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ABSTRACT

Developmentally, it is expected tha processes of working memory and
processing speed will improve throughout childhasd child’s brain develops.
However, students with learning, attention, ancéotthildhood disorders often display
difficulties in these areas. This study investigatee use of repeated measures to ascertain
variability over time of two important cognitiveqaresses: Working Memory and
Processing Speed in a clinically referred poputatie measured by the WISC-IV to
determine if a significant discrepancy exists bemvadministrations. The study also
investigated whether differences in Working Memangl Processing Speed from
administration to administration would be greatechildren with ADHD (Attention
Deficit Hyperactivity Disorder) vs. students with[3 (Specific Learning Disability).
WISC-IV scores in Working Memory and Processingespiom two administrations
were examined from confidential archival records#b children ages 6-14. A two-way
repeated analysis of variance (ANOVA) was condubtedhypothesis one with time as the
within factor. A mixed ANOVA was conducted for teecond hypothesis with group as
the between factor and time as the within facime was defined as the interval from
one administration to the next. Second administngtwere an average of two and a half
years later. For hypothesis one, Processing Spasdtatistically significant for time as a
main effect although results were not statisticaignificant for Working Memory. For

hypothesis two, Working Memory was statisticallgrsficant for time and group. The

Vi



ADHD students performed significantly higher thdrDSon Working Memory. Only time
as a main effect was statistically significantRsocessing Speed. Additional analyses
examined medication status as well as comorbiditygender as confounds. Those
experiencing a medication change from one admatistr to the next as well as boys were
significantly lower on Processing Speed.

Findings suggest students can perfprite variably across time even within the
elementary school years. This research highligtésmportance of repeat cognitive
assessment in evaluating developmental disordesssatime. Changes in Working
Memory or Processing Speed determine types ofvietdions as well as accommodations
that may be needed. This has ramifications for atimigcal decisions regarding these

students.
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CHAPTER 1

INTRODUCTION
“Every cognitive act... involves an unfolding procesr time”

(Kaplan, 1989, p. 129)

Understanding the underlying proces$estellectual functioning - i.e., how
children process information and learn, is a migous of educational researchers,
school psychologists, and neuropsychologists. sEbool psychologists in particular,
individual and diagnostic assessment of underlpirmgesses and functions has served as
a diagnostic tool for making decisions about stagdéscement. Within the context of the
school environment, the use of cognitive assesshentraditionally been used to
determine the qualification of special needs sewic The variability of discrete
components of information processing, such as wgrkiemory and processing speed,
may be a contributor to differential functioningtbe cognitive performance of students
over time. Yet understanding about how these psEEmay fluctuate over repeated
measures with psychometric instruments is not@efitly understood.

Examining variability of cognitive functions invad in information processing is
important since children with various developmeniabrders often have general
difficulties processing information. These diffitek processing information may be
demonstrated through classroom behaviors suchabdiig to keep up with the pace of
instruction, not being able to retain instructidmsg enough to initiate and/or complete a

task in an efficient manner, difficulties holdingcamanipulating information in mind for



note taking or other academic tasks, or organitheg thoughts to put information on
paper. All of these issues as well as other infdiom processing difficulties hinder a
student’s performance in the classroom and theistengy of their ability to demonstrate
what they know. Recognizing this factor suggesas #shstudent, regardless of whether
they have a specific learning disability, head ipjiAttention Deficit Hyperactivity
Disorder (ADHD), other brain disorder, etc. may éavformation processing difficulties
that influence their cognitive performance from d¢inge point to another.

Examining variability of information processing Wwiteferred children
particularly over repeat assessment also takesctount the co-morbidity of disorders,
development, changes in medications, and acquaeditions (Flanagan, Fiorello, &
Ortiz, 2010). Using an approach which takes intesoderation variability of functioning
of underlying processes becomes confusing whenasiconstructs - e.g., verbal ability,
fluid reasoning, and working memory, processingesgpge measured in different ways.
It is additionally complicated by the changing matand meaning of a task and
developmental level. As such, “strengths” andieedkness” contained within the
variability of a performance on a task may be #®ult of multiple reasons and
processes. This suggests the importance of camgydée inconsistency of individual
student’s process underlying their performance.

Issues of variability suggest that evaluating d&dchicognitive processes,
particularly within the context of a theory of itligence that focuses specifically on the
discrete components of information processing,asranted. The Cattell-Horn-Carroll
Theory (CHC) (Carroll, 1993) is a comprehensivenegl® of an approach to

understanding cognitive processes. Its structuckenbting processes underlying broader



cognitive constructs allows a theoretical structorguide the process of understanding
how underlying cognitive processes are relevatgdming and specific academic skills
adding validity to assessment. This theory hasveband gained prominence as a
guiding force not only in test construction butoaisterpretation (Flanagan, McGrew, &
Ortiz, 2000). Using such an approach can assistagteloping greater specificity with
regards to educational intervention, which showdhe focus of assessment (Keith &
Reynolds, 2010). By using theory to guide intetigeesunderstanding, cognitive
processes are then assessed under a conceptudl mode

Examining variability of information processing atttwhally brings to light
processes that may influence global functioningegibn an on-going basis or as an
indicator of variable functioning that influencesyeto-day performance. Flanagan,
Fiorello, and Oritz (2010) state it is more difficto determine the overall intellectual
level of students who display significant varialyiliThis is problematic since ability
level has long been considered a part of determiwimether a student has a learning
disability and in turn, may impact whether a studgralifies for a service or not. It
additionally affects educators’ ability to fully derstand the functioning of these children
and expectations for them in their classroom wissnas of working memory and
processing speed exist. Further, it is importantaok these processes during
development to determine whether these cognitsigels represent a cognitive delay vs.
an intellectual disability vs. “expected” underasrement vs. persistent specific learning
disability vs. slow learner vs. injury specificugs. Variability of information processing
may influence cognitive performance. Further, mamyfounds, i.e., medication,

situational issues, development, etc. may influeragmitive performance accounting for



such variability. Assessment of performance actioss also recognizes the role of
variability in children’s performance from one admstration to the next. Examining
change across repeated measures is also impartaefdrred students. It highlights the
heterogeneity within specific disorders like ADHBdaSpecific Learning Disabled
(SLD) even though groups may experience proceskffigulties in working memory
and processing speed. This is an important areaamine in research given their
prevalence in school-age children (Wechsler, 2003).

1.1 The Present Study

The present study investigates repeated measuasseédtain variability over time
of two important cognitive processes —Working Meynand Processing Speed.
Specifically, the purpose is to examine variabitfyperformance with Working Memory
and Processing Speed as measured by the WISC-1¢hdMe Intelligence Scale for
Children-1V) in a repeat measurement design witbrred students. The study poses a
second question of whether children with ADHD destaate greater differences from
administration to administration than students V@tiD in the areas of Working Memory
and Processing Speed. The importance of the sep@slion is that ADHD can often
affect the efficiency of processing information ateimonstrate variability in
performance from day to day.

While a review of the research literature suggtsisreferred students and
specifically, students with ADHD and specific leimgndisabilities may display
distinctive profiles, controversy exists in profitgerpretation with these special
populations (Collins & Rourke, 2003). These popals may also present with differing

cognitive profiles because of individual issues Y& & Calhoun, 2004). Overlap in



cognitive processing issues and behavioral presensan the co-morbidity between
learning disabled and ADHD may additionally confduasults (Barkley, 2006, p. 127,
Willcutt, Pennington, Olson, Chhabildas, & Hulsland2005). Collins and Rourke
(2003) further state that learning disorders aterbgeneous and that they are not a
unitary disorder. Such heterogeneity not only infeitest performance but also the
variability that may be seen particularly acrogseti Learning disorders include subtypes
which complicate profile analysis differentiatifigem solely on the presence of cognitive
performance. Despite differing opinions, standation of the WISC-IV notes both
students with attention disorders and/or speasfaning disabilities often have
difficulties in working memory and processing sp€étechsler, 2003).

More recent research also suggests that a cent@abt ADHD is difficulty with
inhibitory control, which affects variability of prmance particularly in working
memory (Barkley, 2006). The current research exaswhether there is greater
variation in information processes and specificalyrking memory and processing
speed in students with diagnosed ADHD vs. studeetstified with a SLD building on
research literature suggesting slowed processiegdspf students with attentional
disorders (Calhoun & Mayes, 2005; Mayes & Calh@096; Wechsler, 2003).

Examining variability of working memory and procegsspeed, as measured
with the WISC-IV (Wechsler Intelligence Scale fanildren-1V) within the context of a
repeat measure analysis of variance is importarntese processes are known to change
over time and the WISC-IV is one of the most comipoaised measures in assessing
intellectual functioning. The role of variation discrete cognitive processes in

information processing across a prominent developah@eriod of schooling lays the



foundation for the current research. A plethor&sities both internal and external to the
individual may affect Working Memory and Process8peed in particular, which may
in turn influence the variability and vulnerability information processing. Also,
examining variability of Working Memory and ProcegsSpeed performance across
time additionally contributes to the limited resgaon the WISC-IV regarding variability
of performance with referred populations.

Variability over time is an important aspect of@essment to investigate as
development changes. Variation also may be infleérxy differences in these processes
due to age. Advances in neuropsychology and denedafal theories have come
together in demonstrating how brain structures@odesses such as working memory
and processing speed are different at different &8aron, 2004; Fry & Hale, 1996; Hale
& Fiorello, 2004). Some of McGrew and Wendling2010) research findings with the
Woodcock-Johnson Cognitive and Achievement baterier the last 20 years have
additionally demonstrated variability in these ftiogs or processes depending on age.
For example, general knowledge increases in impoetas a child ages and has acquired
basic reading skills.

The current study provides information about the®eesses during an important
developmental period in which working memory andgesssing speed are developing.
A repeat measurement design highlights the valusoking cognitive processes across
an important developmental time period, allowingeaamination of variability of
school-age children’s performance. Such a desiguiges relevant and current
information regarding educational and daily funeiig issues. It also reiterates the

importance of tracking cognitive information proses such as working memory and



processing speed in relationship to brain-basentdiess, since these children have to
function within an increasingly demanding curriauland their information processing
issues may have broad implications for their leagni

Moreover, understanding current cognitive functignand variability of
information processing with developmental disordezer informs the intervention
process abouwturrentprocessing issues. Especially important is the pragessing
issues may affect children in the regular classracmss subject areas, which has
implications for instruction and intervention plamg. It provides information for
interventions that may serve a child on a more gltdvel (Hale et al., 2010).
1.2 Psychometrics and 1Q Stability

Despite the importance of looking at processesiwititellectual functioning and
the question of whether a significant variabiliggses within information processing, the
force of psychometrics has driven an approach utaiibn that has focused on global
abilities and certain discrepancies between glipand achievement composites.
Diagnostic assessments used for making decisiang abrvices have traditionally used
‘aggregate’ or ‘global’ capacity, i.e., composi $cores. Subsequently examining the
value of cognitive processing strengths and weaeasemay not be considered in relation
to intervention and daily functioning. The idea@fas being stable has been based upon
a premise that a global composite as a stablerf@d@Call, 1977). Lubinski (2004)
notes intellectual performance tends to becomeasingly stable over time. This is
backed by the research literature, which has stgges individual’'s 1Q score as a fixed
and unchangeable measure. The one-time use aoastieration of only a global

composite implies a stability of cognitive functing. McCall (1977) states this



perpetuates a practice that is in keeping withutigerstanding that a child’s IQ becomes
increasingly stable as they age. Further, it seeted that because of brain growth
development and refinement (pruning) processes asigtorking memory and

processing speed improve as a child ages (Baybkseld, Baddeley, Gunn, & Leigh,
2005; Fry & Hale, 1996; Weiss, Saklofske, Schwétijtera, & Courville, 2006). Once
students have been placed, they may not be coelyitigevaluated due to the assumption
of no cognitive changes. Additionally the newesisien of IDEIA 2004 (U.S.

Department of Education) 1Q assessment is not saggsrequired to determine

continued services (http://www.ideapartnership.ortpwever, this premise does not

consider that there may be variability witliagnitive areas comprising the assessment
scale affecting expression of the global abilitgrecand that such variation might be
present (or not) in subsequent evaluations. Sulesglyyissues regarding the stability of
1Q, the relevancy and value of 1Q as relates terugntion, the best use of intervention
resources, and demand for evidence-based resedhchcademic interventions suggest
further study is needed on the use and value @ategissessment. Thus, examination of
variability with information processes - working mery and processing speed
specifically within this context adds to the repeegasurement literature about this aspect
of cognitive functioning.

The argument that 1Q is immutable and singular admt¢take Wechsler's
definition of intelligence into consideration. Atiugh his definition included words such
as “aggregate” and “global”, Wechsler also notet this composed of elements or
abilities that are specific and distinctive (WeensR003). His selection of the different

subtests stressed the importance of consideriragiety of cognitive processes as well as



non-cognitive factors (Sattler, 2001). Wechslargument supports the influence of a
number of cognitive processes as well as non-civgrctors that may influence not
only whatone knows but also one’s ability aocesghat knowledge (Wechsler, 1975).
Intellectual functioning may not always be sta®lssessing variability in clinical and
referred populations illuminates the influence efelopmental disorders, developmental
changes, and other non-cognitive variables, asdpgortive of the foundation
underlying Wechsler’'s scale and also consisterit mibst intellectual theories today
particularly the Cattell-Horn-Carroll theory (Callrd.993).

This research considers the extent that informairocessing may vary from
administration to administration due to a plethofrgssues related to development,
situational circumstances, medication, treatmedtiatervention, changes in functioning,
and/or the influence of neurodevelopmental dis@dech as ADHD and SLD. All of
these factors may influence the Full Scale 1Q sobi@n intelligence test and point to a
need for reassessment of intellectual functioniegpind the initial evaluation providing
current information on functioning. This can offerportant information for intervention

and instruction_(http://www.ideapartnership.ordggxamining the variability of working

memory and processing speed stresses the impoé&noasidering relevant processes
within the context of full evaluations for makingaisions about referred populations
(Dixon, Eusebio, Turton, Wright, & Hale, 2010; Haeal., 2010).
1.3 Assessment of Working Memory and Processing Sgae WISC-1V

Many psychological processes are essential elemémtellectual functioning.
This study focuses on two processes often implicatérain-based disorders - Working

Memory and Processing Speed as measured by the-W1SCalhoun and Mayes



(2005) and Pickering andGathercole (2004) notergfatred populations often have
difficulties in these areas of information procegsiworking Memory and Processing
Speed are represented on the Wechsler Intelligoake for Children- IV (WISC-IV) in
separate indexes along with the Indexes of Verlbah@ehension and Perceptual
Reasoning. Given that these four Indexes compns&\tISC-1V’s Full Scale Intellectual
Quotient (FSIQ), this score may be negatively iaflced by great variability or poor
performance in either/ or both of Working MemorydProcessing Speed. This is
problematic in that the FSIQ is often used as titagry determinant in making
important decisions. This can affect educationat@ient decisions resulting in a child
possibly not receiving needed interventions andtber special services (Williams,
Weiss, Rolfhus, 2003). The importance of reassgssid tracking psychological and
information processing functions is all the morg@artant when making decisions about
children’s current learning needs and servicess Ehespecially true within the context
that Individuals with Disabilities Education Impewent Act (IDEIA 2004) has retained
the definition of learning disabilities as beingrqaosed of processing deficits and
includes a third method which provides for identifycognitive strengths and
weaknesses.

The current revision of the Wechsler scale hasmgted to align itself with the
most prevailing and influential intellectual thedoydate- the Cattell-Horn-Carroll (CHC)
Three Stratum Factor Analytic Theory (Keith, Filleaub, Reynolds, & Kranzler, 2004;
Wechsler, 2003). The processes of working memodypracessing speed are subsumed
into a three tiered hierarchical structure of théCtheory that includes both general, as

well as underlying, specific processes. It is tomposite of all four indexes that has been
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used almost exclusively in decision making. Thigreaninus achievement composites is
typically used to determine qualification for sees. Beyond the WISC-1V, both
working memory and processing speed are psychabgiocesses prominent in the
literature and are often cited as difficulties fdun clinical populations (Wechsler,
2003). As operationally defined by the Wechsletes, these two processes have been
found to underlie a number of higher level abistsich as fluid processing and
reasoning as well as influence the acquisitioncafd@mic skills (Fry & Hale, 2000; Fry
& Hale, 1996). Working memory and processing spgedhe focus of this study
because of their importance in the literature,rthedationship to learning, and the
prevalence of these types of difficulties in cladipopulations. Tracking these issues is
important in referred populations since these stteddo not always qualify for services
yet may continue to exhibit difficulties with infmation processing that affects their
academic performance in the regular classroom (eladé, 2010).
1.4 Problem Statements and Hypotheses

Given the processing difficulties often seen wigferred populations, variability
due to clinical disorders, comorbidity that cansexvith these disorders and particularly
the need for tracking cognitive processing issneshildren with attentional and learning
disorders, the primary research questions forgtudy are as follows:

1) Does a significant difference in Working Memayd Processing Speed exist
from one administration to the next administratiomeferred populations?

2) Are there greater variations in Working MemondaProcessing Speed from
one administration to the next administration bemvestudents with ADHD as the

primary diagnosis vs. students with Specific Leagridisabled as the primary diagnosis?
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The main hypotheses for the study are as follows:

H1: Referred populations will demonstrate a sigaifit difference in Working
Memory and Processing Speed from one administratidhe next administration of the
WISC-IV.

H2: Students with only ADHD as the primary diagsosvill differ more
significantly than students with only Specific Lieng Disabled as the primary diagnosis
from one administration to the next administratdhe WISC-IV.

These hypotheses are based upon a literature relmwnstrating that working
memory and processing speed are difficulties adam in these clinical populations.
However, the author also acknowledges the resdi&echture that recognizes co-
morbidity amongst developmental disorders that méigate differences seen in clinical
populations. Additional post analyses also examthednfluence of medication vs.
being on no medication, experiencing medicatiomgea, co-morbidity, and gender.

1.5 Definition of Terms

Working Memorys defined as, “the ability to actively maintaimfarmation in
conscious awareness, perform some operation ompuiation with it, and produce a
result” according to the WISC-IV Technical and hpteetive Manual. (Wechsler, 2003, p.
16). A number of researchers have reported thatldpmnentally, age-related
improvements in working memory mediate the develepihof intelligence during
childhood.

Processing Spedd defined as a measure of visual scanning, seguamd
discrimination of visual information. It involveshort-term visual memory, attention,

and visual-motor coordination (Wechsler, 2003, D). Processing speed is a basic
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cognitive function implicated in and connectedrttelligence, particularly higher-order
cognitive functioning In this context, people wdlower processing speed complete
fewer mental tasks per unit of time (Tillman, BohlSorensen, & Lundervold, 2009).
Both of these Indexes comprise thegnitive Proficiency Index (CPWvhich is defined
as a representation of a “set of functions whosengon element is the proficiency with
which a person processes certain types of cognitfeemation” (Weiss & Gabel, 2008).
The Ability-Achievement Discrepancy Methisddefined as a method of identification for
special education qualification using a global tQre in comparison with one or more of
the eight achievement areas as defined bynitieiduals with Disabilities Education Act
(IDEA) (Weiss & Gabel, 2008).

