in their
working memory and this is a key, causal factot.lh However, these capacity limitations
disrupt only certain cognitive operations and amhen high demands are placed on processing
(Swanson & Siegel, 2001). When performance demaagsworking-memory capacity,
deficits in central executive functions, particlyacontrolled attentional processing (e.g.,
monitoring limited resources, suppressing confiigtinformation and revising information)
negatively impact on the performance of student WD in academic tasks (Swanson &
Saez, 2003). Thus, when a task demands multiplepeoents, some of which require
executive processing (e.g., reading for meaningyirep a mathematics problem), reduced
working-memory capacity of a student with LD comiet® play, as a constraint to efficient

cognitive processing.

For middle-school students with LD in reading, de$i in the domain specific
phonological system manifest as difficulties refing speech-based information (Swanson &
Saez, 2003), a deficit that impacts on word redogmiand comprehension. Problems in
activities of the domain general central executoan also affect performance in word
recognition and comprehension because the processbecking, testing, evaluating and co-
ordinating multiple pieces of information are dedfit. There may also be problems in

coordinating or switching between these two lewélgrocessing (Swanson, 2000b).

Deficient processing in the central executive andthe domain specific phonological
system is also related to poor performance in nmagtties (Geary 2003; Wilson & Swanson,

2001). Inefficient accessing of phonological repragations applies to students with LD in
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mathematics as well as reading, and sometimes ahe s/erbal deficiencies contribute to
computational and reading problems (Geary, 2004arSen & Siegel, 2001). Although

deficits in the visual-spatial system can affegfqenance in mathematics, computation skill is
better predicted by the phonological system thanvtbual-spatial system (Wilson & Swanson,
2001).

Although the working-memory deficits of studentsiwiD are hard to change relative to
performance changes in skilled readers (Swanso®0®0 working-memory aids and
compensatory mechanisms have the potential todtaetfents with LD overcome obstacles to
successful learning. As a working-memory aid, stygt instruction, when rigorously
implemented, has the potential to benefit studeitts LD (Swanson & Saez, 2003). However,
over-reliance on particular strategies can havarmful effect on the performance of students

with LD, when the strategies become an inefficraethod of solving the task at hand.

In review, the development of the model of workingmory has enhanced understandings
of cognitive processes and learning within the nmfation-processing framework. Working-
memory functions by simultaneously holding and rpalating information, it is a limited
resource that is utilised to process componenta tdsk. Students experiencing LD have
reduced working-memory capacity when a task hasptamcognitive demands. This has a
negative effect on the efficient functioning of ttentral executive (Swanson & Siegel, 2001).

When undertaking more complex cognitive tasks ihetéd capacity and duration of
working memory means that some components of glertaed to be processed automatically,
relying on previously encountered, stored knowleddée processes underlying such

automaticity are described in the following section

Automaticity and Learning Difficulties. Lack of automaticity in basic academic skills is a
common, readily observable, characteristic of sttglevith LD. In this section theories to
explain the development of automaticity are exmlpand reasons for the lack of automaticity

in basic academic skills displayed by middle-sclatotlents with LD are identified.

Automaticity is the ability to undertake a task, mart of a task, without apparently
applying attention or expending effort. Automaicitlevelops as the result of learning,
repetition and effective practice (Bloom, 1986;i€8 Hunt, 1989; Schneider & Fisk, 1983).
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Automatic processes are characteristically mangaiounstoppable with automaticity related
to increased accuracy (Bloom, 1986; Shiffrin & Seider, 1977). Another characteristic or
‘rule’ of automatic processing is that it shouldt meduce the capacity for doing another
simultaneous task (Schiffrin & Dumais 1981). Thugomaticity enables us to do several
things at once. Examples of automaticity in eveyydativities which require a range of
component tasks include driving a car, walking, &énd/cle riding. In classroom and other
learning environments students display automatigiten they fluently read texts, when they
write their thoughts with scant attention to thechmnics of writing, or when they make a basic

calculation as part of solving a mathematics pnoble

A seminal paper by La Berge and Samuels (1974)skxton the role and processes of
automaticity in information processing. Their modélautomaticity in reading proposed that
specific word-identification patterns (componentlisk become automated in a hierarchical
sequence, with the lowest level skills becomingomated first, and that learning to read
involves increasing automaticity in processing wardts. Good readers use this hierarchy
when they encounter unknown words and emergingersadglse it as a global process in the
acquisition of reading. Using this hierarchical ggss requires attention or cognitive resources.
La Berge and Samuels posit that if a stimulus nespois automatic then it requires no

attention and no processing time.

Since La Berge and Samuels’ (1974) publication, engpecific models of automatic
information processing have been developed (se&etRerl985; Samuels, 1987; Shiffrin,
Dumais, & Schneider, 1981; Stanovich, 1990). Tleaischas shifted away from the notion that
automatic processes use no cognitive resourcesrdswihe idea that automaticity actually

requires a complex, fast and efficient interactbognitive processes.

Shiffrin and Schneider (1977, also Schneider aniffr®h 1977) argued that information
processing can be divided into two fundamental ggemg modes: controlled and automatic.
Controlled processing, as the name implies, isrotiatl by the individual, it is relatively slow,
requires active attention (cognitive resources) gaderally permits only one sequence to be
performed at a time (Schneider & Shiffrin, 1977) cbntrast, automatic processing is fast, it is
triggered by appropriate inputs, it does not regjaictive attention (although it can temporarily
utilise capacity), it is parallel in nature andrgpervious to other inputs (Schneider & Shiffrin,
1977).
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Accordingly, all learning begins as controlled prsses which can become automatic. This
development was described in the search and dateietsks used in Shiffrin and Schneider’s
(1977) research — automatic detection developedhwshmuli were consistently mapped to the
responses (i.e., where a particular stimulus alwegsto the same response). Shiffrin and
Schneider’s explanation for this process is thagetis (for example letters or words) develop
the ability to attract attention and initiate respes automatically, immediately and regardless
of other inputs or memory load. This led ShiffrindaSchneider (1977) to conclude that
controlled processes and automatic processes diifarent kinds of processing.

In reality, performing almost any task requireshbautomatic and control processing,
although word identification during reading can d@nsidered a purely automatic process
(Shiffrin & Dumais, 1981), and effortlessly recatli basic mathematics facts could also be
considered a purely automatic process. Anderso@0j1proposed that it may be more correct
to think of automaticity as a matter of degree eatihhan a well-defined category. However, he
also acknowledged the utility of the dichotomy ahtrolled and automatic processing in
understanding cognitive processes.

In a descriptive article about automaticity, Blogh986) outlined how outstanding talent
development in many arenas depends on developtiognaticity. He described four inherent
gualities of automaticity. Firstly, if a skill haseen developed to an automatic level, the
process can be used with greater economy of ef&@tondly, processes completed under
automatic processing can be done much more rafgidly those under conscious control. A
third quality of automaticity identified was that increases accuracy in carrying out a
particular process. The fourth quality of automati@loom identified, consistent with that
identified by Shiffrin and Dumais (1981), was tlod#ther conscious brain functions may occur

simultaneously with the automatic functions.

Wolf and colleagues (Wolf, Miller, & Donnelly, 20P@rovided a contemporary definition
of automaticity when they described it as “a camtim in which processes are considered
automatic when they are fast, obligatory and automgs and require only limited use of
cognitive resources” (p. 1). Accordingly, automiyicis a process that is determined by
efficient uses of available cognitive resourcesher than one which by-passes cognitive

processing.
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Models of automatic processing, as briefly descrilkeove, provide some insights into the
possible effects of lack of automaticity in bastademic skills, a key characteristic of learning
difficulties in the middle-school years. At thisage of their schooling many students with LD
are visibly ‘slowed down’ by their lack of autonwty, and are less able to focus on higher-
order skills or procedural requirements becausestiteskills of decoding and calculating are
so effortful. Lack of knowledge of lower-order coomgnts and slow response latency are key
cognitive obstacles that contribute to lack of auagticity. Inefficient allocation of limited
cognitive resources to these lower-order processatso thought to contribute to the lack of
automaticity in basic academic skills displayed diydents with LD. The most desirable
outcome of increased automaticity of academic bagills is that it enables improved
participation in, and performance on, higher-orgeocesses, such as comprehension and
problem solving, or other aspects of the task.

Consistent with the idea that automaticity is admehical process (La Berge & Samuels,
1974), lower-order tasks, which are not automaéquire cognitive resources or attention and
this requirement needs to be met before resouaede directed to higher-order tasks. Low-
order skills in reading include feature extractidetter identification, pattern recognition,
spelling pattern identification and lexical accéSsnatra & Royer, 1993). In mathematics,
lower-order skills include counting and orderingcagnising numerals, knowing cardinal
value, and combining and partitioning groups, whaéthresult in knowing and recalling simple
number facts (addition, subtraction) and timesdshkimultiplication & division). Younger
learners use their cognitive resources to attentbweer-order skills, gradually developing
automaticity. It seems that by mid-primary schoatrage-achieving students have developed
automaticity in low-order skills (Wolf, 1991), anblecome ‘experts’ in using automatic
knowledge as a tool to access new knowledge aid.dki contrast, many students with LD in
the middle-school years continue, by necessitygetonovices’ in their approach to academic
skills, allocating most of their cognitive resowsd® lower-order tasks such as decoding and
calculating.

Component processing cognitive theories suggestdbimplex cognitive skills such as
reading comprehension or mathematics problem splvam be broken into sub-skills that must
be performed accurately and rapidly in order tooagalish the complex skill (Sinatra & Royer,
1993). The development of fast and relatively |fr@& component processing is important

because these processes place few demands on gvarkimory, thereby leaving most of the
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capacity available for higher-level activities (&ira & Royer, 1993). Unskilled learners give
most of their attention to sub-skills or compongkitls, whereas skilled learners do not have to

allocate attention to these tasks (Thomp&dwicholson 1999).

Sinatra and Royer (1993) proposed that when “sirsgii#s” such as reading words and
performing basic mental calculations are difficidt students with LD, these simple skills
block further academic progress. It seems thent fba students with LD who cannot
automatically access basic academic skills, somm@pooent processes do not function
efficiently and autonomously, resulting in effoftfand resource demanding reading and

calculating.

This view of automaticity is consistent with moditha theory (see Stanovich, 1990).
Modularity theory explains lack of automaticity assulting from lack of high quality
knowledge representations, that is, the knowledgeoit well enough ‘known’ to be stored
specifically enough to allow immediate access (Sedor, 1985; Perfetti, 1992). From this
perspective, non-automatic performance is limitgdldck of knowledge, rather than by

scarcity of cognitive resources (Perfetti, 1985).

Time related deficits are also a key factor in latlautomaticity for students with LD, one
which becomes increasingly obvious and importantindu the middle-school years.
Automaticity in basic information retrieval is ofime importance because it allows for the
accrual of small decreases in time in undertakingrtasks associated with a question which
again frees up cognitive resources (Royer, Tron8k@han, 1999). Even small decreases in
the time taken to process information during bagroblem-solving situations can be
significant, especially in time-limited tasks orsassments. Thus, speed of information
retrieval plays a significant role in developingt@uaticity in basic academic skills.
Ostensibly, lack of automaticity is related, atskem part, to slow and inefficient information

retrieval.

Time, or response latency, is also related to ngrspeed, which can be considered an
index of the automaticity of lower-level cognitipeocesses (Wolf, 1991). The work of Wolf
and colleagues (see Wolf, 2001) demonstrated Heatime it takes for the brain to process
written symbols impedes the development of readirigs relationship implicates both sub-

processes in naming, and sub-processes in reatintgck of automaticity in reading.
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Accordingly, the time required to access and retria name-code from memory (naming
speed) and limitations in alphabetic decoding (jothmgical processing) both impact on

reading rate (Wolf, 1991). The ‘double deficit’ lothesis, explained in the preceding chapter,
addresses this relationship between naming spekckading.

In review, automaticity in complex tasks is a resfl efficient use of limited cognitive
resources. Automaticity develops after learningpet#ion and effective practice. Once
acquired, automaticity in a given task is generalhstoppable’, that is, it apparently happens
without conscious choice, and it enhances accurdtydels of automaticity have been
developed which show that it is acquired hierarahycfor sub-components of a complex task
and that the cognitive processing resulting in @aticity is distinct from processing for tasks
that require attention, monitoring and problem sy

The lack of automaticity in basic academic skiblsu@cteristically displayed by students in
the middle-school years who are experiencing LD banattributed to inefficient use of
cognitive resources, particularly working memorymltations in domain knowledge related to
the components of the task, and storage of prelyioeiscountered knowledge also affect
automaticity, as do processing constraints thatltr@s slow response latency. In the following
part of this chapter information processing spealfy related to basic academic skills is
examined and constraints in the cognitive procestesading and basic mathematics, which

impact on the performance of students with LD,ideatified.

Cognitive Processes of Word Reading and Basic Mathmatics. The cognitive processes
important to the development of basic academidsskelate to obtaining, storing and retrieving
knowledge. It is relevant to note that, when perfed proficiently, word reading and number
fact calculation are considered to be lower ordgyevceptual tasks because no active attention
and only minimal cognitive resources are requirksl.previously identified, such automatic
processing is different to the controlled procegsiequired for problem solving and novel
tasks (Schneider & Shiffrin, 1977; Shiffrin & Scher, 1977). Fodor's modularity theory
(1983, 1985) described earlier, also distinguishesveen different types of processing,
positing that, once learned, perceptual or loweeorknowledge is stored in independent
modules, and this allows the speedy, efficieniees of specific stored knowledge.
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These perspectives on the development of autortyaéie important because they indicate
that the cognitive processes for word reading afferdnt to those for comprehension.
Similarly, the cognitive processes for basic mathies calculations are different processes to
those used for solving mathematics problems. Howeweh processes are inter-related and in
reality classroom learning tasks rarely requireyame type of cognitive processing. In this
part of the chapter information-processing modefs cognition in reading and then
mathematics are explored in an attempt to identihich cognitive processes specifically
related to academic skills are problematic for stud experiencing LD.

I nformation-processing models of cognition in reading. One of the earlier information-
processing theories proposed to explain cognitivecgssing during reading was the
‘bottleneck hypothesis’, first developed by Perf¢tt977). The hypothesis suggested that
automatic word recognition facilitates comprehensior conversely that poor word
recognition creates a ‘bottleneck’ in reading peses. Initially, follow-up research did not
support the hypothesis (Fleisher, Jenkins, & Pamy\icholson & Tan, 1999), yet the idea
retained some currency with reading researcheen@8ich, 1990) and was later validated in a
replication study conducted by Tan and Nicholso97). This study showed a causal
relationship between rapid decoding and readingprehension to support the bottleneck
hypothesis. More recently, a strong correlatiowieen fluent reading and comprehension has
been established (see Chard, Vaughn, & Tyler, 20@fifating that training poor readers in
lower-order processes such as word recognitionlittdes improvements in higher-order
processes such as comprehension. Kintsch (1998natised this perspective by stating that
speedy decoding is important because better wanogration frees up resources for higher-

level processing.

Perfetti’'s work on the bottleneck hypothesis waslegeloped in light of new theories and
research within the modularity framework. AccordindPerfetti (1985, 1992) proposed the
Verbal Efficiency Theory (VET) to describe cognéivrocesses during reading. Verbal
efficiency requires the development of an “autonaomdexicon” (Perfetti, 1992) which
provides fast, accurate access to linguistic kndgdéeand limited use of available cognitive
resources (Stanovich, 1990). VET predicts a pasitorrelation between verbal efficiency and
comprehension, a notion consistent with the eabiettleneck hypothesis’.
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According to VET, verbally inefficient readers hadficulty accessing and manipulating
text representations in memory (Perfetti, 1985), ather words, orthographical and
phonological representations of words are not peeenough to be accessed without reference
to background knowledge. Consistent with this tiiepoor readers have deficient cognitive
processes in word recognition, particularly witlgaed to representation and access, and this
impacts on their reading comprehension. Thus, theent cognitive processes identified by
Perfetti (1985, 1992) as necessary for skilled irepdre very much consistent with those
identified within modularity theory.

In Perfetti's (1985) Verbal Efficiency Theory (VETéfficient word recognition is viewed
as an autonomous and independent processing syisieholson & Tan, 1999) that does not
necessarily rely on contextual cues. Accordinglprdvrecognition facilitated by knowledge
stored in autonomous modules, is cognitively mdfieient (by virtue of being less resource
demanding and more error-free) than word recognitichich requires context or prior

knowledge input.

Interactive models of reading also ‘fit' within th&onstruct of modularity (Stanovich,
1990). For example, Stanovich’s (1980) InteracBmnpensatory Model proposes that
younger or less skilled readers make more use wtegb than skilled readers, and this is a
cognitively inefficient way to read. Using context predict words is cognitively demanding,
but it does aid reading fluency when ‘bottom ugagnition from words and print is slow and
error prone (Smyth, Morris, Levy, & Jenkins, 198¥hus, students who cannot decode words
fluently use context cues to help decode, but ithisognitively more taxing and reduces the
availability of cognitive resources required for gher-level operations, including

comprehension processes.

The idea of word recognition as an “acquired madhyla(Stanovich, 1990) provides an
important link between the phonological core deéfibypothesis and modularity theory
(Stanovich, 1990). Consequently, students who laawere deficit in phonological processing
have not acquired sufficiently modularised (or retaalone’) orthographic and phonological
knowledge representations to enable context-frerel weading. So, in order to decode words,
they need to rely on resource-demanding contexd.cue
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Siegel (2003) described five cognitive processemntiflied in the literature that are
significant in the development of reading profidgn The processes involve phonology,
syntax (also called grammatical sensitivity), watkimemory, semantics and orthography.
Siegel proposed that three of these processessmmificantly disrupted in children who are
reading disabled” (p.178): phonology, syntax andkiviy memory. Interestingly, the research
and reviews Siegel conducted showed that for stsdeho are “reading disabled” semantic
and orthographic processes are not disrupted tesdhee extent as the other three processes,
but an over-reliance on semantics and orthograpbsbined with the under utilization of
phonological processing, results in reduced perémge. Thus, an over-reliance on certain
cognitive processes renders them inefficient, dmsl inefficiency is further compounded by

under-utilisation of efficient processes.

Slow naming speed is closely linked, possibly busedity, to deficits in orthographic
knowledge (Bowers, 2001). The complex cognitivecpeses involved in these operations are
thought to be the result of impairment in centsed@itive processing systems rather than due
to slow sensory processing and motor execution ¢E&vw& Nicholson, 2001). Slow naming
speed contributes to an “automatization deficibidj p.36) but the mechanisms underlying
these deficits are not yet clear. Slow naming speethought to impact on lower-level
requirements for fluent word recognition procegbes, in turn, affect reading comprehension
(Wolf, Miller, & Donnelly, 2000). Similar to phonogical deficits, haming speed deficits
persist over time from kindergarten through to #thdd (Lovett, Steinbach, & Fritjers, 2000).

I nformation-processing models of cognition in mathematics. Information-processing
abilities, as well as mathematical abilities, haeimportant role in successful mathematics
learning (Munro, 2003a). These abilities in matheesainclude being able to read and write
numerals, being able to read and write symboliclmemsentences, the ability to recognize and
comprehend order among numbers and the ability éofopn mental computations.
Information processing in mathematics is mediatgdfdrtors including the efficiency of
processing, familiarity with the information, itoroparative complexity, the number of

processing steps required and the effort needptbtess the information (Munro, 2003b).

There are distinct patterns and consistencies watiard to cognitive operations for
students with LD in mathematics. Students with bDriathematics do develop understandings

of arithmetic concepts but have difficulty usingmher concepts efficiently and have difficulty
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converting and applying their conceptual knowledgea topic into arithmetic procedures
(Geary, 2003). Many students experiencing LD inheatatics have difficulty recalling basic
number facts automatically, sometimes even whey ¢ha display well developed conceptual
knowledge (Munro, 2003b).

Similarly, Pellegrino and Goldman (1987) suggeat #tudents with LD in mathematics do
not necessarily experience conceptual deficits rattier, deficits in declarative knowledge
related to basic facts and procedural knowledgeitahaw to use the basic facts. These deficits
impede performance in other tasks requiring thiswkedge. Thus, it can be difficult for
students with LD in mathematics to achieve effickein procedures because of more basic
difficulties in fact retrieval due to lack of knoedge, rather than poor conceptual
understandings.

Geary (1993, 2004) identified three sub-types othmmatical disability — procedural,
semantic memory and visuo-spatial. Each of thetgpés is defined in terms of cognitive
related processes. The procedural sub-type is cesised by the use of less mature, more
time-consuming counting strategies and is descrilbsd a developmental delay, i.e.,
performance is similar to that of younger, acadaitjcaverage children, and often improves
across age and grade (Geary, 2003). Proceduraitdetlate to working-memory deficits and
to poor conceptual knowledge, for example, immatoanting knowledge and difficulties

sequencing the order of operations and monitohegotoblem-solving process.

A deficit in storing or accessing arithmetic faatsor from long-term memory is the
defining feature of Geary’s semantic memory subtypmathematics disability (Geary, 2003).
When attempting to retrieve basic facts, studenith \@ semantic memory mathematics
disability subtype commit many more errors than nger students, and their error and
response time patterns are different, suggestuhgyalopmental difference rather than a delay.
This means that with regard to the semantic mensobtype of mathematics disability, a
student’s cognitive and performance features asirdilar to that of their normally-achieving
peers, not just immature, and these features dahmanige substantively across age or grade.
Also, a second form of retrieval deficit, namelysrdptions in the retrieval process due to
difficulties inhibiting the retrieval of irrelevanhassociations, may be present, especially in
students with co-morbid Attention Deficit Hyperaatly Disorder. Inefficient inhibition results

in activation of irrelevant information, which futnanally lowers capacity (Geary, 2003). The
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third sub-type identified by Geary (1993), visu@sal mathematics disability, is characterised
by difficulties in spatially representing numeri@add other forms of mathematical information

and relationships, and appears to be related éusological dysfunction.

In review, LD in reading and mathematics are reldig way of a range of information-
processing factors, particularly constraints anefficiencies in working-memory processes.
These limitations commonly result in a lack of améicity in basic academic skills. Skills
such as proficient word reading and accurate basihematical calculations are considered to
be lower-order, perceptual skills once they havenbkarnt. However, it is important to
acknowledge that all learning is problem solving fearners at some stage and that even
lower-order tasks, such as memorising lists, reweeta-cognitive component under certain
conditions (Doyle, 1983).

Students experiencing LD commonly approach loweeprtasks as resource-draining
problems to be solved, rather than routine taskbeiqerformed with the minimal use of
cognitive resources. For students with LD in regdimvord recognition is a resource-
consuming task that impedes comprehension. Thisecgause efficient access to linguistic
knowledge, specifically orthographical and phonaafrepresentations of words, is affected
by insufficiently specific representations in lotegm memory. This results in over-reliance on
inefficient cognitive processes, such as using seimaues to decode a word. Slow naming
speed also impacts on fluent word reading which, tumn, negatively impacts on

comprehension.

In mathematics, key cognitive deficits of studewith LD include limitations applying
conceptual knowledge of number to everyday aritionetnd difficulties in fact retrieval
related to poor knowledge representations in l@mgitmemory. These constraints result in the
use of effortful, resource-draining proceduresdives simple calculations that non-LD students

can perform automatically.

The information-processing framework has consideratility when applied to cognition
and learning. The literature reviewed in this setias focused on the cognitive processes of
learning as viewed through the information-proaggsiramework. From this perspective
learning results from the flow of information whidtcurs in stages and the information is

transformed in each stage. The cognitive resouusesd to transform information from
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perception to storage in memory are limited, arfeccieht use of these cognitive resources

results in efficient information processing anceefive development of new knowledge.

Understandings from information-processing perspesthave led to useful advances in
knowledge about teaching and learning, including timderstanding that different types of
knowledge are processed in different ways. Studexperiencing LD commonly process and
store information inefficiently, and this leads performance deficits across a range of

academic domains.

Literature Review Summary and Conclusions

The first chapter and the current chapter up te guint have presented an overview of
contemporary literature relating to learning LDcisbemotional factors influencing learning
and participation for students with LD, effectieathing and intervention approaches for basic
academic skills, and an overview of the informafwacessing framework as it relates to LD.
The aim of the literature review was to build a kfexge base to inform the development of
research questions. The focus for the investigalas been on basic academic skills,
specifically reading and mathematics. The revietrisfly summarised below and conclusions
are presented. These conclusions inform the denedop of research questions in the next

section.

During the middle-school years, students with LDe amlnerable to school failure
experiences as the instructional focus shifts frequiring basic reading and mathematics
skills towards using those skills to attain contenowledge and subject specific procedural
knowledge. With limitations in the basic ‘tools’ tdading and mathematics, students with LD
in the middle-school years are prone to fallinghar behind their non-LD peers in academic
performance, and become at risk of emerging frohoakcinto the adult world of work with

skills and knowledge levels much below that of tipetential.

There are definitional issues relevant to LD in thaléa and in the international
community. In Australia, students who do not haneralentified neurological impairment but
are significantly under-achieving in academic skilvhen compared to their same-age peers,
are considered as students experiencing LD. Esésnaf prevalence vary but there is
agreement that, in Australia, between five and pencent of students experience LD in

academic skills such as reading and mathematics.
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Middle-school students experiencing LD in readirayén difficulty reading words they
have encountered many times before, and lack skillsecode novel or complex words.
Deficits in phonology, related to language représgm in memory, and processing
constraints that result in reduced naming speeeé baen identified as key, underlying factors
in reading LD. Mathematics LD in older students nheyco-morbid with reading LD and is
characterised by delayed development of numberesemsmory difficulties and over-reliance
on inefficient strategies. Once a targeted skil baen improved, students experiencing LD

require constant rehearsal and review to makethatehe skill is maintained over time.

In the middle-school years the self-perceptionstafients with LD about their learning
aptitude can have a negative effect on learning @articipation. For some students, this is
confounded by limitations in social competence, angliety about learning which impacts on
learner characteristics such as motivation andigierse. Learned helplessness, whereby
students believe that their performance on leartasgs is attributable to factors outside their
control, is a debilitating affective factor thatgagively reinforces a cycle of failure and
reduced participation.

Encouragingly, consistent research findings hagélighted instructional approaches that
are effective in supporting students in the midsttkeol years experiencing LD. Most notably,
direct instruction and strategy instruction haveerbevalidated as effective instructional
approaches whilst discovery-learning type approscéi® increasingly thought to be less
effective, especially when teaching students with hew or complex information. Making
instructional adjustments, such as altering thell®f task difficulty so it is appropriate to
student’s proficiency, is a key approach for effextteaching and learning for students

experiencing LD.

Intervention research in reading and mathematiss ptovides relevant information for
improving the learning outcomes of students experg persistent LD. For middle-school
students with LD, reading interventions that foars word reading, reading fluency and
reading comprehension are effective, particularlyew instructional strategies encompass
direct instruction, strategy instruction, advancgamisers, control of task difficulty and self-
guestioning strategies.
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In mathematics interventions there is strong ewdemo support a focus on basic
mathematics facts and operations, incorporatingereihg practice in a relevant and
motivating context, attention to individual leargineeds, using peers in structured, reciprocal
teaching roles, and providing performance-basedbi@ek to participating students, and their

teachers and parents.

More detailed insights into the specific difficelsi experienced by students with LD are
afforded when the cognitive processes involved eéadmng and basic mathematics are
considered. The information-processing framework tie predominant approach for
understanding cognition and learning. From thisspective, inefficiencies in the cognitive
processes of knowledge acquisition, processingagéoand retrieval are thought to underlie
LD. In particular, LD can be attributed to consttai in working-memory processes,

particularly the functioning of the central exegetand the phonological loop.

Automatic processing of routine tasks involved eéading and basic mathematics reflects
efficient processing in working memory and othegmitive resources. Conversely, lack of
automaticity in basic academic skills consumes tédhicognitive resources and results in
effortful, error-prone performance which impedesc&ss in higher-order learning tasks, such

as reading comprehension and mathematical proldénmg.

Learning difficulties in reading for older studenis thought to result from limited
phonological and orthographical representationgmiemory, as well as central executive
impairments that result in slow naming speed. Tioeee students come to rely on inefficient
strategies for word recognition by approaching tdmk in a way that over utilises cognitive
resources rather than relying on automatic prosetssecad words, as their average-achieving

peers do.

Similarly, students with LD in mathematics are thbu to have poor knowledge
representation in long-term memory which resultslimitations in the effective use of
conceptual knowledge and difficulties recalling \poeisly encountered knowledge.
Consequently, students experiencing LD in matha®atiso tend to over-rely on inefficient
strategies, and attempt to utilise approaches #onileg that sap their limited cognitive

resources and impede engagement with novel or exngsipects of the task at hand.
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As an investigation into LD is a broad topic, iniscessary to acknowledge areas that have
not been investigated in this review. The focudpasic academic skills in this literature review
largely precludes a closer examination of comprsioer) problem solving and other higher-
order cognitive processes such as strategy usesalfidegulation. These factors have a
significant role to play in learning developmentr fetudents with LD. The skills of
phonological processing, prominent in the literattor early reading programs, are not widely
included in this review because the bulk of thedréiture refers to young, emergent readers.
More broadly, the vital role of proficiency in lamage concepts for the development of social
skills, cognitive abilities and academic outcome=e(Hay, Elias, Fielding-Barnsley, Homel &
Freiburg, 2007) has not been explored in this fef@cause most research literature pertains
to younger students, but nonetheless this importdavelopmental factor requires

acknowledgement.

This literature review has focused on the basideceac skills deficits experienced by
students with LD during their middle-school yedrke aim was to provide information useful
for developing research questions, the answers lichwmay, potentially, have positive
implications for enhancing school-based teaching &arning for students with LD in
contemporary Australian classrooms. Social-emotigrespectives, effective teaching for
improving the learning outcomes of students with, lEDd aspects of cognition relevant to
teaching and learning basic academic skills, hdse been considered. The information-
processing framework provided a theoretical stmgctior examining thinking and learning
processes and gaining more detailed understandintie phenomena of LD for students in

the middle-school years.

In conclusion, there are four key points from tiierdture review to be considered in
developing the research questions and the theneseTdre:

» the cognitive characteristics of the learner,cdpmally students in the middle-school
years experiencing persistent learning difficulties

» the role of cognitive processes implicit in ldamgbasic academic skills

» the constraints and inefficiencies in learningnooonly exhibited by middle-school
students with LD, and teaching approaches to stappqroved learning outcomes for these
students, and
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» the solid base of evidence from research re@orntsmeta-analyses that identifies direct
instruction and strategy instruction as effectiv&iuctional approaches for supporting students
with LD.

Each of these key points is briefly reviewed imtur

In the case of the first key point important coesadions are that students in the middle-
school years experiencing LD are a heterogeneoaspgbut they commonly experience
impaired performance in basic academic skills. Timigaired performance negatively impacts
on participation in learning activities and accessurricula across all key learning areas, with
potentially life-long consequences. In the pasttyhyears and to date, the issue of learning
difficulties in the middle-school years has atteactess attention in research and policy than
LD for younger students.

Despite the fact that these students experiencih@ie a heterogeneous group in terms of
demographics, specific difficulties they experienaad their underlying causes, many students
experiencing LD display common learner characiesghat impede appropriate development
in academic skills. These characteristics includamary difficulties, impaired ability to use
limited cognitive resources efficiently, poor wohabits such as lack of persistence, and
learned helplessness. These older students andtdaeihers stand to benefit from further
research into the school-based remediation of Lerdfore, LD in the middle-school years,
particularly intervention research in basic acadeskills, is a worthy, justifiable focus for

further research.

The second key point is the importance of conandetihe role of cognitive processes and
cognitive processing in understanding and remedjatLD. Inefficient or deficient
information-processing operations, particularly hivit working memory, are a significant,
causal factor in LD. An understanding of the nanfrhese constraints can usefully inform the
development of effective interventions and appmpradjustments to teaching and learning.

Cognitive resources, particularly the processesvofking memory are limited for all
learners, and efficient use of these cognitive uesgs is important for successful learning and
performance. Key constraints in working memory égueed by students with LD include a
reduced capacity when task demands are complex,irafficient allocation of resources.

Specifically, students with LD commonly experiertsiciencies and inefficiencies in the co-
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ordination and allocation of resources from workimgmory’s central executive and in

accessing representations of language-based infionma the phonological loop.

These constraints manifest in a lack of automatinibbasic academic skills. While non-LD
students rely on automatic processing of lower-{ord®rmation, students with LD expend
cognitive resources on the controlled processingowfer-order information, limiting the
cognitive resources available to participate irhBigorder or novel aspects of a learning task.
Supporting students to overcome or ‘work around@hsconstraints is a vital aspect to consider
when providing appropriate adjustments to classraeaching and learning, and when
designing effective interventions. Accordingly, iraping automaticity in basic academic skills
is a valid intervention focus when seeking to inygréearning outcomes for students with LD
in the middle-school years.

The third key point to consider in developing tpedfic focus for this study was to clearly
identify difficulties that pertain to the core baskills, word reading and basic mathematics,
and also to identify evidence-based remedial amesm In looking at these factors, related
affective factors, such as the importance of expeing success in academic endeavours, also

need to be considered.

In reading, key difficulties experienced by middlghool students with LD include
constraints in phonological processing and in stp&and accessing previously encountered
knowledge, culminating, for older readers, in wogdding and comprehension difficulties. For
middle-school students experiencing LD in readingproving reading at the word level is an
essential focus for intervention. This requirescpca to develop word recognition, recall and

knowledge of effective strategies. Strategy ingtamcin comprehension is also important.

In mathematics, key difficulties experienced by didschool students with LD relate to
recall and application of basic number facts andngdficiencies in storing and accessing
previously encountered knowledge. For studentshm mniddle-school years with LD in
mathematics, extended practice on basic facts nvdahtontext that promotes the development
of effective strategy use, is an essential focusnfiervention. This requires practice to develop
knowledge, effective information storage and eéfintirecall.
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Social-emotional factors impact on learning papttion and achievement for older
students with LD. These factors need to be consttethen seeking to improve these students’
learning outcomes. Difficulties in the affectiverdain experienced by students with LD can be
ameliorated, at least in part, by improving basiademic skills.

Finally, a vital point for consideration in implemteéng an academic skills intervention
aimed at improving learning outcomes for middleesithstudents experiencing LD, is the
strong evidence-base to support direct instructstrategy instruction, adjusting the level of
task difficulty and utilising peer interactions, afective intervention approaches. Effective
intervention for students experiencing LD needmttude regular practice and review, as well

as follow-up assessment to evaluate maintenancgemetalisation of the targeted skills.

These conclusions provide clear directions for thesearch questions offered in the

following section.

Research Questions and Theme

Taking into consideration the information presentaedthe literature review and the
conclusions stated, three research questions weneufated. The questions were stimulated
by, but not explicitly answered in, the reviewetkrature, therefore they warrant empirical

investigation. These questions are:

1) Will the participant students’ automaticity iadic academic skills improve after taking
part in theQuickSmartintervention, and will their automaticity in baskcademic skills be
closer to that of the comparison group at posttest

2) Will there be a significant difference, from gest to post-test, in student achievement

levels on standardised tests?

