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Abstract

Attainment in Mathematics depends on a number of cognitive factors. The present
study was designed to investigate the role of verbal comprehension, fluid reasoning, working
memory, processing speed, and verbal working memory on student’s poor performance in
Mathematics. To achieve this goal, Wechsler Intelligence Scale for Children- Fourth Edition
(WISC-1V) was used after translating the key instructions into Bangla. The test was
administered on 30 students (15 boys & 15 girls) to determine psychometric properties ofthe
Bangla translated instructions. Internal consistency, split-halfreliability and test-retest
reliability were satisfactory. Significantly moderate to high correlations between scaled score
of subtest and Full scale 1Q score as well as between scaled score of subtest and composite
score within the same index provided the evidence of convergent validity. Content validity
also determined on the basis of experts’ opinion. Sixty six students of primary & secondary
school level were included in the study. Students were divided into three Math performance
groups on the basis of attainment in school: i)*“Math specific group” consisted of students
who had failed only in Mathematics in last two consecutive exams; ii) “Math general group”
comprised of students who had failed in Mathematics as well as at least one of other subjects
in last two consecutive exams; and iii) “Comparison group” consisted of students who had
neither failed in Mathematics nor in other subjects in last two consecutive exams. Wechsler
Intelligence Scale for Children- Fourth Edition (WISC-1V) using the translated Bangla key
instructions wEis administered individually. Verbal comprehension. Fluid reasoning, Working
memory. Processing speed and Verbal working memory were found to be positively
correlated with attainment in Mathematics and the correlation coefficients were (r=.63;
p,.01), (r=.42; p,.01), (r=.61; p,.01), (r=.47; p,-01), and (r=.48; p,.01) respectively. Math
pertbrmance groups had significant effect on Verbal comprehension {F value= 24.19, df=2
p<.01), Fluid reasoning {F value= 10.49, df=2: p<.01), Working memory {F value=17.79,
df=2p<.01) & Processing speed (F value= 10.98,df=2p<.01) and grade and bilateral
interaction of grade and Math performance groups had no significant effect. Both Math
performance groups (F value= 12.17, df=2; p<.01) and bilateral interaction of grade and
Math performance groups (F value=3.63, df=2; p<.05) had significant effect but grade had
no significant effect on Verbal working memory. Logistic regression revealed that Verbal
comprehension. Fluid reasoning. Working memory and Processing speed together account for
52% the explanation of why student’s attainment in primary and secondary level was poor in

Mathematics. It also showed that coefficient (B) was significant for Verbal comprehension
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(B=~.516; p<.05), Working memory (B—.171; p<.05) and Processing speed (B=-.414; p<.05)
but not significant for Fluid reasoning. The likelihood of being failed in Mathematics of
students in Primary and secondary level reduced by .597, ,843, .661 times for one unit
increase in scaled score of Verbal comprehension. Working memory & Processing speed
respectively while Working memory & Processing speed; Verbal comprehension &
Processing speed; and Verbal comprehension & Working memory were controlled of
respectively. Verbal working memory was account for 45% and 9% the explanation of why
student’s attainment in Mathematics was poor in Primary and Secondary grade respectively.
Results also showed that coefficient (B) was significant for Verbal working memory was
significant for primary grade (B=-.891; p<.05) but not significant for secondary grade. The
likelihood of being failed in Mathematics of students in Primary level reduced by .410 times
for one unit increase in scaled score of digit span backward (Verbal working memory). The
findings of this study would be helpful for the educational psychologists and other
professionals in the field of education to develop intervervention programmes for students

having difficulties in Mathematics.
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Cognitive Factors in Determining the Causes of Poor Performance in Mathematics of
School Children
1. Introduction & Literature Review

No human beings are able to live proper life without education. By the means of
education only one’s potential can be used to maximum extent. Education tells us how to
think, how to work properly, and how to make decision. Through education only one can
make separate identity. It is most important aspect of life of human being like basic need
foods, clothe and shelter. Education plays a vital role in the personal growth and the social
development among all of us. It’s the education which transforms a person to live a better life
and more importantly as a socially well being.

The goals of education are to learn about a subject, to acquire certain skills and to
become better people. The dynamic interactions among these goals constitute education. Like
many other subjects, acquisition of knowledge and skills in Mathematics is very important to
achieve the goals of education.

Mathematics as a subject affects all aspects of human life at different degrees. The
social, economics, political, geographical, scientific and technological aspects of man is
centered on numbers. The inter-relationship between mathematics, development and
advancement of humans shows the importance of mathematics in life due to its numeral and
symbolic nature, it is more related to the scientific and technological facets of man’s world
than to any other aspect as it occurs and re-occurs in the physical and natural sciences

Mathematics is often thought of as a subject that a student either understands or
doesn't, with little in between. In reality, mathematics encompasses a wide variety of skills
and concepts. Although these skills and concepts are related and often build on one another, it
is possible to master some and still struggle with others. For instance, a child who has

difficulty with basic multiplication facts may be successful in another area, such as geometry.
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An individual student may have some areas of relative strength and others of real
vulnerability

In recent years, researchers have examined aspects of the brain that are involved when
children think with numbers. Most researchers agree that memory, language, attention,
temporal-sequential ordering, higher-order cognition, and spatial ordering are among the
neuro-developmental functions that play a role when children think with numbers. These
components become part of an ongoing process in which children constantly integrate new
concepts and procedural skills as they solve more advanced math problems

For children to succeed in Mathematics, a number of brain functions need to work
together. Children must be able to use memory to recall rules and formulas and recognize
patterns; use language to understand vocabulary, instructions, and explain their thinking; and
use sequential ordering to solve multi-step problems and use procedures. In addition, children
must use spatial ordering to recognize symbols and deal with geometric forms. Higher-order
cognition helps children to review alternative strategies while solving problems, to monitor
their thinking, to assess the reasonableness of their answers, and to transfer and apply learned
skills to new problems. Often, several of these brain fimctions need to operate
simultaneously”*®".

Because Math is so cumulative in nature, it is important to identify breakdowns as
early as possible. Children are more likely to experience success in Math when any neuro-
developmental differences that affect their performance in Mathematics are dealt with
promptly - before children lose confidence or develop a fear of Math which ultimately has an
impact on psychosocial development

Competence in Mathematics is increasingly important in many professions. And it's
important to remember that this competence draws on more than just the ability to calculate

answers efficiently. It also encompasses problem solving, communicating aboutMathematical
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concepts, rearming and establishing proof, and representing information in different forms.
Making connections among these skills and concepts both in Mathematics and in other
subjects is something students are more frequently asked to do, both in the classroom setting,
and later in the workplace

However, the performance of students in Mathematics has been a great concern to the
society. Mathematics does involve some special mechanisms of representation and mental
processing which are appropriate for the representation and processing of quantitative
relations. So the performance in Mathematics of a student largely depends on his/her
cognitive factors or intelligence since it is a mental ability of individual

During the past three decades, teachers and researchers have been exploring factors
related to achievement in Mathematics. Among the affective variables identified in the
literature are students' academic self-concepts, attitudes toward success in Mathematics,
confidence in their ability to learn Mathematics, Mathematics anxiety, test anxiety,
perceptions of the usefialness of Mathematics, motivation, self-esteem, and locus of
controlMV@eevw A AN Researchers have also been examining relationships between
cognitive factors such as preferred learning styles, visual and spatial ability, the use of
specific cognitive strategies and critical thinking skills, and performance in Mathematics
(16431161 ™ A relationships among affective variables™l It has been demonstrated that
both cognitive and affective aspects are important in predicting and explaining attaiimient in
Mathematics.
i.I: Cognitive Factors in Mathematics;

Performance in Mathematics largely depends on many cognitive factors such as 1Q,
memory, thinking ability etc. Literature related to contributions of some cognitive factors on

performance in Mathematics has been presented in the following section.
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1.2: Verbal Comprehension & Mathematics: Verbal comprehension is the ability
of verbal concept formation, in other words the ability to reason verbally, the ability to listen
to a question, draw from learned (formal and informal) information, reason to create a
response, and express thoughts verbally.

The Cattell-Hom-Carroll (CHC) broad ability, Comprehension-Knowledge (Gc), is
sometimes referred to as acculturation knowledge, crystallized intelligence, or verbal
abilities. It is typically viewed as a store of acquired knowledge that includes both declarative
and procedural knowledge. Two of the tests that compose the Gc cluster are Verbal
Comprehension and General Information. The Verbal Comprehension test comprises four
subtests: Picture Vocabulary, Synonyms, Antonyms, and Verbal Analogies. They measure
the CHC narrow abilities of lexical knowledge (i.e., vocabulary knowledge) and language
development (i.e., general development of spoken language skills that do not require reading
ability). In contrast, the General Information test measures the CHC narrow ability of general
(verbal) information. For children and adolescents, Comprehension-Knowledge (Gc) is
moderately to strongly related to reading and Mathematics achievement.

Cognitive clusters from the Woodcock-Johnson 1l (WJ 11l) Tests of Cognitive
Abilities that measure select Cattell-Hom-Carroll broad and narrow cognitive abilities were
shown to be significantly related to Mathematics achievement in a large, nationally
representative sample of children and adolescents. Multiple regression analyses were used to
predict performance on the Math Calculation Skills and Math Reasoning clusters from the
WJ 1l Tests of Achievement for 14 age groups ranging in age from 6 to 19 years.
Comprehension-Knowledge (Gc) demonstrated the strongest relations with the Mathematics
clusters from age 5 through late adulthood. Comprehension-Knowledge (Gc) demonstrated
moderate relations with Math Calculation Skills after the early school-age years and moderate

to strong relations with Math Reasoning
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1.3: Fluid Reasoning & Mathematics: Reasoning is a complex, hierarchical
cognitive fimction that can rely on many other cognitive processes, depending on the nature
and requirements ofthe task. Inductive and deductive reasoning are the hallmarks of fluid
reasoning ability. Reasoning also often relies on emergent properties; that is, those functions
that cannot be predicted based on simple interactions between other fimctions.