Independent variablesime is the independent variable for the variablasking
Memory and Processing Speed. Time is defined asntieeperiod between
administrations.

Dependent variable®vorking Memory and Processing Speed are the depénde
variables in both hypotheses. As noted previoWgrking Memory is defined as the
ability to hold information in mind and perform seraction with it. Processing Speed is
defined as a measure of visual scanning, sequandeajiscrimination of visual
information (Wechsler, 2003).

For the second hypothesis, Group is defined agjleestudent diagnosed with either
ADHD or SLD. Group one is composed of students VWWEHD and group two were
students with SLD.

Attention Deficit Hyperactivity Disordas defined as a persistent pattern of inattention

and/or hyperactivity-impulsivity that is more freepily displayed and more severe than
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is typically observed in individuals at a compaealaivel of development (American
Psychiatric Association, 2000).
Specific learning disorderare defined as, “(i) a disorder in one or moréhefbasic
psychological processes involved in understandimg asing language, spoken or
written, that may manifest itself in an imperfebtliy to listen, think, speak, read, write,
spell, or to do mathematical calculations, inclgdoonditions such as perceptual
disabilities, brain injury, minimal brain dysfuneti, dyslexia, and developmental
aphasia” (http://www.ncld .org/Id).
1.6 Significance of the Study

The current research examines variability of infation processing of two
prominent processes involved in learning- workingnmory and processing speed. This
research also stresses the value of idiographdev{dual) vs. solely nomothetic
(normative) interpretation often used in assessnidrg mass of studies with the WISC-
IV have examined present performance and short-$éability with normal controls and
defined populations. However, there has been weriyeld longer-term research with the
WISC-IV. Long-term stability of coefficients hasdreexamined in only one study to
date (Ryan, Glass, & Bartels, 2010). Cluster @mapatterns of performance with the
WISC-IV have also been examined with children meféifor psychoeducational
evaluation who experienced persistent academiicdlifies (Hale, 2010). However, there
is very limited research with referred and excemlgopulations over time. Further,
using only group means approaches often minimifésehces obscuring performance
variability of individuals however well-defined tlyggoup vs. methodology. A repeat

measures ANOVA helps to mitigate this issue by h@whe individual serve as his/her
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own control. Significant variation is then duendividual variation. There is also a need
to look at referred populations who are being ieased due to continued difficulties, as
this can often be an underserved segment of schddlen. By bringing attention to
variability of information processing, this resdatwpes to bring attention to the
variability and vulnerability of information procgsg in children. This can better inform
the assessment and intervention process duringaoriant developmental and learning
period. It highlights cognitive processes involvedearning that need to be considered in
the context of interventions within a critically rortant developmental time period for
children. It is only through intra-individual perfoance that processing issues relevant to
a child’s learning and instructional issues carfidomd as they relate to services and
interventions children may need. This is moreme hvith the IDEIA’s 2004 definition of
identifying a child’s cognitive pattern of strengthnd weaknesses. Lastly, this research
considers what implications these processes hawadee children in the regular
classroom, how we assess children referred foicdiffes in the classroom, what that
means within the present atmosphere of empiridadised interventions.
1.7 Limitations of the Study

The mass of studies with the WISC-IV have exachimeesent performance and
short-term stability with normal controls and definpopulations. However, there has
been very limited longer-term research with the GAY. Long-term stability of
coefficients has been examined in only one studiate (Ryan, Glass, & Bartels, 2010).
There is also very limited research with referrad axceptional populations over time.
A repeat measures ANOVA is called for and providgther control by having the

individual serve as his/her own control as wellreges possible examining a population
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at two time points thus examining variability oformation processing. A repeat
measures design can better inform the assessnemitarvention process during an
important developmental and learning period. Nogletds, despite the advantage of
repeat assessment in the present study, it isgeegpopulation, which is clinical. Thus,
there is no control group. However, there is esitenliterature on performance of
working memory and processing speed with clinicaligs as compared to normal
controls as well as is present in the standardiaaif the WISC-1V which provides
important information. The author also limits tleeand hypothesis to ADHD and SLD
due to their prevalence in school-age childremgaaigh to include other disorders would
have extended the usefulness of the researchadther recognizes that even within the
disorders of ADHD and SLD that heterogeneity exmstsich can also be a limiting
factor. The age range is also limited to elementaigdle school students (6-14) vs. the
entire range of the WISC-IV standardization to ey focus on a time period in which
children are most often referred and re-evaluakd study also utilized a population
limited to a specific geographic region.

While the researcher acknowledges the influenabftdrent evaluators, the
scoring of Working Memory and Processing Speedliresno qualitative decision
making on the part of the examiner. The measur#gasking Memory and Processing
Speed have standardized administrations with adtn@&tion and scoring. Test items are
either correct or not for the subtests of Workingmvbry, and the Processing Speed
scores are determined by the number of correcsitgampleted in a two minute time
period. While inter-rater scoring variability migh¢ considered a variable in

performance, individuals who administer the WISCal¥¢ specifically trained in
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graduate programs that adhere to certain standapformance in accordance with
APA (American Psychological Association) standandthe administration of cognitive
assessment instruments to children. Further,skeotidifferent evaluators is common in
the assessment of children, is present in the atdimhtion of the WISC-1V, and is a

factor in ecological validity. However, the authiecognizes this issue as a possible issue
in the current study.

Information was extracted from available recorés. such, there are some
limitations of extending the conclusions due to sanformation not being known such
as medication at one administration vs. anothemaeithods of identification amongst
different practitioners. Where known, medicatiemaaconfounding variable was
considered due to neurocognitive effects from nmagaas. The author acknowledges
that not all confounding variables can be accoufdedlo focus on many of these as
points of potential interest, however importantbdodivert focus from the point of this
research: that there are many confounding varidhbtsnfluence a child’s cognitive
performance at any point in time, which may nec¢atsrepeating cognitive assessment.
To attempt to control for additional variables wailirther detract from the ecological
validity that the research is striving to addraks-value of repeat assessment due to

variability of information processing.
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CHAPTER 2
LITERATURE REVIEW

Developmental, cognitive, educational, and neurolpskpgical research on
intellectual development has coalesced in recemisyeln particular, research on
intelligence has shown that underlying cognitivegasses are relevant to learning. The
literature review discusses how the definitionraélligence as a construct has evolved
from being initially a singular entity to a latexdus on multiple processes. This trajectory
culminated with the theoretical influence of thet€liHorn-Carroll (CHC) Three-
Stratum Factor Analytic Theory of Cognitive Abiéis by John Carroll (1993). Within
this theoretical framework and due to the influep€developmental and
neuropsychology, the prominence of working memarthe literature as well as
discussion of the influence of processing speedanking memory and higher processes
are highlighted.

The literature review secondly discusses what eawmnabout how working
memory and processing speed are related to leaamicigheir importance overall to
academic performance. Given their particular ingraee in children who have learning
and other brain-based disorders (i.e., clinicalytaons), working memory and
processing speed also are reviewed in relatioeveldpmental disorders. Lastly,
variability vs. stability of these processes idssed with reference to developmental
changes and cognitive performance and why it iontamt to track these cognitive

processes within referred populations.
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2.1 Theoretical Foundations

One of the earliest influence in examining ‘whdtlhgence is’ was made by
Charles Spearman who characterized intelligeneegeneral overriding ability defined
asg (Spearman, 1904). This perspective was the firstatistically analyze components
of intelligence. The idea of a general overridithgity was later expanded to a two-factor
theory by his student, Raymond Cattell. Cattefianded this idea to be composed of
general §) and specificg) factors. Cattell's-luid-Crystallized Theory of Intelligence
(Gf-Gc) (Cattell, 1963) suggested that cognitive ab#itiall into two primary
components-- fluid or crystallized=luid intelligencerefers to mental operations
typically used in novel tasks like problem solvingjuctive, and deductive reasoning.
Examples include solving a visual analogy or mapixzzles involving logic, and pattern
construction. In contrastrystallized intelligencevas thought to be more dependent upon
acquired skills and knowledge developed in resptmseltural and educational
experiences. Examples include general knowledderacabulary. Horn later expanded
Cattell's theory (1968).

In the Cattell-Horn theory, nine factors compodelligence within the fluid and
crystallized core components that include memod/@ocessing speed (Cattell, 1963).
John Carroll later incorporated the Cattell-Horedty into the Cattell-Horn-Carroll
(CHC) Three-Stratum Factor Analytic Theory of Cognitiva@lifies, which has become
the most prominent contemporary example of faatatdic methodology in forming a
model of cognitive abilities (Keith & Reynolds, 2D1 Carroll’s theory is a hierarchical
model, composed of three levels of strata or &slitAt the lowest level are 69 narrow

abilities such as sequential reasoning, readingpcen@nsion, and memory spdiis
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underlies the second level in which these 69 naabiities subsume into eight broad
factors. These factors incluéduid Intelligence, Crystallized Intelligence, Gaal
Memory and Learning, Broad Visual Perception, Brédadlitory Perception, Broad
Retrieval CapacityandBroad Cognitive Speediness, Processing Speed/Decgpeed
A single factor defined ag General Intelligenceés at the third and uppermost level of
these eight broad factors (McGrew & Woodcock, 2001)

Flanagan, McGrew, and Ortiz (2000) traced the hyséod influence of
psychometric influences and the role that theo/especially the Cattell-Horn-Carroll
CHC) theory has played. Specifically, they stagg there have been four waves of
psychometric interpretation. The first wave waarelterized as a quantification of
general level, which was influenced by Spearmgrdad was used for the grouping of
individuals for purposes of identification. Thecead wave, psychometric interpretation,
focused on clinical profile analysis and was seethé earliest version of the WISC-
Bellevue (Wechsler Intelligence Scale for Childrért)is method focused on
interpretation as a way to understand people begagidbal intellectual ability and
included focusing on patterns of high and low perfance or profile analysis, which was
used diagnostically for prescriptive uses. Clinjpadfile analysis focused on
interpretation of verbal-performance differenced #re “shape” of the subtest profile,
and interpreting subtest scores and item respolrsesntrast, the third wave focused
more specifically on psychometric profile analysnderpretation that was based on
factor analytic procedures and particularly Cohdattor analytic procedures, which
examined shared variance between subtests (entigiiieesed factors) and de-

emphasized subtest interpretation. While the prtsdof this phase were not supportive
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of profile analysis, the WISC and its multiple szhkcore approach made it a popular
and useful approach for identifying learning diséibs. The fourth and most current
phase beginning in the 1990s is the integratiah@dry with research. This approach is
more cross-battery focused to enhance interpretétyae-organizing subtests into
theoretical clusters specified by a particular tihe®he influence of this theoretical
perspective for the present study suggests thatytrdriven influences have become
prevalent in test interpretation and developméditte prominence of the WISC scales in
each wave of this theoretical progression in t@strpretation has entrenched its use in
identifying issues relevant to learning. The btere is filled with extant research noting
relationships between WISC constructs and lear(inckerson & Calhoun, 2006; Engle,
Tuholski, Laughlin, & Conway, 1999; Flanagan, Mc@y& Ortiz, 2000; Raiford,
Weiss, Rolfhus, & Coalson, 2005; Shelton, Elliogtihews, Hill, & Gouvier, 2010;
Wechsler, 2003; Weiss & Gabel, 2008).

Of importance to the current research is that Qlagtheory extended and
expanded the construct of memory and processirggdsfée importance of this theory
takes into consideration that underlying processesribute to higher abilities and
overall expression of intelligence. Further, ithss highly general information-processing
capacity that facilitates reasoning, problem sayohecision making, and other higher
order thinking skills. While the WISC-1V was natili from intelligence theory, all four
factors are seen in Carroll’'s encompassing thebimytelligence. Flanagan, McGrew,
and Ortiz (2000) further illustrate the WISC'’s stiure into constructs that correspond
with aspects of his theory. Keith and Reynoldsl(®Mote the same distinctions-

Working Memory asssm(short-term memory) and Processing Spee@ssprocessing
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speed). The prevalence and influence of Carrtiie®ry as well as the extensive use of
the WISC-IV in the assessment of cognitive funatigrprovides a guiding basis for the
present study.
2.2 The Wechsler Scales

While the Wechsler scales did not originate from @attell-Horn-Carroll (CHC)
Striatum Theory, theoretical developments in th@asaeement of intelligence have
increasingly aligned assessment measures with ICatheeory. This is in addition to
factor analytic techniques, which also have guistl construction (Keith & Reynolds,
2010). David Wechsler’'s early work with Army reitsuand then at Bellevue Hospital
with immigrants at the turn of the century providbd foundation through which his test
development began. This early foundation in irgelce testing was meant to be
practical rather than theoretical. For examplgitC8pan, a subtest from the WISC-IV
considered in the current research was used asasathe 1880s to measure capacity of
information that could be held in short-term memanng then recalled (Boake, 2002).
Coding, another subtest in the current research,ongated around 1900 in an
experiment involving college students to demonsti@irning new associations. An
example of coding might be a paired associationiteshich an individual is asked to
learn and replicate pairs of associations as qu@&lpossible. The rationale was to
provide a measure of the rapidity with which asati@ens could be learned. Performance
suggested that those who are quicker learnerainiley associations have a more rapid
learning process (Boake, 2002).

Over time, the Wechsler scales continue to empedmth verbal and visual,

nonverbal abilities. This structure reflects tierarchical influence from early
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intelligence thinking- Spearman and Cattell- ad welthe multi-dimensional nature of
intellectual functioning that is reflected today-HC. The Wechsler Scale’s latest
revision, the WISC-IV (Wechsler, 2003) places memgphasis on fluid reasoning,
working memory, and processing speed, which isbasaesearch in cognition,
information processing, and neuropsychology (Malidrhompson, 2003). In keeping
with this, the WISC-IV deviated from its previowsvision where a Verbal 1Q and a
Performance 1Q were prominent as composites ardaezed the scale into a four-
factor model. These four factors includerbal Comprehension, Perceptual Reasoning,
Working MemoryandProcessing SpeedEach of these four factors includes individual
subtests that make up the four composites. In dst mecent revision, the WISC-1V was
reorganized into more homogeneous composites, whialoved or moved subtests that
did not load on factors utilized on previous rems of the WISC. This assisted with
making interpretations more construct validate@iigban, McGrew, & Ortiz, 2000).
However, Carroll's analysis in 1993 of a generatdaemerging from studies of
intelligence necessitated retaining the Full Statlellectual Quotient (FSIQ) because of
its wide use in research and assessment (CarédV,; Weiss, Saklofske, Schwartz,
Prifitera, &Courville, 2006).

Flanagan, McGrew, and Ortiz (2000) note that degpieater alignment of WISC
constructs with CHC theory, the Wechsler scaleg oaver a small portion of the 10
empirically supported broadf@&c (Fluid-Crystallized Theory of Intelligence) abids.
They state that the overall factorial structuréhaef WISC is limited in scope in
comparison to & Gc theory, although they acknowledge that its origingention was

grounded in a practical and clinical vs. theorétizesis. Additionally, they note that
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while the WISC'’s atheoretical foundation placedstomints on the validity of inferences
that can be drawn from it, each revision has yilitheoretical improvements in its
restructuring. These improvements have resultedare homogeneous factors providing
better factorial structure support and the infeesnthat can be made from it. The authors
state that this fourth wave of test interpretaton specifically the application off@&c
theory to the WISC subscales allows for interpretato be more theoretical. This
conceptual framework yields greater internal anérmmal validity of the scale as well as
strength to the inferences that can be drawn flemXISC.
2.3 Factor Analysis and Processes Involved in Intedence

Factorial analysis has driven test developmentifermost part, which has
contributed to theoretical influences into underdiag intelligence. Yet psychometric
influences have also helped to shape the studytelfigence. Psychometrics includes
the study and techniques used in measuring diffgrgychological constructs in test
development and factor analysis. This field of gthds helped to develop constructs that
inform construction of intellectual and cognitiventtioning assessment as well as the
development of theoretical models of intelligen&sychometric influences have also
contributed to the development of how these prasease defined. This has allowed
those who evaluate children to be more attentivedwvidual differences in learning
during the course of development.

Confirmatory factor analysis additionally has besed over the years to examine
the construct validity of intelligence tests. Taemalyses have identified specific factors
measured by a test. Psychometric research’s usetof analytic methods have

identified as well as provided support of capaletitassessed by these tests. For
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example, factor analytic methods have identifiediteds such as vocabulary knowledge,
mathematical understanding, spatial reasoninggepéual speed, working memory, and
processing speed as factors related to intelligé@athoun & Mayes, 2005; Chen & Li,
2007; Hale, Fiorello, Kavanagh, Hoeppner, & Gaitl2®01; Johnson, Humphrey,
Mellard, Woods, & Swanson, 2010; Pickering, 2004&dhsler, 2003). Intelligence
measures have been administered longitudinallg$ess intellectual functioning across
developmental and life-span trajectories to deteengjualitative and quantitative
differences observed over time. This has infornimedfield about how intelligence
functions throughout the life span. Identificatimihchanges in cognition and intellectual
development during the life span and differencesragrhow clinical groups perform is
important. Factor analysis of constructs meashyeitelligence tests has also been
instrumental by uncovering underlying processesi@chanisms associated with
different modalities (auditory, visual), contentaains (figures, numbers, words), and
tasks (reaction time, stimulus discrimination, isjon time) (Esters & Ittenback,
1999). What has emerged from this work is thatkimgy memory and processing speed
are key components of intellectual functioning.

Moreover, the explosion of research on brain fuorstig (i.e., functional MR,
PET scans) has directed focus on working memorypancessing speed. The Wechsler
scales and the WISC-IV in particular note contridmos from neuropsychology and factor
analysis in their latest revision by including Wioidx Memory and Processing Speed as
specific composites in addition to the Verbal Coaegnsion and Perceptual Reasoning
composites (Baron, 2005). The composites of Wigrlkilemory and Processing Speed

are the focus of the current research (WechsI€&3R0
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2.4 Learning: Working Memory and Processing Speed

Working memory and processing speed are noted pettly in the literature as
factors important to intellectual functioning amétning. Hebb (1949) first noted a
distinction between short-term memory (STM) andjiderm memory (LTM) with
regards to temporary electrical activation in ST8isus a long-term process of neuronal
growth characterizing LTM. Memory is also citedasmsimportant component in
developmental theories such as Vygotsky and imunsbnal design models that take
into account information processing, e.g., Gagmé&d(er, 2005). However, studies
grounded in the information-processing approaclyssigd a different memory
component that allows for rehearsal of informatma assists with maintaining
information in mind - in other words, working memi¢Baddeley, 2003).

Baddeley (2003) defined working memory as a sydtrtemporary storage used
in the holding and mental manipulation of infornoatifor tasks such as comprehension,
learning, and reasoning. It assumes a limited ¢gpsystem and provides an interface
between perception, long-term memory, and act\dhile three primary components are
identified within this modelphonological loop, visuospatial sketchpaahd thecentral
executivethere continues to be work done in this areathBoe phonological loop and
the visuospatial sketchpad are defined storagemgstvith limited span because of
factors that occur in real time.