3) Will participant students show maintenance ofbtgntervention automaticity rates

when tested again one year later?

The above research questions focus on measuringyerifging some of the factors that
mediate the cognition and learning of students Wih The investigation of these questions,

through intervention research, requires extendedh&r and student interaction, and this
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affords a unique opportunity to observe the leayrpnogress of the participants. Qualitative
information available from these teaching and legynnteractions include learning strategies
and approaches used by the students and teacbgratiiern of student progress, variation in
students’ performance growth over time and studeexpressed developments in their
perceptions of themselves as learners
Accordingly, a secondary focus for the investigativas developed. This secondary focus
is presented as a research theme that investigadasdual participant students’ learning
growth and development throughout the interventidmee focus questions were developed to
guide the investigation of this research theme:
a) What learner characteristics did the participaisplay, particularly in terms of
behaviours that might inhibit, or facilitate, susstil learning?
b) For each participant, what was their pattern ofgpges and how long was
needed to show consistent improvement?

c) What were the participants’ opinions about takiag n the intervention?

As these questions are supplementary to the maiesiigation, no specific research
guestion are posed; rather the theme is addressenl Separate chapter to the research
guestions, and the findings of both investigatiares considered together, in the final chapter.
This secondary focus on individual participant std, supports the study focus on students
with LD because it utilises ‘real’ students, indfeschool settings, to provide information and
clarity around the phenomena of learning diffiedtas experienced by students in the middle-

school years.

In developing the research design several congidesawere identified with regard to the
practicality of the study, and the demands andrapsans implicit in the research questions
and research theme. Among these considerationshe&aseed to ensure that the intervention
and instrumentation used to investigate the questigere rigorous and ecologically valid in a
contemporary Australian school context, the settifoy the research. Thus, careful
consideration needed to be given to the researthate selected. The following discussion in

Chapter 3 considers design aspects of the studgtail.
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Chapter 3

Experimental Design

Several focus areas emerged from the review ofitémature in Chapters 1 and 2. These
were formulated into three research questions atfrae for investigation. Accordingly, the
investigation focuses on whether an improvememttomaticity in basic academic skills has a
facilitating effect in improving broader, curricuhibased, learning outcomes, and examines
other topics relevant to the phenomena of leardiffgculties in the middle-school years. The
theme aims to supplement the main investigatiorh witore fine-grained examination of

individual participants’ progress throughout theemention.

The purpose of this chapter is to provide a dedailescription of the development of the
research design and the methods used to investigateesearch questions and theme. The
chapter contains discussion under the followingssik-headings: Research Context, Planning
for Research, Research Design, Participants amdiingntation, Evaluation of the Design, and

Data Analysis Plan.

Research Context

The investigation was planned as an interventiadysto be implemented in local schools
using the researcher as the teacher in the inteovelessons. Conducting intervention research
in schools requires a number of particular consitiens, especially that the content of the
intervention is linked to curricula and perceivedweorthwhile by the participant students, their
parents and teachers. Further, the long duratiaeintervention meant that the researcher
had the opportunity to work closely with participguand their teachers in an on-going manner
so establishing and maintaining good professioakdtionships with those involved was an

important requirement.

The investigation was designed primarily as a gaaperiment supplemented by a less
formal study utilising profiles of the learning gvth and development of a selection of
participant students. The context of the reseamshconsidered in the planning stage of the
investigation, is now discussed in two sections, fitst focusing on the setting, and the second
detailing the mixed methods research frameworkcgedeto guide the development of the

research.
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Overview and Setting.The research was to focus primarily on whetheresttelwith LD
in their middle years of schooling can make gainth wegard to automaticity of basic
academic skills and whether these gains facilitai@ovements in general standardised tests.
The secondary focus of the research more closelgnaes the learning progress of individual

participants.

In overview, the research was lte conducted with students from a state primarypaich
and a Catholic high school, both located in a negidown in northern NSW, Australidhe
participants were twelve Year 5 students and tesr Yestudents, all of whom experienced LD.
The researcher was a qualified primary school aedial education teacher, and post-graduate
special education student, who regularly consutétt supervisors from the University of
New England, class teachers and the school prilscipa@nsure the investigation was authentic
and appropriate in both research and pedagogioaxis.

The significance of this research lay in the fdwattthere were very few published
contemporary Australian research-based studiesstigating the development of basic
academic skills and improved learning outcomesniadle-school students with LD. Further
potential significance of this research was thahighlighted relationships that may exist
between increased automaticity in basic academilts fknd improved generalised learning
outcomes for the group of middle-school studentfi WD included in the study. In this way
the study attempted to link changes in learnindgoerance with theorised shifts in cognitive

processing, as suggested in the research literature

The research presented here is an educationalventgsn study which incorporated
information from the field of cognitive psychology frame development of the intervention
and to inform later discussion of the results. Ald® investigation of the theme potentially
added information about the heterogeneous natutbeopopulation that constitutes middle-
school students with LD. However, the key signfifica of the proposed research was that it
focused on an area LD and basic academic skills for students in thddhe-school years-

where relatively scant contemporary Australian aese was available.

At this point the importance of rigorously evalmgtiintervention research must also be
noted, particularly as the student population fas tvork is among the most vulnerable in our

education system (Dobson, 2001; Reynolds, TempbeRson, & Mann, 2001). Interventions
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based on unsubstantiated ideas have the poteatiakée up valuable instructional time for
these students with little, or no maintained gamgperformance (Strain & Hoyson, 2000).
From the outset, this study aimed to deliver areriréntion based on sound theoretical

underpinnings and utilising an appropriate, relé¢wand well-planned research framework.

Research Framework — Mixed Methods ResearchConceptually, educational research
has been traditionally divided by the ‘paradigm stiam divisive debate about whether a
guantitative or qualitative orientation for resdain the social sciences is most appropriate
(Teddlie & Tashakkori, 2003). Mixed methods reskara class of research in which
guantitative and qualitative techniques, methodapproaches are combined in a single study,
has been described as a ‘third paradigm’ in edoigakiresearch, one that recognises that both
guantitative and qualitative research are imporaaok useful (Johnson & Onwuegbuzie, 2004).

The mixed methods research approach has beenlusas follows:

A mixed methods approach is one in which the resegirtends to base knowledge claims
on pragmatic grounds. It employs strategies of ewpqinat involve collecting data either
simultaneously or sequentially to best understaggbarch problems. The data collection
involves gathering both numeric information (ean,instruments) as well as text information
(e.g., on interviews) so that the final databagmesents both qualitative and quantitative
information (Creswell, 2003, pp. 19-20).

The mixed methods research presented here is undedp by the philosophy of
pragmatism, which presents a practical and appleskarch philosophy (Maxcy, 2003).
Pragmatic researchers reject the thesis of incabipakesearch paradigms, and, in doing so,
consider the research question to be more impotteam the method (Teddlie & Tashakkori,
2003). The design of the research presented heomsstent with this perspective. The goal of
mixed methods research is not to replace eithemtladitative or quantitative approach but
rather to draw from the strengths and miniminsekmneases of each approach (Johnson &
Christensen, 2000). Combining qualitative and qtethte methods in one study allow
researchers to capitalise on the strengths of wleapproaches, and to compensate for the

weaknesses of each approach (Punch, 1998).

Data analysis in mixed methods research requirgsarehers to use both qualitative and

guantitative techniques to understand the phenonegtter, essentially providing the
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opportunity to “get more out of the data” (Onwuegleu& Teddlie, 2003, p. 353). In this
instance, a mixed method study was selected tolerthb presentation of rigorous results
about participants’ performance changes, accomgabye authentic information about the
learning progress of selected individual partictpstndents.

Mixed methods research as been conceptualisedfascdon of two dimensions: time
orientation (concurrent verses sequential) and digma emphasis (do qualitative and
guantitative investigations have equal status @asdme have dominant status?) (Johnson &
Christensen, 2004). In this thesis, the quantiatigsearch paradigm is dominant with a
concurrent qualitative theme. Results from the ttative research questions of the main
study and the qualitative questions from the thaneeconsidered separately in Chapters 5 and
6 (respectively), and the findings are then considi@ogether, in Chapter 7, with the purpose

of providing an expanded ‘picture’ of the phenomehaD in the middle-school years.

In review, the justification for the selection oh@xed method design as a framework for
this research was contained in the idea that ihtyeascertaining ways to support older
students with LD to achieve improved learning outes is not likely to be amenable solely to
a quantitative investigation or solely to a quaéMa investigation. This is due to the
complexity of the associated issues and the heterty of the population of students with
LD. The research context fits comfortably withir tlnixed methods framework encompassing
a pragmatic perspective that clearly relates tonteds of students with LD, identified in the

literature review, which determined the researabstjans.

Planning for Research

At the outset of the investigation process, comsiilen was given to the demands of
implementing a quasi-experiment and developingrimtdive profiles of selected students’
performance change. It was also important to ber@aweom the beginning of the research
process, of restrictions that may limit the scopd anplementation of the research. In this
section an overview of the planning for researcplé@mentation is provided, design features

are identified, and limitations of the researchigiesre identified and discussed.

Design Factors to Consider.The proposed research required the use of an ajgep
intervention to facilitate the development of augtitity in basic academic skills. The

intervention used was callgduickSmart It was co-developed in the planning stage of the
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research, utilising content and strategies inditate the literature, as potentially able to
facilitate the development of automaticity in baso@ademic skills in reading and mathematics.
Two programs were utilisedQuickSmartReading andQuickSmartMathematics, with very
similar instructional design applied to the differelomains. These programs are described in

detail in the following chapter.

A design feature of thQuickSmarfprograms is the incorporation of the Cognitive iAjate
Assessment Software (CAAS), used to measure resplatency and accuracy in basic
academic skills. The CAAS is described in detagdan this chapter. However, in designing
the investigation reported here, it was importanbé mindful that the research study reported
here is not an evaluation of tiickSmargprogram or the CAAS, rather, an investigation into
the feasibility of improving reading or basic mattaics fluency for middle-school students

experiencing persistent LD, and potential effe¢this on performance on standardised tests.

A decision was made in the planning phase to sslectents to participate in either the
QuickSmartreading intervention or th@uickSmarimathematics intervention, not both. Whilst
some students may have benefited from interventidmoth domains, it was considered not
feasible to have participant students withdrawmftbeir regular classes for the extended time

required for participation in both interventions.

In order to compare the progress of the particgaihie research design used in this study
also incorporated measures from a group of aveaabeving (non-LD), same-age peers, to
act as a benchmark measure. This design featusesfabrt of an experimental control group
but it was the best option available in the circtanses, as explained below. In recent years
there has been an increasing focus, both in theatidnal research literature and in
government policies, on the implementation of randed controlled research as the preferred
‘standard’ to be used for verifying educational noyements (e.g., Gersten, Fuchs, Compton,
Coyne, Greenwood, & Innocenti, 2005).

Whilst many educational researchers and practitgosee the potential benefits from such
an approach, the requirement that ‘evidence-bassstarch utilises a randomised control
group, at times, poses a significant challengeetearchers as they seek to validate effective

practices in special education (van Kraayenoor@620Later in this chapter the case is made
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that the use of a comparison group, in this sttmlgpme extent mediated the threats to internal

validity inherent in the quasi-experiment design.

Some practical matters also needed to be atteraldefore the investigation could be
implemented, including obtaining ethics approvainir the University of New England,
meeting with personnel from the NSW Department dfi¢ation and Training to explain the
project and obtain their approval to approach ainatad school, and then meeting with
school principals and class teachers to explain pfogect and map out a time line for
implementation. Both university and school persbémeeognised the importance of adequate
communication with the parents of participatingdetots, so to this end it was established that
the researcher would be available by appointmemhéet with parents any time during the
research program. Also, written reports to parerdee provided, by the researcher, mid-way

through and at the end of the interventions.

A final factor of the research design to be congdewas in relation to grouping the
collected data. Data relevant to the research desaye collected across a number of fields
including comparison and participant, Year 5 andarY@ students, Indigenous and non-
Indigenous, male and female. However, the sampke available for the study was relatively
small, such that to consider all of the groups sdply would have yielded results with very
limited generalisability. For this reason, a demswas made to not investigate effects for year
group, gender or Indigenous or non-Indigenous erdih consolidate the grouping of results to

show data for participant and comparison studenéach of the interventions.

Design Constraints.Both the quantitative and qualitative methods usdte research had
inherent limitations. In a quasi-experiment, valeabsuch as maturation and the effects of
history can potentially compromise the validity tbk design (Isaac & Michael, 1980), and
undermine the significance of the findings. In algative investigation which relies largely on
descriptive data, the credibility of the findinggeds to be considered carefully, and the

researcher needs to be mindful of these limitattbreughout the research process.

A further limitation on research design was impobgcethical considerations with regard
to restricting the amount of testing that could &e@ministered to the participant and
comparison students, including consideration ofnglkup valuable instructional timeé\s it

was, the research design required considerable grd- post-testing on both formal and
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informal measures, such that the inclusion of aoltil assessments, which could add to the
validity and reliability of the study, was perceivas potentially detrimental to the participants,
and therefore was not built-in to the research.séhestrictions reflect the reality of working
in an educational setting, where, unlike in a chiisetting, the research program needs to be
ecologically valid, in the sense that it is corenstwith the curricula, policies and priorities of
the educational system within which it operates.difidnal testing and data collection,
although potentially informative for the researalas not collected as it may have negatively

impacted on the ecological validity of the study.

In review, a tenet of mixed methods research is filasearchers should mindfully create
designs that effectively answer their research toques (Johnson & Onweuegbuzie, 2004). In
attempting to achieve a design that addressedetearch questions and the research theme,
especially in a small-scale educational study,aswalmost inevitable that the research design
would have some constraints. In this instance téititins in the design of the study, including
the inability to provide a randomised control growere identified and noted. However, it was
anticipated that the careful planning of the desagndescribed in the next section, would
provide results that were nonetheless informatinel, that these results could be a platform for

further research.

Research Design

This section outlines the research design develdpethvestigate the three research
guestions and the three secondary questions tmatittde the research theme. The design
needed to take into consideration several factbrsieeded to reflect the mixed-method
framework and the theoretical perspectives sele@sdoutlined above. Further, the design
needed to closely address the content of the @seprestions and the research theme, such
that it maintained fidelity to the intent of thevestigation. The research is designed to address
the three research questions and an exploratigheofactors relevant to the research theme.

These are described in detail below.

Design for Investigating the Research QuestionS.he three research questions in this
study focus on cognitive processing, and improvamenstudent learning outcomes that can
potentially be mediated by increased automaticitipasic academic skills. This line of inquiry

fits comfortably within the information-processifrgmework.
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The research typology used to address researchiapges, 2 and 3 is a quasi-experiment.
The origins of such an approach can be directhkelih to the traditional, scientific
investigations of social phenomena based on theradasciences (Cohen & Manion, 1989).
The methodology enabling quantitative researchiregwariables to be measured numerically
(Punch, 1998). Unlike a true experiment, a quapkeerent assumes that not all relevant
variables can be controlled and consequently lioita exist that may compromise the
validity of the research design (Isaac & Michadl8Q). The design of the quasi-experiments

used to investigate each of the three researchigness represented in Figure 3.1.

Research Question 1 P T1 X T2

Research Question 2 P T X T2
Research Question 3 P T X T2 0 T3
Legend:

P = Participant Group C = Comparison Group

T1 = Pre-test T2 = Post-test T3 = Maintenance

X = Treatment & No Treatment

Figure 3.1Experimental design used to investigate the rebeguestions.

For research question 1, which investigates impt@awomaticity in basic academic skills,
the independent variable was conceptualised agipation in an appropriate intervention and
the dependent variable was conceptualised as iragrautomaticity in basic academic skills.
Thus the study required an empirical focus on miagyparticipant and comparison students’
automaticity in basic academic skills. Automaticitgs assumed to be measurable by response
latency and accuracy rate on a range of readirlgasic mathematics items. These measures,
detailed in the following section, provided accaranhformation about the extent of
automaticity in basic academic skills for both m#peint and comparison students, before and

after the intervention.

The data collected, for this study, were respoatsnty and accuracy rates on three CAAS

reading tests (for th@uickSmartreading participant and comparison students) asganse
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latency and accuracy rates on three CAAS mathemests (for th&QuickSmartmathematics
participant and comparison students). These data wellected both before and after the

QuickSmarintervention programs were delivered.

For research question 2, which investigates peldorna gains on standardised tests after
participation in the QuickSmart intervention programs, the independent variables wa
conceptualised as improved automaticity of basadamic skills, and the dependent variable
was conceptualised as performance on standardestd. tThis required measurement of
participant students’ performance on standardissts$ tof reading (for thQuickSmartreading
participant students) and mathematics (for heckSmartmathematics participant students)
before and after th&@uickSmartintervention programs, in order to gauge the effeic
increased automaticity in basic academic skillparticipants’ levels of academic achievement
in the standardised tests, viewed as broader memasfifearning attainment. The data collected
for this study consisted of raw scores, percentlieks scores and scale scores, for each

participant students’ test performances, beforeadtait the intervention programs.

For research question 3, which investigates maames of automaticity gains one year
after the intervention concluded, the independemiable is participation in thQuickSmart
intervention one year prior to the measure beirdgrta and the dependent variable was
maintained automaticity in basic academic skillfie Tdata collected for this study were
response latency and accuracy rates on three CAadng tests (for th@uickSmartreading
participant students), and response latency andracy rates on three CAAS mathematics
tests (for theQuickSmartmathematics participant students). These data ealected one year
after participation in th@uickSmarintervention programs ceased.

The design for these three studies proceeded ingdbases. Firstly, a pre-testing phase
where data were collected, as outlined above, tboth participant and comparison students.
In the second phase, tRriickSmarintervention was implemented, with the particiganily.
The third phase of this study involved post-testengeplication of the pre-testing protocol with
participant and comparison students. In the foyftlase, implemented one year after the
intervention programs concluded, response latemty accuracy data were collected from
available participants.
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Design for Investigating the Research Themé&he research theme focuses on individual
participant students, their progress throughout ititervention, and their approaches to
learning. Three areas were identified for explamatiThese are: (i) the ‘learner characteristics’
demonstrated by the participant students, partiguia terms of behaviours that might inhibit
successful learning, (ii) the pattern of progressefach participant student and how long was
needed to show consistent improvement, and (hi, participant students’ opinions about
taking part in the interventiomhe findings yielded from this exploration wereiaipated to
be informative for developing more detailed undmrdings of the phenomena of LD, based on

the individual experiences of ‘real’ students icomtemporary school setting.

A necessary component of mixed methods researtheisise of a visual model of the
approach (Creswell, 2003). A notational system bigesl by Morse (1991, in Teddlie &
Tashakkori, 2003) is the standard currently usethe& mixed methods research area. Key
components of the notation include: (i) the ablatons QUAN for quantitative and QUAL
for qualitative; (ii) use of the plus (+) sign tadicate that data are collected simultaneously;
(i) use of the arrow -6) to show that data were collected sequentiallyd, giv) use of

uppercase to denote more priority given to thardadtion (Teddlie & Tashakkori, 2003).

This standard notation system is utilised belovwkigure 3.2, to portray the research design
from a mixed methods perspective (this informatompliments and expands on the depiction

of the solely quantitative design displayed, abavéigure 3.1).

.
QUAN + qual
QUAN qual
Data Collection Data Collection
QUAN qual
Data Analysis Data Analysis
Data Results Compared

Figure 3.2Model of concurrent triangulation design (aftee€well, 2003, p. 214).

More specifically, the research approach utiligethis study fits largely within the type of
mixed methods design called Concurrent Triangubatidesign (Creswell, Plano, Clark,
Gutmann, & Hanson, 2003). This ‘traditional’ mixeetthods design uses separate quantitative
and qualitative methods (in this case with priogiyen to quantitative methods) to collect data
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simultaneously, with the results integrated in thierpretation phase of the research report
(Creswell, 2003). In the study reported here, thalitative and quantitative data collection
phases of the study occurred simultaneously, bat dbhantitative research is the main

contributor to answering the research questions.

However, there are some minor variations of theigieportrayed in this figure, most
notably with regard to the research theme. Botmutadive and qualitative data are used to
address the questions relevant to the theme angquidngtitative maintenance data. These data

were collected one year after the main investigatieased.

The design to investigate the research theme reheprogressive response latency data
collected during the intervention, but not usedhi@ three main studies, as well as referring to
the pre-, post- and maintenance data reportedatiae to the research questions. Specifically,
the data used for the research theme consists asurements from CAAS taken throughout
the intervention, student responses to an exitvig® and information taken from field notes
made by the researcher throughout the interveqiograms. The findings are presented in the
form of six profiles of participant students. Eaggtofile describes the participant and their

progress during the intervention.

In review, the research design reflected a mixethaus approach, predominately relying
on guantitative data gathered from the three geseriments of the main investigation, and
student progress data supplemented by qualitatata fom student interviews, and field
notes, to investigate the research theme. Detaiaitaparticipant and comparison student
selection and the instruments used to measurege®are provided in the following section.

Participants and Instrumentation

This section explains practical and organisatiasgects of the investigation. It includes
descriptions of the participant and comparison estitgl involved in the study, an overview of
the measurement instruments and data gatheringnites used in the quantitative
experiments, and an outline of the qualitative datiected. The reliability of the measurement

instruments is also addressed.

Selection of Participant and Comparison Studentdn the studies to investigate the first

two research questions, a total of 38 students ok 24 Year 5 students and 14 Year 7
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students. From this group of 38 students, 22 stsderre identified as students with LD.
These students became the participant students tfiey participated in th€uickSmart
intervention programs). The other 16 students weminated as not having LD and did not

participate in the intervention but were includedasting protocols as comparison students.

For the Year 5 students, participant selection gsed on teacher nomination, test results
as related by the teacher (informal class tests@mat state-wide testing) and results from part
of the pre-testing protocol, specifically the CAASSponse latency and accuracy data. Using
the results of these assessments and consultatiibn tke class teacher, the 12 lowest
performing, consistently attending students werecsed to participate in the intervention

programs and other, average-achieving students sedeeted to be comparison students.

Year 7 participants from the Catholic secondaryosthvere selected by the English and
Mathematics head teachers. The criteria they useskelecting the sample of students were: (i)
they were experiencing LD in either numeracy aréty; (ii) they had performed in the lowest
two bands on the state-wide Year 7 screening testd; (ii) they had a regular school
attendance patterryear 7 comparison students were nominated by thehtgs as average-
achieving students. Originally, 16 Year 7 studerising 12 participant students and 4
comparison students, were selected. However, twahef selected participant students
withdrew from the program in the first two weeleaving ten Year 7 participants.

Thus, 22 students, 11 boys and 11 girls, identiiedexperiencing LD were selected to
participate in either a reading intervention prograr a basic mathematics intervention
program. Of the 22 students selected to participatthe interventions, nine identified as
Indigenous. The students were nominated by theichers to participate in either the
QuickSmartReading or th&uickSmartMathematics program, then further allocated it t
pairs that would undertake the intervention lesgogsther. Five pairs of students participated
in the reading intervention program and six paisthe basic mathematics intervention

program. An overview of the configuration of thénoat is included as Appendix B.

In the study to investigate the third research goeswhich required participants only,
selection was based on student availability. Seemnbf the original 22 participants were still
enrolled in the same school as the previous yewt,veere available for re-testing, so these

students were selected to participate in the naamee phase testing.
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Participant selection for the student profiles dieadl in the exploration of the theme in
Chapter 6 was based on decisions about gainingnmafiion that would best help the
researcher address the research questions (Crgs2@@8B). Qualitative research studies
typically use smaller samples selected throughppsive sampling’ (Kemper, Stringfield &
Teddlie, 2003), in contrast to random sampling mémphes typically used in gquantitative
studies. This type of sampling is relevant when plét of the research is to explore the
thinking or behaviour of people in specific rol€Sopksey, 2007), in this case, the learning
behaviours of middle-school students experiencirig. |Accordingly, six students were
selected to be ‘profiled’ to explore the resealtudnte. Participant selection was based on the
intention to provide a representative, informats@mple of original participants, and on
membership of the group of seventeen participartsvhom maintenance data were available.
More details of how this selection was made areigsal in Chapter 6.

The Year 5 participant students received threetythiinute lessons per week for 22
weeks, across three school terms. The Year 7 jpamticstudents received three, thirty-minute
lessons per week for 18 weeks across two schowoistédn advice from the high school
Principal, the intervention with the Year 7 groupnomenced slightly later than that of the
Year 5 group, due to the recommendation that ther@a delay in commencing the Year 7
program. There were several valid reasons foratiisce including that the Year 7 group had
just commenced high school and needed time taesattd new school routines.

Once the researcher and the class teachers hadetedhihe participant selection process,
permission for the students to take part in theestigation needed to be obtained from their
parents. The researcher and the class teacheedirafpermission letter which was issued
under the school letterhead. Attached to the peaionisletter was information about the
research and intervention programs. Once parennipgion had been obtained and the
consultation processes between stakeholders hamh tplace, pre-intervention testing was
commenced. Detailed descriptions of the assessm&niments are provided in the following

section.

Instrumentation. Throughout each of the four phases of the reseaitéinges in key
variables needed to be carefully measured usimyagt and reliable measures. Details of the
measurement instruments used to investigate theamds questions are provided in this

section.
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Research questions 1 and 3, as well as some gjudstions related to the research theme,
all relied on data collected from the CAAS (CogretiAptitude Assessment Software). The
CAAS software package, which records response dgtand accuracy on a range of basic
academic skills in reading and mathematics, wagsl usemeasure automaticity in basic
academic skills in this study. The CAAS was devetbpy researcheist the Laboratory for
the Assessment and Training of Academic Skills (&) at the University of Massachusetts,

Ambherst (seéttp://www.umass.edu/latas/research.html

The CAAS is a battery of computer-presented tasith, record keeping capabilities, that
measures a range of basic academic skills inclugioigl reading at different levels, sentence
reading and basic mathematics (e.g., additionractxdn and multiplication tasks). Students
respond to the computer-based tasks by answeriagimicrophone attached to the computer

as soon as a stimulus appears on the computenscree

When a stimulus is presented on the computer scteenstudent responds into a
microphone. The system records the vocalisatioantat at this time, and then the scorer
pushes one of two mouse buttons to record the msgpas correct or incorrect. Thus the
examinee is given immediate feedback about theracgwf their response. Correct responses
are signaled by a high-pitched trilling sound andorrect responses are signaled by a low-
pitched tone. At the end of a test the CAAS sofevaomputes a mean and a standard
deviation for response latencies and automaticdéigns the data by eliminating impossibly
fast responses of under 200ms, and data for resp@nstandard deviations or more above the
mean performance. The software then re-calculatesracy and latency performance for the
test (Cisero, Royer, Marchant, & Jackson, 1997k $tudent's assessment results are then
automatically summarised and made available ineeithgraph or report form that is easily

interpretable by both students and teachers.

The CAAS reading assessment and the CAAS mathesmadgessment both have a range
of tests. A test contains 15-t0-20 items in mathe@saand 30-to-40 items in reading. These
items are randomly selected from a bank of betwid#hto 250 items stored for each test. In
this study, pre-test and post-test protocols reguiat least three CAAS tests to be
administered. CAAS assessments administered aritieof mosQuickSmartessons utilised
only one test related to the content of the leskmmexample word reading or simple addition

tests.

83



For the QuickSmartreading program, the participating students anchparison peers
completed the following CAAS tests: Elementary Weyears 2 to 4 in difficulty level, with
regular and irregular orthographic patterns), Meddlord (Years 5 to 8 in difficulty level, with
regular and irregular orthographic patterns), asdrdgence reading and understanding task that
assessed the application of semantic knowledgentesce processing, using a variation of the
‘cloze’ procedure. The three reading tests reflecange of component skills necessary for

fluent reading.

For theQuickSmartmathematics intervention the three tests of CAA&duin the research
for both the participating students and their consoa peers were addition (single plus single
digit and single plus double digit addition, presehas 4 + 8 or 4 + 23), subtraction (single and
double digit numerals less than 20, presented as 92and multiplication facts (to times 12).
These basic calculation tasks are foundationallsskibr learning in many strands of

mathematics.

Research question 2 investigated whether the et¢ion participants showed improved
performance on standardised tests. To this enddatdised tests were administered to
participants before and after the interventionwls important that the standardised tests
selected to use in this investigation were rigoyondependent of the instructional program,
and normed on Australian student population. Aftensultation with colleagues and an
investigation into published tests that might bitaglle, the Progressive Achievement Tests in
Reading: Comprehension (PAT-R Comprehension) (ACEBQla) and the Progressive
Achievement Tests in Mathematics (PAT Maths ReVid&dCER, 1998) were selected as
appropriate instruments. Appropriate levels of ¢héssts were administered to participant

students before and after @aickSmarintervention.

The PAT-R Comprehension (ACER, 2001a) was desigied@ssist teachers in their
assessment of students’ reading comprehensiors.skilcontains multiple choice questions
intended to measure literal and inferential comension of prose material. It requires up to 40
minutes of testing time plus time for administratioTables of norms for PAT-R
Comprehension are included in the PAT-R Teacheen\hdl (ACER, 2001b) and they convert

raw scores on the tests to scale scores (on the& §male), percentile rank and stanine.

84



The Progressive Achievement Tests in Mathematiéd fPaths Revised) (ACER, 1997a)
are used in Australian schools to provide a broatmate of students’ mathematical
achievement. In the research reported here Yearticipant students sat Test 1 and Year 7
participant students sat Test 2 (test 2A at theénp@ng of the intervention and 2B at the end of
the intervention). The tests were administered gnaaup setting. The tests are timed tests and
require 45 minutes of testing time plus time fomaastration. All the test items are in
multiple-choice formats with each test includingniis from the topics of Number, Space,
Measurement, Chance and Data.

Tables of norms for the mathematics test are idud the PATMaths Revised Norming
Manual (ACER, 1998) which can be used to convertseores on the tests to either percentile
rank scores or stanine scores, in order to comgtaents’ attainment to the performance of
national reference groups of students. The PATM&hksised Teachers’ Manual (1997b)
provides a PATMaths Scale scores, used to relatatthinment of students and the difficulty

of items to a single scale of achievement.

For the investigation of the theme, CAAS data oé¢hreading or mathematics tests were
supplemented by personal and demographic informatielevant educational and personal

history, field notes and transcription of studegponses to the exit surveys.

Indicators of Reliability of Measurement. In this section the reliability of the assessment
measures used is evaluated. Reliability of measememefers to the consistency with which a
test or instrument produces results. It is a cémoacept in measurement that focuses on
consistency over time and consistency within thstrument (Punch, 1998; Sprinthall,
Schmutte, & Sirois, 1991). Reliability can be caesed “a special instance of correlation”
(Crowl, 1993, p. 292) whereby performance or adesnt on a particular measure in one
instance should be highly correlated with thatiagd in a repeated administration of the

measure, at a later time, in order to prove stglwli the instrument over time.

Another quality that measurement instruments shdeltionstrate is internal consistency,
which requires the items within the test to be esieat with each other. In determining
reliability over time or consistency within the tea correlation co-efficient is calculated and
reported, where +1.00 indicates a perfect positwgelation and -1.00 indicates a perfect

negative correlation. The closer the reliabilityefticient is to +1.00 the more reliable the test
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(Punch, 1998; Sprinthall, Schmutte, & Sirois, 19%9ademic achievement tests and aptitude
tests with reliability co-efficients of +.80 andghier, represent a level of consistency of

measurement that is realistic in terms of predictuture behaviour (Crowl, 1993).

The study undertaken to investigate questions 13amelied on the CAAS to measure
automaticity with basic academic skills, concepteal as response latency and accuracy on a
range of basic reading and basic mathematics ta$lkessoftware manufacturers report that, in
their evaluations, the tasks that comprise the CAsSSessments were found to be highly
reliable. For example, they report reliability inds of the response time measures ranging
from .88 to .97 and overall CAAS task reliabilitibsit exceeded .80 (Cisero, Royer, Marchant,
& Jackson, 1997; Royer & Sinatra, 1994). Data gatthdy the CAAS can also claim a high
level of reliability because of the system’s abilib precisely measure and record speed and
accuracy and because the measurement records danaltéred in any way. Further, the long
term nature of the intervention means that respwasations — such as unusually good or poor
performance on CAAS, do not significantly affece thverall outcome of the research (Cisero,
Royer, Marchant, & Jackson, 1997; Royer & Sindl@94).

Learning effects from repeated testing on CAAS migimal. Each task in the system
consists of multiple items that are randomly (withaeplacement) sampled on a given
administration. For example, the elementary wogk teontains about 250 items, only 40 of
which are sampled on a given occasion. This mehat dvery test a student receives is

different, thereby minimising learning effects asated with repeated testing.

The study undertaken to investigate research aquesf relied on the PAT-R
Comprehension (ACER, 200la) and the PATMaths RdvigeCER, 1997a) and the as
measurement instruments. These tests were useckdsune participating students’ reading
comprehension skills and vocabulary knowledge ortigpating students’ mathematical
achievement, before and after the interventioninsgAustralian standardised grade norms.

With regard to internal consistency of the PAT gethat is, the extent to which the items
are consistent with each other (Punch, 1998),whis measured by the test authors using split
half reliability co-efficients. In this method thest is split into two halves, each of which is
scored separately and the scores are then coddtatiedicate the reliability of the complete

test. A high and positive correlation indicatesréhiss a strong relationship between the two
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halves of the test, and therefore that the tesiriasal consistency (Sprinthall, Schmutte, &
Sirios, 1991).

The PAT-R Teacher's Manual (ACER, 2001b) reportst $malf reliability and validity
coefficients in excess of .80. The PATMaths Reviskming Manual (ACER, 1998) also
reports split half reliability and validity coeffents above .80. These statistics are a positive
indicator of the internal consistency of the PA3tseand support the researcher’s view that the
measures used for question 2 are a genuine measthianges in student attainment levels.

The reliability of the qualitative data, field netand exit interviews, used as part of the
investigation into the theme, is more difficultdstablish. Although it is harder to reduce error
variance in social and behavioural research thajuantitative measurement, error variance is
present whenever measurement is used (Punch, 189&)alitative methodologies reliability
can include fidelity to real life, context and sition specificity, authenticity and honesty
(Cohen, Manion, & Morrison, 2007). In other wordgjalitative research reliability can be
regarded as a ‘fit’ between the data recorded anal \@ctually occurs in the natural setting.
Video documentation of the exit interviews and tagumonitoring of filed notes by the
research supervisor contribute to the integritythed qualitative data utilised in the theme

investigation.