Fluid intelligence or fluid reasoning is the capacity to think logically and solve
problems in novel situations, independent of acquired knowledge. It is the ability to analyze
novel problems, identify patterns and relationships that underpin these problems and the
extrapolation of these using logic. It is necessary for all logical problem solving, especially
scientific, Mathematical and technical problem solving. Fluid reasoning includes inductive
reasoning and deductive reasoning.

In the Wechsler Intelligence Scale for Children-1V (WISC V) , the Perceptual
Reasoning Index contains two subtests that assess Gf: Matrix Reasoning, which involves
induction and deduction, and Picture Concepts, which involves induction™', Since Matrix
Reasoning and Pictiire Concepts involve the use of visual stimuli and do not require
expressive language, they are considered to be non-verbal tests of Gf

Cognitive clusters from the Woodcock-Johnson [l (WJ 111) Tests of Cognitive
Abilities that measure select Cattell-Hom-Carroll broad and narrow cognitive abilities were
shown to be significantly related to Mathematics achievement in a large, nationally
representative sample of children and adolescents. Multiple regression analyses were used to
predict performance on the Math Calculation Skills and Math Reasoning clusters from the
WJ Il Tests of Achievement for 14 age groups ranging in age from 6 to 19 years. Fluid
Reasoning (G f) demonstrated moderate relations with Math Calculation Skills and moderate

to strong relations with Math Reasoning throughout childhood and adolescence™**®.
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Research that has included instruments that appear to measure Gf abilities(e.g., the
Wisconsin Card Sort Test and the Halstead Category Test) has indicated that suchabilities
are significant correlates of Mathematics achievement

1.4: Working memory & Mathematics: Learning is a complex task that requires a
student to use and apply a range of cognitive skills. A student’s ability to retain information
while performing concurrent processing, often referred to as working memory (WM), is
critical to the acquisition of increasingly more complex knowledge and skills Not
surprisingly, WM is often linked to successful learning and student academic achievement.
According to the academic literature, WM is a very useful measure of a student’s capability
to acquire new information Most students are able to successfully respond to classroom
instruction that requires them to rely on their WM to acquire new knowledge or skills.
Unfortunately, some students struggle and ultimately fail to process information effectively
which, in turn, negatively affects the outcome of instruction.

WM deficits  manifested as:
» Difficulties in following instructions
* Remembering the detailed content of ongoing activities
» Keeping track of progress through multi-step tasks
» Seeing through an activity to satisfactory completion

1.4,1: Working Memory (WM): The term “working memory” is defined as a person’s
ability to temporarily hold and manipulate information for cognitive tasks performed on a
daily basis (e.g., following directions and performing mental Math) It provides a mental
workspace that is used in many important activities in learning. Working memory is a pure
measure ofa child’s learning potential. As it is not influenced by the child’s prior experiences
such as pre-school education, or their socio-economic background, it tells us about a child’s

capacity to learn. It is important in higher-order thinking, learning, and achievement. It can



*r

COGNITIVE FACTORS AN DoRERERRYIAMGEH ReMidd HEMATICS 16

tap concentration, planning ability, cognitive flexibility, and sequencing skill, but is sensitive
to anxiety too. It is an important component of learning and achievement, and ability to self-
monitor.

A student’s ability to master the content of daily instruction largely depends on his or
her ability to successfully process information in WM. This requires students to move
information from short-term memory to long-term memory, where it is stored indefinitely
Most students are able to do so successfully. However, if information that a student is trying
to process overloads their WM, learning and understanding will be negatively affected
Working memory provides the temporary storage that underpins our capacity for complex
thought . WM is generally conceived as a dynamic mechanism that involves the capacity
to store information over short periods of time while engaging in other cognitively
demanding activities

Baddeley and Hitch (1974) proposed a three-component model of working memory in
which two "slave systems" are responsible for short-term maintenance of information, and a
"central executive" is responsible for the supervision of information integration and for
coordinating the slave systems (Phonological Loop & Visuospatial Sketchpad )

Three main components of WM include:

1 Central Executive: It is an attentional control system that selects and operates strategies 'l
The central executive system is responsible for directing attention to relevant information,
suppressing irrelevant information and inappropriate actions, and for coordinating cognitive
processes when more than one task must be done at the same time.

2. Phonological Loop: It is a system for holding and manipulating soimd and speech. It is one
of the slave systems of WM which stores phonological information (that is, the sound of
language) and prevents its decay by continuously articulating its contents, thereby refreshing

the information in a rehearsal loop. It can, for example, maintain a seven-digit telephone
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number for as long as one repeats the number to oneself again and again.

3. Visuospatial Sketchpad: It is the other slave system, the visuo-spatial sketchpad, stores
visual and spatial information. It can be used, for example, for constructing and manipulating
visual images, and for the representation of mental maps. The sketchpad can be further
broken down into a visual subsystem (dealing with, for instance, shape, colour, and texture),

and a spatial subsystem (dealing with location).

The Working Memory Model

Central Executive

Phonological Episodic Visuo-Spatlal
Loop Buffer Scratchpad

Acoustic
Store

Figure-1: Baddeley and Hitch's Working Memory Model.
Source: http://en.wikipedia.org/wiki/Working_memory

In 2000 Baddeley extended the model as multi-component model by adding a fourth
component, the episodic buffer, which holds representations that integrate phonological,
visual, and spatial information, and possibly information not covered by the slave systems
(e.g., semantic information, musical information). The component is episodic because it is
assumed to bind information into a unitary episodic representations’l|

1.4.2: Capacity of Working Memory: Working memory is generally considered to

have limited capacity. The earliest quantification of the capacity limit associated with short-


http://en.wikipedia.org/wiki/Working_memory

COGNITIVE FACTORS ANDoRkRFRRH MGG MMAFHEMATICS 18

term memory was the "magical number seven" suggested by Miller (1956) ~*1 He noticed
that the memory span of young adults was around seven elements, called chunks, regardless
whether the elements were digits, letters, words, or other units. Later research revealed that
span does depend on the category of chunks used (e.g., span is around seven for digits,
around six for letters, and around five for words), and even on features ofthe chunks within a
category. For instance, span is lower for long words than for short words. In general, memory
span for verbal contents (digits, letters, words, etc.) strongly depends on the time it takes to
speak the contents aloud, and on the lexical status of the contents (i.e., whether the contents
are words known to the person or not) Several other factors also affect a person's
measured span, and therefore it is difficult to pin down the capacity of short-term or working
memory to a number of chunks. Nonetheless, Cowan (2001) has proposed that working
memory has a capacity of about four chunks in young adults (and fewer in children and old
adults)

1.4.3: Mea.sures ofworking memory: Working memory capacity can be tested by a
variety of tasks. A commonly used measure is a dual-task paradigm combining a memory
span measure with a concurrent processing task, sometimes referred to as "complex span™.
Daneman and Carpenter invented the first version of this kind of task, the "reading span”, in
1980 Subjects read a number of sentences (usually between 2 and 6) and try to remember
the last word of each sentence. At the end of the list of sentences, they repeat back the words
in their correct order. Other tasks that don't have this dual-task nature have also been shown
to be good measures ofworking memory capacity.  The question ofwhat features a task
must have to qualify as a good measure of working memory capacity is a topic of ongoing
research.

1.4.4: The basisfor proposing relations between working memory and

Mathematical processing: Working memory refers to a mental workspace that is involved in
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controlling, regulating, and actively maintaining relevant information to accomplish complex
cognitive tasks®*, Mathematical competence entails a variety of complex skills that
encompass somewhat different conceptual content and procedures (e.g., arithmetic, algebra,
and geometry); problem solving in these domains often involves the holding of partial
information and the processing of new information to arrive at a solution, which ought to
require working memory resources. This description applies to both early informal
Mathematical problem solving in preschool children and complex Mathematical tasks in
older children and adults, such as multi-step procedures in multi-digit arithmetic, word
problem solving, and numerical estimation Furthermore, very young children
may touch and point to objects to compensate for their developmentally-limited working
memory skills, which are necessary for representing and updating quantitative information
Thus, the very nature of many Mathematical tasks would seem to require or at least be
supported by working memory, and this may be relevant when thinking about both typical
and atypical development of Mathematical skills.

Skills required to solve Mathematical problems are performed by different systems of
working memory. For example: retrieval of Math facts and writing dictated numbers are
performed by the phonological loop of working memory. Mental Math, magnitude
comparisons, and geometric proofs are performed by the visuospatial sketchpad. On the other
hand, deciphering word problems, determining plausibility of result and transcoding mental
operations are performed by the central executive system ofworking memory.

Working memory allows children to hold together the parts of Math problems in their
heads. For example, to perform the mental computation 11 x 25, a child could say, "10 times
25 is 250 and 1times 25 is 25, so adding 250 with 25 gives me 275." The child solves the
problem by holding parts in his or her mind, then combining those parts for a final answer.