A number of studies have examined working memoigkeé?ing (2004) examined
children referred for various learning, attentigraadd behavioral problems. The study
included 734 children aged 4 to 15 that were plat standardization study on the

Working Memory Test Battery for Children (WMTB-CEighty-three children had
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special needs and were divided into general legriiteracy, language, or behavioral
groups. The WMTB-C was used to assess various aoemis of working memory
according to Baddeley’s model- the central exeeusind three subsystems including the
phonological loop, visuo-spatial sketchpad, andeghisodic buffer. This research was
important in that it helped further define diffet@aspects of working memory. Children
who had general learning difficulties performed enpoorly across the central executive,
phonological loop, and visuo-spatial sketchpadctagdren referred for language
difficulties, who primarily had difficulties withhie phonological loop. Their research
supported the working memory literature indicatmgyking memory deficits are

typically found in children with learning difficuéis although they state that these
difficulties may vary depending upon the type @rteng difficulty.

Pickering’s research further demonstrated how aspdavorking memory are
important not only in storage capacity but alspracessing information. For example,
the phonological loop is important to learning g®nological structures of words,
which is then important for acquiring vocabularyké-wise, the visuo-spatial sketchpad
is important in math as it involves visual- spafiaictions. Pickering’s study highlights
the different functions of working memory and themportance for storage capacity and
allocation of resources used in processing infoionatt also highlights the influence of
cognitive processing demands when learning demiacdsase in complexity, which can
affect acquisition and capacities to store newrimgtion.

Lastly, Pickering’s study demonstrated that chitldneay have varied working
memory difficulties depending upon the differingura of their learning difficulties.

This is consistent with the literature highlightisgme of the differential issues with
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various learning disorders - i.e., phonological Emdyuage, visuo-spatial and math.
However, it is understood that these relationshigsnot strict and exclusive to specific
disorders alone and that any of these issues ¢aacoass multiple disorders (Johnson,
Humphrey, Mellard, Woods, & Swanson 2010; Swan$886; Wechsler, 2003).
Overall, research methods into the influence ofkvay memory have demonstrated a
number of studies showing a relationship betweerknvg memory and learning
including reading comprehension and math.

Bayless, Jarrold, Gunn, Baddeley, and Leigh (20@5d working memory made
a significant contribution to reading, math, anddlreasoning above age-related
variance. These findings suggest, along with tieedture that working memory is a
predictor of a number of cognitive skills such @asguage comprehension, reading and
math, attentional control, and general fluid ingghce. Working memory has also been
shown to be an influence on reasoning and probtdwing as a factor in more fluid
aspects of intelligence (Bayliss, Jarrold, Gunnjdéaey, & Leigh, 2005). The
implication of this research is how working memaymportant to both reading and
math achievement (Maller & Thompson, 2003). A nemtf other studies also support
working memory’s strong relationship to fluid idigénce (Chen & Li, 2007; Conway,
Cowan, Bunting, Therriault, & Minkoff, 2002; Engl€uholski, Laughlin, & Conway,
1999; Kane, Hambrick, & Conway, 2005; Kyllonen &r&tal, 1990).

The field of experimental cognitive psychology laaslitionally emphasized an
attentional control aspect of memory. The thirdanaomponent of Baddeley's theory is
the central executiveomponent, which is responsible for providing raitenal control.

This component enables focus, designation of ressyand connection with long-term
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memory to bring information into working memory (@®keley, 2003). The fourth factor -
the episodic bufferis a component assumed to be of limited capacitiyseyf but
important for understanding the overall role of teatral executive. The episodic
buffer’s function is to bind together informatiamform integrated episodes. The central
executive controls the process through consciowseavess of attentional control. It
influences the ‘global workspace’ allowing multiggstems to integrate assisting the
binding of information as well as retrieval. Oniggpwork regarding the influence of
attentional control has further suggested that efemof emotional and motivational
control may also play a role in working memory (Bakky, 2003). Pascual-Leone
(1987) and Hester and Garavan (2005) additionaliygsst the role of inhibitory control
as playing a developmental role in intelligence #rad this function is something that
increases in the development of intelligence.

Memory is also found to be related to higher leheiking. Shelton, Elliott,
Matthews, Hill, and Gouvier (2010) note there relationship between working memory
and short-term memory that influences fluid inggice. They used various subtests
from the Wechsler scales and complex span tas#iertmnstrate an attentional executive
control element that actively processes informatAsnoted previously, this component
is an active aspect of working memory that searskesndary memory systems for
needed information. Their findings suggest thecfiom of working memory is important
in higher order cognition. Higher order cognitiowalves cognitive variables such as
problem solvingand abstract reasoning as well as the ability pae& conceptual and
declarative types of knowledge, which are aspdatstelligence that are often assessed

through a variety of tasks and scales.
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In relation to higher thinking, processing speegyplan important role in
intellectual functioning. It is therefore importantevaluate when evaluating children
with learning difficulties. Processing speed isasic cognitive function implicated in
and connected to intelligence particularly workimgmory and higher-order cognitive
functioning. In this context, people with slowebpessing speed complete fewer mental
tasks per unit of time (Tillman, Bohlin, Sorensé&n,undervold, 2009). Hale (1990)
and Kail (1993) have shown that performance orecfiit processing speed tasks
improve as one during childhood suggesting a gldbaklopmental trend. De
Ribaupierre (2001) noted processing speed accéamggeater variation in the
development of children’s intelligence than whageen in individual differences with
adults.

Processing speed has also been implicated in aboe$ with academic measures
as well as related to development of specific acaclsubjects and higher processes.
Tillman, Bohlin, Sorensen, and Lundervold (2009ndestrated the influence of
processing speed, working memory, and inhibitomyticd on fluid intelligence.
Hierarchical regression demonstrated that procgspeed, working memory and
inhibitory interference control contributed uniquéb the explanation of fluid
intelligence performance in a sample involving 8 1oyear olds. This research is
consistent with the literature regarding processioged in general as contributing to
intellectual functioning and its relevance as adato be examined in the present
research.

Lastly, the WISC-IV technical manual cites a numdasiesuch studies about how

Working Memory and Processing Speed are importaatritumber of psychological
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processes related to learning. Swanson (1996) texptitat Working Memory is an
essential component of higher order cognitive pgees and is closely related to
achievement and learning. It has also been demavedtto be related to both reading
and math achievement (Maller and Thompson, 2008)afd Hale (2000), Mayes,
Calhoun, and Crowell (1998), and Tillman, Bohlimr&sen, and Lundervold (2009) all
provide support for there being a significant clatien between processing speed and
general cognitive ability.
2.5 Development: Working Memory and Processing Spde

A number of researchers have reported that devedafatly, age-related
improvements in working memory mediate the develepihof intelligence during
childhood (Bayless, Jarrold, Gunn, Baddeley, & bei@005; Case, Kurland, &
Goldberg, 1982; de Ribaupierre & Lecerf, 2006; &riale, 1996). Studies have
suggested an age-related factor between workingangmrocessing speed, and storage
ability related to higher level cognition. Fry aHdle (1996) examined the relationship
between processing speed, working memory, and ifhtiedligence in children ages 7 to
19. Results of a path analysis demonstrated tloaegsing speed and working memory
mediated 45% of the age-related increases in filualligence. Further, progression in
the development of processing speed accountedLfdrof the improvement in working
memory. Age also had a 77% effect on speed ofgssing.

Developmentally, processing speed plays a roleerdevelopment of intelligence
in children and accounts for more variation thay afner cognitive variable (Fry &
Hale, 1996). Research by Fry and Hale suggesty#nition in performance is most

evident in age-related improvements in processiegd in connection to working
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memory capacity resulting in improved intellectfwalctioning. The authors also state
that research generally shows that individualsclpy perform similar across
instruments and that processing speed is relatimelgpendent of the task considered.
As noted earlier, processing speed subsequentiyeimdes fluid reasoning impacting
intelligence test performance.

2.6 Executive Functioning: Working Memory and Procasing Speed

Working memory and processing speed are relateggoutive functioning.
Executive functioning as a related issue has takea prominent role in recent years.
This is particularly important to the current resdaas it includes ADHD students for
whom executive functioning is a prominent diffigulGaron, Bryson, and Smith (2008)
reviewed the executive function literature anddbeelopment of executive functioning
in children. However, children with specific learg disorders and other developmental
disorders may also have executive functioning ditfies. This literature consists of two
veins as separate issues - unitary with constitsigiofprocesses and dissociative (i.e.,
working memory and inhibition). These two veins éawerged in recent years into a
more integrative perspective. This integrativespective also takes into consideration
developmental research of children and the natudeeelopment of these underlying
constructs that promote executive functioning (GaBryson, & Smith, 2008).

The first vein has highlighted the importance e¢émtion and the central
executive component of Baddeley’'s model. Workingrmagy and inhibition have also
been highlighted in research on developmentaldtajes. Garon, Bryson, and Smith
(2008) noted executive functioning, which inclu@spects of working memory,

processing speed, and interference control aregtitda initially be independent in
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children but that these become increasingly integrduring childhood. This latter
perspective provides further support for how depelental influences play a role in the
development of cognitive functions and intellectiueictioning. These cognitive
functions, in turn, facilitate problem solving arehsoning, which are higher forms of
intellectual processing.

Fry and Hale’s review of research in 1996 and let&000 with focusing on
working memory and processing speed in relatioextxutive functioning also
highlights the importance of changes in and devakap of attention as a related
cognitive variable. In addition to the developmehattention, it highlights the
importance of other underlying components like loitiory control and processing speed.
Garon, Bryson, and Smith (2008) further note thatdlow maturation of the frontal
cortex in which many executive functions are thdugtreside is, in part, dependent
upon the environment as an influence on its devety and variability of performance.

The presence of these issues in clinical populatadfers support for the
monitoring of cognitive functioning in children. iBhs particularly relevant for those
children with persistent learning and academiadiiffies. Additionally brain-based
difficulties and cognitive functions such as exaeutunctioning in childhood
developmental disorders may affect the expresdiamalligence resulting in variability
of performance, which has implications for trackthg stability of these functions across
their development.

2.7 Clinical Populations and Information Processing
Regardless of controversies with research usinfij@emalysis, there is still a

long history of clinical groups demonstrating pautar profiles. This suggests
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statistically significant characteristic profilesrcdifferentiate clinical groups from each
other. Much of this research has been with theNMec scales, which have
demonstrated characteristic profiles with certdimcal populations (Wechsler, 2003).
Fiorello, et al. (2007) asserts idiographic intetption for children with disabilities so
that their individual differences can be identifiddhis article presents the debate over
value and validity of profile interpretation vsetproven reliability and validity of global
and composite scores despite their outdated udiseérepancy formulas. The authors
contend that ignoring profile information negatedividual cognitive indicators and
differences in children’s learning. Profile anabys particularly relevant for clinical
populations who demonstrate differences from noxeatopulations even though
normal variation is also typically seen in “normpBpulations.

Fiorello, Hale, McGrath, Ryan, and Quinn (2002}Her note that clinical
populations such as specific learning disabled (Sari2l children with ADHD can
display significant variability amongst their indsgores. They suggest that as this
varies, there is less shared variance among thexdit abilities although they also
acknowledge this is characteristic of both clinigatl typical populations. However,
these researchers do not advocate that profilahiity has diagnostic specificity for
subsamples of children. Given Processing Speegsiitance in cognitive performance
and its implication as a variable in children watnical disorders, it was denoted by its
own index with the third edition of the Wechsleales (WISC-III) and continues with
the fourth revision.

In a meta-analysis of studies examining cognitiracessing deficits and students

with SLD (Johnson, Humphrey, Mellard, Woods, & Swa@m, 2010), the authors found
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moderate to large effect sizes in cognitive praogsdifferences between groups of
students with SLD and typically achieving stude@tsidents with reading disorders had
the largest deficits in phonological processingpfeed by processing speed, and verbal
working memory. Receptive and expressive langadgeproduced large effect sizes.
With math disabilities, moderate effect sizes wsen in working memory to large effect
sizes in executive function, which are behavidts Working memory, flexibility of
thinking, problem solving, and impulse control.ffBiences of high magnitude were
seen across many cognitive areas including workiegory, processing speed, and
executive functions.

Overall, clinical populations typically have issussognitive functioning that
affect learning. This often involves working memgpyocessing speed, executive
functioning amongst other processes. This bringeédorefront the importance of
focusing on intra-individual issues vs. global ftiaging in such students. This
perspective contributes to gathering better infdromaabout their specific educational
needs and instructional intervention. Developmertiucational, and
neuropsychological findings further support examgnirends and variability in
information processing since information processingnges over the course of
development and because of different influencethem at any particular time. This
supports the current research of examining worknegnory and processing speed in
individuals with specific learning, attentional daother cognitive disorders to further
understand their variability in referred populaso@hanges in development and issues
relevant to learning processes also highlight gedrfor examining these processes over

time in referred populations. However, it is reciagd that non-intellectual factors such
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as motivation, depression, fatigue, etc. can d@p @role in demonstrated intelligence
on any given administration, which may affect parfance introducing variability
(Allen, Thaler, Donohue, & Mayfield, 2010).
2.8 Clinical Populations of Focus for the Presentt8dy

Assessing cognitive processes over time is releyanticularly in light of
changes within the field of education, special etion, and school psychology.
Children identified as having ADHD can number Jtpercent (ADHD) (American
Psychiatric Association, 2000) and specific leagrdisorders number approximately

7.66 percent in the populatiohtfp://www.cdc.gov). However, referred populations in

general show greater numbers. Given the prevaleinitese disorders in children,
examining their role in variability of cognitivefiationing and processing is particularly
important. (Hale, Fiorello, Kavanagh, HoldnackA#e, 2007). The following is a
review of the disorders considered for the secommbthesis in the current study.

2.9 Attention Deficit/Hyperactivity Disorder (ADHD)

Barkley has stated that ADHD is characterized asigaunderlying executive
dysfunction (Barkley, 2006). Hale, Fiorello, anc2n (2005) also support this in
addition to general problems with attention, intidw, and activity level. Primary
symptoms of ADHD include inattention, impulsivityghavioral disinhibition), and
hyperactivity. However, these symptoms may \&gording to age and sub-type. The
DSM-IV-TR (American Psychiatric Association, 20G@ates that an individual must
display six or more inattention symptoms for astesix months and that these symptoms
impair daily functioning as well as is inappropeab the developmental level. These

symptoms include:
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1. Often failing to give close attention to detailsmakes careless mistakes in
schoolwork, work, or other activities,

2. Often has difficulty sustaining attention inke®r play activities,

3. Often does not seem to listen when spoken &y,

4. Often does not follow through on instructionsl &als to finish schoolwork, chores, or
duties in the workplace (not due to oppositionddehor or failure understand
instructions),

5. Often has difficulty organizing tasks and ac¢igs,

6. Often avoids, dislikes, or is reluctant to ergaygtasks that require sustained mental
effort (such as schoolwork or homework),

7. Often loses things necessary for tasks or éievie.g., toys, school assignments,
pencils, books, or tools,

8. Often easily distracted by extraneous stimuli,

9. Often forget forgetful in daily activities,

Six or more of the following are required for thgpkractive-impulsive type, which also

must have been present for at least six monthstthiginificantly affects daily

functioning, and is also inconsistent with develeptal level.

1. Often fidgets with hands or feet or squirms in seat

2. Often leaves seat in classroom or in other sitnatio which remaining seated is
expected,

3. Often runs about or climbs excessively in situaionwhich it is inappropriate (in
adolescents or adults, may be limited to subjedtedings of restlessness),

4. Often has difficulty playing or engaging in leiswaetivities quietly,

5. Often “on the go” or often acts as if “driven byrator”,
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6. Often talks excessively,
Impulsivity
7. Often blurts out answers before questions have beepleted,
8. Often has difficulty awaiting turn,
9. Often interrupts or intrudes on others (i.e., burtts conversations or games).
Additionally, DSM-IV-TR diagnosis requires that serof the hyperactive-
impulsive or inattentive symptoms have been prelseftre age 7 years of age, that some
impairment of symptoms is present in two or monérsgs (e.g., at school [or work] and
at home), and that there must be clear evidencbnadally significant impairment in
social, academic, or occupational functionings ifurther expected that these symptoms
do not occur exclusively during the course of Pem@Developmental Disorder,
Schizophrenia, or other Psychotic Disorder, anchatéetter accounted for by another
mental disorder such as a mood or anxiety disq@®erican Psychiatric Association,
2000, p. 92-93). Lastly, it is important to rulet @ther factors that may account for the
symptoms. Reviewing the characteristics of thiswiser is important since this group
serves as a subgroup for the current study.
2.10 Specific Learning Disorders
As noted earlier, a specific learning disorderafirted as, “a disorder in one or
more of the basic psychological processes invoinaethderstanding or in using
language, spoken or written, that may manifestfilsen imperfect ability to listen,
think, speak, read, write, spell, or to do mathérahtalculations, including conditions
such as perceptual disabilities, brain injury, mmal brain dysfunction, dyslexia, and

developmental aphasia” (http://www.ncld .org/ldlrurther, the DSM-IV-TR notes that it
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is diagnosed, “when an individual’'s achievemenaonndividually administered,
standardized test in reading, mathematics, oremiéxpression isubstantiallybelow
that expected for age, schooling, and level oflligence” (American Psychiatric
Association, 2000). The DSM-IV-TR notes that wltihis is usually defined as two
standard deviations between achievement and I@alles discrepancy can be used. This
method is the standard method used in the abiihyewement model although
discrepancy amount varies from state to state amahg educational agencies. The
DSM-IV-TR states that this discrepancy can be snalhen an individual's
performance on an IQ test is compromised by a twgmprocessing disorder, mental, or
medical disorder. In North Carolina where thigdsttakes place, the discrepancy has
been defined as 15 points. However, qualificatian still be determined even when the
amount of discrepancy is less than 15 point wheretis other supporting evidence
(NCDPI, 2010).
2.11 Research with these populations on the Wechscales

Several studies by Mayes and Calhoun examiningakss such as ADHD, SLD,
and other clinical disorders have found supportistinctive profiles with these
disorders. In 2004, Mayes and Calhoun examinedasities and differences between
WISC-IIl and WISC-1V profiles for students with AOB They found distinctive profiles
not only characteristic of disorders like ADHD lal$o of other disorders, such as
autism, brain injury, and learning disability. laricular, they noted that attention,
writing, and performance speed deficits were cliaratic of ADHD and learning
disabilities. Both the ADHD and learning disabgdups demonstrated low Freedom

From Distractibility (FFD) and Processing Speedelkab with the Coding subtest of this
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last index being the lowest on the WISC-IIl. Calh@nd Mayes (2005) again examined
profile similarities and differences on the WISC-dvhongst various clinical disorders.
Here, sixty-seven percent of the learning disabtadents performed more poorly on
Working Memory tasks. In contrast, clinical groupsluding anxiety, Oppositional
Defiant Disorder, and mental retardation did natehBrocessing Speed Index
weaknesses with the exception of depression. mipédations of this research were that
clinical groups tend to have various underlyingmoéagical factors that impact
information processing variables including Proaeg$Speed that may influence
variability/stability of performance. In addition Processing Speed as a common
occurrence in clinical populations generally, it@nmonly viewed as a rate-limiting
factor on tests of memory and learning.