In review, the research proposed utilised 38 stisgje2? of whom were nominated as
experiencing LD who participated in the interventiprograms. The remaining 16 students
were included as comparison students. Selectigpadicipant students for the maintenance
testing was based on student availability, with trafsthe original participant group being
available. Selection of participant students tghafiled in the theme investigation was based
on relevance of the information yielded, as wellpasformance at pre-tests in an attempt to

ensure a fair and reasonable coverage of partigpan

Arguments have been presented above to supporesearcher’'s conviction that both of
the key instruments of measurement used to inastitpe research questions, and sources of
information for the theme, were reliable and corapemeasures of the properties they purport
to measure. The use of exit interviews and fielteado support the student learning profiles

presented in the theme do have some constraingdiaiility but, as outlined above, steps were
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taken to reduce the likelihood that these condsamwould impact on the reliability of the

information included in the theme investigation.

Evaluation of the Design

The purpose of evaluating the research design ensure that the interpretation of the
results, specifically, the interpretation of thespible effects of the independent variable, is
perceived as reliable, appropriate and informafles evaluation of the research is considered

here using two criteria: control of extraneous ables and experimental validity.

Control of Extraneous Variables.Researchers need to be aware that variables, théer
the dependent variable can potentially influeneeitldependent variable and that this can limit
the ability to generalize the results beyond thefioes of the study (Jonhson & Christensen,
2004). Planning considerations for the control ofeptially confounding variables in the

research presented here are outlined below.

Research question 1 had the independent variablpaggipation in an appropriate
intervention and the dependent variable as impraugtmaticity in basic academic skills.
Therefore, factors that could have impacted on gbésnn participants’ automaticity in basic
academic skills needed to be identified and, ifsgas, controlled. The use of the researcher as
the main tutor in delivering all the lessons of @eickSmartintervention programs ensured
that all students had the same kind of instructiomaut and that participant responsiveness to

the tutor remained constant throughout the research

Further, close communication with the studentstheas meant that the researcher was
kept informed of any potential confounding factogkated to the students such as participation
in additional tutoring or remedial programs. To thest of the knowledge of the researcher,
none of the participants received extra tutoringignificant additional assistance with literacy
or numeracy programs during the intervention. Aeotbxtraneous variable that was held
constant was regular student attendance, as studaiht poor attendance patterns were not

selected to participate in the intervention.

In research question 2, the independent variabls mgproved automaticity of basic
academic skills and the dependent variable wa®pesance on standardised tests. Potentially

confounding variables in this study were substégtieontrolled by the use of age-normed,
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standardised tests which included a scripted seguiem administering the test. This sequence
was described in the test manuals and rigidly ahdéo for both the pre- and post-test
procedures. Further, communication with the classhers revealed that the students were not
familiar with the tests administered, they did hatve coaching at school about test-taking
strategies and they had not participated in adtiticsupplementary programs aimed at
developing students’ higher-order skills such asmme@hension or mathematics problem

solving.

Several measures to control for extraneous vasabi¢hin the third research question
were identified. For this research question theeddpnt variable, maintained automaticity in
basic academic skills one year after the intereentconcluded, could potentially be
compromised by other factors, especially partiegrain another educational intervention in
the interim period. At the time maintenance dataewsmllected it was established that none of
the participating students had since been involwgti programs, in school or outside of
school, which focused on the development of basaclemic skills. To ensure consistency the
same instrument, CAAS, and the same tests were tosedeasure automaticity in basic
academic skills at post-test and maintenance kesther, the tests were administered by the

same researcher.

Experimental Validity. Validity cannot be assessed directly but rathedeipends on
subjective judgments and objective evidence (Single& Straits, 1988). The validity of a
guantitative study is assessed on two main inddrésrnal validity refers specifically to the
research design of the study and whether it is@reflection of what it purports to study. The
second index of validity is external validity whieixamines how far the study’s findings can
be generalised or transferred to other settingsh€8oManion, & Morrison, 2007; Punch,
1998). Typically, quasi-experiments are limitedheir internal validity but offer the potential
for high external validity (Sprinthall, Schmutte, Sirois, 1991). This inherent threat to the
validity of the results of the research questiongstigated here is countered, at least to some
extent, by the inclusion of a qualitative investiga, as presented in Chapter 6. In the
following section the internal and external valddf each of the research questions and the

theme are considered.

An experiment is said to have strong internal vgliddhen one can make strong inferences

about cause and effect, inferring confidently thla¢ independent variable, rather than
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extraneous variables, have caused the measured. 8ffgeats to internal validity represent “a
distinctive class of extraneous variables” (Sinmghet& Straits, 1988, p. 188). Quasi-
experimental research design is acknowledged amnpally subject to less internal validity
than true experiment designs (Crowl, 1993; Pun®B8L The most commonly cited threats to

the internal validity of quasi-experimental reséaace history, maturation and attrition.

The threat of history to internal validity centr@s events or changes that may happen in
the duration of the intervention which could impantthe dependent variable. The quantitative
research reported in this study could have beeradtep upon by events such as a student
being provided with prescription glasses which l&adn improvement in reading attainment.
Throughout the intervention the researcher was fuairtd note such events, should they occur,
and also monitored such possibilities in the regaammunication with the teacher, parents
and participant. The researcher was satisfied nbabvert or significant events that could
impact on the dependent variable in any of the tjadive studies occurred during the

intervention.

The threat of maturation to the internal validitly @ study refers to physical or mental
changes that may occur within individuals over titdehnson & Christensen, 2004). Such
changes are a particular threat when the interwerttccurs over a longer period of time. With
regard to the experiment relevant to question Intkasurements taken from the comparison
group were a substantial control for this variallbese measurements provide information
about the changes in automaticity rates for a gawfugame-age peers who do not experience
learning difficulties, over the same length of tiae the changes measured for the participant
group, enabling a comparison of growth rates. Bsdbn maturation effects were removed,

because the same amount of time passed for batipgro

Testing effects are another potential threat terimdl validity. This refers to the effects of
having taken a pre-test on an individual’s latefgrenance on a post-test (Sprintall, Schmutte,
& Sirios, 1991). As mentioned in the previous sattitesting effects in the CAAS data were
minimised because the approximately twenty teststef each test are randomly selected from
a large bank of test items, such that each occaditasting on CAAS is comprised of different
test items (i.e., different words or sums each tntest is undertaken).
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Another threat to internal validity is experimentalortality, which may occur when
subjects leave the experiment when it is still iagpess. In this research that did occur in the
first few weeks of intervention when two Year 7dsnts in theQuickSmartreading program
did withdraw.

Statistical regression, a phenomenon whereby extsares on a test tend to be closer to
the average on a re-test, also needs to be coedider a threat to internal validity (Isaac &
Michael, 1980). This was controlled for in the gastages of the research when a number of
considerations were used to select participantsdimg testing on two instruments (CAAS &
PAT tests), information from the school about past performance, and considerable input
from the teacher regarding which students wereistargly low-performing. Although these
considerations cannot be guaranteed to canceffiwiseof statistical regression, using several
criteria for inclusion in the treatment group geesne way towards ameliorating the possibility
of statistical regression impacting on the depengariables (Sprinthall, Schmutte, & Sirios,
1991).

One threat to internal and external validity thaaymmot have been comprehensively
controlled for, in this study, is referred to ase'tHawthorn effect’, whereby participants may
respond positively to the intervention because afitpve, affective factors from the extra
attention they receive by participating in the expent. Such effects raise questions with
regard to whether they impact on the final meastithe dependent variable, and also on the
generalisability of the findings from the experirtadrsetting to the natural setting (Singleton &
Straits, 1988). With regard to the threat to in&knalidity, the use of a control group is the
simplest way to avoid the Hawthorne effect. As prasly explained, this was not a viable
option for this experiment, so in regard to thisnpdhe research results reported here do need

to be interpreted with some caution.

However, some factors do ameliorate the potentiglaict of the Hawthorne effect in the
studies reported here. Firstly, it is quite plalesiinat the long-term nature of the intervention
reduces the positive impact of participants’ exogat about being involved in the experiment.
Participation in the intervention for 18-22 weeksant that participants had to make
considerable effort with their learning over a lopgriod and, characteristically, for young
students the excitement of being involved in soimegthkifferent would have ‘worn off’ rather

quickly as the lessons became a part of their weekitine.
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Secondly, as Fawcett (2002) indicated, in coungetire impact of the Hawthorn effect,
evidence of the improvement in skill should be vapgcific to the skill in question, rather than
just a generalised improvement. The CAAS is a vgpgcific instrument for measuring
response time and accuracy and as such has guedithty than other alternatives such as
reading fluency measures or number of correct resg® in a timed mathematics test. In
practical terms it is unlikely that a middle-scHasilident with persistent LD would be able to
improve on precise measures of response latencg@naacy just because of the ‘warm glow’
of being involved in an intervention. The PAT teats generalised measures so the reviewers
of the research need to make judgments about thgnitnde of improvements reported
compared to magnitude of improvements that couddigbly be attributed to the Hawthorn
Effect.

The internal validity of qualitative research canjbdged on the following four categories:
descriptive validity (the rigor of descriptions akettings and events of the research);
interpretative validity (the validity of statementsade or perspectives of the participants);
explanatory (or theoretical) validity and genebity (Maxwell & Loomis, 2003). The
detailed information provided in this report abdlik research planning, setting, theoretical
context, participant selection and tkickSmartintervention programs (in the following
chapter), as well as the participant student gsfibll potentially support the internal validity
of the qualitative research reported. A note ofticawis justified with regard to inferring the
findings from the learner profiles presented in @ba6, as the participant selection was not
random and the number of profiles presented islsWabther factor to note is with regard to
the interpretative validity of the exit surveys wiicould have been subject to influence from a
range of factors (e.g., desire to please the relsegror a hurried response).

External validity is the extent to which the finds of the research questions can be
generalised to and across persons, populationsedtidgs, and it relies on ‘thick descriptions’
of the participants and the context (Punch, 1998)promote external validity the research
design has incorporated quite detailed descriptiohshe planned research processes, as
provided in this chapter, and a comprehensive geguor of the research implementation, in

the following chapter.

Ecological validity is a facet of external validityhich refers to the extent to which

findings can be generalised to other settings,fanthany researchers in education this is one
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of the key rationales of their approach (Cohen, lan& Morrison, 2007)as is the case in
this research. A stated aim of the research reghdréee is to provide useful information, for
researchers and teachers, to support achievememipobved learning outcomes for middle-
school students experiencing LD in regular schaw elassrooms. To do this, the methods,
materials and setting need to approximate the algtic setting, the ‘real life’ situation under
investigation. Accordingly, the research reportedehis set in regular, contemporary school
settings, uses sound, replicable, educational appes, curriculum relevant materials and
readily made or accessed resources. The particitadents include boys and girls, non-
Indigenous and Indigenous students, from primampaskcand high school settings, all of which
suggest that the study has features which promaézral validity The ecological validity of
the study, in relation to middle-school studentpeziencing LD, is enhanced by the inclusion
of the student profiles presented in Chapter 6&hag consist of detailed descriptions of the

individual students and their learning behaviourstaracteristics.

In review, the design of the study has been evatbasing two key criteria — control of
extraneous variables and experimental validity.s€l@ommunication with the participant
students’ class teacher, parents, and the studbetaselves, assisted the researcher in
identifying any unrelated effects that could poiht impact on results. Threats to validity
were identified prior to the research implementatamd this meant that effects, such as the
Hawthorn effect, were anticipated and controlled, fas far as feasible. For intervention
research in education, ecological validity, relatito a contemporary school setting is an
important underlying principle and, in this studyg, was promoted by the research
implementation being based in a regular schooh@athan a clinic), and by using careful
selection procedures to identify the participandshts as authentic students who experience
LD.

While it must be acknowledged that extraneous faegacannot be completely controlled
for, and threats to the validity of the studiesra@rbe entirely eliminated, considerable effort
was expended in the design and implementationeosthdy, to support the assertion that this
research was sound, rigourous and well-justifidds Ts vitally important, as the population on
which the study is based, middle-school studenpe®rancing persistent LD, are particularly at
risk of school failure and they deserve and requntervention support and teaching and

learning strategies based on thorough, accuraespgarently reported research. This aim is
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further advanced in the following section which ailst the pre-determined approaches for

analysing the data collected during the study.

Data Analysis Plan

In keeping with the mixed methods design, whichdedhat quantitative and qualitative
data are compatible, multiple data sources weltsediin this research, requiring a range of
data analysis approaches. In the following sedtiendata analyses plans for the three research
guestions and the research theme are detailed.

Research QuestionsResearch question 1 investigates whether the it students
demonstrated improved automaticity of basic acadeskills after participating in the
QuickSmarintervention programs. The question also callgééerence to data of automaticity
rates for comparison students. The instrument tseaeasure this variable was CAAS, which
reports each participant’s automaticity performaoce range of basic skills tests, as response
latency in milliseconds and accuracy as a percentAgtomaticity was measured before the
intervention (pre) and after the intervention (pdst the participants, and the comparison

group of non-LD peers.

A between-within subjects Analysis of Variance (AWA) design was used for analysis
(Tabachnik & Fidell, 2007). Specifically, a two-wdyepeated Measures ANOVA (RM-
ANOVA) was applied to test differences between rseainthree sets of pre and post CAAS
tests. The PASW-18 statistical software package wsasl for these analyses. Differences in
response latency and accuracy, within and betweenpg (participant and comparison),
before and after the intervention, are analysesgushe PASW-18 general linear model

protocol for repeated measures.

The within-subjects repeated measures design i©ppate because the means tested are
derived from the same subjects measured on differerasions (Tabachnik & Fidell, 2007).
Repeated measures designs are frequently employeehavioural research designs featuring
a time-based pre-test-post-test (Cooksey, 2007¢. durpose of RM-ANOVA is to test the
equality of means for any significant differencas @ single dependent variable (response
latency, then, in a separate analysis, accuraaygruseveral conditions (three different CAAS
tests), at two different times (pre-interventiondgoost-intervention). This design permits

explicit control for individual differences and articularly relevant where large individual
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differences on the dependent measure are experddt (Cooksey, 2007), as predicted for

participant and comparison students across va@@#\sS tests.

Although using ANOVA for these data contravened soaf the assumptions of the
statistical procedure (as detailed in ChapterH®,resulting analysis was used only to confirm
or reject the degree of significance, rather thaggest changes due to tiguickSmart
program. Further, it is important to be mindfultttize data utilised are constrained — response
latency is constrained by zero speed which repteska floor, and accuracy data, particularly
at the end of an effective intervention, approadtesceiling of 100%. According to Paris
(2005), parametric tests may not be appropriatentdyse constrained data. However, given
that it is a standard procedure, the decision aasrt to conduct parametric tests but to ensure
the data were transformed to approximate normétiloligion.

Research Question 2 required data regarding whétlee22 students who participated in
the QuickSmarintervention, with its focus on improving autoneéiy in basic academic skills,
also demonstrated improved performance on stars#atdests, which measure performance of
more generalised reading or mathematics knowleslgks and understandings. The available
data for this research question were limited totigpant students’ standardised test

performance at pre- and post-intervention.

Analysis of the resulting scale scores was underntakising paired samplestests.
Although these significance tests help clarify theure of group differences, they do not
assess how much of a relationship there is betteeimdependent variable and the dependent
variable (Tabachnik & Fidell, 2007). For this reasceeffect size calculations, which do
guantify the relationship between the two varialflese, 2002), were also reported. The type
of effect size used is Cohents which calculates the difference of two populatimeans,

divided by the pooled standard deviation.

Research Question 3 investigates whether partitspan the QuickSmartintervention
programs maintain the post-intervention gains mad@utomaticity approximately twelve
months later. Maintenance CAAS data were collechesn seven of the ten original
QuickSmartReading participants and ten of the twelve origiQaickSmartMathematics
participants. Post-intervention and follow-up measswell as tests of significance, were used

to analyse the data.
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Additional descriptive data are also included ie thport, or as appendices, for each of the
research questions. This information often includdsrence to individual student data (raw
data), as it provides an additional contextlarify the results reported, and is relevanth®e
individual student profiles presented to addresghieme.

Research Theme.The research theme aims to explore selected pmtitistudent’s
growth and development in learning throughout thervention. Data used to explore the
theme included pre- and post-test CAAS measuresstarttiardised test results, as well as
progressive CAAS test measures administered thomigkhe intervention, demographic
information about the students, observations artterojottings made by the researcher

throughout the intervention, and exit surveys.

The findings are presented as six learner profd@sh comprised of three parts: a prose
description of the participant, graphs to show tgy@ent of automaticity using the CAAS
tests undertaken throughout the intervention prograand student responses to the exit
survey. The findings from the theme are then caed together in an analysis based on the
three theme questions. Findings from the theme algib be further reviewed in conjunction

with results of the quantitative investigationsthie discussion of in the results in Chapter 7.

In review, the plan for the data anaylsis was dmed to reflect the intentions of the
research questions and the theme, in an attempitotode results that are valid, practically
informative and readily open to replication. Degtivie and parametric analyses are used in the
research questions, and the research theme issaddraising descriptive data and prose
reports.

Summary

This chapter has described the experimental desighe research and addressed issues
relevant to its reliability and validity. The resela was designed as a quasi-experiment within
a pragmatic, mixed-methods framework. The theamktiontext of the research encompasses
aspects of information-processing framework aseittes to effective learning of basic
academic skills. On a practical level, the contekthe research was to investigate LD in
reading or mathematics as experienced by middleedchtudents enrolled in regular school

settings. The research reported is based aroume ti@search questions investigated using
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guantitative data and a research theme presenteguagative, in-depth profiles of six

participants.

The comprehensive descriptions of the context ef résearch, the participant selection
process and the instrumentation were provided tablenevaluation of the research and
facilitate replication. The description of the ras#h design indicated that careful consideration
was given to support control of extraneous varmlitethe design phase and throughout the
research implementation. A key strategy for beiwgra of potential extraneous variables was

close communication with the participant studemnis their teachers.

In terms of the validity of the research, the efeaf maturation, history, testing effects and
statistical regression have, to the extent feasibé=n moderated by various facets of the
research design. Whilst the ‘Hawthorn Effect’ haib acknowledged as having potential to
impact on validity, the length of the interventiand the specificity of the changes measured to
some extent ameliorate the potential impact of &xganeous variable. Threats to external
validity were largely contained by the provisiondgtailed descriptions of the context and the
content of the investigation. These descriptiomsamplimented by the provision of detailed
information about the intervention provided in ti@lowing chapter. Maintaining the
ecological validity of the research was a high piyoas the findings were intended to inform
teaching and learning practice in regular schotilirggs for students experiencing persistent

LD and their teachers.

Quantitative data from two assessment instrumerse wollected before and after the
intervention. Participant students’ automaticityswaeasured using CAAS tests at pre- and
post-test and twelve months later, and their perémrce on standardised tests of reading or
mathematics was also measured before and aftentgr@ention. Comparison students, who
did not participate in the intervention, were tdsfer automaticity rates twice, firstly at the
time the intervention began and again after therwaintion concluded. Thus, data were
available for automaticity rates of participant anparison students, and for performance on
standardised tests for participant students onlgtaDwere also collected to inform the
exploration of the theme, with the aim of providirauthentic, individual, ‘up-close’
descriptions of students experiencing LD and thegress throughout the intervention.
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The overall strength of the research design isgdeed to rest on its authentic connection
to the conclusions from the literature review,ldsation within an appropriate theoretical and
research framework, the established reliabilitythef measurement instruments used, and the
substantial amount of information supplied, herel am the following chapter, to enable
replication. Further, the research design potdptialicceeds in the quest to balance the
requirements of a rigorous research structure Wit sometimes competing demands of
implementing a relevant, motivating and educatignabund intervention in a real school
setting. The information pertaining to how this washieved is described in the following

chapter which details implementation of tQeickSmarintervention.
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Chapter 4

The Quicksmart Intervention

The intervention program used to develop partidigndents’ facility in basic academic
skills was an important element in the design & study. TheQuickSmarintervention brings
together research conducted at the Laboratoryh®rAissessment and Training of Academic
Skills (LATAS) at the University of Massachusetésq., Royer & Tronsky,1998) and related
work from the National Centre for Science, ICT, afldthematics Education for Rural and
Regional Australia (SIMERR) at the University of WeEngland (UNE) in Armidale,
Australia. Researchers from LATAS developed procedures foaioing reliable assessments
of pupil performance using CAAS, and researchessnflUNE developed th€uickSmart
intervention programs, situating CAAS within a cemporary, curriculum-relevant teaching
approach that incorporates a focus on systematdteuiction with the consistent monitoring of

participant student performance.

This chapter provides a description of tBeickSmartintervention procedures, integral to
the design of this research. This detailed desoripof the QuickSmartreading and the
QuickSmartmathematics interventions includes materials,rilcsional approach and lesson
outlines. General procedures are described, and ghecedures for th@QuickSmartreading

intervention and th@uickSmarimathematics intervention are presented in turn.

General Procedures

The research implementation consisted of four ghabkese were an initial assessment,
implementation of th&uickSmartintervention, the final assessment phase and d¢teeyed
maintenance data collection. The implementatiorsphs described in this section. It is timely
to again note that the efficacy of tiickSmartintervention itself was not the subject of the
research reported here, rather the interventionusad as an instrument to explore whether the
automaticity in basic academic skills of studenithw.D could be improved, and if this
improved automaticity facilitated improved performea on standardised tests. Nonetheless, as
it is a key element in the research, a detailedrga®n of theQuickSmartintervention is

appropriate.
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QuickSmartis a theory-based instructional intervention desdyto improve students’
information retrieval times to levels that free Wiog-memory capacity from an excessive
focus on routine tasks. The intervention was depeoin response to the proposition that, in
general, poor readers take more time to decodesyartti have more difficulty constructing
meaning from text because their cognitive resoyrspscifically working-memory capacity,
are allocated almost entirely to low-level compdsent the reading process (e.g., Fodor, 1983;
Perfetti, 1985, 1992; Royer & Sinatra, 1994; Stecig 1986, 1990). Similarly, students with
difficulties in mathematics tend to use time-conswgninefficient, or error-prone strategies to
solve simple calculations. Conversely, minimal usfe cognitive capacity for low-level
arithmetic operations means that the cognitiveusss can be devoted to high-level problem-

solving activities (Geary, 1994).

For the Year 5 participants, tiiickSmartintervention programs were designed to consist
of three, thirty-minute lessons per week for 22 kgeecross three school terms. The Year 7
participant students received a maximum of thi@etytminute lessons per week for 18 weeks
across two school terms. Participant students welected for either th@uickSmartreading
program or th&®uickSmartmathematics program. All students participatinghie intervention
were withdrawn from their classes, in pairs, foethhalf-houQuickSmariessons each week,
with the same instructor. This researcher/instruatas regularly supported and observed by
the research supervisor. Where possible the pairofgstudents matched individuals with

similar levels of attainment in either reading astc mathematics.

The intervention programs focused on using pradiicelevelop knowledge and fluent
skills in the core components of reading or basathmmatics. The practice activities were
brief, varied and required performance in writterd aral modes, with some recording of
results. Over the course of the intervention stigl@rere engaged in focused practice for an

estimated 20 hours.

Assessment and instruction formed a continuousecytlthe QuickSmartintervention
approach. Teacher observations and informationegairom questioning students about their
strategy use were used as the basis for instratidecision-making and individualisation.
Assessment information was also derived from manghe activities in the lessons such as
flashcards, repeated reading and speed sheets.lédssns concluded with an assessment on

one sub-test of the CAAS, to provide the studemtd #he instructor with formative
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information about accuracy and speed of recall adid academic facts. Students aimed to
increase their accuracy and decrease response disnasmeans of demonstrating increasing

automaticity.

This close link between assessment and instruamabled an important feature of the
QuickSmarfprogram — participant students experiencing swcresvery lesson. This required
careful matching of instructional activities withet students’ levels of attainment. Repeated
practice on the same content (in a range of aet®s)iprovided the participant students with the

opportunity for repetition of familiar content, rtkl in order to achieve mastery and success.

Another general feature of the program was thathmoicthe assessment information
obtained during QuickSmart lessons was both accessible and understandabléheto
participating students. Assessment information iobth from the CAAS was plotted onto
individual graphs in order to provide students watimotivating visual representation of their
progress. Students were able to monitor and ealthstir own learning through recording
information, such as how many flashcards they eeadirately or how many correct questions

per minute they answered.

An important aspect in the implementation of @eickSmartintervention programs was
that the instructor was actively involved in thedens by participating in the games, modelling
strategies, performing ‘think-alouds’, selectinggki® at an appropriate level and readily
prompting students, so they achieve success. Feledibam the teacher/researcher was

directed toward a specific learning behaviour, @athan general, non-specific feedback.

As the intervention program began, each studerived a work folder. The students were
encouraged to personalise their folder in whateway they wished, for example with
drawings and stickers. The folder, divided intoteers, contained information about the
QuickSmarprogram that was relevant to the student. Thikided a timetable of lessons, lists
of focus words or number facts, reading passagesatihematics worksheets, a ‘Help’ section
for strategy cue cards, and an assessment andirggagdction in which speed and accuracy
rates, as well as flashcard scores and other r#l@ssessment data, were recorded. Students
left these folders in the instructional settingthat they did not need to bring anything to
QuickSmartlessons. A variety of pens, pencils, highlightemed writing materials were

provided for students.
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Sets of flashcards were used for regular practitwiges. Each different group of focus
facts or focus words required at least sixty ofliieards. In mathematics lessons, students also
used speed sheets prepared to practice the foctss fes well, students completed carefully

selected, relevant worksheets photocopied from regiplyfree teacher resource publications.

For the reading lessons, two or three passagesnoiected text, containing most or all of
the focus words, were used for each unit of wokkn8& of these passages were specifically
written to incorporate all the words from the wdrst. At other times focus words were
selected from appropriate reading passages abqadrtecular topic. Also, in the reading
lessons, appealing fiction and non-fiction booksenavailable to the students. Simple games
were also used as an activity in the lessons. k®rtathematics lessons, focus facts were
presented as sets of related number facts requiboilp addition and subtraction or

multiplication and division. Students progressewtigh sets of facts of increasing difficulty.

The intervention lessons in both reading and maétiesfollowed a structured sequence
based around a ‘focus set’ of number facts or wordaching and learning strategies included
explicit strategy instruction, modelling, discussiguestioning, and guided and independent
practice. A mnemonid?ATH, was used to guide instruction during the intetioen PATH
encapsulates theQuickSmart programs’ instructional focus orPractice, Attention to
understandingTime, andHow to (strategies). The way that this mnemonic ingsdemented
into the teaching and learning procedures of thennention lessons is illustrated in the

following section.

Quicksmart Reading Intervention Procedures

The QuickSmartreading program focused on improving studentsbmuaticity of word
recognition and fluency in reading connected tekistruction was organised into units of
work taking approximately three-to-four weeks (%212 lessons). Each unit was centered on
a set of approximately thirty focus words. The sdta/ords increased in difficulty, beginning
with a set of high usage three and four letter wosidd progressing to more complex and

demanding sets.

The sets of focus words were either high frequetmyimon words, words linked to a

curriculum learning area (e.g., English or Humarci&y and Its Environment), or key
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vocabulary related to a theme of interest to thelestts (e.g., natural disasters). The focus

words were incorporated in passages of connecieddkevant to the topic. These were used

in the repeated reading activities. Figure 4.1inedl the procedures @uickSmartreading

lessons.

QUICKSMART READING LESSON PROCEDURES

1 Knowledge and Understanding Check5 minutes)
*Review focus words
*Students show developing understandings of thaedaeords

2. Games(5 minutes).

3. Flashcards(5 minutes)
*How many flashcards can be read in 1 Minute?
*Can students ‘beat their own record’?
*Record results

4. Repeated Reading - Passagfs minutes)
*Repeated reading practice activities

5. Independent reading (5 minutes).
*Independent reading of student selected, ap@ateplevel texts
*Students can choose to time themselves usingiegg-br stop-watch

6. Assessment (5 minutes).
*One sub-test of the CAAS
*Student and tutor view CAAS results (table &/oapgh)
*Discuss results and set some goals for next time

NOTE: Last two activities can occur simultaneously.

*Games including Word MemorguickSmarBingo & Three in a Row

*Record number of correct words per minute or antafitext read, & accurag

Figure 4.1Procedures iQuickSmartreading lessons.

y

Incidental strategy instruction was a feature osh@uickSmarteading lessons. Decoding

strategies modeled included breaking words intmklywith particular attention to onset and

rime where appropriate), sounding out phonemespgrasing orthographic patterns,

particularly prefixes and suffixes, and combiniegtér sounds with what makes sense in the

context.

Although the focus of th@uickSmartreading intervention was word reading and reading

fluency, occasionally throughout the teaching phafséhe intervention a lesson followed a



different format which focused on comprehensiorecsfically teaching about and practice
using the 3H comprehension question-answeringegtyaiGraham & Wong, 1993), which also
incorporates elements of reciprocal teaching. Anlire of this strategy is provided in
Appendix C. The 3H strategy focuses on developiegarcognitive skills for comprehension,
couched in the simple language of a mnemonic-tyategy. Each pair duickSmartreading
students participated in four or five such lessdusng the eighteen or twenty weeks of the
intervention. Throughout the intervention, worddieg and reading fluency were the focus of
the QuickSmartessons but as these components of reading ihteraapport comprehension,
it was thought important to acknowledge the impm&aof reading for meaning during the

intervention.

Quicksmart Mathematics Intervention Procedures

QuickSmartmathematics lessons aimed to improve studentsénstehding and speedy
recall of basic mathematics (addition, subtractionultiplication and division facts).
Instruction in theQuickSmartmathematics program was also delivered in unitsvarfk of
three or four weeks’ duration. In mathematics laessthe focus was on a specific set of
mathematics facts. The focus facts were sets afnar@®0 related number facts ranging in

difficulty from combinations of numbers that eqd8l to the 12 times tables.

The focus facts for each unit also contained, i flashcards and speed-sheets, some
related facts such as 3 + 7 = 10, 30 + 70 = 1002ardl2 = 24, % x 24 = 12, to facilitate
students’ observations and understandings abouatticeships and reciprocity between
numbers in the basic operations. The actual ugiiesece for each student pair was matched to
their individual learning needs. Most of the studerbegan with an easy set of
addition/subtraction facts. The same focus factsvees used in the lessons’ games and

activities and practiced using flashcards.

In the intervention lessons, incidental strateggtrurction was delivered, focusing on
mental computation strategies. The aim was to nstudents on from relying on slow and
error prone strategies, especially count-by-onatesjies, to using more sophisticated and
efficient strategies, which foster automatic recdlhe main strategies emphasised were
counting on (or back) from the largest number, tiegathe sum to a known sum, skip
counting, rounding up or down to enable addingultrsicting tens, and using knowledge of

doubles.
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QUICKSMART MATHEMATICS LESSON PROCEDURES

1 Knowledge and Understanding Check5 minutes)
*Preview focus number facts
* Discussion to develop students’ understandintheffocus facts

2. Games(5 minutes).
*Games including Three in a Row, Totally Dicey, NemFact Memory

3. Flashcards(5 minutes)
*How many flashcards can be calculated in 1 Minute?
*Can students ‘beat their own record’?
*Record results

4. Speed Sheet® minutes)
*Timed practice of focus facts ‘sums’ with writteesponses
*Revise responses, include some error analysis
*Record time and accuracy

5. Independent Practice (5 minutes).
*Independent practice on relevant, appropriatelle/orksheets
*Students can time themselves using egg-timerap-gtatch

6. Assessment (5 minutes).
*One sub-test of the CAAS
*Student and tutor view CAAS results (table &/oagh)
*Discuss results and set some goals for next time

NOTE: Last two activities can occur simultaneously
Figure 4.2Procedures iQuickSmarimathematics lessons.

In review, the procedures used to implementQu&kSmarintervention programs in both
reading and mathematics followed a somewhat sinndatine, based on the rationale that
improved automaticity would be most likely to rastiom intensive practice of ‘known’
information, that is, familiar content practicedthvhigh accuracy using a range of motivating
activities. In keeping with the design of the reshaand to ensure that the research questions
could be investigated, data were collected befork after the intervention and again twelve
months later for remaining participants. Also, periance data for participant students was
collected during the intervention to monitor théeefiveness of the intervention and to track

individual progress. This was to inform the exptama of the theme.
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Summary

The research described in this report required thatselected students, who experience
persistent LD, participate in an intervention paogrthat focuses on developing automaticity
in basic academic skills. This approach, theorbyi¢dacated within the information-processing
perspective, was based on the common observatainatk of facility with ‘the basics’ not
only impacted on the performance of students wibhith_literacy and numeracy, but also had a
harmful effect on participation and success in @ewrange of curriculum-based learning

activities.

Poor performance in basic academic skills, in ¢ffeery often precludes students from
making adequate progress, even if they possess geoéral knowledge and positive
motivation. Although other areas have been idettiks delayed or impaired in students with
LD (e.g., executive functioning, motivation, seffieacy, effective strategy use) this key
component for successful learning, facility in lsaatademic skills, seemed an obvious choice

as the focus for a school-based, educational ietgian.

At the time when the research process for thisystuaks being developed, tii@uickSmart
intervention approach had recently been designbd. appealing aspects of tiickSmart
intervention approach, in terms of this researda\stwere that it was theoretically consistent
with the findings from the literature review, itiliged evidence-based strategies, it was
applicable to both reading and mathematics, it eumsculum-relevant, and it could be readily
implemented in contemporary school settings. Féwany, Australian-developed intervention

programs were considered comparable.

The QuickSmartintervention approach, delivered as tQaickSmartreading program or
the QuickSmartmathematics program, used a range of fast-pacediyational activities,
delivered in a set sequence, to support studentievelop improved automaticity in basic
academic skills. It relied on explicit instructiameliberate practice, formative assessment and
task-focused feedback to build students’ proficjeit accurately and efficiently ‘knowing’

basic academic skills. The CAAS was an integral pament of the intervention approach.

The relatively long-term intervention aimed to pd®/the time and practice opportunities
required to enable middle-school’ students expengn LD to acquire mastery of basic

academic skills. The following chapter presents tbsults of the study to test whether
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QuickSmartparticipant students improved automaticity in basiademic skills, the impact of
any improvement on standardised test results, ahdth&r gains in automaticity were

maintained one year later.

107



Chapter 5

Results — Research Questions

This chapter reports the results of testing inti@hato the research questions raised at the
end of Chapter 2. Results for each of the threearet questions are considered in turn. The

chapter concludes with a summary discussion ofitloéngs of the research questions.

Research Question 1

Repeated Measures Analysis of Variance (RM ANOVAJ descriptive data were used to
address the first research question. Question 1 agaserned with changes in participant
students’ and comparison students’ automaticityasiic academic skills, and asked:

Will the participant students’ automaticity in basicademic skills improve after taking
part in theQuickSmarintervention, and will their automaticity in basicademic skills
be closer to that of the comparison group at pestt?t

Participant students were identified as studenpeancing persistent learning difficulties
who had taken part in uickSmartintervention program, and comparison students as
average-achieving peers from the same class grdwpdid not take part in @uickSmart
intervention program.Thus, this study required evaluation of participatidents’ and
comparison students’ response latency and accuoscythree CAAS reading or basic

mathematics tests, before and after participanaheQuickSmarintervention.