Children with low working memory may have following difficulties in Mathematics:
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* Forget Math steps
e Poor regrouping skills
» Difficulty with mental rotation
1.4.5: Research on working memory and Math difficulties: An important and
consistent finding is that working memory is strongly associated with children’s abilities to
learn in key academic domains such as reading and Mathematics
Cognitive clusters from the Woodcock-Johnson 111 (WJ I11) Tests of Cognitive
Abilities that measure select Cattell-Hom-Carroll broad and narrow cognitive abilities were
shown to be significantly related to Mathematics achievement in a large, nationally
representative sample of children and adolescents. Multiple regression analyses were used to
predict performance on the Math Calculation Skills and Math Reasoning clusters from the
WJ 111 Tests of Achievement for 14 age groups ranging in age from 6 to 19 years. Working
Memory displayed moderate relations with both Mathematics clusters throughout childhood
and adolescence
A cluster analysis divided the Mathematical items into two discrete categories that
differed depending on age: For the younger children, items fell into “pure” Math (namely
number and algebra, and mental arithmetic items) and “applied” Math (mainly geometry and
measurement and data handling items); whereas for the older children, the resulting clusters
were easy and difficult items. In the younger children, the central executive, and to a lesser
extent the visual-spatial sketchpad, contributed to performance on both the pure and applied
areas of Math. For the older children, the central executive predicted performance on both the
easy and the hard items, but the phonological loop task predicted performance on the easy
items, and the visual-spatial sketchpad task predicted performance on the difficult items
In adolescents, relations between visual-spatial working memory and Math have been found

[80104) some differences reported for static and dynamic measures of visual- spatial
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working memory, depending on the particular Math skill being measured (e.g., static related
to mental arithmetic and dynamic related to geometry and word problem solving).

One recent study that has combined an individual difference approach with more
precision over Mathematical processes looked at components of working memory as
mediators of performance on several Mathematical tasks in typically developing children and
in children with less and more severe difficulties in Math . For children in grade 1 with
more severe disabilities, tasks tapping the central executive (consisting of verbal and
numerical working memory tasks) fully or partially mediated performance of this group in
detecting errors on a measure of counting knowledge, retrieval errors in simple arithmetic,
and accuracy on a number line estimation task. In contrast, the phonological loop or verbal
memory composite (digit, word, and non-word span) and the visual-spatial memory
composite (static and dynamic tasks) contributed to more specific deficits in Mathematical
cognition: Verbal memory was integral to counting knowledge and visual-spatial memory
was important for the use of min counting while solving complex problems, to number line
estimation, and to identifying and processing number-set information.

In general, the findings fi"om studies of preschoolers, elementary school children, and
adolescents suggest that executive and visual-spatial skills may be recruited for the learning
and application of new Mathematical skills/concepts, whereas the phonological loop may
come into play after a skill has been learned. This may explain the seeming paradox in the
literature that it is both preschoolers and adolescents who use visual-spatial resources to
accomplish developmentally appropriate Mathematical tasks. In the preschool Math
literature, a mental models hypothesis has been applied to explain how visual-spatial
memory resources are linked to Mathematical learning and performance. What is unclear is
whether this same explanation can be applied to new Mathematical learning and/or the use of

particular strategies in older children though it might help to explain some counter-intuitive
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findings such as why visual-spatial abilities are sometimes related to performance on Math
word problem solving These studies point to the importance of task analysis and
knowledge of strategy use as a function of age and experience for both the predictors
(working memory task) as well as the outcomes (particular Mathematical task) when trying to
understand the relation of working memory and Math.

Many studies have examined the relationship between working memory subsystems,
executive functioning, and arithmetic or Mathematics ability. Some studies have attributed
individual differences in Mathematical problem solving (particularly arithmetic) to
inefficiencies in the utilization ofthe phonological system '3 with the role of
the phonological loop being to encode and retain verbal codes used for counting and/or retain
interim solutions. However, a number of studies of children with poor Mathematical skills
have revealed no significant limitations in verbal short-term memory, or limitations being due
to a third factor such as processing speed or co-occurring reading difficulties

Recent research is placing more emphasis on the important role of the visual- spatial
sketch pad in children's early arithmetical skills Visual-spatial skills and visual-spatial
working memory have been found to be related to children's early counting ability ,and to
Mathematics ability in children aged 10 years , 11 years, and 14 years . Studies of
children with specific Mathematical difficulties have shown that they typically perform
poorly on visuo-spatial span measures . One of the identified subtypes of
Mathematical learning disabilities includes those individuals believed to have deficits in
visual-spatial skills™™\, Visual-spatial skills may impact Math at various levels-number
inversions and reversal, misalignment of column digits, problems in visual attention and
monitoring such as ignoring signs or changing operation part-way through completion of
problem, and acquiring concepts of borrowing and carrying. The visual- spatial system also

supports other aspects of non-verbal numerical processing such as number magnitude,
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estimation, and representing information in a spatial form, as in a mental number line
31129 spatial visualization and understanding and manipulation of spatial relations
appear to be particularly important in Math skill development

Holmes, J. & Adams, J. W. (2006) examined the contributions ofthe different
components ofthe working memory (WM) model to a range of Mathematical skills in
children, using measures of WM function that did not involve numerical stimuli. A sample of
148 children (78 Year 3, mean age 8 years and 1 month, and 70 Year 5 pupils, mean age 9
years and 10 months) completed WM measures and age-appropriate Mathematics tests
designed to assess four Mathematical skills defined by the National Curriculum for England.
Visuo-spatial sketchpad and central executive, but not phonological loop, scores predicted
unique variance in children's curriculum-based Mathematical attainment but the relative
contributions of each component did not vary much across the different skills. Subsequently,
the Mathematics data were re-analysed using cluster analysis £ind new performance-related
Mathematics factors were derived. All three components of WM predicted unique variance in
these performance-related skills, but revealed a markedly distinct pattern of associations
across the two age groups. In particular, the data indicated a stronger role for the visuo-spatial
sketchpad in the younger children's Mathematics performance

Working memory can be defined as the ability to hold in mind information in the face
of potentially interfering distraction in order to guide behavior. The experimental
manipulation of working memory tasks has shed considerable light on the probable structure
ofthe human working memory system, and, to a lesser extent, the specific processes captured
by working memory paradigms. However, individual differences research has also had a
crucial role to play in the development of theories of working memory. In particular,
correlational approaches have been particularly informative in three areas of working

memory research, each of which is reviewed here. These are, first, the importance ofworking
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memory measures as correlates of high-level cognitive skills such as reading, Mathematics,
reasoning, and fluid intelligence; second, the extent to which human working memory relies
on domain-general or domain-specific component subsystems, and third, the precise reasons
why working memory measures do relate to other important indices of human cognitive
functioning. The findings fi'om each of these areas suggest that working memory depends on
a combination of domain-specific representational systems and domain-general processing
and control systems, and that working memory measures capture individuals' ability to
combine maintenance and processing demands in a manner that limits information loss from
forgetting or distraction.

Many contributing factors, both domain specific and domain general, influence
children's performance in school achievement. Passolunghi MC & et ai. (2012) conducted a
study to verify the importance of kindergarten measures of cognitive abilities and numerical
competence in the role of predicting Mathematical school achievement at the end of first
grade. A total of 70 children (38 females and 32 males) took part in the study. Children were
tested at the beginning of their last year of kindergarten (time 1) on the following cognitive
abilities: 1Q, phonology, coimting skills, verbal short-term memory, visuo-spatial short-term
memory, working memory, and processing speed. Then, they were tested at end of their last
year of kindergarten (time 2) on a measure of numerical competence and at the end oftheir
first year of primary school (time 3) on a test of Math achievement. Path analysis models
revealed the direct influence of working memory and processing speed on predicting
numerical competence in pre-schoolers and the influence of processing speed and verbal 1Q
on predicting Math achievement in first graders. Moreover, this study found a direct link
between numerical competence and Math achievement. Both domain-specific and domain-
general factors contribute to determining Math achievement at the end of first grade’

The majority of children with poor working memory are slow to learn in the areas of
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reading, Math and science, across both primary and secondary school years

The cognitive literature now shows that Math performance depends on working
memory, for any form of arithmetic and Math that involves processes beyond simple memory
retrieval. In a study on “Visuospatial Working Memory (VSWM) in Adolescents with Poor
Performance in Mathematics: Variation Depending on Reading Skills”. Kyttala, M (2008)
found that a general VSWM deficit in pupils with both Mathematics and reading problems
and a specific VSWM deficit in pupils with only Mathematics problems

The central executive system of working memory is involved in control of attention,
switching retrieval strategies, and activating information in long-term memory. Tasks that
assess it involve both processing and storage of information. The simplest test is back-ward
digit span -recalling a set of digits in the opposite order to that heard. Other tests include
listening span where a child must make judgments about a series of sentences and
subsequently recall the last words of each sentence, and counting span, in which the child
must count the dots on each of a set of pictures and subsequently recall the number on each
picture. Of all the working memory components, central executive assessments tend to
correlate the highest with variation on number tasks (e.g. Cowan, Donlan, New-ton, & Lloyd,
2005), though this can vary with group™”' Using other measures of executive functioning,
some studies have been able to accoimt for more variation"*’

Close links between children’s capacities to store and manipulate information over
brief periods have been found with achievements on standardized measures of vocabulary,
language comprehension, reading, and Mathematics.