Mayes and Calhoun (2006) later compared profileshdfiren with ADHD and
normal intelligence using both the WISC-IIl and VZKV. Mean scores for the Verbal
Comprehension Index (VCI) and the Perceptual Reagdndex (PRI) were higher than
the Freedom From Distractibility Index (FFD) (WISID/Working Memory Index
(WMI) and Processing Speed Index (PSI) (WISC-IMf)dtudents with ADHD. Index
differences were higher for the VCI and PRI onWiKSC-1V than the WISC-IIl. The
findings from these three studies suggest that Wi&(Ies play a relevant role in
distinguishing clinical groups. They also estalddithe importance of examining
information processes like Processing Speed ankiwpMemory in clinical
populations but particularly how much they are gfeable or stable over time. The
authors suggest that the most recent version AMIEC-1V may be better at

distinguishing ADHD than its predecessor. Thesdifigs have been found to be
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consistent with other early findings with the WISZregarding these populations.
However, it should be noted that comparisons weneglWISC-1ll and WISC-IV and
subsequently based on different groups of childmhthe authors acknowledge findings
could be attributed to differences between groups.

A number of special group studies were also coratudtiring the standardization
of the WISC-IV with clinical populations and duritige elementary and middle school
ages relevant to the current study. In specialgsiudies conducted with the WISC-IV,
children ages 7 to 13 with a reading disabilityfpened significantly lower on all four
composites. Math disorders performed significaltyer on Perceptual Reasoning than
matched controls as well. Students with readingtevw expression, and math disorders
also displayed significantly lower scores on VeiGamprehension, Working Memory,
Processing Speed, and Full Scale IQ as compamahtools. Students who had both
ADHD and learning disabilities performed signifitigriower on all four composites by
an average of 12 points Students who only had ApdBormed significantly lower on
Working Memory, Processing Speed, and the Fulle&Sialwith an average of 7.3 points
on Processing Speed alone (Wechsler, 2003). Adtrait of these special group studies
is that they consisted of small samples and dicenobmpass all of the WISC-IV
standardization range recruited at different sites.

Additionally, the WISC-IV has been investigatedngscluster analytic
methodology with children who were referred for gsyeducational evaluation and
specifically students who present with persisteadamic difficulties using cluster
analytic methodology (Hale, 2010). Research wa®diat identifying subtest patterns

that were consistent with previously identifieddagmies. A two-stage analysis
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identified three cluster patterns with the 10 ssistelow scores on all the subtests, low
scores on the Verbal Comprehension Index (VCI),lamdscores on the Working
Memory and Processing Speed indexes. These matteme found to be reliable, stable,
and replicated across various samples. Howewstask previously associated with low
performance on Verbal and Performance 1Q’s (WISTdild not emerge. Findings were
consistent with previous WISC taxonomic analyses.

Lastly, configural frequency analysis has been usatkamine if profile patterns
would be evident with the WISC-IV (Wattkinen, 2008sing mean composite scores,
children with learning disabilities in reading demstrated lower performance on the
Working Memory Index in contrast to the other thiegexes- all of which fell within the
average range. Children with ADHD performed lowerthe Processing Speed Index.
While Working Memory was also depressed, it wassngnificantly different in relation
to the mean of the other three composites. There metypes or antitypes for ADHD
students as compared to the WISC-1V standardizatonple.

Given the importance of considering the influentADBHD subtypes, one study
has examined this factor on Working Memory and Eseimg Speed. Zieman (2010)
examined differences in subtypes of ADHD (Ziem&i®. Working Memory and
Processing Speed were examined in a 3 X 4 ANOVA&atga measures design using the
WISC-IV. This study is similar to the present ondhat it used archival data from a
clinical site. The sample was divided into ADHDbstpes- ADHD Inattentive type,
ADHD Hyperactive- Impulsive type, and ADHD Combingge. No significant
differences between groups or interaction effeats\DHD subtype were evidenced on

Working Memory or Processing Speed. Means forhaié subgroups groups on
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Processing Speed as a whole were reduced in casupdd the other indexes. There was
a significant main effect for Index scores with &¥ssing Speed deficits noted for all
three subtypes. There were minimal differencedenged between groups with Working
Memory. The authors concluded that Processing&pe a whole appears to be
sensitive to ADHD. Regardless of subtype, resufgported Processing Speed is an
issue for this population amongst other disabgitie

While the previous studies have examined differsemc&VISC performance
between clinical groups, co-morbidity must alsacbesidered. Willcutt, Pennington,
Olson, Chhabildas, and Hulslander (2005) note cdsrdity between ADHD and other
learning disabilities can occur as much as 25 tpet@ent of the time. This can confound
seeing differences in performance as well as comghgtudents’ issues. In assessing
differences and similarities between ADHD, readiigprder only, and ADHD plus
reading disorder students, the authors found ecelémat all three groups demonstrated
weaknesses in Processing Speed. However, the ADbip@lso demonstrated
weaknesses in response-inhibitiviechsler (2003) also demonstrated ADHD
Inattentive type and children with reading disdl@i§ demonstrate reduced Processing
Speed on the WISC-IV.

For ADHD, greater within-subject variability or iogsistency in reaction time is
also the most consistent finding for ADHD (BidwaNillcutt, DeFries, & Pennington,
2007; Castellanos, Sonuga-Barke, Scheres, Hydeallevg, 2005; Lijffijt, Kenemans,
Verbaten, & van Engeland, 2005). Van De Voorde,yRc® Verte', and Wiersema
(2010) have also compared children with ADHD, regdiisorder (RD), and controls on

linguistic (phonological and rapid naming tasks)l axecutive function measures (go/no
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go, n-back tasks) using analysis of variance. dcéil with ADHD were found to be
more variable in response time as compared witldrem who did not have ADHD
although children with a RD presented a variab$poase style as demonstrated by a
higher within-subject standard deviation of reactione. In discussing some possible
differences between groups, the authors note iyadirments in executive functioning
can occur from lower level cognitive processesaathan high order cognitive
operations and that considering such differencegs it take into account the
multifaceted and complex nature of reaction time.

Finally, Fiorello, et al. (2007) further have examl unique and shared variance
with clinical populations on the WISC-1V. They exiaued the intellectual profiles of
students with learning disabilities, ADHD, and TBhe sample was taken from the
normative standardization sample of the WISC-IVinggegression commonality
analysis to examine the unique and shared varidineg found these groups displayed
substantial multi-factorial intellectual functiogmmongst Index scores on the WISC-IV.
No one area for all four factors exceeded 2% oRihléScale IQ variance. These results
suggested the Full Scale 1Q score to be not mefaniftg the learning disabled group
although rather unique contributions of scoresredting FSIQ were considerable.
With the ADHD group, the index factors accounted30% of the variance with unique
contributions of Verbal Comprehension and PercéRreasoning accounting for one-
third of the FSIQ variance. These findings sugggsupport for using the Index scores
as interpreters particularly for certain groups-, ispecific learning disabled.
Additionally, the Cognitive Proficiency Index (CPWyhich includes the Processing

Speed and Working Memory subtests, was additiosaggificant for the ADHD group
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lending support for the link between fluid reasagnand executive functioning. While
profile interpretation has been of questionablefira, the aforementioned researchers
note these findings are consistent with what isskmabout these clinical populations.
However, they also note that interpretation of lndeores is more robust for learning
disabled and ADHD groups than other groups. Thieskes suggest that these indexes
play an important role in information processinghndevelopmental disorders and
learning disabled and ADHD in particular.

In contrast to previous findings, Maury-Darensbo{#@11) has examined
intellectual, academic, and psychosocial functigninchildren that were diagnosed with
a learning disorder and/or ADHD. However, her resealid not support differential
profiles on Working Memory and Processing Spee@xed with the WISC-IV. While
many studies note distinctive profiles and spedifidings with clinical groups, this
research suggests this is not always the case.

2.12 Stability/Variability of Working Memory and Pr ocessing Speed with the
WISC-IV

Studies examining stability vs. variability of Wang Memory and Processing
Speed have been limited with children other thaatidknown about developmental
trajectories and performances of students in ane #ssessments with these factors. In
standardization studies, short-term stability (a2) of the WISC-1V with Working
Memory and Processing Speed produced high coweka{i89 and .86 respectively)
(Wechsler, 2003). However, the research literatihenited with regards to long-term
stability of Working Memory and Processing Speethinithe context of the Wechsler

scales. Canivez and Watkins (1999) concludedthieaFull Scale 1Q is the only score
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that remains stable across longer time intervalgnterpretation with individuals. In this
study with the WISC-IlI, 522 students composedtoflents with learning disabilities,
serious emotional disorders, and mental retardatene assessed twice in a mean test-
retest interval of 2.87 years. Pearson product-nmbim@relation coefficients were
calculated for the FSIQ, VIQ-PIQ discrepancy, Ineexand subtest scores. As for long-
term stability coefficients, there were no diffeiaheffects amongst disability groups.
Only the FSIQ produced an acceptable stabilityfcoeht for all three groups. Further,
composite score stability coefficients demonstrapester variability. Their review also
noted that in some studies, stability coefficiesftsomposite scores actually declined
with retest intervals of approximately three yedfseedom from Distractibility (FFD),
Processing Speed, and VIQ-PIQ discrepancy stabitityes were also inadequate. For
specific learning disabled students specificallylamg-term stability coefficients for
each of these scores were significantly differemitnf zero. These long-term stability
coefficients were significantly lower than shontrtestability coefficients for the VIQ,
FSIQ, VCI, FDI, and PSI as compared to short-tetabibty coefficients noted in the
WISC-IIl manual. Those test-retest intervals in skendardization sample ranged from
13 to 63 days (Wechsler, 2003). The authors #tate “changes in IQ that results from
test instability may differentially affect individils with different disabilities” (Canivez &
Watkins, 2001, p. 440). Results were additionkatgr supported by Watkins and
Canivez (2004) demonstrating that subtest profilese unstable. Further, their
previous study (Canivez & Watkins, 1999) found fd¥ferential effects of WISC-llI

stability on the basis of gender, race/ethnicihg age.
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Lastly, Ryan, Glass, and Bartels (2010) examinedeht-retest stability of the
WISC-IV in 43 elementary/middle school studentdwa occasions that were 11 months
apart. Pearson product-moment correlations waeilated for the WISC-IV FSIQ,
Indexes, and subtests. Stability coefficients voemreected for restriction of range based
on the variability of the initial testing. Dependeample t-tests were calculated for
subtest and composite scores. Verbal Comprehensiorking Memory, and the FSIQ
demonstrated high levels of test-retest stabilty%5, 0.750, and 0.882 respectively).
Perceptual Reasoning was 0.681 and Processing Bfektl Dependent samplietests
failed to detect significant differences betweenrss from test to retest for the WISC-IV
variables. Only VC and FSIQ demonstrated high eeéltest-retest stability. Further, the
magnitude and direction of change (gains and Ipssesdexes and with the FSIQ was
not associated with age or years of schoolingiaginesting. Findings additionally
suggested that a student’s physical/cognitive ntgti@vel and learning history had no
effect on the influence of incidental learning wikie WISC-IV initial testing. The range
of change for some individuals with the FSIQ wa%26ith greater than five points and
16.3% demonstrated decreases of greater thandinésp The limitation of this study
was that none of the students were officially deaigd as learning disabled or
challenged academically. Students were also froensomall private school and
participation was part of a voluntary assessmergnam provided by a local university.

These studies suggest that determining whethentoagperformance is stable or
not for individual decision making is important.riher, testing that is typically done at
three-year intervals with students who have legraimd/or behavioral difficulties may

not be sound if disabilities affect stability ofenmation processing and subsequently
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cognitive functioning. These findings suggest tihedpite factorial differences between
the WISC-IV and its predecessors, certain findwgh populations of learning disabled
and ADHD students regarding Working Memory and Bssing Speed issues are
demonstrated to be stable factors with these ptpota However these factors may not
demonstrate stability with longer time intervaleewv 1 months later despite a stable
FSIQ and support the current research hypothesisatithin variability may be
evidenced across time.
2.13 Summary of Working Memory and Processing Spedéindings

The literature is abundant with findings demonstathat working memory and
processing speed are important aspects of inteltgand that these processes are
important in learning. In particular, the resedrtdrature notes particular influences
with reading, math, and general comprehension.i€&uthve been cited as being related
to specific higher processes such as fluid reagpoama problem solving. Children in
exceptional populations, such as children withrieay and attentional problems in
particular, have difficulties in these areas altjfiothese populations may also perform
differently because of the heterogeneous natukeanhing and ADHD disorders.

Regarding variability of performance, the resedrtelnature also notes that
ADHD students can be more variable in their perfamoe overall but that within-subject
variability may also be seen in students with leagmlisorders and reading disorders
specifically due to individual issues. Further,morbidity can demonstrate additional
information processing difficulties. Research evelopmental literature would suggest
that because of maturation, particularly brain dgwaent, these processes improve with

as a child increases in age. Studies have alsomnated that there are age-related
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differences with children. Developmental increasesseen in cognitive functions-- older
children can hold more information in mind as conegao younger children as relates to
working memory. In addition, developmental chanigéisence the speed of information
processing with increased speed as a child agesteBearch literature has also
suggested that these abilities have a relatioreshgpthat they often improve in concert
with each other. However, most of these studie l@en limited to using measures
other than the WISC to examine the constructs aking memory and/processing
speed- e.g., choice reaction time and computetesd.

Nonetheless, the research literature is replete stitdies examining variability of
working memory and processing speed componentgisdme children across time with
the WISC-IV. Typically, research has been usepréalict how Working Memory and
Processing Speed influence learning and certaitleaci@ subjects. It is important to
examine referred populations in subsequent assessgigen their persistent issues
difficulties. Not only does this further provideformation on the stability or variability
of these functions, it provides information aboetfprmance with these populations over
time. What is not known is comparable performarfdb@se processes in same
individuals across longer time intervals more tgflicseen in typical reevaluation
periods using the same Wechsler scale. This adloisriation regarding their stability vs.
variability, which additionally speaks to their lence in educational decision making.
To date, there is only one study that examineddoterm stability of these processes as
measured by the WISC constructs and that studystgapthese processes are not as

stable as short-term stability coefficients whick aften cited in standardization studies.
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This is an area where the present study can cortdrilegarding performance in Working
Memory and Processing Speed over time with refguogmilations.
2.14 Conclusions

The understanding of cognitive and intellectualctioning has evolved from
simple psychometric tests to theories of intelligeenResearch in this area has come to
acknowledge its multi-factorial nature and the picat value of this perspective.
Additionally, our understanding of the progressidmntelligence has been greatly
influenced by (1) developmental psychology; (2) @ng technology since the 1990’s;
and (3) neuropsychology’s advancements also ddinisgime period. All these
influences have helped educators and evaluatomrstathd the contextual aspects of
intellectual functioning. These advances have &sbigith understanding the
development of underlying cognitive processes dtioén and influenced uses of these
tests for decision making in education in additiotest development. In particular, the
literature review highlights working memory and geesing speed as relates to
development, learning, and clinical disorders. Ehgsues implicate specific processes
that are not only relevant to learning but trangcgpecific academic subjects.

Theoretical advances in information processingi@aerly in light of CHC
theory have additionally given specific focus ogmitive processes such as working
memory and processing speed. Research suggesgtioeesses are expected to change
over time and improve although stability and vaitighis questioned due to persistent
difficulties. In addition, innumerable variabldsgat may exist influence processing of
information. The importance of tracking cognitiwen€tions highly related to learning is

the focus of this research in working memory aratessing speed. For these
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populations, it is essential to understand vaiigver time as they may present with
on-going issues without being identified early ergaalifying for a program. The
research review has cited only a couple of stuithashave investigated longer-term
WISC-IV performance in students who have persisteatiemic difficulties. What is
unknown is how individuals with persistent schoifficulties perform from one
administration to the next on the factors of WogkMemory and Processing Speed with
the WISC-IV across typical reevaluation time painExamining this pattern of
performance is the next logical step in analysisaghitive patterns with information

processing with referred populations.
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CHAPTER THREE
METHODOLOGY

The theoretical foundation and related issues p@ntato the current study were
presented in the literature review. This secti@spnts the purpose of the study, research
hypotheses, design, measures, procedures, samglanalyses for the study.

3.1 Purpose and Research Hypotheses

The purpose of the current study is to examineabdriy of information
processing as operationally defined by the twoeddhat comprise the Cognitive
Proficiency Index (CPI) of the WISC-1V scale, WargiMemory and Processing Speed.
The study determines if a significant discrepanagte between administrations in
referred populations. The second research queasikswhether this discrepancy will be
greater in populations of primarily ADHD vs. primlgrSLD students. It is important to
understand variability in these populations, adurs in intellectual/cognitive
performance in assessment situations and withinetipglar classroom. Given these
guestions, the following hypotheses are restated:

H1: Referred populations will demonstrate a sigmaifit difference in Working Memory
and Processing Speed from one administration tagikeadministration of the WISC-
V.

H2: Students with ADHD as the primary diagnosid ditfer more significantly from

one administration to the next administration teardents with Specific Learning
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Disabled as the primary classification in admimstn to administration of the WISC-
V.

Hypotheses are based upon research with thesegtiomsl especially as to
whether variability/inconsistency of performance&afobserved with ADHD students
will be a differential factor. However, while thecan be co-morbidity among
developmental disorders and influence on multipbas of functioning, ADHD and SLD
can also stand alone. Additional analyses exanmmedication status as confounds as
well as comorbidity and gender.

3.2 Participants

Sample size included 75 students selected fromalathata from a clinical
private practice that serves Western North Carolftadents were referred across the
western half of the state but primarily from lopaldiatric offices in several counties.
Children were referred for psychoeducational ewadnadue to attentional, learning,
and/or behavioral-emotional issues. Parents gawriggion for their child to be
evaluated.

The initial group for hypothesis one consistedlb7a students. The participants
ranged in age from 6 to 14 years in order to kbepanalyses relevant for the elementary
to middle school student range. Students wereregfdor psychoeducational evaluation.
Students were selected primarily on the basis wihigatwo standard administrations of
the WISC-IV. Full Scale 1Q scores were kept betwég and 120 to avoid the influence
of extreme scores. Profile variability was not aafale for inclusion. Repeat
administrations of the WISC-IV ranged from onedarfyears apart, with an average of

two and a half to three years. The sample includedriety of diagnoses, students with

53



and without medications, as well as students wlibriwaschool services to those who
already had individual educational plans in theostisetting. Diagnoses for students
considered in the primary category of ADHD weregdiased by a pediatrician or other
licensed clinician prior to presenting in the cuatrpractice. A psychologist then
confirmed the diagnosis although some were diaghsthe second testing by a
psychologist due to continued difficulties. Stuidemeeting the criteria for SLD either
came in with this diagnosis or were diagnosedatttond testing due to continued
difficulties.