The method selected for investigating the researgbstion was a between (groups) —
within (test or test occasion) RM ANOVA, and thettevas carried out using the PASW-18
software package. Four separate RM ANOVA analysesewequired, each focusing on a
distinct dependent variable: reading response dgtereading accuracy, mathematics response

latency and mathematics accuracy. Descriptive Wata used to provide further information.
As the assumptions relevant to the four RM ANOVAalgses are the same, these

assumptions are now considered briefly before ¢selts are presented (rather than re-stating

assumptions for each analysis). In addition todiigliassumptions common to all statistical
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procedures, RM ANOVA assumptions include thathg tlistribution of response variables is
normal; ii) thevariances of the populations from which differeatples are drawn are equal;

and iii) the assumption that sphericity is not ateb.

To check for normal distribution of the data, ammination of the skewness of raw pre-
intervention data in each of the three CAAS readesis and the three CAAS mathematics
tests was undertaken. This indicated that the resptatency measures for these data were
positively skewed, while the CAAS reading accuralata were negatively skewed. These
violations of normality are not the result of alfsuresearch design, but are an inevitable by-
product of analysing constrained data sets (seis,P2005). Thus, latency data are almost
always positively skewed (Tabachnick & Fidell, 2D0Znd accuracy data, which may be
normally distributed at the beginning of an intertten, become negatively skewed at the end
of an (effective) intervention, as the scores stadpproach 100%. Therefore, to approximate

normal distribution, data transformations were gggp(Tabachnick & Fidell, 2007).

Positively skewed raw response latency data, medsarseconds, were transformed using
the formula [logo(x + 1)]. Negatively skewed raw accuracy data, exggesas a percentage,
were first reflected to become positively skewesing the formula (101 %). These reflected
data were then subjected to logarithmic transfoionatising the same formula as for latency
data, [logo(x + 1)]. The log-transformed data were then refi@diack (Tabachnick & Fidell,
2007) into their original scales, to allow for dfgrin interpretation of results. The frequency
distributions of the log-transformed accuracy datare then examined, and found to be
generally within acceptable limits. In the resydtesented below, the directionality of the log-
transformed data is consistent with that of the data, that is, improvement in response
latency is indicated by a reduction in scores, &hiiprovement in accuracy is indicated by an

increase in scores.

In relation to the population variance assumptiomust be noted that the investigation
design did not allow for random selection of papant and comparison students. However, an
examination of th@ value of Levene’s tests indicated that the vaearaf the two populations

were approximately equal for each of the tests uotedl.

The final assumption for RM ANOVA considered hesdhat of sphericity. The sphericity

assumption is often violated in practice but it taneffectively circumvented by analysing the
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ANOVA test using multivariate ANOVA methods (Cookse2007; Tabachnick & Fidell,
2007) The sphericity assumption in this case is thatth@e population sampled, all the
variances of the differences between means in gseipeasures across the three CAAS tests
are equal. This is unlikely to be true. Inspectdnhe output for Mauchly’s Test of Sphericity
indicated that, in most tests the assumption hadact, been violated, and it was for this
reason that the more conservative multivariatestesthich do not carry the sphericity

assumption, were used to report a v&lidhtio.

Results from the RM ANOVA and descriptive data vale to research question 1 are
reported below, firstly for the reading intervemtiand then the mathematics intervention.

Within each account analyses are reported sepafatalesponse latency and accuracy.

Reading. A RM-ANOVA was conducted to compare the effectsTahe (Time 1, pre-
intervention and Time 2, post-intervention) and @rdgparticipant students or comparison
students) on response latency in three differenAE€Aeading tests — Elementary Word,
Middle Word and Sentence. The same analysis wderperd on accuracy data for the three
CAAS tests. The between-group tests compare respatency and accuracy, averaged across
Time. Results are reported in separate analysegefting response latency and reading

accuracy.

Reading response latency. Table 5.1 reports significant differences withirogps. There
were four significant effects for reading respoteency, being Test, Test*Group, Time, and

Time*Group, although not all of the significant@dts are relevant to the research questions.

Table 5.1

Multivariate Tests for Log-Transformed Reading Resg Latency
Effect: Hypothesis  Error Partial Eta
Wilks’ Lambda Value F df df Sig.» Squared
Test .023 313.16 2.0 15.0 <.001* .98
Test*Group .67 3.72 2.0 15.0 .049* .33
Time .32 33.23 1.0 16.0 <.001* .67
Time*Group 49 16.36 1.0 16.0 .001* .50
Test*Time 71 3.04 2.0 15.0 .078 .29
Test*Time*Group  .844 1.39 2.0 15.0 279 15

A Significance, *Alpha level < .05

The significant main effect of Test indicated tbat or more of the three mean CAAS test

response latencies was significantly differentsash, indicating that there were differences
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between the results for each of the CAAS testss Tinding is not relevant to the research
guestion. The significant main effect of Time shaavdifference between response latency at
pre test compared to post test, for the combinedpy, and although this has some bearing on
the research question it is not specific enougtbeoinformative. Although there was a
significant interaction for Test*Group, confirmingjgnificant differences between groups’
response latency on the pre- and post-tests, gmsti relevant to this research question, as it
combines both pre- and post-test data as one f&itoilarly, the results regarding significant
main effects of Test*Time (differences betweendes not relevant to this research question

because it combines the results for participartesits and comparison students.

Of most relevance to the research question arétsdsu the Time*Group interaction. This
analysis detects whether there was a differenoe) fire-test to post-test, between each of the
groups, participant students and comparison stadé@iable 5.2 reports significant differences
between groups, indicating that the performancengbdor participant students was not the

same as that of comparison students.

Table 5.2
Test of Between-Group Effects for Log-Transformeaiditiyg Response Latency
Source Sum  of Mean Partial Eta
Squares df Square F Sigh Squared
Group 493 1 493 8.67 .010* .351

A Significance, *Alpha level < .05

Figure 5.1 displays the Time*Group interaction @tehrly shows that participant students
made gains in response latency scores. It is evitl@ahthe gains of participant students were
greater than those of comparison students, andhbagap between participant students’ and

comparison students’ response latency was muclteedafter the intervention.
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Figure 5.1Graph of estimated marginal means for log-transéarmeading response latency
scores at pre-test (Time 1) and post-test (Time 2).

An examination of the means in Table 5.3 providesarspecific information about the
pre- and post-intervention accuracy scores of @pént students, and comparison students, on
each of the CAAS reading tests. These figures siavin each test the participants’ mean
response latency was reduced from pre-test to tpest-and that in each of the tests the
difference in mean response latency between theipaint group and the comparison group,
evident at pre-test, was greatly reduced at psst-Fairther, in each of the three CAAS tests
participant students made greater gains than caosgpastudents. Interestingly, the interaction
was greatest in the most challenging test, Sentémeehich the comparison students showed a
modest increase in response latency while partitigtudents showed a dramatic decrease,
such that, at post-test, participant students’alese latency was faster than that of comparison
students. Participant students (and comparisorestsjlmade the greatest gain in scores for
Middle Word. Plots of estimated marginal meanddgrtransformed reading response latency,
in each of the CAAS reading tests, are displayefijgpendix D.
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Table 5.3
Log-Transformed Response Latency Means and Staridewthtion for Participant Students
and Comparison Students on Three CAAS Reading Tests

Test per group Pre-Intervention Post-Intervention  Gain %
Mean (SD) Mean (SD) Gain
Elementary Word
Participantsif = 10) 1.07 (.14) .89 (.04) 0.18 16.82
Elementary Word
Comparisonsr(= 8) .92 (.08) .88 (.06) 0.04 4.34
Middle Word
Participantsif = 10) 1.47 (.20) 1.13 (.23) 0.34 23.12
Middle Word
Comparisonsr(= 8) 1.08 (.22) .96 (.12) 0.12 11.11
Sentence
Participantsif{ = 10) 1.71 (.16) 1.49 (.15) 0.22 12.86
Sentence
Comparisonsr( = 8) 1.54 (.11) 1.56 (.11) -0.02 -1.29

The results reported to this point involve log-sfimmed data. By also considering raw
data, a ‘real life’ context for examining changes gerformance, as appropriate to mixed
methods educational research, can be incorporated, raw data, being actual response times
and accuracy rates for each of the three testgaateularly relevant to the individual student
profiles presented in Chapter 6, and to later disicin of what the students’ performance
changes potentially mean in terms of classroomiegrand participation. To this end, tables
of raw scores for individual participant studemtsl @omparison students, and group raw score
means and standard deviations, are provided in #gipes E, F, and G. Inspection of these
tables show that individual participant studentaststently made gains in response latency
from pre-test to post-test (i.e. reduced respoatty). Individual comparison students were
not as consistent in their response latency gaittstiveir gains generally of lesser magnitude

than those of participant students.

The key findings of the analyses presented aboveglation to reading response latency,
are firstly, that, after participating in tliguickSmartreading intervention program, participant
students made significant improvements on predestes for response latency, as measured

on three CAAS tests. Secondly, at post-test on @hdhe three tests, the response latency
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scores of the participant students, previously tiled as students experiencing learning
difficulties, were much closer to the scores of @alverage-achieving comparison students, than
they were at pre-test. Next, results for the othgyortant aspect of automaticity in reading,
accuracy, are reported.

Reading accuracy. Table 5.4 reports significant differences betweanditions for reading
accuracy. Significant results were obtained fort,Teslicating a difference between one or
more of the test results, a finding not relevanth® research question. As expected, there was
also a significant effect for Time, indicating th@mbined results for the groups at pre-test
were different to those at post-test. As discugeethe previous section, some multivariate
results of the RM ANOVA are either not relevantthe research question or not specific
enough, so they are not examined. The results texpdiere will focus on results of between

group conditions.

Table 5.4

Multivariate Tests for Reading Accuracy
Effect: Hypothesis  Error Partial Eta
Wilks’ Lambda Value F df df Sig.» Squared
Test 21 28.11 2.0 15.0 <.001* .79
Test*Group .82 1.64 2.0 15.0 23 .18
Time .54 13.77 1.0 16.0 .002* 46
Time*Group 91 1.51 1.0 16.0 237 .09
Test*Time .84 1.34 2.0 15.0 .29 15
Test*Time*Group .69 3.44 2.0 15.0 .059 31

ASignificance, *Alpha level < .05

Table 5.5 presents results for the between-groagimg accuracy, indicating a marginally

significant effect for Group.

Table 5.5
Test of Between-Group Effects for Log-Transformeaiditg Accuracy
Source  Sum of Mean Partial Eta
Squares df Square F Sigh Squared
Group 2.98 1 2.98 4.087 .06 203

A SignificanceAlpha level < .05

Figure 5.2 depicts estimated marginal means foreT@noup reading accuracy. It indicates
that participant students’ made greater gains gutacy and that the gains of the participant
students’ were greater than those of the compastaients. This meant that the gap between

participant students’ and comparison students’ oyuwas reduced after the intervention.
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Figure 5.2Graph of estimated marginal means for log-transéatmeading accuracy scores at
pre-test (Time 1) and post-test (Time 2).

Means and standard deviations for log-transformesd pnd post-intervention accuracy
scores, for each group, in each test, are presenieable 5.6. Inspection of these data indicate
that participants made gains in accuracy on eatheothree tests, and in the Middle Word and
Sentence tests, participant students made greai®s ghan comparison students. The
performance gap between participant students antpaogson students, evident at pre-test,
was much reduced at post-test in each of the teaticipant students made considerable gains
in accuracy in the Middle Word test. Comparisordenits made largest gains in accuracy on
the Elementary Word test, with all comparison stugl@chieving the maximum score at post-
test. Plots of estimated marginal means for readomyiracy scores, for each group, in each of

the three CAAS reading tests, are displayed in AdpeH.
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Table 5.6
Log-Transformed Accuracy Means and Standard Devnatfor Participants and Comparisons
on Three CAAS Reading Tests

Test per group Pre-Intervention Post-Intervention Gain %
Mean (SD) Mean (SD) Gain
Elementary Word Participar
(n=10) 99.56 (.42) 99.74 (.43) .18 .18
Elementary Word
Comparisonsr(= 8) 99.65 (.28) 100.0 (0) .35 .35
Middle Word
Participantsif = 10) 98.39 (.32) 99.02 (.71) .63 .64
Middle Word
Comparisonsr(= 8) 99.17 (.58) 99.34 (.58) 17 17
Sentence
Participantsif{ = 10) 99.39 (.67) 99.61 (.51) 22 22
Sentence
Comparisonsr(= 8) 99.78 (.41) 99.77 (.42) -01 -01

To provide additional detail useful for later imegtation of the above results, individual
participant student’'s and comparison student’s aaeuracy rate on the three CAAS tests, as
well as group raw data means and standard devs&atawa also displayed Appendices E, F, and
G (referred to, above). Visual inspection of thdaga indicates some variability in accuracy
gains for both individual participant students amtividual comparison students.

The results for accuracy, particularly the log-tfmnmed data, show very small margins
for improvement. This is because accuracy rateg nedatively high at start levels, especially
in the easier CAAS tests. For example, in the Efgarg Word test, comprised of simple
words (Years 2 to 4 in difficulty level, with reguland irregular orthographic patterns), many
of the participant students were able to recatlemode words at pre-test, even if the process of
doing so was inefficient (slow and error-prone). gdst-test participant students’ accuracy
rates were considerably improved (see the raw ohatAppendices E, F & G) but visual
inspection of the log-transformed data suggesty shght improvement. With regard to
improved automaticity in basic academic skills, mt@ned or improved accuracy in the

presence of considerably increased response latercgesirable outcome, one which implies
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that previously ‘known’ information can now be ried efficiently, that is, speedily with high

accuracy.

The key findings of this investigation into pargiant students’ and comparison students’
accuracy in reading, as measured on three CAAS, tas firstly, that participant students did
make gains in accuracy, and secondly, that at gest, the performance gap between
participants and comparisons was much reduceddrdlowing section results for research
guestion 1, in relation to changes in automaticitgnathematics, are reported.

Mathematics. Results regarding automaticity rates for partictgandents and comparison
students involved in th®uickSmartmathematics intervention are now reported. Resuks
reported separately for response latency and aoguf&e analysis used for this investigation
shares the same design as that reported abovedding. A RM-ANOVA was conducted to
compare the effects of Time and Group on respoasmdy across three different CAAS
mathematics tests, Addition, Subtraction and Mldgtion. This analysis was also applied to
accuracy data for the same three CAAS tests.

Mathematics response latency. Table 5.7 reports significant differences between
conditions. There were two significant effects.sBy, there was a significant main effect for
Time, as expected. This indicates that, for the loed groups, there was a performance
change from pre-test to post-test. Secondly, tlhvesis a significant interaction effect for
Time*Group. Results are reported below for thisweetn groups interaction, as it is most

relevant to the research question.

Table 5.7

Multivariate Tests for Mathematics Response Latency
Effect: Value F Hypothesis  Error Significance: ETA
Wilks’ Lambda df df Squared
Test .85 1.5 2.0 17.0 .25 A5
Test*Group .94 .57 2.0 17.0 .58 .06
Time .23 60.55 1.0 18.0 <.001* g7
Time*Group .59 12.46 1.0 18.0 .002* 41
Test*Time .81 2.03 2.0 17.0 16 19
Test*Time*Group A7 2.47 2.0 17.0 A1 .23

ASignificance, *Alpha level < .05
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Table 5.8 reports significant differences betweewups (participant students and
comparison students, indicating that overall theyea statistically significant difference

between these two groups’ performance.

Table 5.8
Test of Between-Group Effects for Log-Transformathematics Response Latency
Source  Sum of Mean Partial Eta
Squares df Square F Sigh Squared
Group 596 1 .596 4915 .040* 215

ASignificance, *Alpha level < .05

Figure 5.3 shows estimated marginal means for madties response latency. It depicts
that participant students made greater gains worese latency than comparison students, and
that the gap between participant students’ and eoisgn students’ response latency was

much reduced after th@uickSmarimathematics intervention.
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Figure 5.3Estimated marginal means for log-transformed matiesiresponse latency scores
at pre-test (Time 1) and post-test (Time 2).

Further detail is provided in Table 5.9 which prdsemeans and standard deviations for
pre- and post-test response latency in mathemdtcsgach of the two groups, and three
CAAS tests.This information shows that participant studentslengains in each of the three
tests, participant students’ gains were greater thase of comparison students, and in each of
the tests the performance difference between graagsmuch reduced at post-test. Participant

students made greatest gains in the SubtractibnPie¢s of estimated marginal means for log-
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transformed mathematics response latency, in e#&ctheo CAAS mathematics tests, are

displayed in Appendix I.

Table 5.9
Log-Transformed Response Latency Means and Standaxgiation for Participants and
Comparisons on Three CAAS Mathematics Tests

Test per group Pre-Intervention  Post-Intervention Gain %
Mean (SD) Mean (SD) Gain
Addition
Participantsif = 12) 1.56 (.15) 1.35(.11) 0.20 12.82
Addition
Comparisonsr(= 8) 1.32 (.16) 1.23 (.15) 0.09 6.81
Subtraction
Participantsif = 12) 1.61 (.24) 1.28 (.12) 0.33 20.49
Subtraction
Comparisonsr( = 8) 1.35 (.19) 1.27 (.15) 0.08 5.92
Multiplication
Participantsif = 12) 1.61 (.22) 1.35 (.20) 0.27 16.77
Multiplication
Comparisonsr( = 8) 1.43 (.2) 1.30 (.17) 0.13 9.09

The results reported for this analysis, to thispanvolve transformed data. To gauge the
impact of performance changes on everyday leartaslgs it is informative to consider raw
data, that is, response latency in seconds. Thi@nration is particularly relevant to the
individual student profiles presented in Chaptan@ the discussion of results. For this reason,
tables of raw scores for individual participantsl @omparisons, and group raw score means
and standard deviations, are provided in Appendi¢c&sand L Inspection of response latency
data indicates that individual participant studesuasistently made gains in response latency
from pre-test to post-test while comparison stuslemére not as consistent in their response
latency gains. The response latency gains madeatiigcipant students were more than double

those made by comparison students.
With regard to mathematics response latency, tloekiy findings of this investigation are

that, participant students made significant gainseach of three CAAS tests, and their

performance on the tests after the intervention mash closer to that of the comparison
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students than it was prior to the intervention. ra¢hanges in mathematics accuracy are
considered next.

Mathematics accuracy. Significant differences between conditions for neatltics
accuracy are reported in Table 5.10. There wagrafisiant main effect for Test, showing that
one or more of the three mean CAAS test accuracsesds significantly different from the
others. There was also a significant main effectTione, indicating accuracy improved from
pre-test to post-test for the combined group, alte®t specific enough to address the research

guestion. Results detailed below focus on betweengycomparisons to address the research

guestion.

Table 5.10

Multivariate Tests for Mathematics Accuracy
Effect: Value F Hypothesis  Error Significance  ETA
Wilks’ Lambda df df A Squared
Test 51 8.03 2.0 17.0 .004* 49
Test*Group .87 1.3 2.0 17.0 3 13
Time .607 11.65 1.0 18.0 .003* .39
Time*Group 911 1.76 1.0 18.0 .202 .09
Test*Time .84 4.56 2.0 17.0 .239 15
Test*Time*Group 97 .25 2.0 17.0 778 .03

ASignificance, *Alpha level < .05

The RM-ANOVA between-subjects test, specificallgaanparison of differences between
the groups’ accuracy, indicated a statisticallyngigant between-subjects effect for Group, as
shown in Table 5.11.

Table 5.11
Test of Between-Group Effects for Log-Transformathmatics Accuracy
Source  Sum of Mean Partial Eta
Squares df Square F Sigh Squared
Group 4.49 1 4.49 6.03 .02* 251

ASignificance, *Alpha level < .05

Figure 5.4 displays the Time*Group interaction, ahows that participant students made
gains in accuracy scores, that the gains of ppamti students were greater than those of
comparison students, and that the gap betweercipartt students’ and comparison students’
accuracy was much reduced after the interventieen ¢hough this was not significant in the

analysis.

120



Group

— Participants
99.60 — Comparisons
5
= 99.40
E %
S
=
B8
= 99.207
E
w2
&4
99.00

- —
N —

Time
Figure 5.4Estimated marginal means for log-transformed foth@atics accuracy scores at
pre-test (Time 1) and post-test (Time 2).

Further relevant detail is displayed iable 5.12 which shows means and standard
deviations for mathematics accuracy, for each grompeach test. Visual inspection of these
data show that participant students made gainsc¢h ef the three tests, their gains were of
greater magnitude than those of comparison studergach of the tests, and the gap between
participant students and comparison students, evatgore-test, was much reduced at post-test
on each of the tests. Participant students madgrdatest gain in the Subtraction test. Plots of
estimated marginal means for log-transformed maéitiesh accuracy, in each of the CAAS
mathematics tests, are displayed in Appendix M. @beuracy gains in mathematics are
smaller than the gains in response latency, fosaes similar to those explained, above, for
reading. In the CAAS mathematics tests some knaydexd the items was required for testing
to be successful. Accuracy gains in the log-tramsénl data appear to be minimal but
inspection of the raw data (as provided in previpusferred to Appendices J, K & L) showed
that most participant students made considerabies gla accuracy, the result of more efficient
access to stored knowledge.
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Table 5.12
Log-Transformed Accuracy Means and Standard Denafior Participants and Comparisons
on Three CAAS Mathematics Tests

Test per group Pre-Intervention Post-Intervention Gain %
Mean (SD) Mean (SD) Gain
Addition
Participantsif = 12) 99.34 (.63) 99.48 (57) 14 14
Addition
Comparisonsr(= 8) 99.57 (.46) 99.63 (.51) .06 .06
Subtraction
Participantsif = 12) 98.96 (.56) 99.50 (.54) .54 .55
Subtraction
Comparisonsr(= 8) 99.57 (.47) 99.77 (.42) 2 2
Multiplication
Participantsif = 12) 98.56 (.35) 99.09 (.53) .53 .54

Multiplication
Comparisonsr(= 8) 99.25 (.65) 99.51 (.54) .26 .26

Tables showing raw accuracy rates for individuatipg@ants and comparisons, and group
raw score means and standard deviations, are mewdAppendices J, K and L. These data
show that participant students’ accuracy rate gaindddition were inconsistent but some of
the individual accuracy gains in Subtraction andtMlication, the more difficult tests, were
impressive. The mean accuracy rate gains of ppaintistudents were more than double those

made by comparison students in each of the thete. te

In response to the research question, the keynigsdof this investigation into mathematics
accuracy are that the participants did make cordidie gains from pre-test to post-test and
that, at post-test, their performance was mucheclts that of their average-achieving peers,
the comparison group, than it was at pre-testhénfollowing section, the results of the four

parts of the investigation into the research quoastiare reviewed.
Summary. The above reports of the RM-ANOVA results were prged consecutively for

reading response latency, reading accuracy, matienrasponse latency and mathematics

accuracy. A brief summary of results for readingl anathematics is presented below,
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followed by a review of the results, consideredetbgr, in relation to the stated research

guestion.

The results reported above demonstrate that pgaatiti students made gains in log-
transformed scores for reading response lateney pérticipating in th&@uickSmartreading
intervention and this was evident in each of thedhCAAS tests. Although there was a
difference between groups prior to the interventmiter the intervention this difference was
much reduced, and in each test, gains made bycipant students were greater than gains

made by comparison students.

Results regarding changes to participant studeatsd comparison students’ log-
transformed reading accuracy scores indicate thgicppant students did improve accuracy
rates after the intervention, and this was evidem’tach of the three CAAS tests. Also, reading
accuracy rates for participant students and corsparistudents were similar after the
intervention. In two of the three CAAS reading $e$he accuracy gains of participant students

were greater than those of comparison students.

The accuracy scores in both reading and mathematgs constrained because they
started at relatively high levels. This was pattady evident in the log-transformed scores
which appear to indicate only minimal gains. Ingjec of gains in raw accuracy scores
provides a more informative context for gauging ¢fffect of the intervention on accuracy. In
both reading and mathematics, percentage gains grexaer in response latency than in
accuracy. This is because there was more roomnipravement in response latency than
accuracy, as students had encountered the contany mimes previously (basic words,
sentences and numerical operations), such that ‘kmeyw’ some of the content but were
inefficient (slow and error-prone) in retrievingighknowledge. After theQuickSmart
interventions participant students increased tkeowledge and were able to access it more

efficiently.

Raw data for individual students who participatedhe QuickSmartreading intervention
showed that most individual participant studentslengains in response latency and accuracy
in at least two of the three CAAS Tests. Thesegyaiare generally larger and more consistent

than those of the comparison students.
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Results for tests of the mathematics interventimticated a similar pattern to those for the
reading intervention. In scores for log-transfornmedthematics response latency, participant
students made considerable gains from pre-tesbsttpst, and reduced the performance gap
between their group and the comparison group. lwgzg@erformance was evident in each of
the three CAAS mathematics tests, and participaundesits made greater gains than the

comparison students in each of the tests.

The analysis of mathematics accuracy log-transfdrnseores also indicated that
participants improved at post-test, that participstudents’ gain was greater than that of
comparison students, and that after the interventietween groups’ differences in accuracy

were much reduced. This was a consistent patteatt ihree CAAS tests.

Individual results, using raw data, for studentsowparticipated in theQuickSmart
mathematics intervention, indicated that most pgint students made gains in two or three
of the CAAS tests and that most often these gaiesevof greater magnitude than the
individual gains of the comparison students.

In this study, automaticity in basic academic skillas conceptualised as response latency
and accuracy in reading words and sentences, ambnee latency and accuracy in basic
mathematics calculations. To address the researestign positively, participant students in
the QuickSmartreading intervention and th@uickSmartmathematics intervention were
required to make gains in response latency andracguFurther, at the conclusion of the
intervention, the response latency and accuradyhefparticipant group and the comparison
group should be closer. Statistical and descripseilts reported above provide evidence that
participant students in both th@uickSmart reading intervention and thQuickSmart
mathematics intervention did make gains in autacitgtithat is, both response latency and
accuracy). The performance gaps between the gmwepsmuch reduced at post-test, such that
the participants’ and comparisons’ scores were rgdigesimilar.

Accordingly, the results reported in response seaech question 1 support the claim that,
at least for these groups of students in the middieol years who experienced persistent LD,
participating in an appropriate intervention didsuk in improved proficiency in basic

academic skills and narrowed the performance gapdes them and their average-achieving
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peers. This is a hopeful finding, with potentialréwerse the common experience that students
with LD fall further behind in academic skills dgy get older.

Improved automaticity in basic academic skills,eaglenced by the above results, is an
important outcome for students in the middle-schgedrs experiencing LD. However, the
impact of such improvement is enhanced when itifat@s improved learning outcomes on
measures of more generalised knowledge and skiiis. aspect of the study is investigated in
the following section.

Research Question 2
This question was concerned with pre- and postuatgion performance of participant
students on standardised tests, as a measure arajsed reading or mathematical

proficiency, and asked:

Will there be a significant difference, from prestteto post-test, in student
achievement levels on standardised tests?

Participant students were assessed, at pre- artdnp@yention, on standardised tests to
evaluate whether improvements in word reading srdo@mathematics skills, gained during the
QuickSmart reading or QuickSmart mathematics intervention programs, impacted on
performance in other domains relevant to currianid classroom learning, such as reading
comprehension or mathematics problem solving. bead scores on standardised tests are a
stringent way to measure improvement in the peréoree of students with LD (Simmerman &
Swanson, 2001).

Results are reported below, firstly for the papagits in the QuickSmart reading
intervention, then for participants in tliguickSmartmathematics intervention. Comparison
students were not included in this investigatioesitts are then considered together in a

summary.
Reading. Statistical investigation was carried out using@aisample-tests on PAT-R

Comprehension (ACER, 2001a) group scale score méansne of the telQuickSmart

reading participants (one student refused to attéingptest at pre-test as he thought it was ‘too
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hard’). Inspection of frequency distributions foetpre-intervention reading scale scores

indicated that the data were normally distributed.

Paired samplet-test results indicated a statistically significagifference from pre-
intervention (M = 35.98SD = 8.05) to post-intervention (M = 42.18D= 6.94);t(8) = 2.34,p
= 0.048.Accordingly, the participant students’ group madgtistically significant gains in
performance on standardised comprehension tests.

To evaluate how much of a relationship existed betwthe pre-test and the post-test
scores, effect size was calculated using scaleescmans and standard deviations. Results
indicate an effect size where Cohed’'ss 0.82, that is, the mean scale score in the fesst-
group is 0.82 standard deviations above the meale score in the pre-test group. This effect

size is considered to be large (Cohen, 1988).

To provide greater context for the group resultd Bmcomplement the individual student
profiles presented in Chapter 6, participant’s vidiial results, expressed in pre- and post-test
percentile rankings, are presented in Figure Bigpdction of these data shows that eight of the
nine individualQuickSmartreading participants increased their percentitd faom pre-test to
post-test. In contrast to all other participantse student showed deteriorated performance.
This student possibly experienced more severe itgardifficulties than others in the
participant group as her performance in both tleddrdised test measures, and the CAAS
response latency data (see Appendices E, F anda&)uwiformly low relative to the other
participant students. Individual participants’ rameores, scale scores, and percentiles are
presented in Appendix N.
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Figure 5.5Graph of individual participant student’s standsedi reading comprehension test
results.

The results for reading in relation to researchstjor 2 suggest that, for this group of
students who participated in tig@ickSmartreading intervention, there were significant and
substantial improvements in performance on thedstalised comprehension test at post-test.
This is an important finding as the interventiod dot focus on reading comprehension. This
finding suggests that, for this group of studemsproved ability to read words and texts
fluently after completing theQuickSmart reading intervention, positively impacted on

students’ comprehension performance on a staneardi®asure.

Mathematics. Participant students’ performance in mathematics nvaasured on PAT
Maths (ACER, 1997a)nalysis of results utilised paired samplests to compare the pre-
and post-test performance of the twelve particigtudents. The rationale for this was to
evaluate whether the improvements in basic mathesnsitills, particularly mental calculation,
gained through participation in tiqguickSmarimathematics intervention impacted on learning
in other curriculum related domains of mathematssmeasured in the PAT Maths. Inspection
of frequency distributions for the pre-interventimathematics scale scores indicated that the

data were normally distributed.

Paired samplet-test results indicated a statistically significagifference from pre-
intervention (M = 48.58SD = 9.07) to post-intervention (M = 55.25D = 8.08);t(11) =
3.3894,p = 0.006.Accordingly, the group made statistically signifitagains in performance

on the standardised mathematics test.
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Effect size was calculated using scale score maadstandard deviations for the pre- and
post-tests. Results indicate an effect size whetee@'sd = 0.78, that is, the mean scale score
in the post-test group is 0.78 standard deviatansve the mean scale score in the pre-test

group. This effect size is considered medium tgdgiCohen, 1988).

To provide grater context for the group results em@¢omplement the individual student
profiles presented in Chapter 6, participant sttidandividual results, expressed in pre- and
post-test percentile rankings, are presented iarg€i§.6. Visual inspection of these data shows
that ten of the twelve participant students inoedagercentile rank from pre-test to post-test,
one student maintained performance and one stsdgmé-test to post-test performance
decreased. This was a surprising result for thidestt, who made quite satisfactory gains in
response latency and accuracy (see previously, dagendices J, K, & L). Participants’ raw

scores, scale scores, and percentiles are preserggpendix O.

Pre- and Post-Intervention PAT Maths Results
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Figure 5.6Graph of individual participant student’s standsedi mathematics test results.

These results for mathematics in relation to reteguestion 2 suggest that the group of
students who participated in tiiguickSmartmathematics intervention, made significant and
substantial improvements from pre-test to post-iestperformance on the standardised
mathematics test. This is also an important findesgy the test encompassed a wide range of
mathematical knowledge and skills in contrast te @uickSmartmathematics intervention
which focused more narrowly on basic mathematidsutations and strategies. This finding

suggests that for the participant students, imptcadality to perform mental calculations of
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basic mathematics facts fluently and efficientlyffea completion of theQuickSmart

mathematics intervention positively impacted omdgadised mathematics test performance.

Summary. The results of the investigation into standardidedt performance of
participants in both theQuickSmartreading andQuickSmart mathematics interventions
showed statistically significant improvements frpne-test to post-test. Effect size calculations
indicated that the magnitude of this performancange was large (reading) and medium to
large (mathematics). Taken together, the resuksgmted above clearly indicate that there
were substantial, positive differences in studehievement levels on standardised tests from
pre- to post-test. Descriptive results were alsaveogent with this finding and indicated that
most individual participants made large gains st fgerformance. In response to the second
research question the evidence reported supp@tstatement that participant students showed
significant improvement in standardised test penfmmce after participating in tifi@uickSmart

interventions.

Although improved performance on standardised isstaportant in a research context, it
is also informative to consider what these resuoiéan in the context of classroom teaching
and learning. As the focus of the intervention was basic academic skills, and the
standardised tests evaluated a wider range of slalfl knowledge, it is feasible to propose that
improved facility in basic academic skills enabiegbroved participation in classroom literacy
and numeracy lessons, and that this improved pgaation in classroom learning, in turn,
contributed to improved standardised test perfommarAccordingly, for students in the
middle-school years experiencing LD, an appropnatervention focused on basic academic
skills seems to have great potential, as it supptheir improved participation in classroom

learning and their improved test scores.

The results to this point have reported informaabout changes in performance from pre-
intervention, to post-intervention, over a timeipdrof 22 weeks, across three school terms
Whilst results indicate that performance gains weegle, the value of such gains is enhanced
when they are sustained over an extended periodined. The results reported below
investigate whether improvements in participantistus’ automaticity in basic academic skills

were maintained twelve months after the intervamtio
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Research Question 3
Research question 3 focused on participant studemksntenance of automaticity in

reading or mathematics after tQeickSmarinterventions concluded, and asked:

Will participant students show maintenance of potgrvention automaticity rates

when tested again one year later?

Post-intervention maintenance of gains made duangintervention is essential to
demonstrate the efficacy of the intervention ané tlobustness of changes in learner
performance. In this investigation the participaats a sub-group of the originQuickSmart
intervention cohort, who were still attending tlaene school one year later, and were available
for re-testing on CAAS. The design for this stuaguired that assessments on three CAAS
tests be administered to participants in tQaickSmartinterventions one year after the
interventions concluded. These individual CAAS ase®ents took place at the students’
schools in December of the year following the méaition year. Comparison students were not
included in this investigation.

Consistent with the elementary data analysis foestion 1, the data set for this
investigation also showed that raw data were skewed required transformation. To
approximate normal distribution, data transformadiovere applied (Tabachnick & Fidell,
2007). Positively skewed raw response latency datgsured in seconds, were transformed
using the formula [log(x + 1)]. Negatively skewed raw accuracy data, exqmésas a
percentage, were first reflected to become pogytigkewed, using the formula (101 x-
These reflected data were then subjected to |dgaicttransformation using the same formula
as for latency data, [lagx + 1)]. The log-transformed data were then reflgcteck
(Tabachnick & Fidell, 2007) into their original $es, to allow for clarity in interpretation of
results. That is, the directionality of the logrtséormed data was made consistent with that of
the raw data (i.e., improvement in response latascindicated by a decrease in scores,
improvement in accuracy is indicated by an increaseores). The frequency distributions of
the log-transformed data were then examined, anddido be generally within acceptable

limits.