Gathercole SE & et al.(2000) aimed to investigate whether working memory abilities
are also associated with attainment levels in the national curriculum assessments at 7 years of
age. Eighty-three children aged 6 and 7 years attending local education authority schools

participated in the study. Working memory skills were assessed by a test battery designed to
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tap individual components of Baddeley and Hitch's (1974) working memory model. Children
were assigned to normal and low achievement groups on the basis of their performance on
national curriculum tasks and tests in the areas of English and Mathematics. Children with
low levels of curriculum attainment showed marked impairments on measures of central
executive fimction and of visuo-spatial memory in particular. A single cut-off score derived
from the test battery successfully identified the majority of the children failing to reach
nationally expected levels of attainment. Complex working memory skills are closely linked
with children's academic progress within the early years of school. The assessment of
working memory skills may offer a valuable method for screening children likely to be at risk
of poor scholastic progress
A longitudinal study by Passolunghi, MC & et al (2008) was designed to investigate
precursors of Mathematics achievement in children. A total of 72 children were tested at both
the beginning and end of first and second grades on measures of the following cognitive
abilities: phonology, counting skills, short-term memory, working memory, and verbal and
performance 1Q. Path analysis models revealed differences in the variables predicting
Mathematics skills of first and second graders. Specifically, in first graders both short-term
and working memory measures mediated the role of verbal 1Q in predicting Mathematics
skills. Also, there was a direct relationship between performance 1Q and Mathematics at first
grade. In contrast, in the longitudinal model, working memory measured both in first and
second grades predicted Mathematics achievement, whereas the relationship between
performance 1Q and Mathematics disappeared. In conclusion, the results demonstrated that
Mathematics learning is predicted not by phonology or counting skills and that working

memory is a plausible mediator in predicting Mathematics achievement in primary school age

children"®"'.
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Geary DC & et.al (2007) conducted a study identifying cognitive factors of
Mathematics. Using strict and lenient Mathematics achievement cutoff scores to define a
learning disability, respective groups of children who are Math disabled (MLD, n=15) and
low achieving (LA, n=44) were identified. These groups and a group oftypically achieving
(TA, n=46) children were administered a battery of Mathematical cognition, working
memory, and speed of processing measures (M=6 years). The children with MLD showed
deficits across all Math cognition tasks, many of which were partially or fully mediated by
working memory or speed of processing. Compared with the TA group, the LA children were
less fluent in processing numerical information and knew fewer addition facts

Approximately 3 to 6% of school children have Mathematical disability many more
children struggle with Mathematics. Empirical investigations have consistently implicated
working memory as a central deficit in children with Mathematical disability

L5: Processing Speed & Mathematics

1.5.1: Processing Speed: Processing Speed is one ofthe measures of cognitive
efficiency or cognitive proficiency. It involves the ability to automatically and fluently
perform relatively easy or over-learned cognitive tasks, especially when high mental
efficiency is required. That is, for simple tasks requiring attention and focused concentration.
It relates to the ability to process information automatically and therefore speedily, without
intentional thinking through

According to National Center for Learning Disabilities, Processing speed affects how
the brain organizes information. It impacts upon a person’s ability to focus on important
things while ignoring less important items, and is what allows the brain to shift from one
activity to another. There are many ways the brain receives information. In school, the two
most common ways students receive and process information are through auditory and visual

input.
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Processing speed generally refers to the varying speed with which individuals are able
to perform cognitive activities such as recognition of simple stimuli. According to the WISC,
processing speed measures children's abilities to focus attention and quickly scan,
discriminate between, and sequentially order visual information. It requires persistence and
planning ability, but is sensitive to motivation, difficulty working imder a time pressure, and
motor coordination too. Cultural factors seem to have little impact on it. It is related to
reading performance and development too. It is related to Working Memory in that increased
processing speed can decrease the load placed on working memory, while decreased
processing speed can impair the effectiveness of working memory

Students with processing speed difficulties may take more time to:

0 recognize simple visual patterns and in visual scanning tasks

0 take tests that require simple decision making

o perform basic arithmetic calculations and in manipulating numbers, since these

operations are not automatic for them

0 perform reasoning tasks under time pressure

0 make decisions that require understanding of the material presented

0 read silently for comprehension

o

copy words or sentences correctly or to formulate and write passages

Efficiency of cognitive processing based on speed of mental activity is diagnosed by
means of standardized tests measuring mental processing speed, which is below the 25th
percentile on psychometric tasks, such as the Processing Speed Index of the Wechsler
Intelligence Scale for Children (WISC-1V) or Wechsler Adult Intelligence Scale (WAIS-II).
A cognitive processing disability must be accompanied with significant academic and/or

professional difficulties.
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Slow processing speed affects a number of cognitive and learning processes. For
example, lack of Math fluency has been associated with slow processing speed. Lack of
automaticity in Math facts contributes to lower achievement in Math computations and/or
Math reasoning. ‘

1,5.2: The basis ofprocessing SpeedA Mathematics: Many factors can affect
academic performance besides intelligence. If processing speed is slow, performance may be
poor—not because a student is a slow thinker or because he lacks ability, but because he has
to wait for information to be processed before he can think about it. For Math to be done
efficiently, Math facts must be retrieved almost instantly. When a student sees the fact “7 X
6” he must immediately think, “42.” Sometimes, however, even though the student knows
this fact, he cannot instantly retrieve it. It might take two or three seconds to pull the number
out of memory. Ifthat happens. Math performance is slowed down tremendously, because a
Math assignment might require the retrieval of hundreds of Math facts.

Children with low processing speed may have following difficulties in doing
Mathematics:
. Difficulty with skill drills
» Slower visual pattern recognition skills
7.5.5; Research on processing speed & Math difficulties: Navarro JI & et.al (2011)
identified the cognitive processes that underlie the individual differences in early
Mathematical performance in elementary school children. Taking into account the Baddeley
framework multicomponent model, the inhibitory processes, working memory, phonological
awareness, and naming speed are considered to be related to early Math learning. To examine
this relationship, we compared the performance of a total of 424 typically developing middle-
class children, aged between 4 and 7 years in a battery of cognitive and early numeric tests:

The Utrecht Early Numeracy Test, the Rapid Automatized Naming Test, Spanish version of
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the Stroop task, the Numeracy Interference Test, Digit Span test, and Phonological
Knowledge Test. The mean age of the participants was 72.21 months (sd = 14.8), and 48.6%
were male and 51.4% were female. The results demonstrated that children performing worst
on central executive, phonological processing, and inhibitory processes showed lower results
in early Mathematical tasks measured by The Utrecht Early Numeracy Test. Results
supported the notion that the executive system is an important predictor of children's
Mathematical performance

A study was conducted to identify the beginning of 1st grade quantitative
competencies that predict Mathematics achievement start point and growth through 5th grade.
Measures of number, counting, and arithmetic competencies were administered in early 1st
grade and used to predict Mathematics achievement through 5th (n = 177), while controlling
for intelligence, working memory, and processing speed. Multilevel models revealed
intelligence and processing speed, and the central executive component of working memory
predicted achievement or achievement growth in Mathematics and, as a contrast domain,
word reading. The phonological loop was uniquely predictive of word reading and the
visuospatial sketch pad of Mathematics

Rose SA & et.al (2011) identified deficits in executive functioning in pre-adolescent
pre-terms and modeled their role, along with processing speed, in explaining preterm/flill-
term differences in reading and Mathematics. Pre-terms (< 1750 g) showed deficits at 11
years on a battery of tasks tapping the three basic executive functions identified by Miyake -
updating/working memory, inhibition, and shifting. Confirmatory factor analysis showed that
these executive functions, though correlated, were distinct fi'om one another and from
processing speed, which later proved to account for much of the intercorrelation among
executive fiinctions. In the best-fitting structiual equation model, the negative effects of

prematurity on achievement were completely mediated by the three executive functions and
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speed in a cascade of effects: prematurityslower processing speed —»poorer executive
functioning (working memory) —>lower achievement in Math and reading

Chan BM & at al.(2010) examined how four domain-specific skills (arithmetic
procedural skills, number fact retrieval, place value concept, and number sense) and two
domain-general processing skills (working memory £ind processing speed) may account for
Chinese children's Mathematics learning difficulties. Children with Mathematics difficulties
(MD) oftwo age groups (7-8 and 9-11 years) were compared with age-matched typically
achieving children. For both age groups, children with MD performed significantly worse
than their age-matched controls on all ofthe domain-specific and domain-general measures
[23]_

Children's arithmetical difficulties are often explained in terms of a short-term
memory deficit. However, the underlying cause ofthis memory deficit is unclear, with some
researchers suggesting a slow articulation rate and hence increased decay of information
during recall, while others offer an explanation in terms of slow speed of item identification,
indicating difficulty in retrieving information stored in long-term memory. General
processing speed is also related to measures of short-term memory but has rarely been
assessed in studies of children's arithmetic. Measures of short-term memory, processing
speed, sequencing ability, and retrieval of information from long-term memory were
therefore given to 7-year-old children. When reading ability was controlled for, arithmetic
ability was best predicted by processing speed, with short-term memory accounting for no
further unique variance. It was concluded that children with arithmetic difficulties have
problems specifically in automating basic arithmetic facts which may stem fi-om a general
speed of processing deficit

Processing Speed (Gs) demonstrated strong to moderate relations with Basic

Mathematics Skills throughout the lifespan and moderate relations with Mathematics



COGNITIVE FACTORS AN DoRfedlhfBiyifsdifidaal ReeMidry HEMATICS 32

Reasoning through young adulthood. McGrew KS & et al. (1997) found that Fluid reasoning
(Gf), Comprehension-Kjiowledge (Gc), and Gs were strong predictors of Mathematics
Reasoningf®™*. Keith (1999) also found that measures of Mathematics achievement were
strongly influenced by Full Scale 1Q and a number of other CHC broad cognitive abilities,
such M Ge, Gf, and Gs. The relations between Processing Speed (Gs) and more domain-
specific processing of Mathematical information corroborate the results of a number of
studies that have demonstrated a strong influence of speed of processing (a.k.a., operational
efficiency) during Mathematics performance™*. These fmdings also are consistent with a
wide array of research that indicates that speed of processing is important during the early
stages of acquiring most cognitive and academic skills 10S,113,126]

Whereas Bull & Johnston (1997) found general processing speed was the strongest
predictor of arithmetic proficiency and explained away the associations with working
memory and Rapid Automatic Naming (RAN)M, others have not; Hitch GJ & et al, (2001)
found working memory to be a stronger predictor than processing speed”|

1.6: Verbal working memory & Math

1.6.1: Verbal working memory: A particularly human form of working memory that
appears to play a significant role in language comprehension and problem-solving is verbal
working memory (Jonides, 1995). According to at least one influential model, verbal working
memory has three components: a buffer to store phonological codes, a rehearsal process to
refresh those codes, and a set of executive processes to manipulate the contents of the buffer
in the service of higher cognitive demands (Baddeley, 2000).