Hypothesis two specifically examined a subgroup posed of two groups— those
with learning difficulties (SLD) vs. those who wetagnosed with ADHD. While the
WISC-IV age ranges from 6 to 16 were referred,stively focuses on the developmental
period of early to middle childhood when cognitpw®cesses and skills are rapidly
developing (6-14). Full Scale IQ scores were keivieen 75 and 120 to avoid the
influence of extreme scores. Profile variabilitysnaot a requirement for inclusion in the
study. Repeat administrations ranged from oneuo years with an average of two and
a half to three years, which is the standard réuati@n time most often seen in
reevaluation of students within school settinggnidgraphic information for the
complete sample for hypothesis one is presentédlote 3.1. It provides a breakdown of
gender, ethnicity (when known), and clinical anarteng disorders of the group. In most
categories, services were increased at the ses@hebéion. The comorbid group
contained a mix of disorders none of which weresdmme exact combination. Disorders
generally fell into the following categories: demginental (i.e., autistic spectrum),

conduct and oppositional defiant disorders, anxietyod, and medical (i.e., epilepsy).
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Table 3.1

Demographic Statistics on Sample n %
Gender
Male 50 67
Female 25 33
Race/Ethnicity
Caucasian 52 69
African American 12 16
Hispanic/Latino 3 4
Missing 8 11
Single Disorder 50 67
ADHD 25 33
Learning Disabled 23 31
Reading 14 19
Written Language 8 11
Math 1 1
More than one area 6 8
Speech-language 4 4
Single Other 2 3
Seizure Dis. 1 .01
Bipolar Dis. 1 .01
Co-morbid Disorders 25 33
ADHD and LD 6 8
Co-morbid- Other 19 25

n=75
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Table 3.2 provides a breakdown of the student’'safilonal status.

Table 3.2

Educational Status

Service/Placement First Evaluation Second Evalnat Both
Special Education 0 39 7
Day Treatment/Residential 0 3 0
Section 504 Plan 0 8 0
Neurofeedback/Counseling 0 8 0
Other Health Impaired 0 10 0

rI\]l(;teY.SEducationaI status was not always known atimufirst evaluation time period.
Numbers may also reflect some overlap of services.

Of the 75 students referred, none were in a spediatation program for only the
first evaluation. Twenty-five students were notdlved in any special education or
receiving any type of service at either adminigtratTwo students attended private
schools and two were home schooled. A total adtB8ents across categories were
receiving help in reading by the second administmafTen students were identified as
“Other Health Impaired” at the time of the secoddhanistration and were composed of
students with ADHD or a health impairment like epsy. Of the 39 students receiving
special education at the second administrationtdéen students were receiving special
education services but type was not known.

Table 3.3 notes students’ ages at their first @odsd evaluation. Age at time of

evaluation for first and second administrationsvadb that students were most often

evaluated during their elementary school yearsheffirst evaluation and reevaluated
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before leaving the elementary school setting. Agerage time frame between
administrations was 2.5 years although ranged voeto four years.

Table 3.3

Age at Evaluation

Age Initial Evaluation Second Evaluation
6 18 0

7 20 6

8 15 8

9 9 10

10 6 16

11 4 12

12 2 11

13 1 5

14 0 7

n = 75 students for each administration
Note: Reevaluation age reflects increase in agewdents

Average age at first evaluation was 7.87 yearsaditide second evaluation 10.44
years. For the subgroups examined for this stadg was the average age at first
evaluation for ADHD children and 7.87 for SLD chiéth. At second evaluation, the
average age of ADHD students was 9.76 years vg0j@ars for SLD students. Average
age of student in the subgroups was similar tomhele sample. The reevaluation
period for twelve students was one year, for 3lestis it was two years, for 19 students
it was three years, and for 13 students it was years. Average time between
evaluations was 2.5 years with a total of 50 sttgl@#v %) that were evaluated within the

two —three year time frame. Sixty-eight of thew&re evaluated the first time during
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their elementary school years with 69% of thesadetevaluated before leaving
elementary school.

Table 3.4 provides information about whether aetidvas on medication at the
time of evaluation since the influence of medicatieas considered as an additional
analysis. Medication status from the initial evéiloiawas not known on 19 of the
students. Eleven students (15%) were on some typedication for the first evaluation
vs. 37 students (49%) for the second evaluationth®fttudents on medication at the
second evaluation, the numbers below indicate stsdeere either on different
medications than their initial evaluation or weretawo or more medications at the
second evaluation. Of the 37 students who werenenoo more medications at the
second evaluation, 10 had been on some type ofcatézh the first evaluation but were
on something different or were on more medicatanrtlie second evaluation. Only two
known students were on the same medication for tingi and second evaluations.
Twenty-four students (32%) were on more than ondicagion at second evaluation.
Only one student was on more than one medicatiothéfirst evaluation. Of the totals
of children on medication, 17 students 23% weratifled as ADHD vs. 11 students

15% other comorbid disorders.
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Table 3.4

Medication Status at evaluation

Medication Status First Evaluation Second Evabrat
Medication 11 37

No medication 45 36

Status Unknown 19 2
Medication- neither time point 31

Same medication on both 2

n="75

3.3 Design

A repeat measure ANOVA with time as the within éaatvas conducted to test
the first hypothesis examining two time points dfranistration with Working Memory
and Processing Speed from the WISC-IV in separattets. Time was defined as the
interval between administrations and was an aven&ges years. The second hypothesis
utilized a mixed repeat measurement ANOVA desigexamine performance at two
time points of administration with time as the ipdadent subject variable and Working
Memory and Processing Speed as the dependent leariatseparate models. Group was
the between subjects factor and time the withinexib factor. Group one was ADHD
and group two those with primary SLD. A repeateshsures ANOVA design was
selected as these designs are good for specialghmms when there are smaller
numbers. It also allows each individual to servéhag own control, which controls for
individual variability as an influence.

The current study contributes to research on cheangé these populations
during a prominent developmental brain growth pekritt is hypothesized that despite

increased stability of IQ as a child ages, varigbdf performance may be seen because
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of any number of confounding influences even thotlghoverall 1Q may be similar
across time The research design assists with amgtbe question of whether
significant differences in working memory and pregiag speed between evaluations are
exhibited in referred populations. It secondly exaad if there were greater differences
between subsequent evaluations of working memadypaocessing speed in populations
with ADHD vs. SLD.
3.4 Measures
3.5 WISC-IV Working Memory

Working Memory is measured auditorally through tigggan capacity and
working memory tasks of reversing sequence andahesgrouping in a task requiring a
student to repeat letters and numbers in a sequiffier=nt from how it was presented.
Working Memory is comprised of two tasks, Digit 8@nd Letter-Number Sequencing.
Digit Span is broken into two tasks- Digit Spanward and Digit Span Backwards. The
first task requires the participant to repeat insneg strings of digits in the same order.
Digit Span Backwards requires the individual toe@pthe numbers in the reverse order
from what was presented. Digit Span Forward iseasure of rote learning and memory,
attention, encoding, and auditory processing (&at2l001). Digit Span Backwards
involves working memory, manipulation and transforgnof information as well as
visual-spatial imagery. Additionally, Digit Spanifaa@rd to Digit Span Backwards
involves the ability to shift, cognitive flexibilit and mental alertness. In the second
subtest, Letter-Number Sequencing, the persorat aenumber of letters and single digit
numbers and asked to reorder them into a speafi@er of ascending numbers followed

by the letters in alphabetical order. Standardimsttuctions for Digit Span and Letter-
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Number Sequencing includes a prescribed manneielorery in that items are presented
one digit/one letter per second (Wechsler, 2003).
3.6 WISC-IV Processing Speed

Processing Speed is defined as a measure of weamhing, sequence, and
discrimination of visual information. It involveshort-term visual memory, attention,
and visual-motor coordination (Wechsler, 2003, . & is further reported to be related
to mental capacity and the efficient use of workimgmory, which allows conservation
of cognitive resources for higher fluid reasonipges of tasks such as abstract thought
(Wechsler, 2003). Research has supported thatlignamically related to development
and intricately connected to the efficiency of daatral nervous system, which is
sensitive to brain-based disorders such as leachgabilities, ADHD, seizures, brain
injuries, etc.

The Processing Speed Index is similarly composdadotasks, Coding and
Symbol Search, both of which involve being timeslyeell as visual discrimination of
symbols (Sattler, 2001). Coding requires the irdliai to copy symbols paired with
geometric shapes or number type figures using a Kéys task requires processing
speed, short-term memory, learning ability, viquaiception, visual-motor coordination,
visual scanning ability, cognitive flexibility, @mtion, and motivation. Symbol Search
requires the individual to scan a group of symliaisa target symbol from a group of
two. It involves visual short-term memory, visuabtor coordination, cognitive
flexibility, visual discrimination, and concentrati. Instructions for Coding and Symbol
Search state they are to be completed as quickipssible. Subjects are timed for two

minutes for the tasks’ completion (Wechsler, 2003).
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3.7 Standardization

In the most recent standardization of the WISC20(Q3), the sample was
comprised of 2,200 children aged 6:0 to 16:11 dtagevarious special groups. These
included Intellectually Gifted, Mild Mental Retartitan, Moderate Mental Retardation,
Reading Disorder, Reading and Written Expressiaoidiers, Math Disorders, Reading,
Written Expression, and Math Disorders, Learningdbility and ADHD, ADHD,
Expressive Language Disorders, Open Head Injuryséti Head Injury, Autistic
Disorder, Asperger’s Disorder, and Motor Impairm@itechsler, 2003).
3.8WISC-IV Reliability

Reliability and validity is critically important sce intelligence measures are used
in educational decision making and predicting p@nance. Test-retest coefficients for the
overall WISC-IV standardization sample were caladausing Pearson’s Product
Moment Correlation and included Fisher'sansformation calculations. Correlation
coefficients were corrected for variability of teandardization sample. Standardization
difference was then calculated using the mean stifiezence between two
administrations divided by the pooled standard alew. Corrected stability coefficients
were .89 for Working Memory and .86 for Processipged. Standardization differences
using Cohen’sl effect sizes between the first and second testagjalso corrected for the
variability of the standardization sample. Theseen20 for Working Memory and .51 for
Processing Speed. Reliability coefficients for thego constructs ranged from .79- .92
across all ages. Internal reliability or consistewith the WISC-1V using the split-half
method/ Spearman Brown correction were: Verbal Getmnsion , .94, Perceptual

Reasoning, .92, Working Memory, .92, Processinge8p&88, and Full Scale 1Q, .97
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across all ages. For the relevant subtests, Bganh was .87 (range .81- .92 across all
ages). Letter-Number Sequencing was .90 (range92mcross all ages). Test-retest
stability coefficients were used as the reliabigstimates for the Processing Speed
subtests since these are timed subtests and afflittould be inappropriate. Coding was
.85 (range .72 - .89), and Symbol Search was affyé .78- .82) (Wechsler, 2003). Test-
retest intervals for two WISC-IV administrationsigd from 13-63 days with a mean of
32 days. It is a factor of reliability coefficierttsat composite scores are generally going
to be higher than individual subtests since a stilbepresents only a narrow slice of
cognitive functioning vs. a composite score thausmarizing a broader sample of
abilities.

Reliability coefficients for various clinical groggre also included. Populations
with ADHD have a reliability coefficient of .87 ddigit Span and .94 on Letter-Number
Sequencing; Reading Disorders .86 on Digit Span.@ddn Letter-Number Sequencing.
Coding and Symbol Search are not available foriapgmoups, as these groups did not
participate in the retest (Wechsler, 2003). Integdations of the Working Memory and
Processing Speed composites with the Full ScakréCas follows: .76 Working Memory
and .70 Processing Speed; for the subtests: Dpgih 51, Coding .46, Letter-Number .60,
and Symbol Search .57 (Wechsler, 2003).

3.9WISC-IV Validity

In terms of validity, the WISC-IV manual cites antpand extensive history of
subtest performance and the continued use of dalitem previous versions as one
sources of content validity (Maller, & ThompsonQ3). Most of the WISC-IV’s validity

evidence is with other Wechsler scales citing aetation of .89 between the WISC-IV
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and WISC-IIl. Other concurrent validity studieslude correlations between the WISC-
IV and Wechsler Adult Intelligence Scale-Ill (WAI8) of 98.5 for the FSIQ and nearly
identical FSIQ’s with the Wechsler Preschool andhBry Scale of Intelligence-l1l|
(WPPSI-1lI). Correlations of the WISC-IV with thWechsler Individual Achievement
Test-Il (WIAT-1I) note .87 between FSIQ and TotatAevement although there was
variability between the four indexes ranging frd&8 with Processing Speed to .80 with
Verbal Comprehension (Wechsler, 2003).

Critical review of the WISC-IV notes confirmatorgdtor analysis supports a four-
factor framework for the test as specified by therfindexes (Maller, & Thompson,
2003). This restructuring has made obsolete the-RIQ differentiation that was
complicated and at times misunderstood and fudhsists with understanding underlying
neuropsychological constructs- i.e., fluid reasgnimorking memory, and processing
speed as opposed to crystalized knowledge (Bafifif)2
3. 10 Procedures

Subjects were selected at from archival data fraimécal private practice that
serves Western NC. Students were referred acressdktern half of the state but
primarily from local pediatric offices in severaunties. Children were referred due to
attentional, learning, and/or behavioral-emotiasslies. Socioeconomic status of
students was lower to middle class. Parents gaweiggon for their children to be
evaluated. The sample included students who wesndroff of medications at either
time of WISC-IV administration as well as includadange of psychiatric disorders. The
first question addressed whether there were sggmfidifferences from one evaluation to

the next with these participants. After answerimg initial question of significant
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difference with referred populations, the seconestjon posed whether a significant
difference would be seen with smaller sub-sampbesisting of two primary groups-
ADHD and SLD. The total sample ranged in age ffota 14. Records were selected
primarily on the basis of having two standard adstiations of the WISC-1V. At least
one administration included a Full Scale 1Q sca®veen 75 and 120 to avoid the
influence of extreme scores. Profile variabilitysnaot a variable for inclusion. Repeat
administrations ranged from one to four years &ihaverage of two and a half to three
years, which is the standard re-evaluation timérEf were made to include students
who were within the elementary to middle schooben

For the second hypothesis, subjects were dividedtivo groups, those with
either primary ADHD or learning difficulties - attd of 25 ADHD and 23 learning
disabled. Hypothesis two stated that students entit ADHD as the primary diagnosis
would differ more significantly than students wahly Specific Learning Disabled as the
primary diagnosis from one administration to thetrsministration of the WISC-IV.
Criteria for inclusion into the ADHD group was bdagon standard scores of 70 or
higher on the Hyperactivity and/or Attention scdiesn any of the following behavioral
rating scales: Behavior Assessment Scale for Ginl@ (BASC-2), Conners Revised
Rating Scale, and/or Conners 3 Rating Scale réilgclinical significance, parent
interview, exclusion of other psychiatric and/ordival disorder, and ruling out a
learning disorder. On each of these scales, theetdgfivity Scale assesses for symptoms
associated with DSM-IV-TR Hyperactive-Impulsiveteria. Examples of items include
interrupting others, being overly active, and agtivithout thinking. The Attention scale

on these measures assesses for core symptomsagsgeath the Attention symptoms as
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defined by the DSM-IV-TR. Examples include inalyiio maintain attention and
tendency to be easily distracted in tasks requiitgntion. Students were diagnosed by a
medical physician followed up with confirmation &ysychologist licensed to practice in
the state of North Carolina. Criteria for placemiarthe SLD group was based upon the
WISC-IV FSIQ range accepted for this study withgn#icant discrepancy or
gualification in one or more eight academic areaepted under SLD guidelines as
noted in the NC Policies for Governing ServicesGbildren with Disabilities.
3.11 Group Variable - ADHD

Diagnosis for ADHD comes from records, some of \Wutdo not note the method
of making the diagnosis. Whether or not a studeag @n a medication was not always
reported and this was coded as Missing/Unknowior Bragnosis of ADHD coming into
the setting was most often done by the child’'s aeidian who had referred the student
for additional assessment to rule other out otbswas. Diagnosis for ADHD was
accepted if confirmed by an individual licensegtactice psychology in the state of NC.
By confirming the diagnosis coming into the settatghe second assessment, the author
is providing greater validity to the diagnosis,cgrprevious evaluations or methods by
which a prior diagnosis was made was not alwaysdabla. Methods for making a
diagnosis consisted of parent interview includiegew of developmental history, test
observations of the child, any previous evaluat@wveilable, rating scales to rule in/out
co-morbid factors, WISC-1V, and academic assessm@teptable rating scales for
determining ADHD included the Vanderbilt, ConnersvRBed and Conners 3, and
Behavior Assessment Scale for Children-2 (BASQGz2it-offs for determining diagnosis

were accepted if relevant subscales reflectedcelirsignificance (T-score =/> 70).
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Diagnosis was made based upon all of these faatwsncluded ruling out other
confounding factors such as medical, mental, apgsadent disorders in accordance
with DSM-IV-TR criteria.
3.12Group Variable — Specific Learning Disabled

Diagnosis of a specific learning disability was déxhsipon a student
demonstrating a significant discrepancy in a speaifea of achievement in comparison
with their 1Q, as defined by North Carolina Depagtrhof Instruction and in line with
DSM-IV-TR guidelines. However, the author recogsiztassification can be flexible in
that a student may be qualified as a child witkaaning disability even though they do
not have a discrepancy of 15 points because obowowling variables like
psychological/information processing variables thaty be influencing the Full Scale 1Q.
In this case, use of the Global Ability Index (GAhich includes the Verbal
Comprehension and Perceptual Reasoning subtestsosegtable in making the learning
disability determination.
3.13 Analyses

Analysis considered whether the assumptions foAtHOVA design have been
met, as well as descriptive statistics includingamestandard deviation, skewness, and
kurtosis. Secondary factors considered in additianalyses examined the influence of
medication during the first and/or second evaluetjonedication changes as an influence

as well as comorbidity of disorder and gender.
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CHAPTER 4

RESULTS

This study examined variability of information pessing in a two-way repeated
measures analysis of variance (ANOVA) design with variables in separate models -
Working Memory and Processing Speed, as definedraasured by the WISC-IV. It is
expected that variability of information processia@n important variable in evaluating
children that should be considered and examined.

Two hypotheses guided the study 1) Referred papuakivill demonstrate a
significant difference in Working Memory and Prosieg Speed from one administration
to the next administration of the WISC-IV, and 2)&nts with ADHD as the primary
diagnosis will differ more significantly from onéministration to the next
administration than students with SLD as the princdassification from one
administration to the next with the WISC-IV.

The first ANOVA contained only one within factotime. The second hypothesis
was examined with a mixed design. The between rfacas “group” and the within
factor “time”. Time was defined as the time intdrivatween administrations. Group was
defined by being either a student with ADHD or SIADHD was group one and SLD
group two.

The entire sample consisted of 75 students wittouardevelopmental disorders.