Paired samplé-tests and the inspection of means were used tsiigate this question,

specifically to examine differences between potrirention means and follow-up (one year
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later) means. Adequate maintenance of gains matihe imtervention is indicated if the means
are the same, or show improvement, from post-edbltow-up test. Results are reported

firstly for the reading intervention group, andritfer the mathematics intervention group.

Reading. Seven of the original teQuickSmartreading participants were available for
follow-up testing on three CAAS reading tests omaryafter the intervention concluded.

Results are considered first for reading respaatsmty and then for reading accuracy.

Response latency. Figure 5.7 shows log-transformed means for resptateacy, averaged
across the three CAAS reading tests, and indidhggsresponse latency was improved (i.e.,

reduced) at follow-up testing.

1.20—

1.18—

(average of 3 CAAS tests)
i

Response Latency Means

1.14—

Time

Figure 5.7 Average, log-transformed response latency meamreetCAAS reading tests at
post-test (Time 1) and follow-up (Time 2).

Post-intervention and follow-up means, and testsigrificance, for the participant group
(n = 7) in each of the tests, are displayed below,ahle 5.13. This information demonstrates
that mean response latency measures at post-intemevere maintained at follow-up in each
of the tests. In the Elementary Word test and thddM Word test response latency was
slightly reduced, showing no significant differerfoem post-test to follow-up. In the Sentence
test there was also a reduction in response latesnoye from post-test to follow-up test,

resulting in a significant difference.
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Table 5.13
Log-Transformed Response Latency Means, Standaxhtidms and Significance Testing

Results for Three CAAS Reading Tests

Test Post-test Mean §D)  Follow-up Mean Paired Sample
(SD) t-test?
Elementary Word
Participantsi{ = 7) .89 (.03) .87 (.07) t(6) =1.0,p=.35
Middle Word
Participantsif{ = 7) 1.21 (.23) 1.12 (.18) t(6) =.967p=.37
Sentence
Participantsif{ = 7) 1.48 (.18) 1.4 (.16) t(6) = 3.9,p = .008*

ASignificance, *Alpha level < .05

To provide further detail, particularly relevant itadividual student profiles presented in
Chapter 6, participant’s student’s individual ragoi®e changes from pre-test, to post-test, to
follow-up test are displayed in Appendix P. Insp@tibf these data indicate that, at follow-up,
most students’ response latency scores were sitieb than their pre-test scores. When
comparing post-test to follow-up test scores mdsthe individual students maintained or

improved response latency on each of the three CAA8ing tests.

The results reported above regarding maintenanaeesgfonse latency gains in reading
indicate that the majority of participants in QaickSmartreading program maintained post-

intervention response latency rates when testeid age year later.
Accuracy. Figure 5.8 shows log-transformed means for readowracy, averaged across

the three CAAS reading tests, and indicates thatiracy was improved (i.e., increased) at

follow-up testing.
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Figure 5.8Average, log-transformed accuracy means of threA&Aeading tests at post-test
(Time 1) and follow-up (Time 2).
Post-intervention and follow-up means, and testsigrfificance, for the participanta €
7) in each of the tests, are displayed below, ibld#®.14. These data indicate no significant
differences in means from post-test to follow-ugmmnstrating that accuracy rates were

maintained. In each of the tests accuracy scores slightly improved.

Table 5.14
Log-Transformed Accuracy Means, Standard Deviatemd Significance Testing Results for
Three CAAS Reading Tests

Test Post-test Mean §D) Follow-up Mean (SD) Paired Sample
t-test?
Elementary Word
Participantsi{ = 7) 99.77 (.39) 99.92 (.21) t(6) =1.29p=.24
Middle Word
Participantsif = 7) 98.88 (.51) 99.16 (.65) t(6) = 2.02,p = .09
Sentence
Participantsif = 7) 99.44 (.53) 99.54 (.64) t(6) = .36,p = .727

A Alpha level < .05

Individual participant’s accuracy raw score chanfgesh pre-test, to post-test, to follow-up
test are displayed in Appendix Q. These data shaw most students, at follow-up testing,
were still achieving better accuracy scores thapratest, and that the majority made further

progress from post-test to follow-up test. As exygd earlier in this chapter, log-transformed
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accuracy data do not adequately depict the gairdepdue to the constrained nature of the
data (relatively high pre-test scores with a cgilof 100% at post-test), and more informative

context for changes in accuracy data is gained wénerdata is inspected.

The investigation into maintenance of reading amcyrone year after the intervention
concluded, showed that the group’s reading accuiagyovements, gained during the

QuickSmarteading intervention, were maintained.

The key finding of the research regarding readimgmaticity and maintenance of gains is
that participants in thQuickSmartreading program did maintain the gains in respdatsacy
and accuracy one year after the intervention caleduAn investigation into maintenance of
automaticity for participants in tHeuickSmarimathematics program is reported next.

Mathematics. Ten of the original twelveQuickSmartmathematics participants were
available for follow-up testing on three CAAS matiadics tests one year after the intervention
concluded. Results are considered first for respéatency and then for accuracy.

Response latency. Figure 5.9 shows log-transformed means for resplateacy, being the
average score of the three CAAS mathematics tassst-test and follow-up test. There was
an increase in response latency but the small gtemhs of the score scale suggest this

increase was slight.
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Figure 5.9Average, log-transformed response latency meattwe¢ CAAS mathematics tests
at post-test (Time 1) and follow-up (Time 2).

Post-test and follow-up means, standard deviaamaistests of significance for the students
who participated in th&€uickSmartmathematics intervention are displayed below, ablé&
5.15. This information demonstrates that increasessponse latency from post-test to follow-

up were marginal and non-significant.

Table 5.15
Log-Transformed Response Latency Means, Standawhtidmns and Significance Testing
Results for Three CAAS Mathematics Tests

Test Post-test Mean D) Follow-up Mean (SD)  Paired Sample
t-test®
Addition
Participantsr{ = 10) 1.37 (.12) 1.37 (.16) t(9) =.09p=.9
Subtraction
Participantsrf = 10) 1.29 (.13) 1.33 (.14) t(9)=1.12p=.29
Division
Participantsrf = 10) 1.35 (.21) 1.37 (.15) t(9) = .45,p = .66

A Alpha level < .05

Individual student’s raw score changes from pré-tespost-test to follow-up are displayed
in Appendix Q. These data, more informative tham lttg-transformed data in terms of the
actual gains made, show that in each of the tdstgyreat majority of the participants’ follow-
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up test scores were considerably improved on fireitest scores and similar to, or improved

from their post-test scores.

Accuracy. Figure 5.10 shows log-transformed means for mathiesnaccuracy, averaged
across the three CAAS mathematics tests. Accurasyimproved from post-test to follow-up

test.
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Figure 5.10Average, log-transformed accuracy means of thred&Mathematics tests at
post-test (Time 1) and follow-up (Time 2).
Post-test and follow-up means, standard deviatsomktests of significance of difference
between these scores, are displayed below, in Tak In each of the tests there was an
increase in accuracy and the follow-up test scareme not significantly different from the

post-test scores, indicating students did mairdaguracy gains.
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Table 5.16
Log-Transformed Accuracy Means, Standard Deviatemd Significance Testing Results for
Three CAAS Mathematics Tests

Test Post-test Mean D) Follow-up Mean (SD)  Paired Sample
t-test®

Addition

Participantsr{ = 10) 99.38 (.57) 99.62 (.49) t(9) =1.15p=.28

Subtraction

Participantsif = 10) 99.57 (.59) 99.58 (.57) t(9) =.057p=.95
Division

Participantsif = 10) 99.09 (.58) 99.28 (.55) t(9) = 1.40,p = .194

~NAlpha level < .05

Individual participant students’ accuracy raw scohanges from pre-test to post-test to
follow-up test are displayed in Appendix XVI. Theajority of students demonstrated

maintained or improved accuracy in each of thestest

The investigation into mathematics accuracy one ger the intervention concluded
indicated that the group’s mathematics accuracyorgments gained during tliguickSmart
intervention, were maintained. Results regardingheraatics automaticity and maintenance of
gains clearly indicate that participants in QaickSmartmathematics program did maintain

gains in response latency and accuracy one yearth# intervention concluded.

Summary. The results of the investigation, using log-transfed data, into maintenance
of gains made during thQuickSmartprograms one year after the intervention conclutiat!
the participants’ groups, in both the reading arathmmatics interventions, did maintain, or
improve both response latency and accuracy whetested. This was established by
inspection of means from post-test to follow-ug &@sd significance testing of the difference
between these means. Tables of raw data, showengrtigress of participants from pre-test to
post-test to follow-up test were also convergerhwhis finding, and showed that this pattern
of maintenance was consistent for the great mgjofiindividual participants, on each of the
CAAS tests. In response to the third research treshe evidence presented supports the
statement that participant students showed maintenaf post-intervention automaticity rates

when tested again one year later.

For these students, who have experienced persidigrthe findings potentially mean that

rather than falling further behind their averaghiecing peers as they progress through
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school, improved facility with basic academic skilechieved through participation in the
QuickSmart programs, has resulted in a sustained change fforp@ance. In turn, this

improved performance has the potential to increasedents’ engagement with, and
participation in, the full range of learning exmartes that schooling in the middle-school has

to offer.

This finding is also consistent with the charas&tion of automaticity, suggested in
Chapter 2, specifically, that automatic processesnvandatory or unstoppable (Bloom, 1986;
Shiffrin & Schneider, 1977). That is, when informoat is well-known enough that it is
automatically processed, it cannot be suppressedordingly, when a learner who has
mastery of basic academic skills sees a known wardhasic mathematics calculation, they
cannot help but read or calculate it with minimadjitive effort expended in this process. The
adage about riding a bicycle that “once you leam gever forget” is very relevant. As long as
intermittent rehearsal occurs, knowledge or skiligt are automatically processed are,

generally, not forgotten.

Summary Discussion

This section reviews and discusses the resultsrtegpdn this chapter and considers the
inter-relationships among these results. At thigtpd is timely to consider the comments
made in the Data Analysis Plan with regard to ceuin interpretation of these results, as
some of the underlying assumptions were not fult oue to limitations in sample size and

cohort selection, as well as the constrained natiitiee data.

The first research question investigated changgsaficiency in basic academic skills for
groups of middle-school students who experiencsigtent LD and groups of their average-
achieving peers. The results showed that, afteingakart in theQuickSmartreading or
mathematics programs, the participant students dstraded consistent progress. RM
ANOVA and examination of pre-test to post-test ngarsing log-transformed data, provided
statistical support for this assertion. Benefits fodividual students were more directly
illustrated by the raw data, of response speedegaland accuracy rates, included as
appendices. These raw data show that, for exanmptee Middle Word and Subtraction tests,
many participants more than halved their responmsest and considerably improved their

accuracy rates.
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Whilst these improvements are notable, the resaiés more worthy when considered
together with results for the comparison (non-wg@tion) group which, as expected, did not
show such rapid performance growth. At the enchefihtervention the automaticity rates of
the two groups were much closer than they had paento the intervention.

The second research question investigated whekieeparticipants in the intervention
programs made gains on standardised tests, froftegtréo post-test. Significance testing and
reporting of effect-sizes indicated that, at pesttthe participant group in both the reading
intervention and the mathematics intervention haaden significant test score gains of
considerable magnitude. This is an interesting ifigdas the interventions focused quite
narrowly on basic academic skills of reading andutating while the tests evaluated a wider-
range of knowledge and skills including academiakmahich requires higher-order skills,

such as inferring answers and problem-solving.

The third research question investigated whethemp#rticipant students maintained gains
in automaticity one year after the intervention.cAmparison of log-transformed means
indicated that, at follow-up testing, in both theading intervention and the mathematics
intervention, there was no deterioration in grougsponse latency or accuracy. Gains made

during theQuickSmarintervention programs were, in effect, maintaioee year later.

One means of evaluation the impact of the resultsgmted above is to consider them in
terms of implications for the participants’ perfante and engagement in the contexts of
classroom learning and everyday living experiendasthe middle-school years reading
fluently and accurately is a pre-requisite skill oconsiderable range of content area learning
activities, not just English. Most average-achigvatudents in the middle-school years would
comfortably read 150-200, or more, words per mirbutemany students experiencing LD in
reading would struggle to read at half this ratacipg them at a considerable disadvantage in
terms of accessing the curricula. In a classroontest, being able to read more quickly and
accurately after participating in thH@uickSmartreading intervention potentially enables the
participants to read more text, to spend more tigiag and interpreting the information, and
to better keep pace with the flow of everyday lessm a range of content area lessons. In
everyday living situations the many advantagesnpiroved automaticity in reading potentially
enables greater independence and more informed oaitynparticipation. As electronic

media becomes increasingly important for young feeap both the social and educational
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realms, increased automaticity in reading is likelyoenefit participants in their access to, and
use of electronic information, as well as incregsapportunities for social interaction using

electronic media.

Improved automaticity in basic mathematics skiisaiso likely to benefit students in a
number of ways. In a classroom context, a reduaifaver two seconds for a simple one digit
multiplication computation can have compounding,sifiee effects. For example, a
multiplication algorithm requiring a four digit nlar multiplied by a two digit number
generally necessitates eight simple computations plocedural work, a daunting and effortful
task for a student with LD who does not have autankaowledge of basic mathematics facts,
especially when a set of twenty such algorithmsehaeen set for class work. Automaticity in
basic mathematics calculations not only makes s&rtgsks easier, it also enables participation
in more complex tasks as both cognitive capacity tame are available to the student as the
result of efficient, automatic processing of basMormation. Living skills benefits of
increased automaticity in basic mathematics ardadla in such activities as checking that
correct change is given when shopping, understgndimd calculating scores in games and

sport, and in the many situations where estimatkids are required.

When considered together the results suggest tind¢rgts in the middle-school years, who
experience persistent LD, can, with appropriaterirgntion, make significant and sustained
gains in automaticity in basic academic skills.tRer, these gains have a facilitating effect on
performance in standardised tests, which not onbluate basic academic skills, but also
include higher-order tasks such as problem sohang comprehension. Access to, and
participation in, the full range of classroom teaghand learning activities is also potentially
enhanced by improved facility with ‘the basics’. odedingly, the results of this research
suggest that an intervention focus on improvingomaticity in basic academic skills is an
effective approach for improving the learning owmes of middle-school * students
experiencing persistent LD.

The data reported above, in particular the figwteswving individual participants’ progress
suggest that there may be some interesting andmiatose narratives behind some of the
results. For exampleQuickSmartreading participant EF — PO was consistently oh¢éhe
slowest students in the group on measures takemebife intervention, yet she displayed very

positive gains in performance on the standardisestst What factors enabled such
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improvement? Was her improvement gradual or drapaihat were her thoughts about
participating in the intervention? SimilarlyfQuickSmart mathematics student VP — PN
performed very poorly in pre-tests but after pgsating in the intervention her standardised
test raw score was relatively high. Further, a radrkhange is her confidence to undertake
mathematics tasks was noted. A description of #tisdent, her learning growth and
development throughout the intervention, and heniops about the intervention, would be
informative for developing clearer understandingsw the phenomena of learning difficulties
and effective remedial interventions. This chalkeng taken up in the following chapter,

Chapter 6, which presents detailed profiles ofsgibected participant students.

141



Chapter 6

Participant Student Profiles

The research reported in this thesis, up to thistpbas relied on quantitative methods to
investigate the research questions. However, theedninethods research design used in the
study required that these findings be complemebyea qualitative component, presented here
as a theme. The theme sought to explore the lepmwperiences of individual participant
students, and their growth and development in legrthroughout the intervention. The
rationale for such an approach, driven by the patgnorientation of the research, was that by
identifying other components that contribute, sdnmg can potentially be added to the
foundation findings, increasing the scope and cemmgmsiveness of the study (Morse, 2003).
The information presented in this chapter is inezhtb complement the group results reported
in Chapter 5. The findings from this chapter, tbgetwith the results from Chapter 5, are
considered together in Chapter 7, the final disoasshapter.

Three questions were developed to guide the exjparaf the research theme, namely:
a) What learner characteristics did the participagisplay, particularly in terms of
behaviours that might inhibit successful learning?
b) For each participant, what was their patterprofyress and how long was needed to
show consistent improvement?
c) What were the participants’ opinions about tgipart in the intervention?

The first question addressed the characteristieaol participant student as a learner. The
second question appraised of each participant stgdeate of progress and the duration
needed to show consistent improvement. The thirdstipn analysed each participant’s

opinions about the intervention.

The research theme is explored through the presmmtand analysis of profiles of six
students who participated in th@uickSmart intervention programs. The profiles are
descriptions of the participant students, focusanglearning behaviours they demonstrated,

and utilising data collected during the interventperiod.
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This chapter has four sections. Firstly, informati@bout participant selection and the
organisation of the profiles is presented. Follayihis, in two sections, are, three profiles of
QuickSmartreading program students and, three profileQu@tkSmarimathematics students.
Finally, an analysis of the profiles, when they aomsidered together and in relation to the

theme’s exploratory questions, is provided.

Participant Selection and Organisation of the Proles
This section contains information about the sebectf six students represented in profiles.
The profiles were designed to follow a consisténicsure and this is approach is described.

And an overview of the data used to develop thélpsas also provided.

The six students profiled in this chapter weredeld from the group of students who were
available for pre-, post- and follow-up-test measuof automaticity in basic academic skills
(CAAS assessments). Consistent with qualitativeeaesh data collection procedures,
participant students for the profiles were selegbedposefully (Creswell, 2003), to help
understand the phenomenon of learning difficuliesexperienced by students in the middle-
school years. Thus, the selection of six studeatspfofiling from the available group of
seventeen was not random but purposive, basedeoresiearcher’s need to describe students
that best illustrate the research inquiry. Thiseferred to as typical case sampling (Kemper,
Stringfield, & Teddlie, 2003). Attempts were madeiniclude in the six profiles students with
varying competence levels (as demonstrated inmgegviention assessments), students of both
genders and year groups, indigenous and non-indigestudents, and participant students

from each of the two intervention programs.

The profiles presented follow a pre-specified dtitez Each profile begins with personal
and background information about the participantluding their age at the end of the
intervention (the delayed start of the interventionthe Year 7 students meant that ages at the
start of the intervention were not chronologicalbnsistent). A description of the student and
their learning behaviours then follows. This dgstioh draws on information from the
researcher’s classroom and intervention obsenatimformation from class teachers, and at
times includes anecdotes about the participangsagehes to learning, recorded during the
intervention. Some analysis of the participant'sseasment results are then provided,
supplemented by graphs which show the participdatiesits’ progress throughout the

intervention on three CAAS sub-tests. Participantients’ responses to questions in an exit
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survey are then reported, and the profiles concluitle a brief commentary on gains made

during the intervention.

Thus, the data utilised to develop the profilesststed of demographic and background
information collected for each participant, notesni observations of the students in their
classrooms and from conversations with teachergjelisas some anecdotes recorded as field
notes. PAT data are referred to and CAAS data delieat intervention beginning, end and

follow-up are also utilised.

Additionally, CAAS data collected from participastudents’ performance on one sub-test
at the end of mospuickSmariessons was also used, and are displayed in graphasger and
less-able reading intervention participamesre testednostly on the CAAS Elementary Word
test as it was most appropriate to their abilityels, then as proficiency improved they
increasingly undertook the Middle Word and Sentendetests. Similarly, in the mathematics
intervention, younger and less-able students mostnoonly undertook the CAAS Addition
sub-test, moving onto Subtraction and Multiplicatiater in the intervention. This explains
why participant students do not show the same numbtesting occasions for each sub-test,
as displayed in the graphs. Also, some variahiit¢ AAS sub-test performance over time was
to be expected as there were some unavoidableupteEms to the intervention such as school
holidays, school camps and student absences.

In review, the selection of participants to be peaf for the exploration of the theme was
based on an attempt by the researcher to makef@metive and representative selection of
participants who portrayed the range of abilitiesl adlemographic factors present in the
participant student group (middle-school’ studesxperiencing LD). The profiles consist of a
description of the student, informed by data andeolations recorded throughout the
intervention, progress graphs, exit survey resporemead some commentary. The profiles
presented aim to provide an ‘up-close’ view of theividual participant, and their progress

and development throughout the intervention.

Quicksmart Reading Participant Student Profiles
Although the participants in th€uickSmartreading intervention program were all
nominated by their teachers as students with LBy tlisplayed varying levels of ability at the

commencement of the intervention. Most, if not alere aware that they were poor readers
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and consequently they lacked confidence in readamg, found reading to be an effortful
process. Most participants also displayed a limitggkrtoire of reading strategies for decoding
and comprehending text. At the conclusion of theerirention there was still considerable
variability in reading ability, even for student$ @#e same grade level. However, most
participant students displayed an expanded reperti reading strategies, and increased
confidence in reading familiar and unfamiliar text$he following three profiles detail the

progress of the selected participant students.

Profile One — Student RM-PN.Student RM-PN (Ron) was a Year 5 male participant i
the QuickSmartreading intervention. He was deemed to be a ldveamg reading program
participant (relative to the other reading par@eifs) at the beginning of the intervention. His
age at the end of the intervention was 10 yearssamoénths, making him one of the youngest
participants. Ron and his family identified as behous. Ron lived with his father, a single

parent and younger siblings, and had attendedulniert school since kindergarten.

Ron presented as a shy student with a friendlyopaitgy but limited self-confidence. He
was quite small in stature relative to other claldin his class, and he preferred not to be the
centre of attention. Pre-intervention informatioan the class teacher indicated that Ron did
not achieve well academically in any subjects, tad, at times, he had difficulty attending
appropriately to tasks. In many ways Ron strugdtedeep up with his peers and he had

limited social connections with them.

The researcher’s classroom observations showeddo® a quiet, passive student. He was
seated towards the front of the room and requiretividual or small group assistance to
complete class work. He appeared to be easilyadisttl by other students, and had difficulty
initiating and completing work. Ron liked to draars on his workbooks and work sheets, and
at times during the intervention he would talk ke tresearcher about cars his father was
repairing.

During the intervention lessons Ron seemed to respeell to the structured approach of
the lessons and enjoyed reminding the researcltehignesson partner about what activities
came next. He liked the simple bingo-type gamed,va&s often keen to keep playing a game
after someone had won, until the spaces on the gands were full. Throughout the lessons it

was advantageous for Ron if any equipment not refaiehe current activity was put away as
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he tended to want to manipulate equipment, suggggimers, and would then loose focus on
the task at hand. Ron frequently required prompttend to task as he was readily distracted
by activities outside the classroom, and this wadiqularly the case if a class soccer game
was in progress. However, once prompted Ron wouilthgly try to re-focus on the desired

activity.

Ron’s CAAS results, previously presented in AppeeasiE, F and G, showed that he did
make gains in automaticity as a result of partiwifgain theQuickSmartreading intervention.
Ron also demonstrated very large gains in readomgpcehension as measured on the PAT
standardised comprehension test after the intdoreilPAT Comprehension pre-intervention

9" percentile, post intervention percentile).

Ron’s performance over time on the three CAAS mgdests is displayed, below, in
Figures 6.1, 6.2 and 6.3. Comparisons of pre-iet@ion (first data point on graph) and post
intervention scores (second last data point ontgregpthe Elementary Word and Middle Word
CAAS tests show decreased response latency anéasent accuracy whilst the same
comparison on the Sentence test shows decreaseonseslatency and also a decrease in
accuracy. Although this result appears counteriiatwould be expected, it is, at least to some
extent, off-set by the very large improvement isp@nse latency. At the beginning of the
intervention Ron could read the sentence and s#lectorrect answer only with very slow

response latency, later his response rate was imyroved but with some cost to accuracy.

Comparisons, from post-intervention to follow-upp# that Ron maintained or improved
accuracy on all three CAAS tests. The same congpaf response latency showed a minor
increase (Elementary Word test), and a minor deer¢lsliddle Word test), as well as a large
increase on the Sentence test, off-set by a gaiacouracy. However, Ron’s follow-up
response latency on the CAAS sentence test wdswail below initial pre-test response

latency.
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Figure 6.1Participant RM-PN'’s automaticity progress over ti@AAS elementary word.
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Figure 6.2Participant RM-PN'’s automaticity progress over tin@AAS middle word.
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Figure 6.3Participant RM-PN'’s automaticity progress over tinf@AAS sentence.

Ron’s responses to the survey questions, recordedd®otape on the day of the post-

intervention assessment, are transcribed below.

Do you think the QuickSmart program has beefulise you? Why?

Yes, it makes you read better and learn better.

Do you use QuickSmart learning in your classrad#ow? On what sort of work?

Yes in passages reading and mathematics someWfeesre doing stuff about ‘Gold’
now and it helps me to do worksheets and to unaleilsind read.

What part of the QuickSmart program have yowndomost important to know about
and use, at school or out of school?

Mainly reading.

What were the best and worst things about beingerQuickSmart program?

| liked Dingo Bingo (game) the best. Nothing therstpmmm, except missing out on
soccer games.

Any other comments you’'d like to make about thelK@mart program?

It rules!!!

Ron’s responses to the questions show that he waseahat his reading had improved

during the intervention, and that he noticed sowtjye effects on his work in the classroom.
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At the conclusion of the intervention Ron remaireechesitant reader but his reading
proficiency had increased. As Ron was one of tixesd performers in the participant group at
the beginning of the intervention his progress myrthe intervention and at follow-up were
very pleasing. Ron’s distractibility was an appatearrier to effective learning for him.

Profile Two - Student TH-PN. Student TH-PN (Toni) was a female Indigenous
participant in theQuickSmartreading program, aged 10 years and 5 months artieof the
intervention, the youngest participant. She wasrgkto be a high-achieving reading program
participant (relative to the other reading parteifs) at the beginning of the intervention. Toni

presented as a talkative and outgoing girl who seleqguite mature and worldly for her age.

Toni was one of the most proficient students frowa Year 5 participant group at pre-test.
Despite this she was still a below average reatdéer class group and the class teacher was
concerned due to Toni’s poor achievement on asssgstasks. He described Toni’'s reading
performance as ‘erratic- at times she appeared to be able to read wedy tithes her reading
was quite poor. The teacher also mentioned thatsTeading comprehension was very poor
such that even when she read the words accurditelgften showed poor understanding of the

information in the text.

During the researcher’s in-class observations gusir to the intervention Toni was quite
talkative in class and, not infrequently, interegbtother students who were attempting to
work. She was also noted to be quite excitablénas over-reacting to low-level stimuli, and
frequently seeking attention from her peers andtéaeher. Toni was frequently distractible
and distracting, such that her class work suffeaed, was often incomplete or rushed.

In the intervention lessons Toni was a very williagd helpful student who seemed to
enjoy the attention she received in the small-gr@apning situation. She was often early for
lessons and reluctant to leave, and frequentlycakeresearcher at lunch time if she could do
any extra jobs or decorate the chalkboard in tkenmention room. Toni was a very supportive
partner for the other student in her lessons, shgwiaturity as she encouraged him and down-

played her own successes.

In instances of reading connected texts Toni shosade learning behaviours that were

unusual compared to the rest of the interventiayugr When reading an unseen text with
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minimal picture cues, Toni attempted to read quidkit made frequent errors, and seemed to
make up word endings and phrases that were nbkeitekt. However, on subsequent readings
of the same text (e.g., in the repeated readingcesesof theQuickSmartreading intervention)
errors were much reduced, although minor errorssard endings and smaller words were still
apparent. Thus, Toni sometimes ‘sounded’ like adgeader who made a few small errors but

this impression contrasted with her test perforreanc

In discussion with the class teacher it was coreduthat Toni had a great memory for
words in text she had previously encountered, &edslied on this proficiency, as well as any
cues from within the text or pictures, to suppaet heading skills. Toni’'s comprehension of
texts was noted by both the class teacher andedwarcher to be quite poor, and she often
employed strategy of bringing in irrelevant infotioa in her attempts to answer reading

comprehension questions.

Further, Toni's decoding skills seemed deficierst,exidenced by her difficulty reading
previously unseen texts, and her attempts to regcklg resulted in errors (incorrect word
endings, inaccuracies with small, common words)ctvhindicated that she did into attend
closely to the letters that made up the words.das \ikely that when reading, Toni relied very
much on context cues, recall of previously encawdtevords and initial letter clusters as
decoding skills whilst neglecting more specificfeefive strategies such as blending and

segmenting.

Results for Toni, previously presented in AppensliEe F and G, showed that she did make
gains in automaticity as a result of participatinghe QuickSmartreading intervention. She
also demonstrated improved reading competency asumned on the PAT standardised reading
tests after the intervention (PAT Comprehension-ipiervention 2% percentile, post

intervention 78 percentile).

Toni’s automaticity rates on three CAAS tests fromtial assessment to follow-up are
shown below in Figures 6.4, 6.5 and 6.6. In eachh T®ni’s response latency was much
improved from pre-test to post-test and maintaioednproved from post-test to follow-up.
Similarly her accuracy rates were improved or naai@d. The middle word sub-test was the
most challenging for Toni as the words were mormyglex and not frequently previously

encountered, and the task provided no context clbs meant that to be increasingly
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successful in this task Toni had to rely on presipuwnder utilised decoding skills. Her

improvements in response latency and accuracyisidabk were particularly prominent.
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Figure 6.4Participant TH-PN’s automaticity progress over ti@AAS elementary word.
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Figure 6.5Participant TH-PN’s automaticity progress over tin@AAS middle word.
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TH-PN Response Latency and Accuracy on CAAS Sentence

(s

90 +

80 +

T+ 4 = Accuracy
%
—e&— Response

70 A 13 Latency

60 ~

50 -

1 2 3 4 5 6 7 8 9 10 11 12 13

Testing Occasions Throughout the Intervention (1-12) and at Follow-up (13)

Figure 6.6Participant TH-PN’s automaticity progress over tinf@AAS sentence.

Toni’s responses to the interview questions, trabed from video, are now reported.

1. Do you think the QuickSmart program has beefulise you? Why?
Yes, it is easier to read big words and | know @aobgck and look for answers in the
passages. | also got quicker at reading.

2. Do you use QuickSmart learning in your classr@dtow? On what sort of work?
Yes, it sort of makes it easier to do work in th@ssroom— passages, worksheets,
(writing) stories and spelling.

3. What part of the QuickSmart program have youndomost important to know about
and use, at school or out of school?
Just reading really. | guess | am just gettingdoedt things.

4, What were the best and worst things about biginige QuickSmart program?
Dingo Bingo(game)is the best. Can't think of any worst things.

5. Any other comments you’'d like to make about thelK@mart program?
No.

In her responses Toni indicated that she felt leeoding skills had improved and also her

comprehension. She also indicated that the usefsilobthese skills was generalised to tasks

other than just reading. It was pleasing to hean &oknowledge her improvements.
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Toni most certainly benefited form her participatio theQuickSmarteading intervention
and was able to maintain these improvements oneafesr the intervention concluded. It is
interesting to note that although pre-interventemsessments indicated her greatest needs in
reading were decoding and comprehension, Toni biedegjreatly from an intervention which

focused, more broadly, on developing automaticity.

Profile Three - Student EF-PO.EF-PO (Elly) was a female Indigenous student whe wa
in Year 7 in the intervention year. Elly lived witter parents and her five siblings. She was
deemed to be an average-achieving reading progeatitipant (relative to the other reading
participants) at the beginning of the interventidm.the end of the intervention Elly was 13

years old and coming to the end of her first yédrigh school.

Elly presented to the researcher as an affableattaé student although her oral language
skills showed limitations in vocabulary (word fingji difficulties) and expression. With her
peers Elly was less talkative and appeared timithas. She had one or two close friends in
her Year group but she did experience some sodfatulties with the larger peer group in
Year 7. Elly accessed additional support at schimaugh student welfare programs and was
identified by her English teacher as a student wionild benefit from participating in the

QuickSmarteading intervention.

From the outset Elly was an enthusiastic partidipanthe program, she displayed a
positive attitude and motivation to try to improker reading. Unfortunately, there were two
extended absences, each of 1-2 weeks duration &hemas ill and later, away on a school
excursion. Elly demonstrated improvement in skafter just a few lessons, perhaps as the
result of increased confidence. Elly was notablghesiastic in the repeated reading exercise,
and she seemed to enjoy and be motivated by thk sucaesses she achieved in this activity,

and also in the flashcard activity.

At the beginning of the intervention Elly demonstch use of some efficient decoding
skills to achieve a survival level of reading a@my but her reading rate was slow, hampered
by errors, a lack of confidence and lack of famifyawith words in the text. Elly’s reading
comprehension and vocabulary knowledge were also, pesulting in poor understanding of

the information she was reading.
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At the end of the intervention Elly’'s individual &% results showed a steady reduction in
response latency and maintenance or improvemeatdaracy (see Appendices E, F and G).
Her general reading proficiency had also improvesl,measured by the PAT reading tests
(PAT Comprehension pre-interventiofi Percentile, post intervention 8@ercentile). Further,
one year after the intervention was completed Eifyntained gains in automaticity in reading,

as shown below in Figures 6.7, 6.8 and 6.9.
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Figure 6.7Participant EF-PO’s automaticity progress over tiAAS elementary word.
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Figure 6.8Participant EF-PO’s automaticity progress over ti@AAS middle word.
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Figure 6.9Participant EF-PO’s automaticity progress over tifBAAS sentence.

Elly’s responses to the survey questions are trdest below.

Do you think the QuickSmart program has beefulise you? Why?

Yes because | understand the words much betteit dedame much easier in reading
my English novel.

Do you use QuickSmart learning in your classr@dtow? On what sort of work?

No and yes, in books some words and passages.

What part of the QuickSmart program have yowndomost important to know about
and use, at school or out of school?

To look back at the text to answer questions.

What were the best and worst things about beingerQuickSmart program?

Best — | learned more things and understand mo@sW¥ nothing except | missed
subjects sometimes.

Any other comments you’d like to make about thelK@mart program?

| would like to thank th&uickSmarteachers.

Interestingly, in her responses about her readetgbiours, Elly did not mention that the

improvement in her reading rate but she did empbaghat she had learned new

comprehension skills.
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Elly was an older student who made significant iegdains as a result of participating in
the intervention. In particular she seemed to befrein the opportunity to read and practice
texts which were an appropriate level for her, &modn the explicit instruction about word
meanings and comprehension strategies. Elly prederst a student who liked reading and was
very keen to make the most of the opportunity tadréexts at a level which enabled her to

experience Success.

In review, the profiles of the thre@uickSmartreading participants, Ron, Toni and Elly
reflect the general findings for research questibrend 2 presented in the previous chapter.
The students made gains in response latency andgraagcfrom pre-test to post-test and
demonstrated marked improvements in performancgtamdardised tests. Consistent with the
group results for the third research question, Teord Elly maintained or improved response
latency and accuracy at maintenance testing. Haweddough Ron showed maintained or

improved accuracy, his response latency increased post-test to maintenance.