Recent research has found that verbal working memory factor associated with both
the phonological loop and verbal central executive tasks, and non-verbal working memory

factor associated with both the visuospatial sketchpad and non-verbal central executive tasks

[z
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1.6.2: Measures ofVerbal working memory: Since Digit span backward is most often
described as a measure of verbal working memory, involving both the phonological loop and
the central executive

Digit span backward tasks can be performed using non-verbal strategies. Although
most researchers agree that digit span backward is a measure of simultaneous storage and
transformation, in what form is the relevant information stored and how is it transformed?
There does not appear to be a definitive answer to this question, as strategy use is likely to be
important. Digit span backward is most often described as a measure of verbal working
memory, involving both the phonological loop and the central executive, and in some studies
digit span backward does show effects of phonological similarity*"\,

In a recent study, children’s ability of verbal working memory was measured by the
combination of following tasks. In the listening recall task, the child is presented with a
series of spoken sentences, has to verify the sentence by stating “true” or “ false,” and
recalls the final word for each sentence in sequence. Test trials begin with one sentence, and
continue with additional sentences in each block until the child is unable to recall three
correct trials at a block. In the counting recall task, the child is presented with a visual array
ofred circles and blue triangles. She or he is required to count the number of circles in an
array and then recall the tallies of circles in the arrays that were presented. The test trial
begins with one visual array, and increases by an additional visual array in each block, until
the child is unable to correctly recall four trials. Each visual array stayed on the computer
screen until the child indicated that she or he had completed counting all the circles. If the
child made an error in counting the circles and recalled this incorrect sum, they were not
penalized. In the backwards digit recall task, the child is required to recall a sequence of
spoken digits in the reverse order. Test trials begin with two numbers, and increase by one

number in each block, until the child is unable to recall four correct trials at a particular
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block. The number of correct trials was scored for each child. For children aged 4.5 and 11.5
years, test ~ retest reliability is .81, .79, and .64 for listening recall, counting recall, and
backward digit recall, respectively.

It is worth noting that the present study included forward digit recall as a measure of
verbal short-term memory and backward digit recall as a measure of verbal working memory.
This decision was based on findings that in forward digit recall, the processing load is
minimal as children immediately recall number sequences. In contrast, in the backward digit
recall task there is an added requirement to recall the digits in reverse sequence that imposes
a substantial processing load on the child as illustrated by the finding that forward digit spans
are higher than backward digit spans Correspondingly, short-term memory skills
(such as forward digit recall) are much more weakly associated with general academic and
cognitive performance than working memory skills as measured by backward digit recall’’
46]_

L6.3: Research on verbal working memory and Math difficulties: In a recent study,
children at Key Stages 2 and 3 ofthe National Curriculum (aged 11 and 14 years) were tested
on measures of the phonological loop and visuospatial sketchpad as well as both verbal and
nonverbal central executive tasks. Analyses were then used to explore the relationship
between working memory and National Curriculum test scores in English, Mathematics and
science. The results suggested that both verbal and non-verbal working memories are
important predictors of National Curriculum test scores

The relationship between verbal and visual-spatial working memory and
Mathematical computation skill was examined in children and adults with and without
disabilities in Mathematics. A hierarchical regression analysis showed that, when partialing
for the influence of reading ability, age, and gender. Mathematical computation was better

predicted by verbal than by visual-spatial working memoryf*"»,
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A recent meta-analysis of 28 studies comparing the cognitive characteristics of
children with and without Math difficulties suggests that differences in verbal working
memory characterize children with Math difficulties after controlling for effects of several
other variables, such as age, 1Q, naming speed, and short-term memory for words and
digits®*However, the measures of verbal working memory often required the use of
number information because some studies combine verbal and numerical working memory
tasks into a composite measure of the central executive and other studies use only
numerical tasks as their indicator of verbal working memory MWW - Although working
memory tasks that employ numerical information are considered to tap verbal working
memory, these tasks have also been referred to as domain specific (i.e., number-specific)
measures of working memory . The two most commonly used numerical working memory
tasks are digit span backward, whereby participants are presented with a sequence of numbers
and are asked to reproduce the sequence in the reverse order of presentation; and counting
span, which involves remembering numbers of counted objects, for example, counting the
yellow dots in a set of yellow and blue dots for a specified number of sets (typically 2-5), and
then recalling the counts for each set in the correct order. The assumption that numerical
working memory tasks are de facto measures of verbal working memory and that different
numerical working memory tasks provide similar measures of verbal working memory
deserves some scrutiny as discussed below.

Numerical measures of verbal working memory are more fi'equently related to Math
difficulties than are non-numerical measures of working memory. Studies that have separated
verbal working memory measures without numerical information (e.g., word span backward)
from those involving number (e.g., digit span backward) have found that the latter, but not

the former distinguish children with difficulties in Math
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Furthermore, studies employing verbal working memory tasks, such as the listening
span task (with concurrent language comprehension and recall) that likely require greater
central executive resources than backward word span or digit span tasks do not consistently
differentiate between children with and without Math . The
stronger relation between numerical versus non-numerical measures of verbal working
memory and Math is consistent with studies demonstrating the importance of domain specific
knowledge to general cognitive performance including memory
Math difficulties are more consistently predicted by counting span versus backward digit
span. In several studies, counting span distinguishes children with Math difficulties from their
typically achieving peers 11,128] findings are not as consistent for digit span
backward: several studies report null findings"*"*”M*\ some studies find differences between
groups of children with Math difficulties and typically achieving children 102,117,128].
and yet other studies fmd that digit span backward specifically distinguishes children with
severe Math difficulties from both children with less severe Math difficulties, and children
with typical achievement in Math™*"\,

1.7: Evidence Related to Poor Performance in Mathematics of Children in
Bangladesh:

In Bangladesh one ofthe major causes of academic failure is student’s poor
performance in English and Mathematics. But there is very few evidence about the causes of
poor performance in Mathematics of school children in Bangladesh.

Reviewing literatures and both of the results of Primary Education Terminal
Examination, and Junior School Certificate Examination (JSC), it was found that school
children in Bangladesh showed lack of competency and lack of performance in Mathematics

and English which had a huge impact on overall pass rate in those exams.
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In the results of Primary Education Terminal Examination-2009, subject-wise stats
showed that students did well in Paribesh Parichiti Samaj (social science) with 99.46 percent
passing while they did not do that well in Mathematics and English as the pass percentages in
these subjects are 90.57 and 94 respectively*"*"°|

After announcing first Junior School Certificate Examination (JSC) exam results of
Bangladesh, Education Minister Nahid said “most of the students failed in three subjects -
English, Mathematics and science. "We've formed three committees to know the reasons and
overcome it in future.

In 2000, Campaign for Popular Education (CAMPE) in Bangladesh conducted a study
to assess the achievement of students in terms of the terminal competencies at the end of
primary cycle. A paper-pencil based standardized achievement test for 27 cognitive
competencies and a separate tool for 40 non-cognitive competencies in which teachers
appraised their own students were developed for the purpose. The instruments developed
were satisfactory in terms of both the internal and external validity. Students of Class V of
three sub-systems, viz., government, private (non-government registered/ unregistered), and
non-formal were assessed just before the end of their five-year cycle of primary education.
Competencies in Mathematics included arithmetic skills of the students including geometry.
The five competencies assessed under this area included basic numbers, four basic rules,
problem solving in everyday life, measurement units, and identification of geometric figures.
A total of 15 question items were included in the instrument. Performance in Mathematics
was much worse than that of Bangla, but slightly better than English language. Only 11.6%
of the assessed students achieved all five Maths competencies and 13.3% achieved none

In 2007 Campaign for Popular Education (CAMPE) in Bangladesh conducted a study
to assess the extent of attainment ofthe learning objectives by the students of the two streams

and identifying factors affecting their attainment. Development of a uniform test on four
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subject areas, viz., Bangla, English, Mathematics and Everyday Science through a rigorous
process and its administration on the students of grade X in 2007 created the necessary data
for this objective. Ofthe four subject areas, the students showed best performance in
Everyday Science followed respectively by Bangla, English, and Mathematics. The boys
demonstrated significantly better performance than the girls. And the results also revealed
that the students find Mathematics most difficult subject followed by English

From the above discussion, it has been found that failure in Mathematics of students
have a great impact on the National Pass Rate which need to be addressed to minimize the
discrepancy of pass rate with developed countries. To handle the existing situation,
programmes and initiatives need to be taken both from governmental and non-governmental
levels. Knowing the accurate causes regarding the situation is the first considerable aspects of
designing effective programmes. From this perspective, the present study gives attention to
identify the causes of failure in Mathematics of school children in Bangladesh since there
were very limited literatures regarding this issue. From the existing literature, it has been
foimd that a great variety of cognitive factors contributing in performance of Mathematics.
Among various cognitive factors, the present study was restrained to know the contributions
of cognitive factors such as: verbal comprehension, fluid reasoning, working memory,
processing speed, and verbal working memory on failure in Mathematics. Definitions of
verbal comprehension, fluid reasoning, working memory, processing speed, and verbal
working memory for this study were presented below:

Verbal comprehension is children's ability to listen to a question, draw upon learned
information from both formal and informal education, reason through an answer, and express
their thoughts aloud.

Fluid intelligence or fluid reasoning is the capacity to think logically and solve

problems in novel situations, independent of acquired knowledge. It is the ability to analyze



COGNITIVE FACTORS ANDbRERFRENIMGENMbEAFHEMATICS 39

novel problems, identify patterns and relationships that underpin these problems and the
extrapolation of these using logic. Fluid reasoning includes inductive reasoning and deductive
reasoning.

Processing speed is children's abilities to focus attention and quickly scan,
discriminate between, and sequentially order visual information. It requires persistence and
planning ability, but is sensitive to motivation, difficulty working under a time pressure, and
motor coordination too.