This sample was used to test the first hypothesistlae second hypothesis used two

68



subgroups from the whole sample - 25 students avghimary diagnosis of ADHD and
23 with a primary diagnosis of specific learningabled (SLD). Analysis considered
whether the assumptions for the ANOVA design haghlbraet, as well as descriptive
statistics including mean, standard deviation, ste=ss, and kurtosis. Following an
examination of both Working Memory and Processipgegl analysis of variance,
additional analyses were conducted on the prinssyd of medication as a confounding
factor, as well as single vs. comorbid disorded gender. Records were selected from
the population of interest, students with two eatins scores from the WISC-IV. This
was the only criteria for inclusion. Additionallgbservations were independent of each
other as a subject’s score from one administratias not dependent upon score from the
other administration.
4.1 DescriptiveStatistics

Distributions for each variable at both time powere evaluated for normality.
These were generally symmetrical as evaluated ¢fwexamination of the box and
whisker plots of each dependent variable at baotle fpoints as well as skewness and
kurtosis values, which were close to zero, as notddable 4.1. Normality was also
demonstrated through adequate sample size, simdans, and standard deviations.
Further, homogeneity of variance was noted in ngni#scant Shapiro-Wilks values for
all variables at both time pointg ¢ .05). Scatter plots additionally noted lineaand
normality of each dependent variable at both timi@s with no significant outliers.
Variables were designated as Working Memory 1 (widgrking Memory 2 (wmz2),
Processing Speed 1 (psl), and Processing Spea@)2 Adlditionally, Levene’s Test of

Homogeneity of Variances for all groups was nomiigant ( > .05).
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Table 4.1
Descriptive Statistics

Variable M Min Max SD Sk Ku
wml 89.09 62.00 120.00 12.00 0.28 -0.29
Wm2 90.95 62.00 123.00 12.57 -0.32 -0.01
Ps1 93.39 59.00 126.00 14.74 0.04 -0.28
Ps2 87.09 53.00 128.00 14.48 0.33 0.16
Wmd 8.65 0.00 39.00 7.65

Psd 12.04 0.00 38.00 9.04

n=75

Note. Working Memory 1=Wm1, Working Memory 2= WRrdcessing Speed 1=Psl1,
Processing Speed 2= Ps2, Working Memory Mean difte= Wmd, Processing Speed
Mean difference= Psd

As shown in Table 4.1, the average Working Memaonora difference was 8.65
points with fluctuations that ranged from 0 to &8nts for first evaluation. Thirty-four
students demonstrated increases in their Workingndfg vs. 28 students who
demonstrated decreases. Thirteen experiencedamgehn Working Memory. In
Processing Speed, the average difference ovemigsel2.04 points with a range of
differences that extended from 0O to + 38 pointabl& 4.2 notes that of the 75 students in
the sample, 62 students (83%) overall experienbadges in one direction or the other.
In Processing Speed, 18 students increased thamessing Speed vs. 49 demonstrated

decreases. Eight experienced no change in PrageSpeed. Of the 75 students in the

sample, 67 (89%) experienced changes in ProceSgiegd.
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Table 4.2

Working Memory and Processing Speed Changes fote/8ample

Variable Increased Decreased No Change Totdests Changed
Working Memory 34 28 13 62

Processing Speed 18 49 8 67

n=75

Table 4.3 provides correlations of Working Memongl@rocessing Speed from
one administration to the next. These values ssiggederate variation between first
and second administrations within Working Memory &mocessing Speed respectively.
Correlations were low but most were statisticalgpngicant when comparing Working
Memory to Processing Speed variables with eachr @it first to second
administrations. Overall, the lack of strong tielaship between Working Memory and
Processing Speed regarding longer term stability keeping with the literature of
stronger stability coefficients with the Full Sc#@vs. Index scores (Canivez &
Watkins, 2001; Wechsler, 2003). Given that botbrkihg Memory and Processing
Speed did not increase or decrease together, ssggest Working Memory may
operate independently from Processing Speed inregf@opulations, even though the
literature review noted that there tends to be ¢inaw both of these variables that may

act in concert with each other in general (Fry 814996 & 2000).

Table 4.3

Correlation Matrix of Working Memory and ProcassiSpeed over Time
Variable Wml Wm2 Ps1 Ps2

Wm1l 1.00

Wm2 0.57* 1.00

Ps1 0.30* 0.33* 1.00

Ps2 0.10 0.34* 0.56* 1.00

*p <.05
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4.2 Major Findings
4. 3Hypothesis One

Hypothesis one stated that referred populationddvidemonstrate a significant
difference in Working Memory and Processing Speethfone administration to the next
administration of the WISC-IV. Working Memory AN@G\fresults for hypothesis one
did not find a statistically significant differenaeWorking Memory from first
administration to the seconH {1, 74) = 1.97p = 0.165], as noted in Table 4.4.
However, the general trend for the whole sample wpagards, indicating improvement
on the second administration of Working Memory gsaige based norms (see Table 4.1).
Table 4.4

Summary Table for One-Way Repeated Measures AN@\W#drking Memory
with Referral Populations

Source SS df MS F p
Working Memory  128.8 1 128.8 1.97 0.16
Within Groups 4847 74 65.00

Total 4975.8 75

n=75

ANOVA results for hypothesis one examining Proaag$peed, time as a main
effect for change in performance from the firssé@ond administration was statistically
significant F (1, 74) = 15.74p = 0.0002;1° = 0.18]. Eta square provided a percentage of
variance accounted for by the main effect of timi@) suggesting 18% of the variance
for Processing Speed was accounted for by timeeeMl for the mean difference
between time one and time two for Processing Spesd 43 indicating a close to
medium effect size difference. However, 18% of\thaance would suggest that other

factors play a role in the variance of Processipges. Results for Processing Speed for
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the referred group as a whole are noted in TaBlehe general trend for the whole
group was lower on second administration as notédgure 4.1.
Table 4.5

Summary Table for One-Way Repeated Measures AN@\Pxdcessing Speed
with Referral Populations

Source SS df WMS F p B3
Processing Speed 1485 1 1485 15.74 0.0001683 O.
Within Groups 6982 74 94

Total 8467 75
n=75
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Figure 4.1
Processing Speed Across Time- LS Means.
Note. Vertical bars denote 0.95 confidence integval
4. 3 Hypothesis Two

The second hypothesis included two subgroups obtiggnal 75 students - 25

ADHD and 23 SLD students, with group as the betwiaetor and time as the within
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factor. Table 4.6 contains mean, minimum and marmscores for each variable,
standard deviation, skewness, and kurtosis foeth&s subgroups.

Table 4.6

Descriptive Statistics for ADHD and SLD Subgroupd/orking Memory and
Processing Speed- First and Second Administratjidatal n =48)

ADHD
Variable M Min Max SD Sk Ku
wm1l 92.08 71.00 116.00 11.61 0.37 -041
Wm2 97.92 83.00 123.00 10.21 0.43 -0.22
Ps1 93.52 68.00 126.00 13.11 0.56 0.68
Ps2 88.92 68.00 128.00 13.30 0.84 1.75
Specific Learning Disabled (SLD)
Variable M Min _ Max SD Sk Ku _Wmil
82.87 62.00 104.00 9.73 0.12 0.20
Wm2 86.09 62.00 104.00 11.77 -0.53 0.02
Ps1 94.04 62.00 123.00 16.31 -0.07 -0.58
Ps2 87.35 56.00 118.00 15.48 0.29 -0.14

Note. ADHD= 25, SLD =23
Note2. Wm1= Working Memory first administration, ¥%¢nsecond administration, Ps1=
Processing Speed first administration, Ps2= secadmhinistration.

For both subgroups, skewness, kurtosis, meansstandard deviations were all
similar. Skewness and kurtosis values were clozeito for both groups as a whole with
the exception of one set of values. Processingdspedth the ADHD group produced a
positive skewness of 0.84 and kurtosis of 1.75s Tilicates there were more scores
towards the lower end of the distribution meanirggeater number of students

performed lower on second administration. Despiig the Shapiro-Wilks values were

non-significant supporting normality being fairlgtrust despite the minor deviation noted

in these values.
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Hypothesis two stated that students with ADHD asphmary diagnosis would
differ more significantly from one administratiomthe next administration with the
WISC-IV than students with SLD as the primary diésstion. The ADHD group
performed significantly higher than the SLD groupWorking Memory. ANOVA for
subgroup performance on Working Memory main effecgroup wasif (1, 46) =
14.41,p= 0.0004?=.19]. The eta square effect size of .19 indic8% of the variance
for Working Memory was accounted for by Group. iMeffect for time was also
statistically significantff (1, 46) = 9.40p = 0.004 1= 0.03]. Time accounted for 3% of
the variance for Working Memory performance, whigkonsidered a small effect of
variance. While both time and group were signiftdactors in accounting for a
statistically significant difference in performanftem one administration to the next, the
proportion of variance they together account fathem Working Memory would appear
close to medium. There was no interaction betwheset factors influencing Working
Memory yielding a non-significant effect for timg group F (1, 46) = 0.79p = .38].

The trend for both groups on Working Memory was ap(Figure 4.2) and is similar to
the larger sample. Both groups improved, but thédBOyroup performed significantly
higher than the SLD group as a whole on both Wgrkitemory 1 and Working Memory
2, as noted in Figure 4.3. These findings inditatge effect sizes (Cohends= .87 and

1.00 respectively).
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Table 4.7

Summary Table for Two-Way Repeated Measures Mik€NA in Working Memory
by Group (ADHD vs. LD)

Source SS df  MS F p B
Between Subjects 47
Group 2652.4 1 2652.4 14.41 0.0004.190
Residual Between 8466.5 46 184.1
Within Subjects 48
Time 491.4 1 491.4 9.40 0.004 0.03
Time X Group 41.2 1 41.2 0.79 0.379
Residual Within  2403.6 46 52.3
Total 14055.1 95
n =48
98
96 |
94 t
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g 02t
[}
= 90}
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5 88
=
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Figure 4.2

Main effect of Time for Subgroup Performance- L&uhe
Note. Vertical bars denote 0.95 confidence inteval
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Figure 4.3
Working Memory Across Repeat Measures for ADHDSID.
Note. Vertical bars denote 0.95 confidence integval

Figure 4.4 shows Processing Speed, a statistis@ghjficant main effect for Time
[F (1, 46) = 8.60p = 0.0051°=0.04]. For Processing Speed, a main effect was not
evidenced for groupgH (1, 46) = 0.02p = 0.88]. The effect size of this variance would
indicate that time accounted for only 4% of theiasace of Processing Speed. As with
Working Memory, there was a non-significant intei@t effect for time by groupH (1,

46) = 0.02p =.89]. There was not a significant differencénmsen how students with

ADHD performed on Processing Speed vs. SLD studastaoted in Table 4.7.
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Table 4.8

Summary Table for Two-Way Repeated Measures MiX€MNA in Processing Speed

by Group (ADHD vs. LD)

Source SS df MS F

Between Subjects 47
Group 6.60 1 6.60 0.02

Residual Between 15408.8 46 335.0

Within Subjects 48
Time 764.2 1 764.2 8.60

Time X Group 26.3 1 26.3 0.30
Residual Within  4089.4 46 88.9
Total 20295.3 95

p ES

0.89

0.005 0.04

0.59

n=48
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Figure 4.4

Processing Speed for ADHD and SLD Subgroups Adrioss.
Note. Vertical bars denote 0.95 confidence intkstva
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Note. Vertical bars denote 0.95 confidence integval

As a whole, Working Memory went up both in the alesample as well as in
subgroups while Processing Speed went down ove. titm the ADHD and SLD
groups, the ADHD group performed better than th® §toup on Working Memory
although both groups performed similarly on ProcesSpeed. As with the large group,
average age at first evaluation was approximaigdy7aand age 10 at the second
evaluation although ADHD was average 9.76 at ticersaé evaluation vs. 10.7 for SLD.
The general trend for both groups was downwardsadime as noted in Figures 4.4 and
4.5. Again, this was similar to the larger sample.
4. 4 Additional Comparative Analyses

Additional comparative analyses examined medicatomorbidity, and gender
to see if these were factors that accounted sagmfidifferences. As in main hypotheses,
time was often a statistically significant varialibowever, differences between groups
based on medication, medication changes, gendecandrbidity confounds did not

always account for such differences over time.p@hary concern was the influence of
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medication as a confounding factor on performarfgditional factors considered
gender and single disorder vs. comorbid disordAdditional comparisons were
conducted on the whole sample and were examinggitwo primary subgroups
involve. Additional analyses were Bonferroni orddmnal N HSD depending upon
numbers within the groups involved. The Unequal 8CHest is used as a modification
of the Tukey HSD test to determine between groupneevhenever numbers in
comparison groups are unequal. To account for radube chance of committing a
Type 1 error, the adjusted alpha level used tatéfee null hypothesis was .05/4=.0125
for whole group analysis. All assumptions usingérme’s Test for Homogeneity of
Variances yielded non-significant resulpsX .05). Table 4.9 lists all additional
comparisons conducted and results by categorhéwhole sample. The comparisons
included the influence of medication changes, sitvgl comorbid disorders, and gender.
4.5 Medication change

The first additional analysis examined the influe¢ medication change vs. no
medication change over time. Unequal N HSD was tseletermine the difference due
to significantly unequal numbers within these twoups. Of the total n for this analysis,
19 experienced a change in medication status vawh85did not. This included 33 who
were not on medication plus two students who reathon the same medication for both
administrations. There were 21 unknowns due toingsaformation regarding
medication status for the first administration. kh@va medication change (noted as
MedChange) had an impact from Ps1 to Ps2 that ta#istgally significant p = 0.006).
However, both groups demonstrated a downward tetida significantly lower mean

change for the group who experienced a medicatiange vs. no change, which was
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similar to the trend of the whole sample. Havingedication change did not have an
impact on Working Memoryp(= 0.30).

When examining the subgroups of ADHD and SLD, altot 34 students were
included. Results were not statistically significkor Working Memory or Processing
Speedf > 0.05). Of the 34 students, eight of the ADHD exxgnced no medication
change including five of which were on no medicat either time point. Nine
experienced a change in medication status. Temrisging medication information from
time point one. Of the SLD students, 15 were moay form of medication and two had
a medication change. Four SLD students’ medicatatus was unknown or missing. Of
the ADHD/SLD group (n= 6), one was on the same o#din, two were not on any
medication, two had unknown/missing information atmedication status for time point
one, and one experienced a change in medicatiadeBts were often on different or
more than one medication at the second adminisirati the WISC-IV as compared to
the first time they were evaluated.

A second medication analysis was conducted to en@timhe by being on
medication at either time point vs. no medicatianhsither time point. Again, there was
a downward trend. However, Bonferroni did not yistdtistically significant findings for
either Working Memory or Processing Speed for eigteup having more change vs. the
other when considering the adjusted corrected dipled. Mean changes are noted in
Table 4.9. Of the 66 students included, 35 wereedication at either time point vs. 31
who were not on medication at either time pointneéNwere unknown due to missing
information regarding time point one. Of the ADKidents, 18 of the 25 (72%) were

on some form of medication at either or both timefs vs. only three (13%) of the SLD
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students. Twelve of the Other (Comorbid) disordeug (67%) was on medication at
either time point. Three of the six students viithh ADHD and SLD (50%) were on a
medication at either time point. Of the medicasioted, 25 students were taking a
stimulant or amphetamine, 12 were taking an amregsant, 10 an anti-psychotic, 1
blood pressure, 8 anti-convulsants, 3 anti-hypsiten) 1 anti-anxiety, 4 neuro-reuptake
inhibitors, 3 alpha agonists, and 1 ACE inhibitétowever, the aforementioned
medication totals were often combinations of treséhmedications with 24 students
(32%) who were on more than one medication- ahatsecond administration with the
exception of one. Number of students not on médicahe first time but on medications
the second time was 27 (36%). All students who werenedications the first time were
on one medication. Only two students were on muae two medications the first
administration.

For subgroups, a second medication analysis exammoenedications at both
time points vs. being on medication(s) at eith@etpoint. Bonferroni yielded
statistically significant results with mean changesn 91.14 to 97.33 for Medication
group p = .05) from Wm1 to Wm2. The group that were ommedications (NoMeds)
changed from 85.86 to 90.00, although this wasarsiatistically significant changp €
0.37) for Working Memory. Processing Speed wasstatistically significant{ = .66
and 0.08) respectively for both groups. Sampldgdta this analysis included 21 on
medications at either time point vs. 22 on no metha at either time point. However

when correcting with Bonferroni, this was not sfgrant.
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4.6 Single vs. comorbid disorder

Single vs. Comorbid disorder was considered agiabla since there were
children whose diagnosis was added onto in thenseewaluation and/or children who
presented with more than one diagnosis. Follodopgqual N HSD was not significant
for Working Memory p= 0.09). Time was significant for Processing Spged (
0.00010) although this trend was similar to theugras a whole. Follow-up Unequal N
HSD noted a significant change for both single emahorbid groups in Ps1 to P92
0.04 and 0.03) respectively with both experiena@rgignificant change in mean although
the downward trend is consistent with the trendtergroup as a whole. Both
experienced a significantly lower mean on Ps2th@ftotal n, 50 students were
identified as having a single disorder vs. 25 wibmorbid disorders present. Of the 50
students with a single disorder, 48 were either AD# SLD with 2 students having a
single health disorder i.e., epilepsy. Of the @flents with comorbid disorder, 6 were
identified as having both ADHD and SLD.
4.7 Gender

Regarding gender, Unequal N HSD was not statisfisggnificant regarding
Working Memory p > .05) but was for Processing Spepd(0.008). Results indicated
that boys accounted for more of the differencénend¢hange from Ps1 to Ps2 than girls

although it should be noted that there was twiceasy boys as girls.
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Table 4.9

Additional Comparative Analyses

Variable Working Memory Processing Speed Sigaifte
level

Cateqgory 1 2 1 2

Medication change vs. No change in medication st@imequal N HSD)

Med Change 89.42 89.79 - - NS

No change 88.40 91.63 - - NS

Med Change - - 95.58 84.90 .006*

No Change - - 93.57 88.00 NS

N= Med change 19, No change 35 (including 33 noicaidns), Unknown/Missing_21

Medication either time point vs. No medicatioro(ierroni)

Medication 91.17 93.03 - - NS
No Medication 87.10 90.39 - - NS
Medication - - 92.43 86.66 NS
No medication - - 94.94 86.66 NS

N= Medication 35, No medication 31, Unknown/Missiqg

Single disorder vs. Comorbid Disorders

Single 87.74 91.68 - - NS
Comorbid 91.80 89.48 - - NS
Single - - 93.78 88.40 .04
Comorbid - - 92.60 84.48 .03

N= Single 50, Comorbid 25
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Table 4.9 Continued

Variable Working Memory Processing Speed Sigaifte
level

Category 1 2 1 2

Gender (Unequal N HSD)

Boys 88.14 90.72 - - NS

Girls 91.00 91.40 - - NS

Boys - - 93.94 87.46 .008*

Girls - - 92.28 86.36 NS

N= Boys 50, Girls 25

Note. *Adjusted alpha level p <.0125
Given variability and differences in the upwardfpenance with Working
Memory vs. downward movement of Processing Speatistics of age groups were

examined to look at trends in mean changes asrehilaged.