Quicksmart Mathematics Participant Student Profiles

The students nominated to participate inGheckSmartmathematics intervention program
demonstrated a range of proficiencies in the prerrention assessments. However, at the
beginning of the intervention all participants dersiwated poor recall of basic mathematics
facts in some or all of the operations, and thatgreajority relied on some kind of finger
counting as a key strategy for solving simple suAtsthe conclusion of the intervention the
participants all showed improved recall of basicthmenatics knowledge and improved
understanding of number concepts. Although somgcpaants still relied on finger counting
as a strategy under certain conditions, most detraded effective use of more appropriate

strategies and increased confidence as a respdtr€ipating in the intervention.

Profile Four - Student MS-PN. Student MS-PN (Matt) was a Year 5, male, Indigenous
student who participated in th@uickSmartmathematics intervention. Matt lived with his
extended family. He was deemed to be a low-achievitathematics program participant
(relative to the otherQuickSmart mathematics participants) at the beginning of the
intervention. At the end of the intervention he #dsyears and 6 months, one of the oldest Yr
5 students in the intervention, yet he was quitalkfar his age. Matt accessed extra support at
school through integration funding and student arelfprograms. Matt's teacher said he

though Matt had an intellectual disability but thiformation was not verified.
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Matt presented as a loud-spoken, happy individaltipough his mood was quite variable.
In-class observations and discussions with thehtracevealed that Matt was often given
differentiated class work — on the same topic asother students but tasks of less complexity
or length. In the classroom he was mostly a compbtudent for the class teacher but could be
quite disruptive and defiant for other teacherserEwith his own class teacher in the room
Matt frequently wandered from his desk, was slowstart work and consistently required
individual assistance and reminders to finish ssks. Occasionally, Matt was noted as a
student of concern in school behaviour monitoringqcols.

Initially a reluctant participant, at times Matt uld come into lessons declaring “I’'m not
doing nothing” but when the researcher ignored bleisaviour and proceeded with the regular
activities of the lessons Matt would readily jom, iespecially to play the games. Matt was
quite a competitive participant and despite enesdtom the researcher that the important part
of the lessons was to ‘beat yourself’ (personat bietses) Matt did delight in out-performing
his lesson partner, although this did not happenlagly. As time passed this behaviour also
decreased, and he began to take pleasure in auhig@@rsonal bests. On an instance of
improving his personal best by just one flashcard minute he joyfully punched the air and
declared ‘Yea, you can’t get better than that" Maiade slow progress in the intervention,
especially in the early stages but he was an gamygéicipant who seemed to benefit from the
many repeated practice opportunities which helpied to develop mastery of some basic

mathematics facts.

Matt was a fascinating student to have in @hveckSmartessons as he so often verbalised
or demonstrated his thinking processes. This w#sfuiefor the researcher in a number of
ways, most particularly because it clearly demanstt the amount of processing time Matt
required for most operations, and was a ready menibout the importance of allowing

enough ‘wait time’ for Matt (and other studentspattswer the questions.

In the early stages of the intervention, when d@ddition, Matt would touch his head and
say, for example for the sum 4 + 3, “Four in mydend three more, five, six, seven” to
support himself as he counted on, using his fingeosn the biggest number. Matt told the
researcher that his family played card games atidiome and he would sometimes relate

addition facts to card values ‘two and nine, thikKes a nine and a two and that's a Jack’.
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On one occasion early in the intervention, whersgméed with a subtraction card Matt
said, “Mmm, subtraction, is that adding up or adddown?”. Linked to this thinking, Matt
demonstrated relatively sophisticated strategy udeen he applied addition to solve
subtraction problems. For example, with the sum-1B1, he stated ‘The 14 is already taken
away (made a sweeping aside gesture) and you'vgq@us$o count up to see how many is left’.
However, Matt’s strategy use was inconsistent aqudi@t attempts to explain or demonstrate
strategies seemed to confuse him. On some daysahg igot it’ but on other occasions Matt
struggled with recall of simple, previously encanetd number facts.

Matt benefited from his participation in th@uickSmart mathematics program in
automaticity of basic mathematics facts and in grarhnce on the standardised test. In the
standardised test Matt showed that his general enahcs proficiency had improved (PAT

Mathematics pre-interventiori'percentile, post intervention percentile).

With regard to automaticity, Matt made responsenley gains in two of three CAAS tests
and accuracy gains in all three CAAS tests, as shavAppendices J, K and L, and below, in
Figures 6.10, 6.11 and 6.12. Although Matt’s resgolatency from pre-test to post-test in the
multiplication test showed an increase, this wafsedf by gains in accuracy. Matt's
maintenance of response latency and accuracy frost-tpst to follow-up showed mixed
results in addition and subtraction but pleasingromements in multiplication. However, in
each tests at follow-up Matt’s response latencyasudiracy were markedly improved from his

initial pre-test results.

MS-PN Response Latency and Accuracy Addition
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Figure 6.10Participant MS-PN'’s automaticity progress over tim@AAS addition.
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Figure 6.11Participant MS-PN’s automaticity progress over tn@AAS subtraction.
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Figure 6.12Participant MS-PN’s automaticity progress over tin@AAS multiplication.

Matt's responses to the survey questions, recombedideotape at the conclusion of the

intervention, are transcribed below.

Do you think the QuickSmart program has beefulise you? Why?
Yes, ‘cos I've learned and I've missed out on mgssl work. | just enjoyed the
QuickSmarmmaths.

Do you use QuickSmart learning in your classr@dtow? On what sort of work?
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Yes, | do a little bit of maths in the classroonthie morning, like times and adding ups
and all that in maths. It helps me ‘cos | hatedhmaaince but not any more.

3. What part of the QuickSmart program have yowndomost important to know about
and use, at school or out of school?
| dunno, | just like it, every single part of itpé the maths, and you do heaps of work
and it brains you up a bit.

4. What were the best and worst things about beirtgberQuickSmart program?
Best — just to have fun. Worst — nothing excepbii get into trouble.

5. Any other comments you’d like to make abouQiekSmart program?
Enjoy it, it's fun.

It appears that some of the questions were a dlitfeeult for Matt to understand but what
is evident is that he did enjoy participating ire program. It would seem the success Matt
experienced in th®uickSmarfprogram had some influence on changing his aetitochimself
as a mathematics learner. He also hinted that thwetgred small group sessions which
provided him with a high level of guidance and swujson, resulted in improved quantity of
work attempted (“you do heaps of work”).

From the researcher’s perspective Matt was bothaflenging and interesting participant
in the QuickSmartmathematics intervention, and it was a rewardixgeaence to work with
him in a closely observed teaching and learningasion. It was known before the intervention
commenced that Matt experienced quite considerkdaming delays compared to his age
peers yet it was pleasing to note that he did mahke sustain progress throughout the

intervention and beyond.

Profile Five - Student VP-PN.VP-PN (Vivian) was a Year 5 female student, aged 11
years and 3 months at the conclusion of the intgiwme. She lived with her parents and older
sister, and had attended her current school sinogetgarten. She was deemed to be an
average-achieving mathematics program participaetative to the otherQuickSmart
mathematics participants) at the beginning of thiervention. Vivian’s overall academic
achievement was below average for her class gradpshe achieved particularly poorly in
mathematics, according to her teacher. Socially,vehs part of a small group of girls who sat
together in the playground but these girls wereimafivian’s class.
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Vivian presented as a shy and very nervous stuslbatat times had difficulty expressing
herself. She was timid with her peers but showeitkla more confidence when interacting
with adults. As the intervention progressed Vivisatame more out-going in the intervention
sessions, and she began to express her answers$resbye

In-class observations just prior to the intervemtiodicated that Vivian was a quiet,
anxious student who had limited interactions wigens or the teacher. She struggled to
verbalise when asked to answer questions in whats or small group settings. This difficulty
could be attributed to lack of confidence and diffty formulating her ideas into words, as
Vivian’s speech and language seemed to be age @mimwhen she did manage to express
herself. The class teacher said that Vivian haticdity completing many of the set tasks, that
she seemed to have poor concentration and thaadheliserved her peering off into space for
extended periods. She rarely completed homeworknasdfrequently absent from school due

to minor illnesses.

Vivian responded well to the assurance that therwention would help improve her
mathematics skills, and she quickly became an srdhtic participant, who often asked the
researcher if she could attend ex@aickSmartlessons. A supportive relationship developed
between Vivian and her learning partner for @idckSmariessons and this seemed to benefit
her as she become less nervous and more confiddwriresponses. On rare occasions when
Vivian was paired with a different learning partngne invariably under-performed and
demonstrated difficulties in actually saying anssvaiVhen discussing this with her, Vivian

told the researcher that sometimes she just “stavig and can’t think and | feel sick”.

Vivian particularly seemed to benefit from the son that was the first part of each lesson
as this appeared to provide her with assurancestatknew the answers to some of the
upcoming challenges. Throughout the interventiomiari was relatively quick to learn new
number facts, and she readily understood and usedttategies that were explicitly taught.
From the researcher’'s perspective it seemed tleat d& confidence and a fear of making
mistakes were the key difficulties underlying Vinia poor achievement in the subject of

mathematics.

Vivian responded very positively to praise and fesk from the researcher, and her

learning partner and she valued highly the graphber student folder which showed her
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progress. On several occasions when Vivian answergdestion very quickly and correctly
(from recall) she then covered her mouth in suepaisd made a comment that she was amazed

it was correct as she didn't ‘think’ about the arsw

Vivian's CAAS results previously presented (see émglices J, K and L) showed that she
did make gains in automaticity as a result of pguéting in theQuickSmartmathematics
intervention. Vivian also demonstrated greatly ioyad competency as measured on the PAT
standardised mathematics tests after the intererfPAT Mathematics pre-intervention™0

percentile, post intervention 8ercentile).

Figures 6.13, 6.14 and 6.15 display Vivian’s perfance on the CAAS tests administered
throughout the intervention and at post-test orag wdter the intervention concluded. In each
test Vivian made impressive gains in response ¢gtamd accuracy from pre-test to post-test

and generally maintained or improved these perfaoesa at follow-up testing one year later.
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Figure 6.13Participant VP-PN’s automaticity progress over tin@AAS addition.
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VP-PN Response Latency and Accuracy Subtraction
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Figure 6.14Participant VP-PN’s automaticity progress over THE@AAS subtraction.

VP-PN Response Latency and Acccuracy Multiplication

100 7
(©)]
% + 6.5
90 -
+ 6
80 | +— 5.5
+ 5
7017 445
T+ 4
60
J | 35
50 4 L 3 mmm Accuracy

1 2 3 4 5 6 7 —e— Response
Latency

Testing Occasions Throughout the Intervention (1-6) and at Follow-up (7)

Figure 6.15Participant VP-PN’s automaticity progress over tin@AAS multiplication.

Vivien’s responses to the survey questions, recbodevideotape at the conclusion of the

intervention, are transcribed below.

1. Do you think the QuickSmart program has beefulise you? Why?
Yes, because it helps me think a bit clearer amiviavhere | am going.
2. Do you use QuickSmart learning in your classr@dtow? On what sort of work?
Yes, when Mr M (class teacher) writes up sums enbitard, and also times tables and

stuff and on worksheets.
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3. What part of the QuickSmart program have youndomost important to know about
and use, at school or out of school?
The part where you have to, ummm, knowing the arswad working it out in your
head and not on your fingers.

4, What were the best and worst things about beingerQuickSmart program?
Best — getting to talk to the teacherssgarchey. Worst — not being able to come to
QuickSmariessons on Thursdays.

5. Any other comments you'd like to make abouQhiekSmart program?
| reckon it’s a pretty good way to spend your tiespecially to get out of class and still

learn something.

These responses showed that Vivien was aware tigahad improved in mathematics.
Interestingly Vivien was quite aware that her thmgk processes had improved and that
accurate recall and strategy use (“working it ouwgour head”) were more reliable than relying
on fingers as counting aids. Her comments makbvtowis that Vivian valued her relationship
with the researcher, perhaps because in a smalpgsetting she could access the frequent
practice and encouragement required for her to reequEe success in a subject which had

previously provoked substantial anxiety.

Vivian’s progress throughout the intervention aed theveloping confidence in herself as a
mathematics learner were very pleasing, particulasl the gain in skills was maintained one
year later. It is hoped that Vivian's gains in knedge and skills during th@uickSmart
intervention would continue to fuel increased cdefice in herself as a proficient mathematics

learner.

Profile Six - Student CS-PO.CS-PO (Cody) was a male Year 7 student, aged 1 yea
and 9 months at the end of the intervention. Psedata indicated that Cody was a middle-
achieving student relative to the oth@uickSmart mathematics participants. Cody had
attended a local state primary school prior to cememg high school at the catholic college.

Cody lived on a farm and enjoyed horse riding aslzby.

Cody presented as a quietly spoken student, somentall for his age. He was a friendly
and pleasant student but sometimes displayed '‘dighaviour and seemed to be quite

distractible. During lessons he regularly requipedmpts and reminders to be on task. When
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settled, Cody could work steadily for short perio@®dy had accessed additional support in
literacy during his primary school years and inhhgghool was identified as a student with LD

in literacy and numeracy.

Despite these challenges, Cody did participate wethe intervention. His performance
and on-task behaviour in lessons was variable bunost occasions he made a good effort.
Cody particularly enjoyed the games segment ofdbson, especially when he won. Cody also
enjoyed monitoring and graphing his response ratek accuracy, and genuinely wanted to

improve his ‘personal best’ response times andracgu

As the intervention progressed Cody was able towsheasonable recall of basic
mathematics facts but at times he demonstratedaliiomns in applying this knowledge. For
example, Cody insisted he knew the nine times $asatel confidently showed the instructor a
range of strategies he had acquired for solvingithmut a few days later, when he encountered
the sum 8 x 9, he commenced to work it out usipgated addition rather than applying any of

the more efficient strategies he had previously aestrated.

Results previously presented (see Appendices L) 8howed that from pre-intervention to
post intervention Cody made gains in responsedgten all CAAS tests and gains in accuracy
on the addition and multiplication sub-tests, wathslight increase in subtraction accuracy.
Cody showed pleasing improvement from pre-inteeento post intervention in performance
on the standardised (PAT Mathematics pre-intereené” percentile, post intervention %2

percentile).

Maintenance data indicated that Cody improved fiomst-test in response rate in the
addition and tests, with a very slight decreasa&curacy. In the subtraction test he made gains
in both response speed and accuracy. Howevereimthitiplication sub-test Cody showed a
decline in performance from post-test to maintepartéigures 6.16, 6.17 and 6.18 show
Cody’s performance on the CAAS tests administenedutghout the intervention and one year

after the intervention concluded.
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CS-PO Response Latency and Accuracy Addition
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Figure 6.16Participant CS-PO’s automaticity progress over Hri@@AS addition.
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Figure 6.17Participant CS-PO’s automaticity progress over #ri@&AS subtraction.
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Figure 6.18Participant CS-PO’s automaticity progress over #i@®AS multiplication.

Cody’s responses to the survey questions are rapeolcbelow.

Do you think the QuickSmart program has beefulise you? Why?

Yes, because it has helped me with all my mathislenas

Do you use QuickSmart learning in your classr@dtow? On what sort of work?

In maths | do when | have to find the answer talltarestions

What part of the QuickSmart program have yowndomost important to know about
and use, at school or out of school?

Times tables

What were the best and worst things about bieinige QuickSmart program?

Best — being with the teacher. Worst — going baokldss

Any other comments you’d like to make abouQiekSmart program?

No.

Cody'’s responses in the exit survey indicate tleadtl think he had improved in basic

mathematics skills, particularly in multiplicatioHowever, it seems he is not clear about how

to apply the knowledge gained to learning and gvgituations. His response to question 4

suggested he liked the small-group learning contartl the opportunity for more
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individualised learning assistance but he disliketlirning to class, presumably because, Iin

doing so, he would attract attention to himself hrsdneed for additional learning support.

Working with Cody throughout the intervention wastg a rewarding experience for the
researcher because he did want to improve hisskiltl he often made considerable efforts to
overcome limitations in his ability to concentraBady’s distractibility was a regular challenge
for him as he would so easily loose focus on thek tat hand. The ‘silly’ behaviour he
sometimes displayed seemed to be a ploy for saciedptance as he attempted to forge an
identity for himself in a new peer group. The gawly made during the intervention would
hopefully assist him in everyday living skills, agell as facilitate greater access to and
participation in the subject of mathematics andumeracy applications required in a range of
subject areas in high school curricula.

The three QuickSmart mathematics participants profiled, Matt, Vivian darCody
demonstrated individual results in relation to e#sh questions 1 and 2 that reflected the
group trend, that is, they reduced response latérmy pre-test to post-test and showed
pleasing improvement in performance on the stamskgldtests. Results for maintenance of
response speed and accuracy on CAAS sub-tests mareso consistent. Matt showed
improvement in response latency in only one subdes improved accuracy in two of the
three sub-tests. Vivian maintained gains in acquracll three sub-tests and also decreased
response latency in two of three sub-tests whildy&oresults from pre-test to post-test on
both CAAS and PAT measures were encouraging but pexdormance at maintenance on the

multiplication sub-test was disappointing.

The profiles of the six intervention participantegented above clearly demonstrate the
diversity of ability, approaches to learning, arghation to intervention of the students
involved in the research program. As anticipatdthoagh all the participant students were
nominated as students experiencing LD, there wasiderable variability in the gains they
made throughout the intervention and at maintenaMmre specific consideration of the
profiled students, in terms of the objectives fog tnvestigation of the theme, are evaluated in

the following section.
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Analysis of the Student Profiles

As the theme explored the rather broad topic ofieaening growth and development of a
selection of participants of th@uickSmartinterventions, three exploratory questions were
developed to target useful, relevant informatiorthi@ profiles. In this section the information
presented in the six profiles is analysed as eaelstopn is considered in turn. The participant
students’ learning behaviours and attitudes, patir progress and opinions about the

QuickSmarinterventions are analysed and briefly discussed.

The first exploratory question required a desaniptof each participant with a focus on
identifying learner characteristics. This has bberadly addressed in the presentation of the
profiles. Figure 6.19 lists learning characterstiisplayed by participants (and evident in the
profiles) that apparently inhibited learning, andtructional approaches or experiences in the
intervention programs that may have supported @paints’ development of more effective
learning behaviours. Recognising learning behasgiothat inhibit performance is an
informative approach for teachers because it erdbiem to target specific student learning
needs and, to implement effective interventions appropriate adjustments to teaching and

learning.
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Learning characteristics that inhibit Aspects of the intervention programs that
performance, as displayed by participant  potentially support more effective learning
students in the intervention programs behaviours
Ineffective approaches to learning:
Inefficient strategy use Teacher and peer modeling
Inappropriate strategy use Use of ‘think alouds’ as demonstration
Difficulty implementing new Explicit strategy instruction
strategies
Limitations in attention:
Difficulty attending to task Short fast-paced learning activities
Poor concentration A prescribed sequence of lesson activities
Distractibility Consistent teacher expectations
Lack of persistence Hands-on activities, timed activities
Poor work habits
Difficulty commencing a task Established work routines
Lack of persistence Pre-teaching and rehearsal
Poor task completion Rewarding effort as well as achievement
Memory difficulties
Inconsistent recall Repeated, practice of the same content
Incorrect recall Frequent review of previously encountered
Forgetting content
Slow recall Linking new learning to prior knowledge
Negative impact of affective factors
Social difficulties Small group instruction
Lack of confidence in self as a Supportive learning environment
learner Established work routines
Anxiety about learning / performing Experiencing success
Fear of failure

Figure 6.19Participant students’ learning characteristics destrated during the intervention,
and responsive instructional strategies.

The second exploratory question required appraitalach participant’s rate of progress
and the duration needed to show consistent imprementonsistent with the variability
inherent in the study population, progress madenbidual participant students was also
variable, both within and between participants. T?®AS progress graphs included in the
profiles show that most students made improvemengsponse latency especially, in a ‘two
steps forward, one step back’ kind of progressiath a trend towards improvement but with
variable progress and regress within any short per@d. Overall, improvements in response
latency and accuracy were variable, not consistém. extent to which this could be a factor
of the variation in the test items and the verylsmarements of time measurement, needs to

be considered.

170



Visual inspection of the progress graphs contaimethe profiles suggests that student
participants did not make sustained immediate garather multiple exposures to the
QuickSmartessons over an extended period of time was rediefore the participants made
notable progress in CAAS assessments. A reasobahldhmark on which to judge mastery of
a skill such as making a simple mental calculatoneading a word would be that such skills
could frequently be accurately performed by non-iiizidle-school students in one to two
seconds, (as evidenced by the comparison group QA& nses at post-test). The participant
students profiled above, and, in fact, all paracipstudents of the intervention program, were,
unsurprisingly, unable to demonstrate such praiwyeat the beginning of the intervention
programs, and at the end of the intervention few reached this level of mastery. This
information suggests that participants may haveefiea from a longer intervention,
especially focusing on more demanding skills sushremding sentences and multiplication

calculations.

The third question in the exploration of the themagquired recording each participant’s
opinions about participating in the interventiomdahis is presented within the profiles, in
students’ response to an exit survey. Most paditigtudents’ responses to the questions were
positive in that participants were able to artiteldhat they thought they had made
improvements in reading or mathematics, and thestethmproved skills enhanced participation
and performance in class work. However, the exivesyiresults need to be interpreted with
some caution due to the nature of the questions thadpositive affect of most of the

participants who may have wanted to offer respopbeEasing to the researcher.

The profiles and analysis provided in this chagstgsplement the findings of the research
guestions by adding descriptions of the participatiteir learning characteristics, attitudes to
the intervention programs, and their progress thiout the interventions. This information
serves as ‘rich descriptions’ to both enhance #iglity and generalisability of the results and
to present the participants as contrasting indefsluvho nonetheless display a range of
learning characteristics common to students with AD understanding of these performance-
inhibiting characteristics is essential for reshaand educators as they strive to develop more
effective practices to support improved learningtcomes for middle-school students
experiencing LD.
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In the following chapter the overall results foetthree research questions and the theme
are considered together. In addition, recommendsti@are made regarding practical

implications, and further research.
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Chapter 7

Discussion of Results and Conclusions

Students in the middle-school years who experig@eesistent LD are very much at risk of
becoming disengaged and disillusioned with schoBGbnsequent educational under-
achievement may negatively impact on workforce ip@dtion and living standards
throughout the life-span, with flow-on effects flamilies and communities. It is also more
difficult to implement effective remediation progma for older students with LD, relative to
younger students because the achievement gap betthese students and their average-
achieving peers is wider, resourcing is scarcet,sandents’ negative attitudes to learning have
usually become more established. These challemdesh are readily observed when working
in regular school settings with middle-school stideexperiencing LD, contributed to the

motivation for developing the research reportethia thesis.

This final chapter considers the findings of theestigation in terms of the research
guestions and theme, identifies the importanceheffindings, and discusses key ideas that
emerge in relation to the relevant research liteeatimplications for research and practice are
also considered. The chapter is organised into foajor sections- limitations of the study;
summary and importance of the study; discussiaesilts; and implications.

Possible Limitations of the Study

The results described in the preceding two chapteed to be considered in light of
possible limitations imposed by design factors, st@ints in the experimental process and
factors that limit the interpretation of statisticasults. In Chapter 3 limitations to the validity
of quantitative data in a quasi-experiment and ri@hevalidity limitations in qualitative data,
were identified. A restriction in the amount oftteg that was administered to the participant
and comparison students was also acknowledged lesitation. In Chapter 5, limitations
associated with meeting some of the assumptiottseastatistical procedures utilised were also

acknowledged. Other limitations relevant to thigdgtare discussed below.

This study reports results for 38 students, spmadlfi 22 participant students and 16
comparison students. These groups were furthemetkfias reading group students or

mathematics group students. Thus, the cohort nsntere small — 10 reading program
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participants with eight comparison students, andmi2hematics program participants with
eight comparison students. Such a sample sizekimoadedged as a limitation for this quasi-
experiment, with concomitant restrictions in thatistical analyses that could be applied and in

generalisation of results.

The reasons for having such a small cohort inrssgarch are linked with the feasibility of
conducting intervention research in a contemporaegular school setting in regional
Australia. Whilst the school staff members who ipggrated were willing partners in the
research process, they were cautious and consexatiheir approach to the project, resulting
in small numbers of student participants, and mithtions imposed on the amount of
assessment that could be administered. The camsti@ssociated with having a small cohort
involved in the research were identified at thesetibf the project (see Chapter 3), and careful
consideration was given to selecting a researcligmethat responded to this limitation.
Accordingly, a mixed-methods research design wapted, as it allowed for the collection of
both quantitative and qualitative data. Though lthtations that accompany having a small
cohort in this quasi-experiment were not reducedhayinclusion of the qualitative student
profiles, the depth of the study, and the qualitg @onsistency of the information provided
were enhanced by the detailed description of thenlag processes of individual participant

students.

Another limitation of the study was the lack of atohed control group against which to
gauge the progress of the participant studentedurcational intervention research there is an
ethical issue which needs to be considered regandéing a matched control group in the
research design. The issue centres on not provigingvailable students with the proposed
intervention, but withholding what is anticipateal he an effective intervention opportunity
from some students in need of it for the purpodemaeasing the potential validity of the
study. An informed decision was taken by the redesarto use a comparison group design (see
Schumaker & Deshler, 2003) because of this ethgsale. The inclusion of a comparison
group in the research design provided benchmakkatgdinst which to compare the participant
students’ automaticity rates, although, unfortulyatecomparison group data for the

standardised tests was not available.

Implementing valid and reliable intervention resbamn a regular school setting presents

challenges to standard experimental research migtoand these need to be resolved to
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support, as far as possible, the best interestdl stakeholders. In such circumstances some
aspects of the research design are compromisadtimgsin limitations in interpretation and
generalisability of the results, as acknowledge@dvab Having considered the possible
limitations of the research, a summary of resgltsaw presented.

Summary and Review of Results

The results of the study have highlighted the paébenefits of focusing on improving
automaticity in basic academic skills, as an eifecintervention for students in the middle-
school years experiencing LD. In this part of tiemer the results for each of the research
guestions and the theme are briefly re-stated bdfemg discussed together. The importance

of the findings are then considered.

Results summary.The first research question investigated whetlioraaticity in basic
academic skills for students in the middle-schadrg experiencing LD could be improved as
a result of participating in appropriate interventiprograms, specificallQuickSmartreading
and QuickSmart mathematics programs. Another aspect of the igagin was the
comparison between performance changes of panicigi@dents and those of comparison

average-achieving students who did not participatbe intervention programs.

The data for this investigation, which consideresponse latency and accuracy as
indicators of automaticity, were transformed ine@rdb ensure normal distribution, and then
RM-ANOVAs were used to analyse results. These aeslyndicated that participant students
in both the reading and the mathematics intervargimgrams made gains in response latency
(i.e., reduced response latency) that were sigmflg different to the gains made by
comparison students. Inspection of group meandiegrthat participant students’ response
latency gains were much greater than gains madidgomparison students. Notably, after
the intervention, the response latency rates diggaant students were similar to those of the
average-achieving comparison students. The refultthe accuracy aspect of automaticity
followed a similar pattern — after both the readargd mathematics intervention programs
participant students’ accuracy rates were imprauedl their accuracy rates were not markedly

dissimilar to those of the average-achieving coigparstudents.

Although it was not a focus of this research, thigestigation did provide evidence that the

QuickSmartreading program and tlieuickSmarimathematics program were notably effective
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in improving automaticity of basic academic skiits this group of participant students, and
that this improvement was sustained one year lates suggests that improving automaticity
in basic academic skills by improving both knowledgnd strategy use is potentially an
effective intervention focus for older students ex@ncing LD.

The second research question investigated whetmproved automaticity in basic
academic skills would facilitate improved performanon standardised tests of more
generalised, curriculum-relevant subject-specifiowledge. Results for both the reading and
the mathematics intervention programs showed 8tatily significant differences in post-
intervention test performance and effect sizescalthg substantial growth. These results
appear to validate the theoretical premise undeglyhe research — that ‘freeing up’ working
memory from an excessive focus on mundane taskdemneognitive resources to be allocated
to other, novel or higher-order aspects of the ,taskhis case, resulting in improved test

performance.

At the end of the intervention period the resuidicated that the participating students had
improved automaticity rates and that they had atgmroved attainment on standardised tests.
However, the value of the gains in automaticity ldooave been limited if they had not been
sustained over time. The third research questimesiigated maintenance of performance
gains by repeating the CAAS tests to measure adtotgarates with 17 of the original 22
participant students, one year after the intereasticoncluded. In terms of both response
latency and accuracy, group means for each of tAASCreading tests were either not
significantly different, or showed significant ingwement from post-test to follow-up-test.
Similarly, in the mathematics intervention prograparticipant students also showed no
significant difference in response latency or aacurfrom post-test to follow-up-test one year
later. This finding is important because it showattthe students’ improved performances on
basic academic skills tasks were maintained andhle& increased facility remained available
for use during their classroom instructional expeces.

The exploration of the research theme yielded eslewnformation about the cognitive
characteristics displayed by older students expeing LD through detailing the progress of
six students through the intervention. The profg¢adents displayed learning behaviours such
as difficulty attending appropriately to tasks, thee of inefficient and inappropriate strategies

when attempting to perform basic academic skilisk lof persistence with more challenging
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work and inconsistent performance on known taskes& characteristics relate to underlying
difficulties experienced by students with LD, asendfied in the literature review.
Characteristics include inefficiencies in executiftenctioning, such as working-memory

constraints, poor self-efficacy and difficultiestivaccurate recall.

The progress of the profiled students showed iristerd patterns in the short term, but
gradual progress over the duration of the intefeantt was notable that mastery of very basic
tasks such as addition and subtraction with sidgdg numbers, and reading simple words,
required an extended time for some students, radtgwcouple of practice sessions. Further,
some students did not achieve mastery of more esigilig tasks, such as correctly reading
sentences or providing correct answers to mulaglhn tasks. This finding suggests that
particular students may benefit from longer periofisitervention in order to consolidate their
basic academic skills. All profiled students expegbpositive sentiments about being involved
in the QuickSmartintervention programs and most verbalised hovad helped them in both

classroom learning and daily living contexts.

Considered together, these results suggest tisataasible to improve the word reading or
basic mathematics skills of students with LD in theldle-school years by implementing an
intervention which uses evidence-based strategmesdaat increasing automaticity. From this
study it appears that such an effect not only ingpguositively on standardised test
performance, but also, that improvement in autacitgtcan be maintained one year after the
intervention concludes. Further, the participanidents themselves may, to varying extents,
overcome the use of inefficient learning strategeesl acknowledge improved performance in

both intervention and classroom settings.

Key issues directly relevant to this study’'s fingninclude generalised and sustained
performance gains related to improving automatieitpasic academic skills for middle-school
students with LD, generalised improved learningcomtes resulting from improving
automaticity in basic academic skills, sustainegromement in basic academic skills, and
supporting students with LD to develop more cogsly effective approaches to learning.
More indirectly, the results suggest that framirg interventions within a cognitive model
focused on improving inefficient component skillsay be a credible approach to take with

older students experiencing LD.
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Importance of Findings. The results are notable because the intervengiproach, which
focused on remediation of specific component skilisreading or basic mathematics,
specifically aimed to address the lack of autonitgtia basic academic skills experienced by
many middle-school students with LD. The strendtbuzh an approach is the theoretical link
it affords to the information-processing framewoand the concomitant recognition of the
critical role of efficient utilisation of limited warking-memory resources underpinning the

effective learning of basic academic skills.

Overall, the findings of this study are importanéchuse they are optimistic — the
intervention resulted in a marked, sustained gaibdsic academic skills for the participant
students, and this gain facilitated improved testggmance. This positive outcome is contrary
to the reality experienced by many middle-schoadshts with LD in Australian schools.
Historically, relative to younger students, olderdents experiencing LD have been somewhat
overlooked in the LD field as most of the liter&wand initiatives in program development and
funding have been directed at younger studentsz(l&emeshler, 2004). To varying extents
this may have given rise to a tacit acceptancendeuachievement for students in the middle-
school years experiencing LD, with common perceaystioeing that "once children fall behind,

they seldom catch up” (Moats, 2002).

A cluster of issues commonly converge in the migaleool years to subvert improved
learning outcomes for students with LD. This wasedaoby researchers in the ‘Mapping the
Territory’ project (Louden et. al., 2000) which pemted case studies of support provisions in
Australian schools. In this report, the circumstmof students experiencing LD in the middle

and upper years were described in the following:way

. . . with each passing year, they were fallinghfer and further behind their peers.
Moreover, schools had few resources with which uppsrt these students and
some observed programs did not appear to reackatihe high standards as those
observed in early intervention settings. (p. 106)

The results of this research challenge the comptacef such circumstances because they
show that a well-structured, theoretically sounénvention program, implemented in a regular
school setting, can make a significant differencethie performance and participation of
students who would otherwise be vulnerable to skctadlare. Accordingly, the results reported

here show that it is feasible for a school-baseeruention to ‘narrow the achievement gap’
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and provide enhanced opportunities for studentls it in the middle-school years to achieve
appropriate learning outcomes. As Deshler (200B24). stated, “While adolescents with LD
present significant instructional challenges, them@ason to be optimistic about the magnitude
of gains that they can make if they are taughtgismlidated interventions with fidelity and

intensity.”

In general, the achievements of the participardesits involved in this research underscore
the importance of theory-based interventions. Simthrventions, when adapted to local
contexts and focused on particular curriculum detsahave the potential to make a lasting,
positive difference to the academic performanckwtachieving students. The results of this
research suggest that a focus on improving basadesic proficiency through targeted,
school-based interventions has considerable patdrgcause it boosts the kinds of skills that
are necessary for more complex tasks. This is itapbtbecause proficiency with many of
these sorts of tasks is assumed to already beate gbr middle-school students (Milton &
Forlin, 2003).

The summary of results presented above highlidgtgspbtential for focusing on improving
automaticity in basic academic skills as an engblempowering instructional approach to
improve the learning outcomes of middle-school shisl experiencing LD. The findings of
this study are important because they provide eweethat a well-designed intervention,
implemented in a regular school setting, has p@téniprofound effects for the participating
students, both in terms of improved learning outes@and enhanced self-efficacy. Further the
findings of this study are important because thegtrtbute to a small but growing body of
Australian research into LD in reading and mathé&sdbr middle-school students. The study
highlights the contribution gained by considerind Lintervention from a cognitive
perspective, and in doing so, challenges what appeabe the prevailing ‘status quo’ of
accepting of under-achievement and disengagememt finiddle-school students experiencing
LD.

Discussion

One of the key points of relevance for this invgation, identified in the literature review
and corroborated in the findings, was the usefglrdsapplying knowledge about the role of
cognitive processes implicit in learning basic aait skills, to an intervention program.