Working memory assesses children's ability to memorize new information, hold it in
short-term memory, concentrate, and manipulate that information to produce some result or
reasoning processes. It is important in higher-order thinking, learning, and achievement. It
can tap concentration, planning ability, cognitive flexibility, and sequencing skill, but is
sensitive to anxiety too. It is an important component of learning and achievement, and
ability to self-monitor.

Verbal working memory is a form of working memory that appears to play a
significant role in language comprehension and problem-solving is called verbal working
memory. It is associated with both the phonological loop and verbal central executive tasks.
1.8: Rationale of the Study

Many students all over the world struggle with Mathematics. Also, in Bangladesh one
ofthe major causes of academic failure is student’s poor performance in English and
Mathematics. However, the performance of students in Mathematics has been a great concern
to parents and teachers since it affects all aspects of students’ life. Mathematics is considered
as an important subject for students as it carry solid marks which have a great impact on their
overall academic results. Futher choice of education also depends on students’ performance
and confidence in Mathematics. For example, performance in Mathematics is one ofthe

important considerations for our multi-tract education system for deciding whether students’
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take science or not as their stream of education. Mathematical reasoning also facilitates our
day to day fLmctioning. Mathematics is considered as a difficult course since its content and
procedural aspects are completely different fi'om other subjects. Because lots of practices and
understanding are required for solving math problems while students can answer questions of
other subjects simply by rote memorization. Performance in Mathematics also affects the
psychological aspects of students. Students who perform poor in Mathematics become
helpless, lose their confidence and ultimately develop Math anxiety.

National pass rate of Bangladesh is affected greatly by the pass rate in Mathematics.
According to Education for All (EFA), national pass rate is one of the important determinants
of ensuring quality education of Bangladesh. And in case of national pass rate Bangladesh is
also lagged behind fi'om the developed countries in the world. So, the concern is to increase
national pass rate. By reducing failure or poor performance in Mathematics could be one of
the significant means of it.

To resolve the existing situation, first of all it is necessary to identify the factors
affecting performance in Mathematics. Several studies have been conducted for identifying
causes of poor performance in Mathematics. These studies suggested that both cognitive and
affective factors related to poor performance in Mathematics. But in Bangladesh there were
very few evidence regarding association of cognitive factors with attainment in Mathematics.
So, the present study was designed to identify contributing cognitive factors in failure of
Mathematics.

The findings of this study would provide a clear imderstanding about contribution of
cognitive factors with poor performance in Mathematics which would play a vital role in the
field of educational psychology. It would be helpful for the educational psychologists as well
as other professionals to develop appropriate and early intervention for children with Math

difficulties. It could also contribute in improving National pass rate of students in
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Bangladesh and thereby ensure quality education . This study will also highlight the potential
areas for further researches.
1.9: Objective of the study

1.9.1: General objective: To investigate the contribution of cognitive factors as
determining cause of poor performance in Mathematics.

To meet the objective of the study, cognitive factors of three types of Math
performance groups were compared. First Math performance group included students who
failed only in Mathematics, second group included students who failed in Mathematics as
well as in one of other subjects, and the third group included students who did not fail in
Mathematics or in other subjects in their last two successive exams of schools.

1.9.2: Specific Objectives:

1 To seewhether  Math performance groups differin termsofverbal comprehension
2. To seewhether Math performance groups differin terms of fluid reasoning
3. To seewhether  Math performance groups differin terms  of working memory
4. To seewhether Math performance groups differin terms  of processing speed.
5. To see whether Math performance groups differ in terms of verbal working memory.
6. To explore the contribution of verbal comprehension in poor performance of

Mathematics.

7. To explore the contribution of fluid reasoning in poor performance of Mathematics.
8. To explore the contribution of working memory in poor performance of Mathematics.
9. To explore the contribution of processing speed in poor performance of

Mathematics.

10. To explore the contribution of verbal working memory in poor performance of

Mathematics.



Methodology

Chiapter-2
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2. Methodology

2.1: Research Design:

The purpose of the present study was to investigate role of cognitive factors as the
causes of failure in Mathematics of school children. 3X 2 quasi experimental design was
used to meet this objective.

Table-}
The study design

Math performance groups

Grade Level
Math Specific Math General Comparison
group
Primary Measures of Measures of
o Measures of
cognitivefactors cognitivefactors o
cognitivefactors
Measures of Measures of Measures of
Secondary o
cognitivefactors cognitivefactors cognitivefactors
A. Independent Variable: Independent variables of the present study were based on

two major characteristics. One important characteristic of independent variable was levels of
Math performance which was divided into following groups:
i.  Math Specific group: The group of students who have failed in only in Mathematics
in last two consecutive exams was denoted as Math-specific group.
ii. Math Generalgroup: The group of students who have failed in Mathematics and at

least one of other subjects in last two consecutive exams was denoted as Math-general

group.
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iii.  Comparison group: The group of students who have neither failed in Mathematics
nor in other subjects in last two consecutive exams was denoted as Comparison group.
Another important characteristic of independent variable was grade level which was divided
into two groups: i) Primary level & ii) Secondary level.

B. Dependent Variable; Dependent variables of the present study included cognitive
factors: Verbal Comprehension, Fluid Reasoning, Working Memory, Processing Speed, &
Verbal working memory,

2.2; Sampling:

The sample was comprised of a total 66 school children between age range of 8 to 16
years of both primary and secondary grade levels. The sample of the present study was drawn
from south west zone of Dhaka city. Three Thanas were selected conveniently from this zone.
These were: Dhanmondi, Newmarket and Nilkhet Thana. One ofthe purposes of chosing
these Thana was to cover wide range of socio-economic class. A list of schools in Dhaka was
collected from the Board of Intermediate and Secondary Education, Dhaka. Both government
and non-government schools followed curriculum provided by National Curriculum and
Textbook Board were included in this list. Five schools were selected randomly from 15
schools located in those three Thanas. Students were selected in following ways:

2.2.1: Sampling of Math Specific Group: From each school a list of Math specific
students was prepared based on academic records maintained by the schools. They were sent
an informed consent letter explaining the purpose of the study. Among those who have given
consent to take part in the study were included as Math specific group.

2.2.2: Sampling of Math Specific Group; A list for Math general group was
prepared based on academic records maintained by the schools.. They were sent an informed
consent letter explaining the purpose of the study. Among those who gave consent and

matched in terms of sex, grade, and school with Math specific group were included as Math
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general group.

2.2.3: Sampling of Comparison Group: In the same way, a list of comparison group
was prepared from each school based on academic records maintained by the schools. Among
those who were matched in terms of sex, grade, and school with Math specific and Math
general group were sent an informed consent letter explaining the purpose of the study.
Among those who have given consent to take part in the study were included as comparison
group.

2.3: Sample

The sample was comprised of a total 66 students of three Math performance groups.

i) Math specific group: This group was consisted of 22 students of both primary and
secondary levels. Both boys and girls were included in this group.

i) Math general group: This group was consisted of 22 students of both primary and
secondary levels. Both boys and girls were included in this group.

iii) Comparison group: This group was consisted of 22 students of both primary and
secondary levels. Both boys and girls were included in this group.

All of the students of above groups were collected from 4 schools. As sample with
required criteria was not available one school has been excluded. The schools were:
University Laboratory School & College, Nilkhet High School, Dhanmondi High School and
Meherunnessa Girls’ School & College.

Distribution of sample has been presented in the following tables:
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Above table shows that boys are higher in number than girls in the representative

sample of present study.

46
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From the table-3, it has been found that more than one third of the total students were
taken from University Laboratory School & College.

Table-4

Above table showed that students of secondary grade level were higher in number

than students of primary grade level.
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Table-5

From the above table it has been found that highest numbers of students were taken
grade eight while the lowest numbers of students were taken from grade three and grade nine.

It was also found that, about half of die total students were taken from grade 7 & grade 8.
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2.4: Measuring Instruments:

Verbal Comprehension, Fluid Reasoning, Working Memory, Processing Speed, &
Verbal working were measured by using Wechsler Intelligence Scale for Children -Fourth
Edition (WISC-1V). The description of this scale has been presented in the following section.

2.4.1: Wechsler Intelligence Scale for Children -Fourth Edition (WISC-1V): The
Wechsler Intelligence Scale for Children -Fourth Edition (WISC-1V) is an individually
administered clinical instrument for assessing the cognitive ability of children aged 6 years
through 16 years 11 months. It can be used to conduct research on cognitive development,
intellectual assessment and cognitive processes. The WISC-1V is composed of 15 subtests; 10
core subtests and 5 supplemental subtests. Ten core subtests are block design, similarities,
digit span, picture concepts, coding, vocabulary, letter-number sequencing, matrix reasoning,
comprehension, and symbol search, and five supplemental subtests are picture completion,
cancellation, information, arithmetic, and word reasoning. Ten core subtests are divided into
four indices such as: verbal comprehension, perceptual reasoning, working memory and
processing speed. Similarities, vocabulary, and the comprehension are the core verbal
comprehension subtests. Block design, picture concepts, and matrix reasoning are the core
subtests for perceptual reasoning. Digit span and letter-number sequencing are the core
working memory subtests and Coding and symbol search are the core processing speed
subtests

Subtests of WISC-IV are divided into four indices: Verbal Comprehension Index,
Perceptual Reasoning Index, Working Memory Index and Processing Speed Index.