Table 4.10

Age Statistics for Working Memory and Processingefip

Age  WM1 WM2 PS1 PS2

6 91.94 (11.36) 95.94(12.47) 96. 56 (14.7B)68 (17.52)
7 88.70 (10.43) 86.10(10.67) 87.70 (14.93) 8311097)
8 89.93 (14.80) 93.33(11.95) 92.60 (12.45) 8812.37)
9 91.00 (13.20) 91.00 (10.55) 95.56 (14.53)38@.5.70)
10  82.00 (12.25) 88.33 (20.76) 105.67 (15.07)94.9.30)
11  82.00(10.80) 90.75 (15.28) 91.25(20.5)  9@8@0)
12 92.50 (6.36)  87.00 (5.66) 89.50(2.12) .09(0.90)
13 80.00 (0.00)  86.00 (0.00) 85.00 (0.00¥5.00 (0.00)
n=75

Note 1. Means and standard deviations
Note 2. One student in the last age group
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The wide variability at each age group contributethrge standard deviations
allowing for overlaps in performance. The greatstance in the Age 1 for Working
Memory was at age 10 with the least amount of wagan the 12-14 year old group.
However, there were also more students in the lagergroup as a whole. Age 2 overall
demonstrated greater variability with the great@siance in performance between ages
10 and 14. A plot of means with 95% confidencenvels noted that, overall, there was
little variability at Age 1 across the 6 to 9 yedats but variability becoming more of an
issue at age 10.

With regards to Processing Speed, each age went dbfRs2 with the exception
of the 11 and 12 year old groups although theingka were not significant (within 1
point). The greatest variations at Ps1 were aSaged 12- 14. At Ps2, the greatest
variations were with age 8, 13, and 14 althoughraglaere were relatively fewer n’'s in
the older group compared to the middle elementanpa age. As noted with Working
Memory, there was little variation across Age Pmocessing Speed until later at age 11
and 12. However, Ps2 noted greater variability aVevith performances up and down
on Ps2 downward from ages 8 to 9 and back up asatically from ages 9 to 10 and
again a similar downward trend from ages 12 tori8feom ages 13 to 14.

4.8 Conclusions

A repeated measures ANOVA was conducted on two rgidtrations of the
WISC-IV in two separate models examining Workingrvtey and Processing Speed.
Hypothesis one stated referred populations will olestrate a significant difference in
Working Memory and Processing Speed from one adn&tion to the next

administration of the WISC-IV. Working Memory dmbt demonstrate a statistically
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significant difference over time but Processinge&peas statistically significant over
time. Hypothesis two stated that students with AD&$ the primary diagnosis would
differ more significantly from one administratiom the next administration than students
with Specific Learning Disabled as the primary slsation in administration to
administration of the WISC-IV. The main effectstiohe and group were significant for
Working Memory with the ADHD group performing sifieantly higher than the SLD
group although both groups demonstrated improveimeance consistent with the
whole sample. There was no time by group intevactiFor Processing Speed, the main
effect of time was again significant but not grokgplained variance would suggest
there are a number of other factors that play@iroboth Working Memory and
Processing Speed. Additional analyses examinedaai@ain as a confounding variable.
A student who was on medication at either time pe# no medications at all was not
statistically significant. A significant drop wasidenced in Processing Speed with
students who experienced a medication change glhtiis was consistent with the
overall trend for the sample. Single vs. comorbsbdier noted changes with lower
performance on second administration of ProcesSpeged. However, this was not
statistically significant with an adjusted alphade Again, the movement of scores was
similar to the whole sample of lower performancesenond administration. Regarding
gender, boys performed significantly different be second administration of the WISC-
IV on Processing Speed. Boys’ scores changedmifts downward compared to 5.92

points downward for girls, which was statisticadignificant.

87



CHAPTER 5

CONCLUSION

Studies have been very limited examining the vdrglof information
processing with referred children and even morstsdies examining their performance
over time. However, researching this populatioimigortant because referred children
may not initially qualify for special services, yaay continue to have school difficulties.
Lack of special services may cause these childréxe tre-referred after later falling
further behind. Therefore, examining variabilityioformation processing, specifically
Working Memory and Processing Speed, as measurdtkdVISC-1V through a repeat
measures design not only allowed for assessing\sradbility but also permitted each
child to serve as his or her own control. Thes#facare particularly important
considering the prevalence of disorders such as BRkid/or SLD in referred children.
These groups are defined by specific featuresgmebe heterogeneous within respective
groups. Within this study, variance of informatimocessing within an identified group
was demonstrated quite variably and individuallgroiwme. Results with this sample
revealed that individual variability is a greatefiding factor than being in a specific
group.
5.1 Hypothesis One

Hypothesis one stated that referred populationddvidemonstrate a significant
difference in Working Memory and Processing Speethfone administration to the next

with the WISC-IV. Difference in Working Memory wa®t statistically significant
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although difference in Processing Speed was. Remulicated that referred populations
may still demonstrate wide variability on this \adoie that results in significant changes
in information processing over time. Eighty-thregent of the children changed from
one administration to the next on Working MemorgaNy half (45%) scored higher on
the second administration vs. about 37% whose seoeee lower at second
administration. Processing Speed was statistisadiyificantly different at second
administration, which is in keeping with the literee on this cognitive variable as the
most variable cognitive function (Calhoun & May2605; Fry & Hale, 2000). Only
eight students didn’t change in either directicaviag 89% who did change higher or
lower than their previous scoferocessing Speed’s moderately high correlation thigh
Full Scale IQ on the WISC-IV (.70) (Wechsler, 2088pgests along with the literature
that it does play a prominent role in the exprassibintelligence. It is particularly
involved with working memory and fluid reasoningliffian, Bohlin, Sorensen, &
Lundervold, 2009). As a result, the FSIQ on the&SBGAIV may be influenced quite
significantly by variability of Processing Speed.
5.2 Hypothesis Two

Hypothesis two stated that students with ADHD asphmary diagnosis would
differ more significantly from one administratiom the next than students with SLD as a
primary classification in Working Memory and Prosieg Speed. The ADHD group
performed significantly higher (p = .0004) than 8leD group on Working Memory but
not on Processing Speed (p= .89). Meaningful diffees were exhibited with both first
and second administrations on this variable (Cah@r’ .87 and 1.0 respectively), which

are very large reflecting meaningful differencesdtudents with ADHD (as a group) as
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compared to SLD. While the variables of time arth ADHD vs. SLD were both
important in influencing Working Memory, there was interaction between them
affecting Working Memory. That children with SL2fiormed more poorly on Working
Memory is consistent with extensive literature ngtivorking memory difficulties in
children with learning disabilities (Pickering & Garcole, 2004; Shelton, Elliott,
Matthews, Hill, & Gouvier, 2010; Wechsler, 2003However, it is somewhat at odds
with the mixed opinion regarding the importancevofking memory as a core deficit of
ADHD (Barkley, 2006). These results would sugdlkat Working Memory, as
measured by the WISC-IV is not always an issughfese students and children with this
disorder can vary widely depending on individualiss.

Even though students with SLD performed signifibaldwer on Working
Memory than students with ADHD, both groups perfedsimilar to the larger sample.
Processing Speed also demonstrated a similar dosdriveand for both groups although
being ADHD vs. SLD was not statistically significaas it was in the larger n. These
findings highlight the issue of individual variabyland differences that may be exhibited
between groups such as ADHD and SLD over time gwtnn these populations.
5.3 Additional Comparative Analyses

Additional analyses with medication, co-morbidiéynd gender were limited
primarily to the whole sample given the larger ayided greater power and evidence of
similar findings being observed for both subgroajisough medication issues were also
examined at the sub-group level. Secondly, thetiueof a statistically significant
difference for group performance on hypothesis was answered with the first level of

analysis, as ADHD students performed significahtiher than SLD students on
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Working Memory. However, overall variability wassjuas much an issue with ADHD
students as SLD. Performances of adjacent agggmften overlapped because of
larger standard deviations consistent with the @ivgariability seen. Mean
performances were similar with overlapping perfonges for these subgroups, as
reflected in means and standard deviations pres@mfEable 4.6 in Ch. 4.

Children who experienced medication changes droppgtficantly in their
Processing Speed performance of almost 10 poihtsséf'who didn’t experience a
medication change also dropped in Processing Sgddesligh not to the point that it was
statistically significant. Sample characteristiegealed that many more ADHD students
were on medication vs. SLD, (72% vs. 13%), whiclysgeak to the possible influence
of medication on performance and changes that esytrfrom being on a specific
medication particularly stimulants or multiple meattions. The finding of ADHD and
other referred students being on different psydmpatrmedicines at the second time point
may certainly add to the variability that may bersacross repeat assessment. It further
adds support to the importance of repeat cognissessment due to changes in
neuropsychological functioning that may affect stebility of information processing
and performance from agents designed to produa®pgychological changes.

A third analysis examined the effects of havingngle vs. comorbid disorders.
Both children with single disorders and comorbisldders dropped in performance
significantly although when a correction was applie correct for the number of
additional analysis hypotheses, it was not stayi significant. Still, co-morbidity was
found one-third of the time at the second evaluasiod 42 students came in with prior

diagnoses. Eight students had diagnoses addedtbe second evaluation. Given these
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issues, it has implications for such influences thay affect variability of information
processing. It further speaks to examining a stsi@sychological status at a second
evaluation to note what changes have been madeinftinctioning, as co-morbidity can
make a difference in performance on assessmenglhasvn the classroom.
Comorbidity highlights the multiple influences onildren’s cognitive functioning.

The variability of performance evidenced in thesalgses further justifies the
need for comprehensive evaluation even in instawbes there is only a primary
guestion of whether a learning disability is preséuastification for second evaluations
during this time period is important that confirmrefute original findings, if new
information comes forward that wasn’t present i ¢hniginal evaluation, or whenever
circumstances change. While certain profiles magxpected with certain populations,
these findings suggest that referred and clinibdt@opulations can be quite
heterogeneous in nature and perform quite variaie time. This not only affects
cognitive performance but also has implicationsperformance in the classroom.
Finally, there was a statistically significant gendifference although there were twice
as many boys as girls in the sample, which suggestsidering this finding within that
context.

5.4 Variability, Cognitive Functioning, and Learning

As sample characteristics suggested, referredrehnilchay experience issues with
processing information that can vary greatly beeafsndividual circumstances, e.g.,
changes in medication, age, maturation, intervangsocio-economic status, etc.
Individual circumstances like the above may be gbouting factors to the variability of

both Working Memory and Processing Speed but paatity Processing Speed. While
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time was significant for Processing Speed, it expld only a small percent of the
variance. This suggests there could be other thimggluence changes in performance.
Many factors beyond time may play a role even bédytbose mentioned above in the
variance of Processing Speed. Why this variabii&g seen across age and subsequent
evaluations may lie in different underlying newituitry for Processing Speed vs.
Working Memory. Processing Speed may also be pdattly vulnerable to the nature of
developmental, brain-based disorders, which invplwgsiological functioning of

different areas of the brain communicating withreather.

More students performed lower on Processing SpedHe second
administration, which suggests that Processing &pes not keeping pace with age for
many of these students based upon use of age horthese analyses. For these
students, the cognitive ability of processing sp@a&y not mature at the same rate, may
be delayed in maturation, may not develop adequateadll, or may only come together
later when the functions of processing speed an#fimg memory (as suggested) are
more in concert with each other. There may alsadsktional factors - even multiple
factors on processing speed as a whole - e.g.nh@adiditional medications, medication
changes, acquired comorbidity that further impaognitive performance of this
variable. Stability of cognitive functions may oridgcome evident as a child reaches 15-
16 years old when adult levels of performance aveenexpected if it occurs at all
(Baron, 2004).

These findings have implications for children wstbwer processing speed in the
regular classroom. Children with processing spssdds may get further behind in trying

to keep up with the increased demands of the audune with each grade, as well as have
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difficulties completing assignments in a timelyHas1, completing timed tests within
allotted times, keeping up with the pace of indinrs, etc. These difficulties may further
be complicated by changes in medication statugir®tabreast of a student’s
medication status and understanding that changeslhas adding additional
medications may further affect that student’s aptlb keep up in the regular classroom
are important. Changes in medication impact stied@eturopsychological functioning.
Additionally, implications of slower processing spigfor the teacher’s instruction in
terms of cognitive load and pace of instructiontfase students should be considered. It
is important for teachers to understand that pingsspeed is quite vulnerable to the
many changes that may occur in a child’s life. #ynmecessitate adjustment of
accommodations and/or the addition of other accodations the student may need to
more fully engage in instruction.
5.5 Variability and Assessment

Variability of information processing may furthdluminate processing issues
related to and possibly influenced by Working Meynand/or Processing Speed that
further influences learning. As noted by Fioreltale, Holdnack, Kavanagh, Terrell, and
Long (2007), variability within a profile shouldeat examiners to individual cognitive
indicators that may be impacting a child’s learnifilgis should prompt consideration of
what the Index scores are providing and that th@FSay not be providing the best
representation. The Full Scale 1Q may be obscurimdgrlying processing issues in
children referred for learning difficulties, whichay impact qualification decisions
Fiorello, et al. (2007) also state regression comatity analysis of WISC-IV indexes

offers additional evidence of discrete elements dina more warranted with children with
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disabilities- i.e., ADHD, SLD. Examining varialijfiof performance and what the
Indexes are providing is in keeping with currembkimg of intelligence as multi-
factorial.

This is where the Cognitive Proficiency Index (GRthich includes Working
Memory and Processing Speed can provide curremtniation about a child’s
proficiency in processing information vs. higheoggsses and alert professionals to
information processing issues (Weiss & Gabel, 20B8kults suggest the need for
further assessment of other sub-component infoomgtrocessing abilities if either or
both of these variables are significantly differgivien the wide variability of Working
Memory and Processing Speed performance. Stabflityese factors with one
administration should not be assumed over time aumnn a limited time period of
elementary school years when so many cognitivetiomg are in a process of developing
and so many factors may be impacting a child’s ioning. Hale (2011) notes that,
“what is being measured are psychological procgssiates and those states can change
and should change from one administration to tbx’n€&his is why variability of
information processing makes repeat cognitive ggsest important. He goes on to state
that, “a profile can be reliable at one time p@intl the second time point may also be
reliable; but, processing states based upon ageratian, etc. can change those states”.
This is reflected in Index factors not necessasflgpwing long-term stability and only
moderate correlation with each other over time (@Gan& Watkins, 2001; Ryan, Glass,
& Bartels, 2010).

As Hale points out, time is an important varialiend of itself. In the current

research, time was often a significant factor extasth hypotheses either in main

95



hypotheses tested or additional analyses. Thiksgeahe influence dimebeing an
important variable in the assessment of childressaes as a variable in and of itself.
Over time, many intervening issues occur. These imayde ongoing educational
challenges, changed life circumstances, age, nmatnyanedication changes, and
development of secondary disorders like anxietgepression. Frustration and self-
esteem issues may additionally, in part, impactational difficulties. Not receiving
interventions and accommodations that would magmtore successful in the regular
classroom and getting further behind compoundsithation. These compounding
factors may interfere with optimal cognitive prosieg and cause a student to continue to
struggle in school. This is often found to be tasecupon second evaluation. The results
characteristics seen with this study’s sample &rruggest that the full impact of a
disorder may not always be completely evident affiist evaluation.

Variability in information processing suggests tharay often be differences in
Working Memory and Processing Speed when childremeevaluated with the WISC-
IV. Even within a two to three year period contaime the elementary school years,
referred populations may demonstrate great vaitabiéither upwarar downward
depending upon any number of circumstances. Evdrouti a statistically significant
result being evidenced with Working Memory, 83%stifdents varied in Working
Memory and 89% percent of students varied on PsuegsSpeed. Furthermore, only
17% experienced no changes on Working Memory ahdidi?®o on Processing Speed.
These results are significant given that 62% ofctinédren were re-evaluated before
leaving their elementary school years, which maygsst great variability of functioning

within a period of rapid cognitive change. Thisdency towards individual variability
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adds to the importance of re-assessment of cogfitivctioning. Furthermore,
variability of information processing adds supgorthe value and importance of repeat
assessment to determine the stability or contimliiéidulty with areas of information
processing. This gives greater credence to mang@nd tracking issues with
information processing beyond student performaaséhis can influence qualification
decisions. It can impact types of interventions eesiburces the child may need.
Tracking such issues appears crucial at trangitmnts, particularly from elementary to
middle school and whenever there has been a chatifge circumstances for a child.
Variability of performance across time additionadlighlights that these processes may
be quite vulnerable with referred children whenwed within the context of sample
characteristics.
5.6 The Importance of Assessing Cognitive Function

Variability in performance highlights individualdtors that often suggest further
assessment. This issue received attention inemt@009 Supreme Court case- Forest
Grove School District v. T.A. decision (Dixon, Ebs® Turton, Wright, & Hale, 2010).
At center is that the school district’s evaluatthd not adequately address all of the
referral concerns resulting in not identifying apecific learning disabilities.
Consequently, the student did not qualify for spleeducation. As it asserted, FAPE
(free and appropriate public education) had beerede The Supreme Court held the
school system liable for reimbursement of the sttidgrivate education expenses since
the public school had not met T.A.’s educationadse ADHD had been discussed by
the school but no evaluation of this issue had lweeclucted. Further, the limited

evaluation missed the disability and resultednmtkd interventions. The evaluation
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only addressed whether the student qualified asfspkearning disabled and did not
addressll areas related to suspected disabrkyardlessof category. Issues related to
attention and executive functioning had been pasffeas motivational issues. A private,
more in-depth psychological evaluation found cageiand neuropsychological deficits
in auditory memory and discrimination, sequentialgessing, language formation,
retrieval and expression, organization, processpagd, and fluency. Beyond academic
insult, these processes were identified as haviegtad more broad processes including
organizational ability, note taking, and work coetpn. Identification of these issues
resulted in a more complete intervention plan.sTdase highlighted the inadequacies of
solely using restrictive methods for qualificatiorstudents with specific learning
disorders. The additional issue raised by this easethat using the assessment only to
determine qualification did not identify underlyirgasondor not responding to the
school’s intervention which would have yielded mprecise interventions (Dixon,
Eusebio, Turton, Wright, & Hale, 2010).