Accordingly, the potential of an information-proseg) approach to assist in understanding
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and remediating basic academic skills deficits,emgerienced by students with LD in the
middle-school years, is discussed. Consideratiorals® given to effective instructional
approaches that develop proficiency in reading mradhematics for middle-school students
experiencing LD. Specific elements of the interv@mtthat may have contributed to the
improved performance of the participant studertst is, the role of feedback, deliberate

practice and promoting student self-efficacy, dse aonsidered.

The following discussion is presented under six-lseddings: (i) relevance of the
information-processing approach; (ii) learning idififties in reading; (iii) learning difficulties
in mathematics; (iv) deliberate practice; (v) feacly and (vi) self-efficacy. Each of these are
presented in turn, with reference to issues ideaqtiin the literature review and in relation to
more recently published research literature.

Relevance of the information-processing approachlhe information-processing model
for understanding cognition, first introduced ire th960s, has withstood the test of time and
remains currently relevant to psychology and edocat{Dehn, 2006). The information-
processing model, when applied to new learningldsely linked to the construct of working
memory. Working-memory capacity, general intelligerand academic learning are highly
related (Conway, Kane, & Engle, 2003; Dehn 2008hrkMhg memory is also considered a
central feature of executive functioning in theibrand a key mechanism for the filtering of
selective attention (Geake, 2009). Further, thatiaiship between deficits and inefficiencies
in working-memory processes and LD is well esthiglis in the literature (e.g., Swanson &
Siegel, 2001; Torgesan, Rashotte, & Wagner, 1994).

Although there are some controversies surroundiegworking-memory construct (see
Dehn, 2008), its utility in terms of understandioggnition and learning is incontrovertible.
Advances in the technologies of the cognitive nsciences are being used to further inform
the development of theories and knowledge regarttiagcritical role of working memory in
learning, and to highlight implications for effaatiteaching (e.g., Geake, 2009). Although the
research design for this study did not include mess of working-memory capacity or
efficiency, improvements in the efficient use @hified working-memory resources emerged as

a key explanation for changes in participant sttglgrerformance.
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For example, at the beginning of the interventipatticipant students could be readily
observed squandering their cognitive resources (arking-memory capacity) by relying on
inefficient strategies such as sounding out preshiplkknown words, guessing words using
unreliable cues, or solving basic arithmetic protdeby counting on fingers and counting up
from one. Cognitive resources were also needlesgdgnded by expressing negative thoughts
about the self or the task, resulting in off-taséhdéwviours. In this way, theoretically, the
participant students dissipated their limited wong<memory capacity by repeatedly
approaching mundane tasks as novel, capacity-dentapbblems to be solved or avoided.

This study has highlighted the important role ofoawaticity in basic academic skills.
Improving automaticity in basic academic skills hHasen demonstrated as a potentially
effective approach for remediating LD, particuladiyring middle-school years. It requires the
development of more efficient cognitive processiegpecially for lower-order tasks. The
theoretical rationale for this position is based tbe notion that the cognitive capacity of
humans is limited, and particularly, that workingemmory has specific constraints on the
amount of information that can be processed (ZWfagfld.ogan, 1986). Automaticity ‘frees-
up’ limited working-memory resources, re-directitigem from an excessive focus on tasks
which should be routine (McNamara, & Scott, 200ih).turn, this enables more efficient
resource allocation to novel and higher-order aspet a task, such as comprehension or

problem solving, which are inherently demandingajnitive resources.

The findings of this study indicate that, for mieldichool students experiencing LD, an
intervention approach focused on developing autmiatin basic academic skills may
provide students with LD with the opportunity t@te to use working-memory resources more
efficiently and effectively. In this study, the paipant students responded positively over time
to the opportunity to ‘let go’ of inefficient stedies and approaches, and, with appropriate
feedback and practice opportunities, to move onusmg more effective approaches to

learning.

The close connection between information-processingcepts, the efficient use of
working-memory resources, and automatic processingpwer-order skills, such as word
reading and basic mathematics calculations, haga belicated by the findings of this study.
Importantly, La Berge and Samuels (1974) describetheory of automatic information

processing in reading, which posited that compomsé&iils of a task become automated in a
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hierarchical sequence, with lower-level skills ooy automated first. This concept has been
further refined and developed (see Logan, 1997eRierl985, 1992; Stanovich, 1990; Tan &
Nicholson, 1997), supporting the idea that effitibasic academic skills reflects automatic
processing of components of the task, rather thanuse of resource-consuming controlled
processes (see Shiffrin and Schneider 1977, albmester & Shiffrin, 1977). This is an
important premise of the research design and iaetgion used in this study, and stands as a
rationale to explain the participant students’ dem performance. Accordingly, it is feasible
to propose that developing automaticity in basiadamic skills is a necessary (but not
necessarily sufficient) approach for supportingeetfe learning for students with LD,

especially in the context of the content-driverricuta of the middle-school years.

As a theoretical model, information processing mash to offer in terms of providing a
coherent, consistent rationale for the changesifopmance demonstrated by the participant
students reported in this study. Further, an undedsng of the cognitive processes required
for mastery of word reading and basic mathematspecially the construct of working
memory and the processes of automaticity, enaldesators to target component skills in
need of remediation effectively, and to identifygrdially effective strategies for students with
LD. As Dehn (2008, p. 282) states: “Academic inégvons and instructional approaches can
be more successful when they address studentsegsimg deficiencies. Moreover, directed
efforts to improve cognitive processing performarene appropriate in an educational

environment.”

Learning difficulties in reading. In relation to developing proficiency in readingr fo
middle-school students experiencing LD, results tlhik study suggest that developing
automaticity in word recognition and reading flugng a worthwhile intervention focus, with
potential for sustained gains in the target composekills, as well as reading comprehension.
This is theoretically consistent with influentidiebretical models of reading, for example
Stanovich’s (1980) interactive-compensatory mo@elfetti's (1985, 1992) verbal efficiency
theory, and Gough and Tunmer’s (1986) simple mafekeading. The findings can also be
linked to the double-deficit hypothesis (see Wolfk&tzir-Cohen, 2001) which posits that
some sub-types of learning disabled students expegia specific processing deficit in naming
speed, resulting in lack of fluency and automatidait word reading. The results are also

consistent with research that substantiates thecteféeness of word reading and reading
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fluency interventions to improve word reading, riegdluency and comprehension (see Chard,
Vaughn, & Tyler, 2002; O’Connor, White, & Swans@007).

Although Wolf, Miller, and Donnelley (2000) make distinction between the terms
automaticity and fluency (with automaticity periaig to the underlying component processes
and fluency relating to smooth rates of processppeed in reading), it is feasible to infer that
other terms used in the research literature, ssctward reading’ (e.g., Torgesen, 2002),
‘reading fluency’ (e.g., Chard, Vaughn, & Tyler,) and ‘reading rate’ (e.g., O’Connor,
White, & Swanson, 2007) all describe reading behwag similar to automaticity, that is, fast
and accurate reading of words and connected teoetkieless, this range of terminology
presents some challenges when interpreting restiltsis study compared to other studies, as
does the fact that many studies of reading andnigdlliency focus on younger readers.

As automaticity in word reading and reading fluerang intricately linked to reading
comprehension, there is consistent support indsearch for the notion that improving reading
fluency can impact positively on reading comprelmnge.g., Chard, Vaughn, & Tyler, 2002;
O’Connor, White & Swanson, 2007). However, Edmuadd colleagues (Edmunds, Vaughn,
Wexler, Reutbuch, Cable, Tackett, & Schnakenbed§92 reported some contrasting findings.
These researchers, working from the perspective ttigt the “ultimate goal of reading
instruction at the secondary level is reading cahension”, presented a meta-analysis of
reading interventions for older, struggling readéssused on elements of interventions

associated with growth in reading comprehension.

Their findings indicated that while explicit teanfi of reading comprehension strategies
had a large effect on comprehension (effect siZ&3)1.word-level interventions were
associated with a small to moderate effect (efeene¢ 0.34), and the few studies of fluency
included in the meta-analysis indicated that inseelareading rate and accuracy did not always
result in improved comprehension reading fluencffe(¢ size -0.03). Further, there was
evidence to suggest that the relationship betwkemdy and comprehension decreases with
age and with text difficulty. According to the galohes outlined for this meta-analysis, the
QuickSmartreading program would be considered a multi-corepbintervention because it
incorporates the components of word reading, flyeamad, to a lesser extent, comprehension.
This intervention type elicited a moderate effeatreading comprehension (0.72), similar to

the effect size of 0.82 reported in for RaickSmartreading intervention in this study.
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Perhaps one of the most common fluency strategiised in fluency interventions is
repeated reading. This was a strategy regularliged in theQuickSmartreading intervention
program. In an a rigourous review of repeated repdesearch Chard and colleagues (Chard,
Ketterlin-Geller, Baker, Doabler, & Apichatabutef09) found that repeated reading could not
be cited as an gold standard evidence-based mrdcticuse in building reading fluency for
students with learning disabilities, primarily dueethodological flaws in designing and
reporting intervention studies. However, the awhtid not recommend that repeated reading
interventions cease to be implemented; rather tbeymented that substantial evidence existed
to support repeated reading as effective in imprguieading fluency, and that repeated-
reading practices should be continued, albeit withroved design and reporting incorporated
into relevant research protocols. Notably, O’'Connathite, and Swanson (2007) found no
effects for repeated reading of the same text comapp continuous reading of different texts
on measures of word reading, vocabulary or commsbe. These more recent findings from
the research literature about reading approacldisaite that, although repeated reading is a
commonly used and reasonably well-substantiatedingafluency strategy (e.g., Chard,
Vaughn & Tyler, 2002), further research is needdds suggests that, until further evidence is
gathered, teachers need to consider utilising geraf oral reading practice strategies in their

instructional routines (O’Connor, White, & Swans@007).

Learning difficulties in mathematics. Almost all students experiencing LD in
mathematics demonstrate problems with accurateaataimatic retrieval of basic mathematics
facts, an inability to recall arithmetic facts frdong-term memory and an inability to store
numbers in working memory (Gersten, Jordan, & FI@005). This has an impact on how
students with LD calculate, follow mathematical ggdures and solve mathematical problems
(Montague & van Garderen, 2008). The findings frtns study, in relation to improving
proficiency in mathematics for middle-school studeexperiencing LD, indicated that an
intervention focus on improved automaticity in leasiathematics facts was effective, not only
for sustained, improved response rate and accui@cyasic mathematics tasks, but also

associated with improved performance on a stanskddnathematics test.

The theoretical rationale proposed to explain thesalts is that improving automaticity in
basic mathematics represents greater cognitiveiaifty, particularly in the application of
limited working-memory resources. This is consisigith a substantial body of literature that

indicates the critical role of working-memory resms, especially the central executive, in
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simple arithmetic (e.g., Geary 2003; Lemaire, Alddi-ayol, 1996; Kaufmann, 2002; Wilson

& Swanson, 2001). The findings of this study aoatonsistent with research literature that
supports direct and explicit instruction in basi@athematics as an effective intervention
approach for students experiencing LD (Baker, @ats& Lee, 2002; Fuchs & Fuchs, 2001;
Pelligrino & Goldman, 1987).

However, it should be noted the body of researchadolescents and students in the
middle-school years experiencing mathematics dilies is quite limited (Bryant & Bryant,
2008), with the focus primarily on problem-solvifidontague & van Garderen, 2008). Issues
of differing terminology also exist. For exampléetuse of terms such as ‘automaticity’,
‘computational efficiency’, ‘drill and practice’ @n'math-fact recall’ to describe similar skills
and approaches, and the somewhat interchangeablef usrms like ‘direct instruction’ and
‘explicit instruction’ confound the interpretationf research findings. Nonetheless, several
conclusions can be drawn about effective approaahdsstrategies that support middle-school
students experiencing mathematics difficulties, #redelements of these approaches that are
utilised in theQuickSmarimathematics intervention.

Both explicit instruction of basic mathematics faand, to a lesser extent, strategy
instruction focused on counting strategies werdructonal approaches utilised in the
QuickSmart intervention. These approaches draw anconsiderable body of evidence
confirming that such approaches are effective irppsuing improved mathematical
proficiency for students with LD (e.g., Baker, Gers & Lee, 2002; Kroesbergen & van Luitt,
2003; Swanson & Hoskyn, 1998). It is relevant téenat this point that direct instruction and
strategy instruction have much in common (Ellis020Gersten, Chard, Jayanthi, Baker,
Morphy, & Flojo, 2009). Direct instruction does retclude strategy instruction (Montague &
van Garderen, 2008), and strategy instruction,noffeen as an approach for teaching
mathematical problem-solving, is also required l&arning basic academic skills, especially
for younger students and students experiencingenatics LD.

Gersten and colleagues (2009) reported findingsa aheta-analysis which identified
instructional components effective in supportinggroved mathematics proficiency for school-
age students with LD. Findings from 42 interventgindies were synthesised to identify the
following instructional components as most effeetiyi) explicit instruction, (i) use of

heuristics (e.g., problem solving strategies)) §iudent verbalisations, (iv) range and sequence
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of examples (systematic variation of the conterbading to a specified sequence), and (v) use
of visual representation. Similarly, a practicedguin education published by the Institute of
Educational Sciences (Gersten, Beckmann, ClarkgémmeViarsh, Star, & Witzel, 2009) made
recommendations for effective interventions thaipsut middle-school students experiencing
LD in mathematics based on evidence standards.v&#lerecommendations include: (i)
ensuring an intervention focus on whole numbers &itbnal numbers; (ii) explicit and
systematic instruction, including verbalizationt) @uided practice and cumulative review; (iv)
opportunities for students to work with visual regpgntations, (v) regular opportunities to build

fluent retrieval of basic arithmetic facts, and) (Mogress monitoring.

Elements of both the findings of Gersten and cglles’ meta-analysis (2009) and the
practice guide recommendations (Gersten et. al,9R00entify a range of approaches
consistent with those used in tRiickSmartintervention, including systematic and explicit
instruction, strategy instruction, student ‘thinkiads’ and a systematic approach for selecting
lesson content. Teaching strategies for mathematicd problem solving are reported in the
research literature on mathematics LD as being@ffe (e.g., Baker, Gersten, & Lee, 2002;
Xin & Jitendra, 2006). Future implementations@iickSmartmathematics intervention may
also benefit from incorporating an expanded oftsgw instruction focus, to include word

problem solving as well as counting strategies.

Montague and van Garderen (2008) noted the poteafiaself-regulation and self-
monitoring strategies for improving the performarafestudents with LD in mathematics.
Likewise, Fuchs, Fuchs, Powell, Seethaler, Cirind &letcher (2009) also emphasised the
critical role of progress monitoring in intensivedrventions. As such, progress monitoring by
the teacher is a key element in effective instacthecause it ensures that the intervention is
appropriately targeted and having the desired €fEoegen, 2009; Fuchs et al., 2009).
Progress monitoring by the instructor, and the estisl themselves, was an inherent part of the
QuickSmartprograms. On completion of the assessment taskiersts were keen to see and
record their results and compare them to previoegopmances. In this way, students’
monitoring of their own progress appeared to maogigelf-regulation. Instructor monitoring of
student progress provided important informatiort thas used to fine-tune the instructional

content and sequencing, to better address theinganeeds of individual participants.
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There is also support in the research literatune tifie effectiveness of small group
instruction for students experiencing LD in math&osa(Bryant & Bryant, 2008). This fits
with the model used in thQuickSmartmathematics intervention. Small group instructizas
advantageous, probably because the participantstsigvere better able to access the learning
conditions necessary for improvement, includingehavore opportunities to practice and to
receive immediate feedback from the instructor atietr students (Vaughn, Hughes, Moody,
& Elbaum, 2001).

In terms of the quality of mathematics instructifor students experiencing LD, the
research literature continues to caution that obess teachers may not have developed the
necessary paedogogical knowledge, or understarafitige diverse learning and behavioural
needs of students experiencing LD in mathematicg, (Maccini & Gagnon, 2006; Montague
& van Garderen, 2008). Additionally, current madégiand teaching methodologies may be at
odds with proven instructional strategies and aggies for teaching students experiencing LD

in mathematics (Woodward & Brown, 2006).

Contemporary mathematics curricula based on prolsigring or discovery learning
approaches, are thought to be too complex, unstedtand confusing for many students
experiencing LD (Bryant & Bryant, 2008; Montaguev&n Garderen, 2008). Problem-based
learning as a curriculum priority and a core claser teaching approach is fraught with
challenges when implemented with students expdrignd.D because these students
commonly lack the necessary prerequisite skills sindtegies, and their teachers may lack
training to implement such an approach systeméticaad with adequate scaffolding for
students with LD. Consequently, attempting to sdlvappropriate problems can result in
cognitive overload and confusion for the studewegtwood, 2011). Students with LD should
not be denied opportunities to participate in pmslaboration and the sharing of mathematical
reasoning to derive solutions, however, their idiext need is for consistent, systematic,
explicit instruction in basic mathematics skillsdastrategies. Therefore, developing automatic
recall of basic number facts and applying comporteti procedures needs to be a core
component of instructional programs for older shideexperiencing LD in mathematics
(Westwood, 2011).

Deliberate practice.An issue which has been implicit in much of theceging discussion

is practice; in particular, the notion that autoiigt develops as the result of repeated practice
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(Bloom, 1986; Schneider & Fisk, 1983). The theaadtbasis for this position emanates from
Shiffrin and Schneider’'s (1977, see also Schne8dghiffrin, 1977) dual processing theory of
automatic and controlled processing. When a tasleli®erately practised with attention, this
practice changes resource-demanding controlledepsitg into automatic processing, which
is relatively free of working-memory demands. Ifeef, a cognitive reorganisation of the skill
is initiated. Accordingly, it can be theorised that the study reported here, participant
students who improved automaticity in basic acadeskills, changed the way they processed
basic information, moving from controlled procegsto automatic processing, as the result of

repeated, focused, deliberate practice.

Deliberate practice is different to the rote refpati of content. Rote repetition simply
requires repeating a task. While this may resutheability to perform the task, in the short-
term and within the same context, it is differemtl dess effective than using deliberate practice
to develop automaticity. The implementation of bletate practice involves attention, rehearsal
and repetition, resulting in new knowledge or skilhat can later be developed into more
complex knowledge and skills (Brabeck & Jeffrey,1@D Access to adequate practice
opportunities is particularly important for studemxperiencing LD, as they need to rehearse

strategies and information more frequently thareotearners (Mitchell, 2008).

Deliberate practice was a key strategy in@weckSmartintervention programs, taking the
form of consistently-encountered, supported anedinasks sequenced in terms of increasing
difficulty. In each lesson the deliberate practisedertaken by the students was highly
structured and focused, with the aim of improvirggfprmance. The content practised was
specific, for example, a selected set of relatedds@mr number facts, rather than general
practice of reading or doing mental calculationsacse opportunities were also repeated
within lessons and over a number of lessons, pnayithe participating students with ample
opportunities to attend to critical aspects of thgk. Within the lesson, opportunities were
provided to practise specific items to overcomekmeases (i.e., extra practice was focused on
incorrect items or tasks), and performance was tod carefully to provide feedback. As a
result of successful practice the participant stigl@ppeared to be motivated to exert extra

effort to improve.

The role of feedback.The benefits of deliberate practice are enhancednwikachers

provide students with timely and descriptive feedbdeedback can come from a variety of
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sources including teachers, peers, books, compuperents and the learners themselves
(Mitchell, 2008). Feedback can be summative, faneple, a percentage rank or grade on a
test, or formative when it is ongoing and commutadao the learner in order to modify his or
her thinking or behavior to improve learning (Shu2809). Educators have understood the
potential for feedback to positively influence merhance for some time (e.g., Fuchs & Fuchs,
1986; Lysakowski & Walberg, 1982). More recentlige timportance of feedback as a key
instructional strategy has gained prominence sineeublication of John Hattie's work (e.g.,
2003, 2005, 2009) supporting the idea that the mpaosterful single influence enhancing
student achievement is feedback. Accordingly, teechmprove student outcomes by initiating
effective feedback practices that provide inform@tiabout how and why the student
understands or misunderstands a specific taskrdegbarea, and what steps the student must
take to improve (Hattie, 2003). Feedback is mofcéize when it directly relates to the task
and allows students to acquire more, different oproved information. Feedback is also
powerful when it relates to self-regulation andcktaesmpletion. Least effective feedback is that

which is about the self, and is unrelated to penfoice on a task (Hattie & Timperley, 2007).

The majority of feedback from the instructor in aickSmartntervention programs was
related to the task at hand, and focused on stymefdarmance and strategy use. For example,
teacher and student interactions after a task &mtoa why the student was correct or incorrect
(“Great, you counted up form the largest numbenfat needed to be changed or improved
(“If you come to a word you don’t know, try breagit up into smaller parts and then join
them together, don’t just look at the first letéerd guess”), and what information needed to be
focused on or further practised in order to impr¢&'e need to do some more work with
those plus nine sums. Do you remember the strategyried yesterday, when you plus ten
minus one?”). This kind of strategic feedback pded the student with information that
supported improved performance in a much more podveay than general feedback, such as

a simple “Well done”, or “Nice work”.

In the QuickSmariessons participant students and the instrucsar r@ceived very specific
summative feedback about performance levels oradt lthree occasions during each lesson.
Students’ progress was monitored on flashcardeated reading or speed sheets, and CAAS
assessments. Importantly, the summative performéeedback that students received was
regularly presented to them using graphs, enalbfiag to ‘see’ their performance trend. Also

summative performance feedback was carefully amgistently couched within a framework
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of ‘personal bests’, with the aim of encouragingdsints to focus on improving their own

performance.

Student self-efficacy.One aspect of the research implementation thatneaigcluded in
the research design for investigation but nonefisel@mpressed the researcher was the positive
effect that experiencing success appeared to hawtudent performance. As the intervention
progressed, this was readily observable. The relsegrand the students themselves, could see
how improved, successful performance led to in@éasotivation and enhances self-efficacy.
Hearing students say they would like to attemptask tagain to gain an improvement,
witnessing the positive emotions students expeei@éres they made performance gains, and
seeing the students willingly and enthusiasticaliyne to lessons (and sometimes ask for
longer or extra lessons) were among the most rem@rdspects of implementing the
intervention. Essentially, the intervention progeaseemed to engender an attitudinal change
from “I can’t” to “I can if | work at it” in partigpant students. In turn, this improved self-

confidence seemed to enable students to becomeantvely involved in their learning.

The researcher’s observations of enhanced confdand motivation were confirmed by
the students themselves. Their positive commentherexit surveys suggest that, to varying
extents, students were able to overcome some dintlitations associated with the negative
‘self’ factors that are so commonly experienced dtydents with LD. This change can
plausibly be attributed to the powerful effectsbwéaking the failure cycle (see Westwood,
1995). Experiencing success and having realistibations for that success apparently eroded
attitudes of learned helplessness and supportedetredopment of confidence and motivation,

resulting in positive attitudes to learning mathéosa

The discussion presented in this section suppogteidtion that information processing is a
relevant and informative perspective from whicltemsider learning difficulties in the middle-
school years. In particular, the inefficient uselinfited working-memory resources, and the
role of developing automaticity in basic acadenkitlssto promote cognitive efficiency for
students with LD, has been highlighted. In the wistwon of LD in reading and basic
mathematics it was of interest that many of thatsgies and approaches highlighted in the
research literature as effective for students wifh were reflected in theQuickSmart
intervention program. Further, the role of delilberpractice, the importance of appropriate

feedback about task performance, and the faciigaéffects of ‘breaking the failure cycle’
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were identified as key instructional features tpatentially contributed to the participant
students’ performance gairis.is important to now consider the implicationstbis study for

future research and practice in the field of leagrdifficulties.

Implications

The study reported in this thesis provides evideoicéhe gains in learning that can be
achieved when students in the middle-school yegpereencing LD have the opportunity to
participate in an intervention utilising validatsttategies and approaches that target academic
skills necessary for participation in everyday stasm teaching and learning activities. This
section discusses the implications of the studyrslifigs, and is presented in terms of

implications for research and implications for pice

Implications for research. The research reported in this thesis has a pragmiaéntation,
with high value placed on the notion of ecologicalidity. That is, an important aim for this
thesis was to produce information that can be gdised across settings, with utility for
teachers and researchers working with students avboexperiencing LD in contemporary,
middle-school settings. This results in some methagical tension between the pursuit of
“locally usable” knowledge and the production afegarch that meets ‘gold-standard criteria’

of evidence-based findings.

Identified limitations, primarily related to sam@ee and lack of a matched control group,
go to the heart of what is a potentially contendiassue in educational research. In the past
decade legislative changes in United States, amdasiproposals in Australia, increasingly
require that educational research adheres to ‘gfalddard’ practices, such as random-assigned
matched group designs, in order for the resultegpmmendations to be considered evidence-

based or scientifically proven.

Whilst few researchers and practitioners would arggainst the intent of these provisions,
being that educators be informed about validatéete¥e practices, they do present particular
challenges for researchers seeking to maintain aagtogical validity in their work. These
challenges require that educational researchergergments and policy-makers need to
consider legitimating the use of multiple methodpds, as used in this study, to obtain
evidence about the efficacy of educational prastieed interventions (see Schumaker &
Deschler, 2003; van Kraayenoord, 2006).
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Another implication for research is to provide het information about the duration and
intensity of effective interventions for older seuds experiencing LD. In the study reported
here the duration of the intervention was 18-22 kgeagnd the intensity of the lessons was
30-minute lessons delivered three times per wag&rrhation in the student profiles suggested
that some students needed quite a long time toggdaomaticity in very basic content and that
at least some of this time was needed to replacanave on from, inefficient ways of
attempting tasks that the students had come toarlyt is likely that a longer intervention
would be required for some of the students to gaore comprehensive mastery of basic

academic content.

Accordingly, the results of this study suggest thatlatively long, intense intervention was
required to effect performance change for this groumiddle-school students with LD. There
is already some evidence in the literature thate@®ed duration can have positive effects for
at-risk students (Vaughn, Linan-Thompson, & Hickmag003) and that, for example, many
reading fluency interventions are too short in tarato result in generalised improvements in
fluency to new texts (O’'Connor, White, & Swansom02). However, the length of
intervention alone does not determine intensityheDtfactors, such as ensuring students
maintain a high degree of attention and responsguént and consistent instruction; and
effectively engaging students in activities thatnteibbute to their learning; also require
consideration in the instructional dynamic of atemaention (Deshler, 2005).

Other factors linked to duration and intensity terventions also need to be considered.
Wanzek and Vaughn (2008) suggested that furthexarel to examine factors related to
intensity (i.e., time, group size, and a combimatal time and group size) would provide
guidance for educators about effective intervenpaactices. Torgesen (2002) also noted the
need to define the range of instructional intensityilable in order to provide appropriate
instruction for students experiencing LD. Also,thar information is required about the level
of explicitness and scaffolding students requiremeke satisfactory progress within an
intervention. Clearly, more specific informationorin research relevant to older students

experiencing LD about intervention duration, inignand level of explicitness, is needed.

Another implication for research is with regarddonsiderations about research design.
The mixed methods research design utilised ingtidy was perceived to be a ‘good fit’ with

the research context, that is, LD intervention aede in a contemporary school setting. This
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may have implications for other researchers conisigeintervention research in a school
setting. While including quantitative data in tresearch design enabled the investigation of
specific research questions and added rigour tatiy, including the qualitative component
in the study afforded extra opportunities to obseamd report on important aspects of learning
and LD. Through the presentation of individual pesf, ‘real’ experiences of ‘real’ students
with LD could be contemplated and shared. For exentpe learner characteristics of students
with LD were illustrated with specific examples sifident behaviours observed and reported.
Accordingly, it is recommended that a mixed methaearch design be carefully considered
as a viable and relevant approach for investigatibgin the middle-school years by other

researchers working in both intervention and scketings.

A final implication for research, particularly reent when looking to consider the results
of this study in context with other studies in the field, is the continuing confound with
regard to terminology, diagnosis, identificationauses and consequences of learning
difficulties or learning disabilities. Although pgoess has been made in resolving aspects of
this debate, a key task for future research is rtwvige information to ensure consistent
understanding across schools, states and countiitbsiegard to the identification criteria, and
fidelity in implementation of research-validatedeirventions and strategies for students with
LD (see, Buttner & Hasselhorn, 2011).

In review, there are three implications for reskamanating from this study. Firstly, that
the recognition of multiple methodologies for detaring validated educational research
outcomes needs to be further considered. Secaihditymore information is required regarding
effective intensity and duration of interventiorms blder students experiencing LD. Thirdly,
that the appropriateness of a mixed-methods rdsedesign for structuring comprehensive
investigations into the complex phenomena of LDtle middle-school years warrants
consideration. An accompanying, generic recommeanaas$ that consistency in terminology
and identification criteria within the field of leang difficulties be established. Each of these
recommendations also requires greater clarity aodsistency within and between the
disciplines which contribute to research aboutrewy difficulties and disabilities to strengthen

the scientific foundations of the field.

Implications for practice. The critical role that teachers have in influegcistudent

learning outcomes was identified in the literatte@ew. Most notably, the provision of quality
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teaching by competent teachers is a major varieibleencing student achievement. This is
particularly the case for students experiencing(Hattie, 2005; Mastropieri & Scruggs, 2002;
Sanders & Rivers, 1996; Schacter & Thum, 2004). MWteaching and learning are viewed
from an information-processing perspective, edusat@an gain critical understandings about
the cognitive processes of learning and use thH@rmation to support assessment, planning

and implementing effective educational programs.

In contemporary, inclusive, Australian classroonttiisgs, teachers are increasingly
required to make adjustments to their instructigoi@ctices to cater more broadly for the
learning needs of all their students (see Disgb8iiandards for Education, Commonwealth of
Australia, 2005). In order to meet this requiremamnt informative way for classroom teachers
to consider the needs of their students with LD ldee in terms of cognitive processing
issues and resulting obstacles to learning. Whachers use the information-processing
perspective as a conceptual basis to identify olestao learning commonly experienced by
students with LD, and strengthen instruction usegponsive strategies and approaches, they
may better enable students to overcome or worknardbhese difficulties, and more fully

participate in a wide range of teaching and leaymictivities.

There is evidence to suggest that much of theuastm that takes place with adolescents
experiencing LD does not adhere to validated iwesivnal practices (see Deshler, 2005).
However, the need for more effective instructioaglproaches by classroom and support
teachers for their students experiencing LD catmeoexpected to happen without systematic
pre-service and in-service professional developm@mivisions. Currently, in Australia,
structured teacher professional development i®najoing, and teachers are often expected to
implement changes in their practice after mininral ad hoc professional development. These
limitations form a key obstacle to “best eviden&inly transformed to best practice” (Prime

Ministers Science, Engineering and Innovation CduRMSEIC, 2009).

Comments in the research literature calling for rowpd professional development
opportunities for teachers (e.g. Louden et al.jdwa Center for Learning Disabilities, 2010;
Westwood, 2011) reflect needs expressed by teathemsselves. Australian teachers want to
address a perceived lack of engagement in leaammgng students, to improve their attitudes
to learning and to ensure that all students expegiesuccess and enjoyment in learning

(Cuttance, 2001)However, at times teachers are bewildered by tiie wange of learning
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needs in their classrooms and concerned about diairlevels of professional knowledge to
assist them to cater for students with special atilue needs (Westwood & Graham, 2003).
When surveyed, teachers in regional and remotes aseAustralia indicated a high level of

unmet need in terms of adequate resourcing to dp\agbpropriate learning support programs
that encompass student diversity, and identifieelgairement for professional development to
support teaching and learning for Indigenous anetigp needs students (Lyons, Cooksey,
Panizzon, Parnell, & Pegg, 2006). This survey cordd that teachers require on-going,
systematic, consistent, high-quality teacher péesl development to support more effective

teaching for students experiencing LD.

Implications for practice indirectly related to theidy reported here include considerations
about how teachers, schools and educational systam$est support students experiencing
LD to achieve improved learning outcomes. Althoulgé crucial role of effective classroom
teaching in improving learning outcomes has beeamtitied, this does not imply that the
classroom teacher should have sole responsihilitlythat classroom or intervention support is
the only requirement for gaining improved learnmgcomes for students with LD. Effective
classroom teaching and the provision of appropadjastments needs to be supported within a
school-wide, and system-wide, approach to servioavigion for students experiencing
persistent LD. Sustainable, effective support foudents experiencing LD requires a
systematic approach.

The response to intervention framework (Rtl, algfemred to as ‘responsiveness to
intervention’), is primarily a model of multi-tiedeservice provision (Johnson, Mellard, Fuchs
& McKnight, 2006) which also serves as an altermatframework to the achievement-
discrepancy model for identifying under-achievirngdents (Fuchs & Fuchs, 2006). The Rtl
framework is often cited in relation to early idéoation and intervention for young students
in reading (e. g., Vaughn & Fuchs, 20003), althoughs also increasingly applied to
provisions for older students with LD in readingéskamil, Borman, Dole, Kral, Salinger, &
Torgesen, 2009; Vaughn, Cirino, Wanzek, Wexler,tdRler, Denton, Barth, Romain, &
Francis, 2010), and mathematics (see Bryant & Brya@08; Gersten et.al, 2009). Some
modifications may be necessary to adjust the RtimBwork to a secondary setting, for
example, a different process for identification loW-achieving students may be required
(Vaughn & Fletcher, 2010).
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Rtl has been influential in the United States i@ kst decade, particularly as it applies to
identifying low-achieving students (see, Fuchs &l 2006). In Australia, where formal
identification of students with LD is not routinefgquired to access school learning support
services (Graham & Bailey, 2007), the construcRof is particularly relevant in terms of
assessment, monitoring and the systematic provisiorappropriate instruction for low-
achieving students. While early identification afder-achieving students through curriculum-
based assessment and monitoring is an appealingrgaitant tenet of the Rtl approach, the
potential for the framework to inform a systematiata-driven, responsive approach to the
planning and provision of appropriate support fiidents experiencing persistent LD is most

relevant to the current discussion.

The Rtl approach incorporates a preventative, iftighed intervention strategy in which
each tier represents increasingly intense sentltasare associated with increasing levels of
learner need (see Fuchs & Fuchs, 2006; Vaughn, @kan&/oodruff, & Linan-Thompson,
2007). Service delivery within an Rtl model is oftbased on a three-tier framework,
comparable to that used for service-delivery pcastisuch as positive behaviour support
(Johnson, Mellard, Fuchs & McKnight, 2006).

Consistent with the least-intensive to most-intemsiesign of the multi-tiered Rtl model,
at Tier 1 students are provided with effective,device-based instruction in their classroom
with information from universal, curriculum-basessassment and monitoring used to inform
instructional decision-making. Students who failréspond to this core, universal instruction
are identified through assessment and monitoringaagisk’ of not achieving specified
learning outcomes. These students then participatemall-group supplementary Tier 2
instruction, or, when necessary, more intensive Jimterventions (Vaughn, 2003). Rtl is yet
to be widely implemented as an effective servicevigion model in Australia, however,
research on multi-tier implementations in the UshiBtates has indicated evidence of growth in
student performance, increased task completion,raddction in special education referrals
(see Glover & Di Perna, 2007).