Verbal Comprehension Index (VCI): The VCI is a measure of verbal concept
formation. It assesses children's ability to listen to a question, draw upon learned information
from both formal and informal education, reason through an answer, and express their

thoughts aloud. It can tap preferences for verbal information, a difficulty with novel and
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unexpected situations, or a desire for more time to process information rather than decide "on
the spot.” It's a good predictor of readiness for school and achievement orientation, but can be

influenced by background, education, and cultural opportunities

Verba) Comprehension Perceptual reasoning
Similarities Block design
Vocabulaiy Picture concept

Comprehension Matrix Reasoning
Information Picture Completion

Word reasoning

FSIQ
Digit Span
Letter-number Coding
Sequencing Symbol search
Arithmetic Cancellation

Note: Supplemental subtests are shown in italic

Figure-2: WISC-IV Test Framework
Subtests of VCT:

i Similarities: The similarities subtest is a core verbal comprehension subtest. The
child is presented two words that represent common objects or concepts and describes how
they are similar. It designed to measure verbal reasoning and concept formation. It also

involves auditory comprehension, memory, distinction between non-essential and essential
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features, and verbal expression. The similarity has 23 items

a. Vocabulary: Vocabulary is designed to measure a child’s word knowledge and
verbal concept formation. It also measures a child’s fund of knowledge, learning ability,
long-term memory, and degree of language development. Other abilities that may be used by
the child during this task include auditory perception and comprehension, verbal
conceptualization, abstract thinking. Vocabulary has 36 items, including 4 picture items and
32 verbal items

ili.Comprehension: Items require the child to answer questions based on his or her
understanding of general principles and social situations. It is designed to measure verbal
reasoning and conceptualization, verbal comprehension and expression, the ability to evaluate
and use past experience, and the ability to demonstrate practical information. It involves
knowledge of conventional standards of behavior, social judgment and maturity and common
senses. The comprehension has 21 items

iv.Information: Information is a supplemental verbal comprehension subtest. For
each item, the child answers questions that addressed a broad range of general knowledge
topics. It is designed to measure a child’s ability to acquire, retain and retrieve general and
factual knowledge. It involves crystallized intelligence, long-term memory, and the ability to
retain and retrieve information from school and environment. Other skills that may be used
by the child include auditory perception and comprehension, and verbal expressive ability.
The information has 33 items

v. Word Reasoning: Word Reasoning is a supplemental verbal comprehension subtest.
The child is asked to identify the common concept being described in a series of clues. It is
designed to measure verbal comprehension, analogical and general reasoning ability, verbal
abstraction, domain knowledge, the ability to analyze and synthesize different types of

information, and the ability to generate alternative concepts
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Perceptual Reasoning Index (PRI): The PRI is a measure of non-verbal and fluid
reasoning. It assesses children's ability to examine a problem, draw upon visual-motor and
visual-spatial skills, organize their thoughts, create solutions, and then test them. It can also
tap preferences for visual information, comfort with novel and unexpected situations, or a
preference to leam by doing
Subtests o fPRI

i.Block Design: Itis a core Perceptual Reasoning subtest. All items require the child
to view a constructed model or picture in the Stimulus Book and use red and white blocks to
re-create the design within a specified time limit. It designed to measure the ability to analyze
and synthesize abstract visual stimuli. It also involves non-verbal concept formation, visual
perception and organization, simultaneous processing, visual-motor coordination, leaming,
and the ability to separate figure and ground in visual stimuli. The Block Design has 14 items
[125]

ii.Picture Concepts: It is a core Perceptual Reasoning subtest. For each item, the
child is presented with two or three rows of pictures and chooses one picture from each row
to form a group with a common characteristic. It is designed to measure abstract, categorical
reasoning ability. ltems are sequenced to reflect increasing demand on abstract reasoning
ability. The Picture Concept subtest has 28 items

in.Matrix Reasoning: It is a core Perceptual Reasoning subtest. For each item, the
child looks at an incomplete matrix and selects the missing portion from 5 response options.
It has long been recognized that matrix analogy tasks are good measures of fluid intelligence
and reliable estimates of general intellectual ability. Matrix reasoning task are relatively
culture fair and language-free and require no hand manipulation. The matrix reasoning
subtest has 35 items

iv,Picture Completion: It is a supplemental Perceptual Reasoning subtest. All items
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require the child to view a picture and then point to or name the important part missing within
a specified time limit. It is designed to measiire visual perception and organization,
concentration, and visual recognition of essential details of object. The picture completion
subtest has 38 items

Working Memory Index (WMI): The WMI is a measure of working memoiy. It
assesses children's ability to memorize new information, hold it in short-term memory,
concentrate, and manipulate that information to produce some result or reasoning processes.
It is important in higher-order thinking, learning, and achievement. It can tap concentration,
planning ability, cognitive flexibility, and sequencing skill, but is sensitive to anxiety too. It is
an important component of learning and achievement, and ability to self-monitor
Subtests o f WMI:

i.Digit span: It is a core working memory subtest composed of two parts: Digit Span
Forward and Digit Span Backward. Digit Span Forward requires the child to repeat number
as same order as read allowed by the examiner, and Digit Span Backward requires the child
to repeat the number in the reverse order as presented by the examiner. The sub-test is
designed as a measure of auditory short-term memory, sequencing skills, attention and
concentration. The digit span forward task involves rote learning and memory, attention,
encoding and auditory processing. Digit Span Backward involves working memory,
transformation of information, mental manipulation, and visuospatial imaging. There are
eight items in Digit Span Forward and eight items in Digit Span Backward

a.Letter-Number Sequencing: It is a core working memory subtest. The child is read
a sequence of numbers and recalls the numbers in ascending order and the letters in
alphabetical order. The task involves sequencing, mental manipulation, attention, short-term
auditory memory visuospatial imaging and processing speed. Letter-Number Sequencing

consists of 10 items with 3 trials each
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in.Arithmetic: It is a supplemental Working Memory subtest. The child mentally
solves a series of orally presented arithmetic problems within a specified time limit. It
involves mental manipulation, concentration, attention, short-term and long-term memory,
numerical reasoning ability, and mental alertness. It may also involve sequencing, fluid
reasoning, and logical reasoning. Arithmetic consists of 34 items

Processing Speed Index (PSI): The PSI is a measure of processing speed. It assesses
children’s abilities to focus attention and quickly scan, discriminate between, and sequentially
order visual information. It requires persistence and planning ability, but is sensitive to
motivation, difficulty working under a time pressure, and motor coordination too. Cultural
factors seem to have little impact on it. It is related to reading performance and development
too. It is related to Working Memory in that increased processing speed can decrease the load
placed on working memory, while decreased processing speed can impair the effectiveness of
working memory
Subtests o fPSI:

i.Coding: The Coding subtest is a core Processing Speed subtest. The child copies
symbol that are paired with simple geometric shapes or numbers. Using a key, the child
draws each symbol in its corresponding shape or box within a specified time limit. In addition
to processing speed, the subtest measures short-term memory, learning ability, visual
perception, visual-motor coordination, visual scanning ability, cognitive flexibility, attention
and motivation. It may also involve visual and sequential processing

a.Symbol Search: The Symbol Search subtest is a core Processing Speed subtest. The
child scans a search group and indicates whether the target symbol(s) matches any of the
symbols in the search group v~ thin a specified time limit. In addition to processing speed, the
subtest also involves short-term visual memory, visual-motor coordination, cognitive

flexibility, visual discrimination, and concentration. It may also tap auditory comprehension.
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perceptual organization and planning and learning ability

iii.Cancellation: The Cancellation subtest is a supplemental processing speed subtest.
The child scans both a random and structured arrangement of pictures and marks target
pictures within a specified time limit. It is designed to measure processing speed, visual
selective attention, vigilance, and visual neglect

Reliability of WISC-1V: Reliability for the WISC IV was examined by computing
internal consistency values (split half correlations) or test-retest reliability. Two subtests
improved in reliability compared to the older version of the test, likely due to the updates to
the test. All the subtest values were recomputed as well using 16 special groups (ADHD,
LDs, LD/ADHD, Mild and Mod MR...) and values were comparable. Some subscales
dropped below .79, but 94% maintained .79 or better, with many increasing to .90 or better
11251

Test-retest reliability was computed based on 243 children across the 11 age groups,
tested twice in 32 days on average (13 to 63). Results were at minimum .76, but most were in
the .80s. Of note, these reliabilities are based on the whole sample, and at specific age ranges,
Sattler points out, the numbers are sometimes shakier. Thus, treat subscale scores as less
stable compared to index scores and the FSIQ. Interscorer reliability by experts was generally
.98, with Comprehension dipping to .95. However, carelessness can drop this number
drastically. Sattler quotes studies of graduate students and master's level clinicians finding
about 8 errors per protocol, and errors in 34% to 42% of all protocols

Validity of WISC-1V: Validity for the WISC IV was assessed in a number of ways.
Content Validity was established by reviewers and experts, as well as creating content
similar to other, established tests to expand the evaluation base of die WISC IV. The response

process was examined as well with multiple choice formats to detect common errors, having
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children explain their responses to highlight alternate acceptable answers, and altering stimuli
as a resultt' I

Convergent Validity was established by examining the subtest inter-correlations.
While all subtests should tap Full Scale 1Q score to some extent, and thus correlate positively
to some extent, subscales on the same index should correlate most strongly with each other.
After this, subtests from different scales should have stronger correlations if they both are
strongly related to Full Scale 1Q score

Discriminant Validity was established by conducting an updated factor analysis. As
reported in the technical and Interpretive Manual, each of the subtests on an index has factor
loadings above .60 with their own index and far lower loadings on the others. The only
exception was Picture Concepts. Picture Concepts loads .45 on PRI, with .19 being the next
highest loading anywhere else, and it typically shows the weakest loadings of any subtest on
an index across the age groups. Sattler generally agrees with the new factor structure

2.4.2: Academic Results: Performance in Mathematics was determined by the
obtrained marks in all subjects of last two consequetive exams in schools. Marks were
collected from the record book maintained by the schools.