Despite the value of fuller cognitive evaluatiohattthe Forest Grove School
District v. T.A. highlights, the use of IQ assessin&s part of the diagnostic process in
the discrepancy model has been called into quesfitith the last reauthorization of the
Individuals with Disabilities Education Improvemett (IDEIA) in 2004, Response-to-
Intervention (RTI) came to the forefront as a repfaent model. RTI is defined as a
multi-level method of problem-solving and prevensasystem that uses data-based
decidion making and progress monitoring prior t® idtentification of special education
services. The key components are screening, pogresitoring, data-based decision

making, and multi-level prevention system (httpwiwrti4success.ory/ Use of
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cognitive assessment as relates to interventiast,use of staff resources, and the
restructuring of assessment models was calledquestion. However, RTI has yet to
consider the influence of cognitive variables saslworking memory and processing
speed (Reynolds & Shayowitz, 2009). A distingutspanel of experts in the cognitive
assessment and learning disabilities fields reggniblished a white paper concurring
that neither model alone is effective in makingedetinations of learning disabilities
(Hale et al., 2010). Methodological issues havenbexed in both models in determining
services for students. Additionally, the authemgue against global interpretations and
use of Full Scale 1Q’s because they are an aggredatisparate cognitive constructs.
Use of the FSIQ when indexes are discrepant codf®and underestimatgsnaking for
faulty decisions, which are often critical in deteming services for studentshe FSIQ
with clinical groups can obscure meaningful diffezes between groups of children
preventing identifying groups solely on the badia particular pattern (William, Weiss,
Rolfhus, 2003). Thus, these results support th@gXrscores provide greater interpretive
value for referred students when considering legrmssues (Flanagan, McGrew, &
Ortiz, 2000). Further, using theoretical structalfews different tests from different
batteries to be used so there is better loadinf@oretical factors, which can provide a
more comprehensive and validity-based evaluatiaroghitive functioning. This
method of idiographic interpretation and theordlycdriven hypotheses of underlying
cognitive factors is additionally supported by Ha&erello, Kavanagh, Holdnack, and
Aloe (2007) as well as Reynolds and Shayowitz (2009 consistent with the third
method noted in the statutes, which makes prowssionconsidering processing

strengths and weaknesses within the student’s nneaftce.
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As mentioned previously, Reynolds and Shaywitz @@0dgue that RTI has
many of the same methodological problems the pdistrepancy models have had, viz.
vagueness in definition, variability and subjedtivof methodology and implementation,
inconsistent progress monitoring models, the lddknowledge regarding proper
assessment and measurement procedures, as watagyunethods of employment as
dictated by State Education Agencies (SEA) and LBdacation Agencies (LEA). A
one-size-fit all conceptualization is also perp&tdan addition to the aforementioned
reliability and validity issues. These were all gkmpmings that also plagued the ability-
achievement method. Fuchs, Deshler, and RescfAjZurther state concerns over the
variability in classification criteria in identifgig learning disabilities under differing
discrepancy formulas. Fuchs, Fuchs, and Comptobd(2€uggest the use of different
measurement systems using different criteria haselted in the identification of
different groups of children. This continued impksmation of a one-size fits all model,
“fails to recognize that there are psychologicalgasses involved in learning” (Reynolds
& Shaywitz, 2009, p. 132-133). Disability then bews, “defined in the context of the
classroom and not the individual. Both point-tepancy and RTI have all too often
contained vagueness in identifying psychologicgintiive processes that would allow
for greater understanding the student, enhanciegldtte collection process, and
subsequently better intervention planning.

Hale, Kaufman, Naglieri, and Kavale (2006) advo@apmsition that recognizes
the importance of RTI and the data gathering iunes. The positive side of RTI is that
it has made evidence-based intervention mandatezhiloiren at-risk. Reynolds and

Shaywitz (2009) state acknowledge that RTI hastsbia number of learners including

100



learners who are slower in their learning and wiooild be left out in the qualification
process in the point-discrepancy model. Howeverjriportance of comprehensive
evaluations as part of the identification proce=enss critical particularly when
considering the individuality of psychological pesses involved in learning. Reynolds
and Shaywitz (2009) further state that the nonaid® assessment in the process
ignores the notion that cognitive processes areebom unrelated to learning and how
instruction is carried out. They further make tloenp that assessment of cognitive
abilities can and do contribute to instructionarpling. They advocate that the purpose
of a comprehensive evaluation assists with deritiyigotheses abouthy a child may
not be responding to intervention. Tieghe intent of evaluation and the third method-
addressing learning difficulties regardless oflegig that are intrinsic to the child and
that would assist with intervention planning. Tisisn alignment with the White Paper by
the Learning Disabilities Association. Hale et(2D10) notes the use of repeat measures
to scrutinize individual cognitive processes preadurrentandon-goinginformation
contributing to improvements in planning and impéming educational and academic
interventions. Repeat cognitive assessment stréssasportance of tracking cognitive
development in referred populations and that diagaanformation obtained from such
assessments can add value to the interventiongsoce
5.7 The Third Method

The aforementioned proponents - representativegriitive assessment,
educational and neuropsychological fields pointtbat cognitive and
neuropsychological assessment using a processagbpiothe only method that provides

underlying reasons for a child’s learning problemich is most aptly addressed
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through the third metho&tatute 34 CFR Parts 300 and 301 of the FederatfRegtates
that, “300.309(a)(2)(ii) permits, but does not neguconsideration of a pattern of
strengths and/or weaknesses, or both, relativatétiectual development if the
evaluation group considers such information relétaihe identification of SLD”
(http://www?2.ed.gov/legislation/FedRegister/finria@06-3/081406a.pdf , p. 46651).
Hale, et al. (2010) states it allows for assessrokdiscrete cognitive processes and
focuses more closely on a student’s strengths aakmesses, which may be causing a
child to have difficulties processing informatiarciuding their ability to respond to
interventions. This same group advocates thagiderning cognitive functioning within
the third method perspective emphasizes indiviguatesses as relates to learning.
Flanagan, Fiorello, and Ortiz (2010) note this dnly method in place that provides
for a processed approach to evaluation. This nedydst assessed by examining
variability of information processing within contexf repeat cognitive assessment,
which further allows for examining these processes time. Repeat assessment
additionally takes into consideration the influelé@evelopment in processes that
operate differently at different ages. The consitlen of a more processed approach to
assessment encourages the merging of theory te gestlinterpretation, which is in line
with contemporary influences in testing and thacttire of the CHC theory (Flanagan,
McGrew, & Ortiz, 2000).

The CHC theoretical influence with cognitive furmcting is reflected in revisions
of cognitive measures such as the WISC-1V as ve&etha Woodcock-Johnson-Ill
Cognitive Battery and others. Process methods diecCognitive Hypothesis Testing and

the Concordance- Discordance Model. This latterehtm assessing children takes into
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account neuropsychological factors as well as dgweént and is based on a Lurian
model using CHC theory (Hale & Fiorello, 2004). Tdare also process approaches by
Kaplan (1988) and the WISC-IV Integrative Procegpach (Miller & Hale, 2008).
These methods and others are designed as a meaingeting specific processes that
underlie academic issues aligning the relationshgpgnitive strengths and weaknesses
with academic strengths and weaknesses that wooldde greater specificity regarding
the development of interventions for such students.
5.8 Cognitive Intervention

This research offers some support for consideragmitive intervention within
the RTI model and reassessment of cognitive funotgp The LDA White Paper (Hale,
et al, 2010, p 6) advocates that assessment ofta@gand neuropsychological processes
should not only be used for identification but alstervention. This has been a criticism
of neuropsychological assessments in educatiom-rilevancy to intervention planning.
Hale, Kaufman, Naglieri, and Kavale (2006) dematstit in a case study of how
cognitive assessment as part of RTI can utilizentvg assessment methods in a more
active and targeted way with a student who wasesgonding to typical RTI methods.
They demonstrated how information obtained fromntibge assessment-in this case the
WISC-IV was used in the "concordance-discordancetleh for assessment and
intervention. This was used to not only hypothesizeut underlying processes
contributing to difficulties with learning, but thdollowed up with specific, targeted
interventions to improve difficulties with attemtipself-monitoring, spatial-motor

construction, and social skills. Certain procesegiéisin a more individualized design
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targeted the student’s underlying cognitive isshaswere interfering with his learning
both individually and within the regular classroom.

Cognitive intervention might also be considered imore prominent role vs. the
frequent use of medication to treat children. Thanges and often addition of multiple
medications during a course of rapid cognitive dtigwaent is disturbing. It speaks to
the importance of addressing cognitive issues earlgo that second assessments
yielding additional difficulties might be lesseneblviating the need for more
medications. In an editorial from Blakemore ana&ei (2012), the authors note
cognitive intervention through neuroscience andcatan is foraging a new partnership
in showing how understanding the biology of thealeping brain learns new
information can better inform intervention in edtica. Examples such as video gaming
and meditation, as well as specific cognitive tiragnprograms designed to strengthen
working memory and other executive functions aferefl for consideration. There is a
plethora of brain games and other cognitive sinmatout today designed to address
strengthening various cognitive functions- e.g.g®ed, Luminosity, etc. as well as
neurofeedback. Nirvi (2012) also notes how regeardrain-science is beginning to be
used in the educational setting. He cites seyehaite schools and higher institutions
where brain science is being used in the classtoaaffect changes in educational
performance e.g., meditation, self-instruction. @aeh example of a brain training
program is Brain Ware Safari - a video game lea@einvironment that is designed to
build memory skills, visual and auditory processitignking, and sensory integration.
Findings from one school district noted a threeryeae month improvement on

cognitive tests after using the program for 12 vgeek
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Clearly, possibilities for educational and instrantl design research are rich in
the area of cognitive learning via the medium adfeagame environment. These efforts
are consistent with Ceci (1991) who noted in a raetaytic study that there is a strong
association between the enhancement of cognitivetibn and schooling. While there
are others who suggest there is lack of evidencedasfer (Melby-Lervag & Hulme,
2012), efforts in developmental and neuroscienaddiin conjunction with research in
education and instructional design suggest thegpetisntial in use of cognitive
intervention. This is where the cutting edge of reheeuroscience and education can
meet especially with working memory (Melby-Lervagilme, 2012).

Specific work in working memory is gaining promimenand much research is
being conducted in this area. Jonides notes theplar importance of working memory
stating that working memory and cognitive contitdwas us to selectively process
information from the environment and to use th&trimation for problem solving and
reasoning (http://www.nytimes.com/2012/04/22/mageldan-you-make-yourself-
smarter.html). They point out that while there gemetic component to 1Q, at least 20-
50% of the variation in 1Q is due to other fact@shool, social, family, SES,
circumstances. Jaeggi, Buschkuehl, Jonides, and @041) stress the importance of
cognitive training particularly training working mmry since working memory underlies
SO many cognitive areas. In a study involving [Brentary school-age children, they
demonstrated improved fluid reasoning using a \gdate-like working memory training
task where the individual was required to remenabgrevious symbol, location, or audio
sound that preceded the present screen in compaasmntrols who only engaged in a

knowledge-based task. The high training group autditly showed transfer to measures
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of Gf. These results remained intact as measured thoathmlater even after training
had stopped. Jaeggi, Studer-Luethi, BuschkuehlJ&udes, and Perrig (2010)
additionally found similar results for transferadfility. Loosi, Buschkuehl, Perrig, and
Jaeggi (2010) further demonstrated that trainingkiag memory can improve reading
skills in elementary students with just two weeksvorking memory training Such
studies are beginning to show that intensive cognttaining can alter brain function
and boost specific cognitive skills. Also, studies beginning to show that benefits from
cognitive training can lead to neural changes aatithese benefits can transfer to
untrained tasks (Buschkuehi, Jaeggi, & Jonides2R(hese studies suggest that
cognitive intervention and educational researchpsace of contribution where findings
of variability of information processing might bddressed. It further suggests that
teachers play a prominent role with regards torvetetions with referred students
regardless of whether the student qualifies afiteeevaluation or not at all.
5.9 The Role of the Teacher

For educators, the findings of lower processingedpm referred children at
second evaluation has implications for cognitivadian instruction - a prominent theory
in educational psychology, and use of instructiom@thods such as Gagne'. Such
methods focus on addressing information processswes within instructional design in
the regular classroom and where these children toafesction. It has great implications
for pace of instruction in the regular classroonwadl as remedial instruction with these
children. It also stresses paying additional aitbento factors of information processing
such as repetition and pace in the design of iastm. Such methodology can benefit

children who may struggle with working memory, eyt may easily forget instructions,
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steps in problems and other tasks, putting infoienadown on paper, difficulties taking
notes, etc.

The nature of the multi-disciplinary team and tbke of the classroom teacher
within the educational setting in particular casoabe further enhanced through the third
method process. Dynamic assessment is a ternrmaltigcoined by Luria but based
upon Vygotsky’'s framework of using assessment toppses of instruction that
intertwines these two processes in a much momaaté way (Poehner & Lantolf, 2010).
This method is different from psychometric methtds view cognition as a static entity.
According to Luria, the psychometric method inajpiately assumes a person’s
performance on a test represents a complete pidttwen the second perspective,
intelligence and intellectual functioning is viewenbre astatesthat are in the process of
forming.

The use of dynamic assessment and the Zone-offRabXevelopment (ZPD)
also by Vygotsky (Gredler & Shield, 2008) forms tesis of assessment that is more
collaborativebetween student and adult. It is more processtaike designed to
influence cognitive development, and provide inginn thatleadsdevelopment. What
becomes much more important is what a person cavitddhe assistance of someone
else. They not only benefit in completing the prédask but are then able to transfer
what has been internalized through this mediatedgss to other tasks (Poehner &
Lantolf, 2005). Assessment takes on greater cotipenmeaning, as assessment tasks are
worked through together by mediating the studgmi$ormance through performance

prompts, hints, leading questions, etc. This alldvesadult to understand what processes
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are emerging or developing within the child thusvmling information aboufuture
(potential) development.

Within the educational field this provides unitytlveen theoretically-driven
assessments that has great implications for refetiddren who may demonstrate great
variability in processing information. It can prdeigreater specificity for how such
processes may be interacting with skill acquisitibimis processed approach can
contribute much to the assessment process as & whghmples that incorporate this
process approach include the Learning Potentiadgssaent device (LPAD), which is
based upon the theory of Structural Cognitive Miadifity and Mediated Learning
Experience (Feurstein, 1985). This unit of analystves beyond the student to
interactionandinstructionas the focus.

5.10 Implications for Further Research

To further assess variability of information progiag across development with
Working Memory and Processing Speed among refg@oedlations, current research
could be extended to include three administratidhere were several students who had
been evaluated multiple times. One had been ewweaith the WPPSI, WISC-R,
WISC-IIl and then WISC-IV. Two others had been easéd with the WISC-I1I before
being evaluated twice with the WISC-1V and one stuchad been evaluated three times
with the WISC-IV. This could additionally highligtie influence of neurodevelopmental
gains (or not), interventions including special emtion, cognitive interventions,
medication influence, and examining growth curvesacking changes in children with
developmental disorders. Given the gaining promgeeof cognitive brain training today

and particularly what is being demonstrated betwemmoscience and education, it
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would be useful to explore repeat measurementnjuoction with interventions before
and after reassessments of intellectual and cegritinctioning. The advantage of
following individuals who have been exposed to siéérventions in determining
whether these types of interventions have traredfegarning has the potential to impact
learning and education in a broad way.

5.11 Limitations

While this research used group means which is dafiiéicized for obscuring
individual differences, the use of repeat measureraéded an additional design factor
for the individual to serve as their own contraioiiigh repeat measures. Regardless,
closer inspection of performance over time basexhuifferent age groups would have
provided additional information about performancehese groups across time.
Examining age differences and patterns through tiréearning curves would have been
additionally fruitful although was also beyond gwpe of this research. Additionally,
the use of age-based norms may reduce some dideseseen and affect generalizability
of findings for other clinical samples. This isaator characteristic of norm-referenced
tests.

That there was missing information regarding meaaas also unfortunate
although not entirely uncommon. Greater specifiosld have allowed for additional
contrasts to be examined although many childrerédioations were often changed in
between assessments. Parents may not always knatyhaw much, and for how long
their child took a particular medication and whetthey were taking it at the time of the
first evaluation. This only adds importance to @pessessment and whether this
information is known at the second evaluation drsiace referred populations such as

students with ADHD may often experience medicatibanges even within the
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elementary time period. Additionally, medicatidfeets produce changes in cognitive
assessment and the classroom. This can limit geradsiity of findings due to the
specific medications noted with this population.

Regarding the issue of inter-rater reliability adininistration of the WISC-1V,
the author recognizes that variability of differemaminers is a potential confound in a
repeated measure design; however, it is also reoedjthat the realities of IQ assessment
in the real world often includes different exammeérhis is often the case with referred
students who may access different interventioniseswover the course of their
childhood. That they can be assessed in a vasfgilaces and times is a factor that is
recognized by the author. Even the very standardizaf an instrument and one with a
national sample as the WISC-1V includes the usdifeérent examiners. Examiners
qualified to administer the WISC-IV have receiveedfic training through graduate
programs, which require a certain level of profici¢ or competence in accordance with
APA (American Psychological Association) standardsowever, the author
acknowledges that there can be differences in hagndsticians make diagnoses of
psychiatric/psychological disorders. For this seEnp9 of the 75 students were tested by
the same evaluator and 56 were tested by diffenaaitiators. So, while training
regarding administration of the WISC-IV requirestasn standards in training programs,
the author acknowledges that focus of training ey with level of program as does
the experience of the clinician once they are eatalg children in the community.
Additionally, employment of diagnostic criteria megry between medical doctors vs.

psychologists based upon paradigm differencesinitg.
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Ecological validity is also limited to students wperform within the 1Q range
included for this research study. Subsequentlylt®smay not extend to students in the
Borderline or below as well as Superior rangestdliigence. The author acknowledges
there are many psychological/cognitive processasitifiuence learning and intellectual
functioning even beyond those that are noted hauetzat not all could be accounted for.
5.12 Conclusions

The current research study hopefully highlightswtaeability of information
processes like working memory and processing speddow important it is to track
such processes. This information is particularlyc@al when considering issues with
referred and clinical populations. Such informati®additionally important when there
is the added influence of medications and co-mdgsbas well as thinking about how all
these processes may be operating within the coafexthild’s age and development.
Repeat cognitive assessment acknowledges the naaiaples that can influence
assessment. Examining children’s performance atimmgssuggests that cognitive
functioning may be vulnerable to many circumstararesissues. Additionally, marked
drops in particular with Processing Speed perfocadretween assessments is also an
indicator of concern. Of interest is what instroista student has missed out on and/or
lost as a result of delayed services such as naetidentions, identification of
strategies for keeping up and coping when studimtsot qualify, and/or changing
accommodations. The importance of additionallyscdering cognitive intervention
would also seem to have broad learning implicatdursng a prominent cognitive period
of development. Using static as well as dynanpesyof assessment methodology to

further explore cognitive processes may contrilbntee fully to understanding the child,
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their cognitive process, and its influence in thenvention process. It would make the
multi-disciplinary approach a richer, more fruitkxperience. Stability of information
processing cannot be assumed.

Lastly, this research highlights the importancéudifevaluations in decision
making regarding referred populations and heightieasesponsibility of schools and
evaluators to conduct assessments that addressagyédcts of the referral concerns. It
hopefully contributes to better understanding mef&ipopulations, as first evaluations
have the potential to affect a child’s ability tagage in intervention and classroom
instruction. Examining variability of informatiorrgressing takes into account the
premise that Wechsler did not view and define ligieghce in terms ofapacitybut rather
performanceand acknowledges that these processing statesebargtime. The
WISC-IV was not developed to measure the end qtyasitione’s intelligence but rather
how one performed on a test of intellectual funatig. Considering intelligence as a
performance variable is in keeping with Wechsleesinition of an individual’s ability to
adapt to the environment and constructively sohablems. Added to this is the
understanding that children can perform quite \dyiduring a significant and rapid time
of cognitive development, and that it is importemtinderstand how a child is currently
functioning when making important decisions abbeirteducational life. Given the
variability of cognitive processes as evidenceahttrese results support Kaplan’s
initially stated proposition that cognitive funatiog and intellectual development in

children involves a process that indeed unfolds tvee.
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