In relation to the current study and its practiogplications, the Rtl framework is relevant
to systematic service provision planning at a e¢tas®, school, and school system level for
low-achieving students in the middle-school yeWgh validation from further research trials,

the QuickSmartintervention programs could fit within the Rtl fn@work as a Tier 3
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intervention. It has many of the critical featucdsa tertiary intervention, including a focus on
small group instruction, mastery of content, freguprogress monitoring, and an extended
duration of intervention (Johnson, Mellard, FuchsM&Knight, 2006). Further, prioritising
basic academic skills as an intervention focus ngpartant because improvements are
generalisable broadly, throughout the curriculurd bayond (Daly, Martens, Barnett, Witt, &
Olson, 2007).

Implementing Rtl as a systematic service provisiwodel in Australia has considerable
potential benefits for students experiencing LD dhdir teachers, as well as for school
systems. Early identification and effective classnoteaching (Tier 1), and small group
evidence-interventions (Tier 2) play a significaoke in preventing persistent LD as students
progress through school, and in preventing an asoal of costs associated with teaching
students with disabilities (see Fuchs & Fuchs, 20860, individualised programs (Tier 3)
can become more effective because they more spabjfitarget students with high-level
educational needs, rather than students who weghtamproperly, or students who could not
keep up with the rest of the class (Gersten & Da@n2006). Further, the implementation of
such a consistent and systematic approach to simpostudents experiencing LD has
potential to promote wider and more rigorous impetation of validated instructional

practices, and in doing so, to replace inconsistadthaphazard provisions.

In review, the implications for practice coming rirothis study are that the cognitive
aspects of LD, framed within the information-pragiag perspective, need to be considered by
classroom teachers and learning support teachezs wlanning and delivering instruction to
students in the middle-school years with LD. Furtiteachers need to be supported in this and
other endeavours to improve low-achieving studeleining outcomes, by the provision of
on-going, consistent, high-quality teacher prof@sali development. Additionally, the
implementation of a coherent model of interventiamgorporating validated instructional
practices, progress monitoring and program evaloathas great potential to enhance the
effectiveness and efficiency of learning supporbgoams. As the resources available to
support improved learning outcomes for studentthémiddle-school years experiencing LD
are very limited, it is vital that these resourees used for targeted, validated programs and
approaches that fit within a systematic, stratégimework. In this regard the Rtl model has

much to offer in the Australian context, as waywfard for educational systems seeking to
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provide comprehensive, systematic and effectivieungon and intervention for middle-school

students experiencing LD.

Overall Summary

This research report began by reviewing the litesatrelated to LD in reading and
mathematics, and then identified issues and appesacelevant to students in the middle-
school years. The literature review then focusedL@n from an information-processing
perspective and explored the prospect of improaumgmaticity in basic academic skills as an
appropriate instructional approach for studentd Wi in the middle-school years. Research
guestions and a research theme were presented Wduuked on the effects of improving
automaticity, in terms of speed and accuracy, aidacademic skills, the impact of this on
standardised test performance, and developingnrdbve profiles of a sample of participating

students.

After considering the context of the research, aethimethods approach was selected as
most appropriate for the investigation. The contéot the research, an intervention
implemented in a regular school setting, presers®ohe constraints, particularly that no
control group was available and that the amountesfing was limited. However, a well-
considered selection of participants and the useelidble measurement instruments were
perceived to enhance the validity of the study. theo key design consideration was to
maintain high ecological validity, in order to ensuhat the research reported was relevant to
the needs of middle-school students with LD andr tteachers in contemporary Australian

school settings.

The QuickSmartintervention programs for reading and mathematiese selected as the
means of improving automaticity in basic acadenkdlss for the participating students.
Although the research design did not aim to testefficacy of the intervention itself, detailed
descriptions of th€uickSmarteading andQuickSmartmathematics programs were provided,
to facilitate replication and to enable considemtiafter implementation, of instructional

features that may have influenced student perfocean

Statistical analysis of the results indicated thatparticipant students were able to improve
significantly their automaticity in basic acadenskills as a result of participating in the

intervention. These gains were maintained one gkar the intervention ceased. Specifically,
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at the conclusion of the intervention, participatudents’ automaticity in word and sentence
reading or in solving basic mathematics calculaiavas similar to that of the comparison
group of average-achieving studer@ickSmartstudents’ performance on standardised tests
also showed significant improvement. The six pesfibf participant students gave insight into
‘real life’ examples of inefficient and inconsisteapproaches to learning commonly displayed
by students with LD, and showed how these oldedesits needed a significant number of
lessons incorporating repeated, deliberate praoppertunities in order to learn more efficient
strategies and improve automaticity in basic acaclekills.

Throughout the research process, the informatioegqssing model of cognition for
learning was informative and relevant, particulanyunderstanding the participant students’
approaches to learning. The research literaturelipigged the critical role of the efficient use
of limited working-memory resources in under-pirgigffective learning. This was evidenced
by observations, at the beginning of the intenaamtof participant students’ use of slow, error-
prone strategies to complete basic academic stabks. These students were ‘stuck’ on
components of a task that should require minimghtove effort.

The aim of theQuickSmartintervention programs implemented in this reseawels to
promote more efficient use of working-memory resesrby supporting students to improve
automaticity in basic academic skills. The findimjshe study, particularly that the participant
students improved performance on standardised aestsmaintained automaticity gains one
year later, suggest that this approach, which ptesnmore effective use of working-memory
resources, was successful. A key practical impboadf the findings is that educators facilitate
more effective learning by students with LD in el@®m and intervention settings by
considering the cognitive processes required farnieg, and implementing appropriate
adjustments and responsive strategies. Howevergoog, high quality professional

development for teachers is needed to supporettdsavour.

The findings of this study support the argument gtadents in the middle-school years
who experience persistent LD can make gains widir tlearning and that, with effective
intervention support, the achievement gap betwkeset learners and their average-achieving
peers can be narrowed. Accordingly, the real chgHeis for researchers, educators and
education systems to overcome complacent attitudiésh lead to the acceptance of students

in the middle-school years experiencing LD falligther behind their peers. As Deshler
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(2005) states: “Clearly, we have a long way to mamplementing what we know”. Although
further research about older students with LD guineed, evidence-based information is now
available to support effective interventions forpnoving their academic skills. Effective
service provision models to support implementatitso exist. What is perhaps lacking, and in
need of urgent attention, is the financial and ggobommitment to ensure that students in the
middle-school years experiencing learning diffidt are provided with targeted support
which better enables these young Australians teegeltheir full learning and living potential,
and to take their place as valued, contributing tmens1of our future communities.

POST-SCRIPT

Following on from this research, th@uickSmartintervention programs in reading and
basic mathematics have been further developedregearch team based at the University of
New England’s (UNE) National Centre of Science,ofniation and Communication
Technology, and Mathematics Education for Rural &wepional Australia (SIMERR, see

http://www.une.edu.au/simerr/pages/indexphpCurrently, the QuickSmart intervention

programs are implemented in approximately five eetoof Australian schools in remote,
regional and metropolitan settings, with demandeasing. TheQuickSmartintervention
programs are funded through school and distriat&Ban allocations, or from Commonwealth
Government initiatives, such as ‘Closing the Gapd aNational Partnerships on Low-SES
School Communities’. | have been fortunate to curi my involvement with these
intervention programs through my academic assaociativith UNE, and through my
employment with the Diocese of Lismore Catholic &ation Office, who support the
implementation oQuickSmarin its parish schools.

The following publications have been based on eftgémef this research:

Bellert, A. 2009. Narrowing the gap: A report ore QuickSmartmathematics intervention.
Australian Journal of Learning Difficulties, 1(2), 171-184.

Bellert, A 2008. Narrowing the gap in the regulssroom: Successful strategies for teaching
and learning in the middle school years. In L. Gral{Ed.),Proceedings of the Narrowing
the Gap: Addressing Educational Disadvantage Carfee April, University of New
England, Australia, pp 63-83.
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Bellert, A. & Graham, L. 2006. Caught in the middReaching and teaching middle years
students with learning difficultiegwustralian Journal of Middle Schooling(1), 3-10.

Graham, L. Bellert, A. & Pegg, J. 2007. Supportatgdents in the middle school years with
learning difficulties in mathematics: Research irtlassroom practiceAustralasian
Journal of Special Education, @), 171-182 .

Graham, L., Bellert, A., Thomas, J. & Pegg, J. 20QudickSmart: A basic academic skills
intervention for middle-years students with leagndifficulties. (North AmericanJournal
of Learning Disabilities, 4(), 410-419.

During the course of my studies | have been thipiestt of the following awards:

Learning Difficulties Australia (LDA) Tertiary Stast Award, 2008.

UNE’s Faculty of the Professions Inaugural Rod @erMemorial Scholarship for Post-
Graduate Students, 2009.
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Appendix A

EFFECTIVE INSTRUCTIONAL APPROACHES FOR MIDDLE-SCHOO L

STUDENTS EXPERIENCING LEARNING DIFFICULTIES

Teacher Behaviour

Enables Students to.....

Making the purpose of the intended
content clear to students
Delivering a sequence of lessons
that are clear, logical, accurate &
rich in examples drawn from the
students’ own experiences

Using materials & resources that
provide visual representation of
concepts & relationships

To facilitate showing, telling,
explaining, modeling &
demonstrating by both teacher &
peers

Direct, explicit, task-approach
strategy instruction & training
Demonstrating & using think-aloud
protocols and self talk

Providing opportunity for guided
practice of content knowledge,
skills & strategies

Providing opportunity for lots of
independent practice of previously
learnt strategies, content
knowledge and skills

Revising previously taught material
at regular intervals

Regular monitoring of students’
learning including giving specific
feedback about practice and
performance

Pre-teaching the language of the
subject — the key vocabulary

Regulating the complexity of the
academic work by controlling task
difficulty or differentiating content

& tasks to suit learner needs
Ensuring that students are engaged
in academic activities for most of
the available learning time

Know why and how the learning migh
be useful to them

Build on prior learning, to connect it t
their ‘reality’ thus facilitating greater
generalisation

Learn with modes other than verbal,

access potential learning strengths a
understandings

Experience a worked example, have
point of reference to connect learning

Learn how to do a task or solve a
problem independently

Verbalise & reflect upon how learning
can take place

Experience successful practice &
being a ‘successful learner’

Make progress towards mastery and
automaticity, this enables participatio
in other aspects of the task, or in
different tasks

Consolidate the foundations - to re-
visit what is already known, to further
develop understandings

Become more aware of their progres
in learning

Demonstrate and determine what the
know

Understand & use keywords and
concepts, to master the basic ‘tools’
enabling comprehension of content
Undertake at least some of the core
content successfully by working at an
appropriate level

To spend more time on task so that
adequate engagement & more learni
can take place

—

(0]

a

S

y
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Appendix B

CONFIGURATION OF STUDENTS INVOLVED IN THE RESEARCH

Study Groups Year5n= Year7n= Gender per Year Group
Research Reading Yr 5 -4 boys, 2 girls
Questions Participants (n = 10) 6 Yr 7 — 2 boys, 2 girls
1&2
Reading Yr 5 -4 boys, 2 girls
Comparisons (n = 8) 6 Yr 7 -1 boy, 1 girl
Mathematics Yr 5 -2 boys, 4 girls
Participants (n = 12) 6 Yr 7 — 3 boys, 3 girls
Mathematics Yr 5 - 3 boys, 3 girls
Comparisons (n = 8) 6 Yr 7 -1 boy, 1 girl
Research Reading Yr 5 -4 boys, 1 girl
Question Participants (n = 7) 5 Yr7 -2 qgirls
3
Mathematics Yr 5 -2 boys, 4 girls
Participants (n = 10) 6 Yr 7 — 1 boy, 3 girls
Theme Reading Yr5 -1 boy, 1 girl
Participants (n = 3) 2 Yr 7 -1 girl
Mathematics Yr5 -1 boy, 1 girl
Participants (n = 3) 2 Yr7 -1 boy

236




Appendix C

THE 3H STRATEGY

1. Head First!
Before reading What do | know?
During reading What don't | understand?
After reading What do | need to find out?
Ask for help if you need to.
Content?
Vocabulary?
How to?

Now use the 3H’s to remind you where the answegsiéstions are found:

2. HERE
In one sentence from the passage.

3. HIDDEN
Join together.
The answer is in two or more parts of the passage,
The answer comes from joining together informatioom the passage and
information that you already know.

4. In my HEAD
Use what you already know to answer the question.
Use your own knowledge or join together your kremige and information
from the passage

5. Check Your Answers.
Reread each question and your answer to see ¥f fiheogether. How
confident are you of your answer? After you hameshed all the questions,
return to any answers you are not sure of. Go tirahe 3H strategy and
check these answers again. You should have a refasoeach of your
answers. You do? Well done!

(Graham & Wong, 1993)
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Appendix D

ESTIMATED MARGINAL MEANS FOR CAAS READING RESPONSE LATENCY
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Appendix D-1. Estimated marginal means for log-4$farmed response latency —
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Appendix D-2. Estimated marginal means for log-4$farmed response latency —
CAAS Middle Word Test
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Appendix D-3. Estimated marginal means for log-4$farmed response latency —
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PARTICIPANTS’ AND COMPARISONS’ RAW DATA: INDIVIDUAL

Appendix E

AND GROUP

MEAN GAINS IN RESPONSE LATENCY AND ACCURACY FOR
CAAS ELEMENTARY WORD TEST

Initial Final Response Initial Final Accuracy
Students Response Response Latency Accuracy Accuracy Net Gain
Latency Latency Net Gain (%) (%) (%)
(s) (s) (s)
Participants
RM - PN 1.21 0.77 0.44 96.6 100 3.4
JP - PN 1.11 0.82 0.29 93.1 89.5 -3.6
GW - PN 1.08 0.82 0.26 97.4 100 2.6
JC - PN 0.88 0.76 0.12 100 100 *
TH - PN 1.19 0.8 0.39 100 100 *
BD - PN 2.17 0.71 1.47 86.2 94.9 8.7
RS - PO 1.31 0.87 0.45 97.1 100 2.9
SW - PO 0.70 0.62 0.08 100 100 *
EF - PO 1.69 0.77 0.93 100 100 *
RF - PO 1.07 0.86 0.22 97.4 94.7 2.7
Participants’ 1.24 0.78 0.46 96.78 97.91 1.88
Group Mean(SD) (.42) (.07) (.42) (4.32) (3.66) (4.11)
Comparisons
BLR - CN 0.83 0.86 -0.02 97.4 100 2.6
CR-CN 0.84 0.69 0.15 100 100 *
JR-CN 0.71 0.82 -0.11 100 100 *
LS-CN 0.74 0.72 0.02 97.4 100 2.6
AW - CN 0.72 0.64 0.09 97.4 100 2.6
SKR - CN 0.76 0.94 -0.17 97.4 100 2.6
AM - CO 0.86 0.63 0.23 100 100 *
MH - CO 1.27 0.81 0.46 97.4 100 2.6
Comparisons’ 0.84 .76 .08 98.37 100 2.6
Group Mean(SD) (0.18) (.11) (.2) (1.34) (0) (0)

Note * = maintained 100% accuracy
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Appendix F

PARTICIPANTS’ AND COMPARISONS’ RAW DATA: INDIVIDUAL  AND GROUP
MEAN GAINS IN RESPONSE LATENCY AND ACCURACY FOR CAA S

MIDDLE WORD TEST

Initial Final Response
Students  Response Respons: Latency Initial Final Accuracy
Latency Latency NetGain Accuracy Accuracy Net Gain
(s) (s) (s) (%) (%) (%)
Participants
RM - PN 4.09 1.91 2.18 75 85.7 10.7
JP - PN 5.00 1.09 3.91 0 12.5 12.1
GW - PN 3.60 1.96 1.65 59.1 89.3 30.2
JC - PN 2.71 0.98 1.73 85 96.6 11.6
TH - PN 2.91 1.24 1.67 75 96.2 21.2
BD - PN 5.00 4.16 .84 0 25 25
RS - PO 1.9 1.04 0.86 48.1 100 51.9
SW - PO 1.01 0.65 0.36 85.7 100 14.3
EF - PO 2.74 0.88 1.86 70 96.4 26.4
RF - PO 3.3 1.74 1.55 0 50 50
Participants' 3.23 1.56 1.66 49.79 75.17 25.38
Group Mear(SD) (1.27) (1.02) (0.97) (36.11) (33.29) (15.08)
Comparisons
BLR - CN 1.23 0.92 0.31 95.7 100 4.3
CR-CN 0.78 0.76 0.02 100 100 *
JR -CN 0.97 0.99 -0.02 81.8 94.1 12.3
LS - CN 1.00 0.78 0.23 100 100 *
AW - CN 0.78 0.69 0.08 91.3 95.7 4.4
SKR - CN 0.93 0.97 -0.03 95.7 89.5 -6.2
AM - CO 1.83 0.94 0.90 76.9 84.6 7.7
MH - CO 3.54 1.70 1.84 67.9 75 7.1
Comparisons’ 1.38 .97 0.42 88.66 92.36 4.93
Group Mean(SD) (0.94) (0.31) (0.65) (11.83) (8.94) (6.18)

Note: * = maintained 100% accuracy
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PARTICIPANTS’ AND COMPARISONS’ RAW DATA: INDIVIDUAL

Appendix G

AND GROUP

MEAN GAINS IN RESPONSE LATENCY AND ACCURACY FOR CAA S

SENTENCE TEST

Initial Final Response
Students Response Response Latency Initial Final Accuracy
Latency Latency Net Gain (s) Accuracy Accuracy Net Gain
(s) (s) (%) (%) (%)
Participants
RM - PN 6.54 1.75 4.79 93.3 85.7 -7.6
JP - PN 4.55 3.40 1.15 69.2 100 30.8
GW - PN 6.10 4.41 1.69 100 100 *
JC - PN 4.74 4.15 0.59 100 100 *
TH - PN 5.64 3.60 2.03 100 100 *
BD - PN 11.84 4.20 7.65 61.5 92.3 30.8
RS - PO 3.86 3.58 0.28 86.7 100 13.3
SW - PO 2.96 2.97 -0.01 100 100 *
EF - PO 5.22 1.65 3.56 92.9 93.3 0.4
RF - PO 3.85 2.69 1.15 100 93.3 -6.7
Participants’ 5.53 3.24 2.29 90.36 96.46 10.17
Group Mean(SD) (2.47) (0.97) (2.4) (14.04) (5.04) (17.65)
Comparisons
BLR - CN 2.20 5.07 2.87 100 100 *
CR-CN 3.86 3.89 -0.04 100 100 *
JR -CN 3.61 4.19 -0.58 93.3 92.9 -0.4
LS - CN 3.52 2.78 0.74 100 100 *
AW - CN 4.55 4.21 0.33 100 100 *
SKR - CN 4.58 4.44 0.14 93.3 92.9 -0.4
AM - CO 2.82 2.50 0.32 100 100 *
MH - CO 3.48 2.98 0.50 100 100 *
Comparisons'’ 3.58 3.76 -0.18 98.33 98.32 -0.04
Group Mean(SD) (0.80) (0.90) (1.15) (3.10) (3.29) (0)

Note * = maintained 100% accuracy
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Appendix H

ESTIMATED MARGINAL MEANS FOR CAAS READING ACCURACY
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Appendix H-2. Estimated marginal means for log-4farmed accuracy EAAS Middle Word Test
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Appendix |

ESTIMATED MARGINAL MEANS FOR CAAS MATHEMATICS
RESPONSE LATENCY
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Appendix I-1. Estimated marginal means for log-sfarmed response latency — CAAS Addition
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Appendix |-2. Estimated marginal means for log-sfanmed response latency — CAAS

Subtraction
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Appendix J

PARTICIPANTS’ AND COMPARISONS’ RAW DATA: INDIVIDUAL
MEAN GAINS IN RESPONSE LATENCY AND ACCURACY FOR

CAAS ADDITION TEST

AND GROUP

Initial Final Response Initial Final Accuracy
Students Response Response Latency Accuracy Accuracy Net Gain
Latency Latency Net Gain (%) (%) (%)
(s) (s) (s)
Participants
CN - PN 2.81 1.72 1.09 100 88.9 -11.1
MS - PN 6.12 2.55 3.57 85 94.1 9.1
TS - PN 4.13 3.73 0.41 94.7 100 5.3
VP - PN 7.63 2.99 4.64 50 100 50
NH - PN 3.60 1.60 2.00 95 100 5
YM - PN 4.03 2.38 1.65 100 94.1 -5.9
AN - PO 2.67 1.78 0.88 100 100 *
AMC - PO 2.59 1.70 0.89 100 100 *
CS-PO 2.49 2.32 0.17 89.5 90 0.5
KB - PO 2.63 2.38 0.25 78.9 65 -13.9
BR - PO 3.39 2.09 1.30 100 100 *
KJ - PO 4.23 2.79 1.44 89.5 94.1 4.6
Participants’ 3.86 2.33 1.52 90.22 93.85 4.85
Group Mean(SD) (1.58) (0.62) (1.34) (14.4) (9.99) (18.69)
Comparisons
BLM - CN 1.72 1.55 0.17 100 100 *
BC - CN 3.11 2.21 0.90 95 100 5
Bon - CN 2.17 1.66 0.51 100 95 -5
JF-CN 3.47 2.51 0.96 94.7 91.7 -3
RR - CN 2.10 1.82 0.28 89.5 86.7 -2.8
SKM - CN 2.55 2.28 0.27 100 100 *
DH-CO 1.72 1.52 0.20 95 100 5
JG-CO 1.06 0.85 0.21 100 100 *
Comparisons’ 2.24 1.8 43 96.77 96.67 -0.16
Group Mean (sd) (.78) (.53) (.32) (3.87) (5.1) (4.79)

Note * = maintained 100% accuracy
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PARTICIPANTS’ AND COMPARISONS’ RAW DATA: INDIVIDUAL

Appendix K

AND GROUP

MEAN GAINS IN RESPONSE LATENCY AND ACCURACY FOR

CAAS SUBTRACTION TEST

Initial Final Response
Students Response Respons: Latency Initial Final Accuracy
Latency Latency NetGain Accuracy Accuracy Net Gain
(s) (s) (s) (%) (%) (%)
Participants
CN - PN 9.56 2.11 7.44 80 94.7 14.7
MS - PN 8.65 3.37 5.28 42.9 77.8 34.9
TS - PN 5.60 2.97 2.62 72.2 100 27.8
VP - PN 7.91 2.22 5.69 68.4 100 31.6
NH - PN 3.35 1.74 1.61 94.7 100 53
YM - PN 3.61 1.32 2.30 88.9 100 11.1
AN - PO 2.53 2.04 0.49 82.4 94.7 12.3
AMC - PO 2.13 1.37 0.76 100 100 *
CS-PO 2.04 1.55 0.49 100 94.7 -5.3
KB - PO 2.42 1.84 0.57 80 78.9 -1.1
BR - PO 3.69 1.58 2.11 94.7 94.7 *
KJ - PO 4.73 1.75 2.97 88.9 100 11.1
Participants’ 4.68 1.99 2.69 82.76 94.62 14.24
Group Mear(SD) (2.66) (.62) (2.29) (16.17)  (7.99) (13.47)
Comparisons
BLM - CN 1.50 1.58 -0.08 100 100 *
BC - CN 3.90 3.03 0.87 95 92.3 -2.7
Bon - CN 2.52 2.06 0.46 94.4 100 5.6
JF-CN 4.07 2.10 1.98 95 100 5
RR - CN 2.57 1.76 0.81 89.5 93.3 3.8
SKM - CN 2.41 2.49 -0.08 100 100 *
DH - CO 1.52 1.65 -0.13 100 100 *
JG-CO 1.15 0.93 0.21 100 100 *
Comparisons’ 2.45 1.95 51 96.74 98.2 2.92
Group Mean(SD) (1.08) (.63) (0.712) (3.9) (3.34) (3.82)

Note: * = maintained 100% accuracy
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Appendix L

PARTICIPANTS’ AND COMPARISONS’ RAW DATA: INDIVIDUAL AND GROUP
MEAN GAINS IN RESPONSE LATENCY AND ACCURACY FOR

CAAS MULTIPLICATION TEST

Initial Final Response
Students Response Response Latency Initial Final Accuracy
Latency Latency Net Gain (s) Accuracy Accuracy Net Gain
(s) (s) (%) (%) (%)
Participants
CN - PN 7.55 1.49 6.07 60 88.9 28.9
MS - PN 3.77 4.72 -0.95 20 43.8 23.8
TS - PN 11.32 4.23 7.10 50 70 20
VP - PN 5.52 4.52 1.00 58.8 94.4 35.6
NH - PN 6.07 2.01 4.06 68.4 100 31.6
YM - PN 5.40 1.90 3.50 40 75 35
AN - PO 3.26 1.89 1.38 81.3 95 13.7
AMC - PO 3.05 1.55 1.50 94.7 100 53
CS-PO 2.54 1.66 0.88 73.7 93.8 20.1
KB - PO 2.30 1.26 1.04 72.2 94.7 22.5
BR - PO 3.80 2.79 1.01 80 89.5 9.5
KJ - PO 2.13 1.79 0.35 94.7 94.4 -0.3
Participants’ 4.72 2.48 2.24 66.15 86.62 20.47
Group Mean(SD) (2.67) (2.27) (2.42) (21.98) (16.13) (11.59)
Comparisons
BLM - CN 3.72 4.08 -0.36 90 100 10
BC - CN 4.74 2.27 2.47 90 93.3 3.3
Bon - CN 1.70 1.77 -0.07 100 100 *
JF-CN 291 1.93 0.98 78.9 80 1.1
RR - CN 3.25 1.73 1.53 66.7 100 33.3
SKM - CN 3.03 2.67 0.36 100 94.1 -5.9
DH - CO 2.94 1.70 1.24 89.5 94.7 5.2
JG-CO 1.11 1.04 0.07 100 100 *
Comparisons'’ 2.92 2.15 1.02 89.39 95.26 8.75
Group Mean(SD) (1.22) (.92) (1.04) (11.73)  (6.85) (11.97)

Note * = maintained 100% accuracy
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Appendix M

ESTIMATED MARGINAL MEANS FOR CAAS MATHEMATICS ACCUR ACY
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Appendix M-1. Estimated marginal means for log-sfanrmed accuracy — CAAS Addition
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Appendix M-2. Estimated marginal means for log-sfarmed accuracy — CAAS Subtraction
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Appendix N

QUICKSMART PARTICIPANT STUDENTS’ INDIVIDUAL AND GROUP MEAN
PRE- AND POST-INTERVENTION SCORES - PAT-R COMPREHENSION

Pre-Intervention Post-Intervention
Scale Scale

Raw Score Raw Score
Student Score (pat-c)  Percentile Score (pat-c) Percentile
RM - PN 7 24.9 9 17 40.3 61
JP - PN 8 26.9 12 8 26.9 16
GW - PN 10 30.4 21 20 44.3 72
JC - PN 18 41.6 65 21 45.6 72
TH - PN 10 30.4 21 21 45.6 75
RS - PO 13 44.6 22 13 44.6 30
SW - PO 15 47 29 15 47 40
EF - PO 8 374 9 17 49.2 50
RF - PO 10 40.6 13 7 35.7 6
Mean 11 35.98 22.33 15.44 42.13 46.89
(SD) (3.64) (8.05) 17.39 (5.25) (6.94) (25.54)
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Appendix O

QUICKSMART PARTICIPANT STUDENTS’ INDIVIDUAL AND GROUP MEAN

PRE- AND POST-INTERVENTION SCORES — PAT MATHS

Student
CN - PN

MS - PN
TS - PN
VP - PN
NH - PN
YM - PN
AN - PO
AMC - PO
CS-PO
KB - PO
BR - PO
KJ - PO
Mean
(SD)

Raw
Score
24

4
27
24
33
19
11
36

19
25
21
26

22.42

8.72

Pre-Intervention

Scale
Score
(pat-m)
48.0

29.0
51.0
48.0
60.0
44.0
40.0
65.0
47.0
51.0
48.0
52.0
48.58
9.07

Percentile
10

0
18
10
53
5

81

9

22
12

25
20.58
23.69

Raw
Score
27

13
27
33
36
34
30
36
28
26
30
21
28.42

6.57

Post-Intervention

Scale
Score
(pat-m)
51

39
51
60
69
62
56
65
54
52
56
48
55.25
8.08

Percentile
20

1
20
58
90
68
40
82
28
22
39
10
39.83
28.7
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Appendix P

INDIVIDUAL STUDENTS’ RAW READING RESPONSE LATENCY A ND
ACCURACY AT PRE-INTERVENTION, POST-INTERVENTION AND FOLLOW -UP

Pre Post Follow-up Pre  Post Follow-up

Student Response Response Response Accuracy Accuracy Accuracy
Latency(s) Latency(s) Latency(s) (%) (%) (%)

RM-PN 1.21 0.77 0.98 96.6 100 100

GW - PN 1.08 0.82 0.84 97.4 100 100

JC - PN 0.88 0.76 0.65 100 100 100

TH - PN 1.19 0.8 0.75 100 100 100

BD - PN 2.17 0.71 0.69 86.2 95 97.4

EF - PO 1.7 0.77 0.62 100 100 100

RF - PO 1.07 0.86 0.7 97.4 95 100
Group Mean 1.33 0.78 0.75 96.80 98.57 99.63
(SD) (.45) (.05) (.13) (4.9) (2.44) (.98)

Appendix P-1. CAAS Elementary Word Test

Pre Post Follow-up Pre  Post Follow-up
Student Response Response Response Accuracy Accuracy Accuracy
Latency(s) Latency(s) Latency(s) (%) (%) (%)
RM-PN 4.09 1.91 1.84 75.00 85.70 89.7C
GW - PN 3.60 1.96 1.06 59.00 89.30 76.20
JC - PN 2.71 0.98 0.94 85.00 96.60 100.90
TH - PN 2.91 1.24 1.27 75.00 96.20 100.00
BD - PN 5.00 4.16 1.32 0.00 25.00 61.50
EF - PO 2.74 0.88 0.85 70.00 96.40 96.70
RF - PO 3.30 1.75 2.87 0.00 50.00 84.60
Group Mean 3.48 1.84 1.45 52 77.03 86.96
(SD) (.84) (1.11) (.71) (36.35) (28.25) (14.21)

Appendix P-2. CAAS Middle Word Test

Pre Post Follow-up Pre  Post Follow-up
Student Response Response Response Accuracy Accuracy Accuracy
Latency(s) Latency(s) Latency(s) (%) (%) (%)
RM-PN 6.54 1.75 1.63 93.30 85.70 57.10
GW - PN 6.10 441 3.15 100.00 100.00 92.90
JC - PN 4.74 4.15 3.42 100.00 100.00 100.00
TH - PN 5.64 3.60 2.92 100.00 100.00 100.00
BD - PN 11.84 4.20 3.93 61.50 92.30 100.00
EF - PO 5.22 1.65 1.57 92.90 93.30 96.00
RF - PO 3.85 2.69 1.94 100.00 93.30 100.00
Group Mean 6.27 3.21 2.65 92.53 94.94 92.29
(SD) (2.61) (1.17) (0.94) (14.06) (5.39) (15.76)

Appendix P-3. CAAS Sentence Test
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Appendix Q

INDIVIDUAL STUDENTS’ RAW MATHEMATICS RESPONSE LATEN CY AND
ACCUURACY SCORES AT PRE-INTERVENTION, POST-INTERVEN TION AND

FOLLOW -UP
Pre Post Follow-up Pre  Post Follow-up
Student Response Response Response Accuracy Accuracy Accuracy
Latency(s) Latency(s) Latency(s) (%) (%) (%)
CN - PN 2.81 1.72 1.72 100.00 88.90 94.40
MS - PN 6.12 2.55 3.53 85.00 94.10 100.00
TS - PN 4.13 3.73 2.24 94.70 100.00 94.10
VP - PN 7.63 2.99 3.15 50.00 100.00 100.00
NH - PN 3.60 1.60 1.86 95.00 100.00 100.00
YM - PN 4.03 2.38 2.31 100.00 94.10 90.0¢
AM - PO 2.59 1.70 1.71 100.00 100.00 100.00
CS-PO 2.49 2.32 1.72 89.50 90.00 89.50
KB - PO 2.63 2.38 2.01 78.90 65.00 100.00
KJ - PO 4.23 2.79 5.05 89.50 94.10 100.00
Group Mean 4.03 2.42 2.53 88.26 92.62 96.80
(SD) (1.68) (0.66) (1.58) (15.15) (10.58) (29.48)
Appendix Q-1. CAAS Addition Test
Pre Post Follow-up Pre Post Follow-up
Student Response Response Response Accuracy Accuracy Accuracy
Latency(s) Latency(s) Latency(s) (%) (%) (%)
CN - PN 9.56 2.11 1.45 80.00 94.70 100.00
MS - PN 8.65 3.37 3.73 42.90 77.80 68.80
TS - PN 5.60 2.97 3.06 72.20 100.00 94.40
VP - PN 7.91 2.22 2.22 68.40 100.00 100.00
NH - PN 3.35 1.74 1.63 94.70 100.00 100.00
YM - PN 3.61 1.32 1.47 88.90 100.00 100.0p
AM - PO 2.13 1.37 2.38 100.00 100.00 100.00
CS-PO 2.04 1.55 1.69 100.00 94.70 100.00
KB - PO 2.42 1.84 1.87 80.00 78.90 90.0(
KJ - PO 4.73 1.75 3.01 88.90 100.00 94.10
Group Mean 5.00 2.02 2.25 81.6 94.61 94.73
(SD) (2.81) (0.67) (1.01) (17.39) (8.84) (30.03)

Appendix Q-2. CAAS Subtraction Test
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Pre Post Follow-up Pre Post Follow-up
Student Response Response Response Accuracy Accuracy Accuracy
Latency(s) Latency(s) Latency(s) (%) (%) (%)
CN - PN 7.55 1.49 2.36 60.00 88.90 95.0(
MS - PN 3.77 4.72 3.43 20.00 43.80 68.4(
TS - PN 11.32 4.23 3.07 50.00 70.00 94.4
VP - PN 5.52 4.52 3.52 58.80 94.40 94.7(
NH - PN 6.07 2.01 1.38 68.40 100.00 100.0
YM - PN 5.40 1.90 1.95 40.00 75.00 94.40
AM - PO 3.05 1.55 2.62 94.70 100.00 100.0
CS-PO 2.54 1.66 2.79 73.70 93.80 76.5
KB - PO 2.30 1.26 1.27 72.20 94.70 100.0
KJ - PO 2.13 1.79 231 94.70 94.40 89.5
Group Mean 4.96 2.51 2.47 63.25 85.50 91.29
(SD) (2.89) (1.39) (1.05) (23.12) (17.74) (29.32)

Appendix Q-3. CAAS Multiplication Test
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