2.4.3: Personal and Demographic questionnaire: This questionnaire was designed
to obtain demographic and developmental information that might have an influence on
children’s intelligence and academic attainment. [Appendix-2]

2.5: Data Collection Procedure

2.5.1: Preparatory Stage:

2. S.1.1: Training: At first the researcher has received intensive training for 2 weeks
by an expert on administrative procedure and scoring system of WISC-IV. This training was
followed by practice trial of administration and scoring under supervision. Possible variation

or error has been noted and tailored to accuracy.
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2.5.1.2: Preparation ofmeasuring instrument:

a. Familiariry ofitems: The test was administered on 5 students of English Medium
School to see the familiarity and suitability the items of the subtests of WICS-IV for our
culture. No notable difficulty was found in following procedural directions. Further experts’
opinion on cultural biasness, unfamiliarity, and item difficulties was obtained.

b. Translation ofkey instructions: The record form consisting of 10 pages were
printed and a set of WISC-1V test items were reproduced to use in this research. Then the key
instructions for administration of WISC-1V were translated into Bangla. The Bangla
instruction of each items were written on stickers and pasted on the specific areas of

reproduced manual.

c. Firsttryout: For first tryout the test was administered on a sample of 50 students
between the age ranges of 6 to 16 years 11 months using the Bangla translated instructions.
Although certain pictures, words, and concepts were identified for unfamiliarity, no notable
difficulty in following procedural directions. Simple changes in Bangla translation were made
according to the experts’ opinion based on the results of first tryout.

d Determining reliability oficey translations: The test was administered on 30

students between the age ranges of 6 to 16 years using the modified Bangla translated
instructions. Internally consistency was measured for subtests (except coding, symbol search
& cancellation) of WISC-IV and was found significant and satisfactory. Alpha score of those
subtests ranged irom .71 to .92. Split-halfreliability was also measured for subtests (except
coding, symbol search & cancellation) of WISC-1V and was found significant and
satisfactory. For core subtests of WISC-1V, Guttman split-half reliability coefficient was
ranged from .67 to .84. But for block design it was .45 and for comprehension it was .57. For
supplemental subtests of WISC-1V, Guttman split-halfreliability coefficient was ranged from

.60 to .79.
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Test-retest reliability was computed for coding, symbol search & cancellation based
on the scores of 30 students between age ranges of 6-16 years. Test-retest reliability co-
efficient was ranged between .74 and .81.

e. Delermining validity o fkey translations: Content validity of the scale was obtained
fi-om experts’ opinion and through modifying the translated Bangla instructions accordingly.
Significantly moderate to high correlations between scaled score of subtest and Full scale 1Q
score as well as between scaled score of subtest and composite score within the same index
provided the evidence of convergent validity.

Convergent Validity was established by examining the correlations between scaled
score of subtest and Full scale 1Q score as well as between scaled score of subtest and
composite score within the same index. Moderate positive correlations found between scaled
score of subtest and Full scale 1Q score for block design(r=,(JO), coding(r=.5(5) &
arithmetic(r=.6(?) and High positive correlations were found for rest of the subtests, which
was ranged from .74 to .87.

Positive correlation was found between sum of scaled scores of subtests of each index
and scaled score of subtest within the same index. For Verbal comprehension index,
Perceptual reasoning index. Working memory index and Processing Speed index, ranges of
correlations were from .76 to .85; fi'om 68 to .92; from .79 to .89; and from .79 to .85
respectively.

/ Preparation ofquestionnaire: Personal and demographical questionnaire was
prepared to collect demographical data of the students and well as data related to their
developmental history which might have an influence on their performance as well as on their
intellectual/cognitive functioning.

2,5.1,3: Preparation of Consentform: An informed consent letter was prepared to

obtained consent and assent from the teachers/parents and from the students respectively.
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2.5.2: Final Stage; Permission from the schools was taken explaining the nature and
purpose of the study and permission was also obtained for using a free classroom standard for
administration of WISC-IV.

After obtaining permission from schools, three groups (Math-specific. Math-general
& Comparison group) of 66 students from both primary and secondary grade levels were
selected purposively on the basis of their academic results in last two exams. The total marks
and obtained marks in the last two exams were collected from the register maintained by the
school. The three groups of students were also matched in terms of sex, school and grade
level.

Cognitive ability {verbal comprehension, fluid reasoning, working memory,
processing speed, and verbal working memory) of those students were assessed by using
Wechsler Intelligence scale for Children -Fourth Edition (WISC-1V) and the translated
Bangla instructions were used for it. The test was administered in a quiet room which was
free from distraction. Rapport was built between examiner and the students (examinees)
before administering it. Ittook one hour to one and half hour to complete administration of
WISC-IV. Ten minutes of gap was given after administering half of the subtests. Permissions
from class teachers were also obtained before administering WISC-IV by explaining the
nature and purpose of the study.

The personal and demographic information were collected from parents of those 66
students by using the demographic questionnaire.

2.6; Scoring:

After administration of WISC-1V, scoring was obtained by using the Administration
and Scoring Manual. Raw scores obtained for each of the subtests were transferred into the
scaled score using the norms of Wechsler Intelligence Scale for Children -Fourth Edition

(WISC-1V).
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Verbal Comprehension was obtained by adding scaled scores of Similarities,
vocabulary and comprehension subtests.
*  Fluid reasoning was obtained by adding scaled scores of Picture Concept and Matrix
Reasoning subtests.
Working memory was obtained by adding scaled scores of Digit Span and Letter-
Number Sequencing Subtests
» Processing Speed was obtained by adding scaled scores of Coding and Symbol

Search Subtests.

*  Verbal working memory was obtained from the scaled score of Digit Span Backward
part of Digit Span Subtests.

It is important to mention that scaled scores were used to eliminate effect of age on
data since the students’ groups were not matched in terms of their age level.

2.7: Data analysis;

Data were analyzed by using SPSS software. Frequency and descriptive statistics
were computed to see the characteristics of sample. Pearson Product Moment Correlation was
executed to see the association between cognitive factors and average marks of mathematics
derived from two consecutive exams. ANOVA was computed to see the differences among
three Math performance groups in terms of verbal comprehension, fluid reasoning, working
memory, processing speed and verbal working memory. Logistic Regression Analysis was

executed to determine the predictors for failure in mathematics.
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Cficipter-3
Results
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3. RESULTS

The objective of the present study was to see the role of cognitive factors such as:
Verbal comprehension, fluid reasoning, working memory, processing speed and verbal
working memory on poor performance in Mathematics of school children.

This section deals with the results obtained from statistical analysis of data. The
results have been presented in the following section under four sections. In the first section,
descriptive statistics of personal and demographic data have been presented. In the second
section, the associations between cognitive factors and average marks of mathematics derived
from two consecutive exams have been presented by analyzing Pearson Product Moment
Correlation, In the third section, results obtained from Analysis of Variance (ANOVA) have
been presented. In the last section, results derived from Logistic Regression Analysis have
been presented.

3.1: Descriptive Statistical Analysis of Sample;

Three groups of 66 students from primary and secondary school level took part in this
study. Demogaphic characteristics of those students have been listed in Table-6.

Table-6 shows that among 66 students with age range of 8 to 16 years 59.1% were
boys and 40.9% were girls. It also shows that percentage of students (63.6%) in secondary
level was higher than those of primary level (36.4%). Educational qualification of majority of
father and mother were in Under SSC level. And more than half of the fathers (65.2%>) were
holding job while majority (80.3%) of mothers were housewives. Math specific group. Math

general group and comparison group were shown almost equal range of monthly income.
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Table-6

Demographic characteristics ofthe students were given in thefollowing table:

Variable

No. of students

Sex

Boys

Girls

Age range (years)

Average age (in month)

Range of Heights(inch)

Range of Weight(kg)

Grade level

Father’s

education

Mother’s

education

Father’s
occupation
Mother’s

occupation

Primary
Secondary
Under SSC

SSC

HSC

Higher education
Under SSC

SsC

HSC

Higher education
Job

Business

Job

Housewife

Range of month y income (TK)

Math
Specific
22
13
9
9-15
151.8
38-65

20-47

14

18

7,000-70,000

Math
General
22
13
9
8-16
142.4
37-66

25-55

14

16

14

5,000-50,000

Comparison
group
22
13
9
8-16
145.6
34-64

25-49

14

1
21

5,000-60,000

63

Total ( %)

100%
59.1%

40.9%

36.4%
63.6%
54.5%
13.6%
12.1%
19.7%
68.2%
21.2%
6.1%
4.5%
65.2%
34.8%
19.7%

803%
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3.2: Correlation between cognitive factors and average marks of Mathematics :

Correlation coefficients were computed between cognitive factors (Verbal
comprehension. Fluid reasoning, Working memory, Processing speed, and Verbal working
memory) and average marks of Mathematics obtained in two consecutive exams. Results
have been presented in the following table no.-7.

Table-7

Correlation between cognitivefactors and average marks o fMathematics

Variables N Mean Std. Deviation

Average marks 66 42.81 28.75

Verbal comprehension 66 15.86 6.5 63**
Fluid Reasoning 66 12.16 4.59 42*
Working memory 66 14.19 6.76 61
Processing Speed 66 12.39 4.64 AT**

Verbal working
66 8.73 2.86 A8**
memory

**p(m

Table-7 shows that correlation coefficient between verbal comprehension and
obtained marks in Mathematics was /+=.63 and it was significant at 0.01 levels. This indicates
moderate positive correlation between verbal comprehension ability and Math performance.
This means that performance in Mathematics improves with increase in the ability of verbal
comprehension.

The correlation coefficient between fluid reasoning and obtained marks in
Mathematics was r=.42 and it was significant at 0.01 levels. This indicates moderate positive
correlation between fluid reasoning ability and Math performance. This means that

performance in Mathematics improves with increase in the ability of fluid reasoning.
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The correlation coefficient between working memory and obtained marks in
Mathematics was r=.61 and it was significant at 0.01 levels. This indicates moderate positive
correlation between working memory ability and Math performance. This means that
performance in Mathematics improves with increasing the ability of working memory.

The correlation coefficient between processing speed and obtained marks in Mathematics
was r=.47 and it was significant at 0.01 levels. This indicates moderate positive correlation
between processing speed ability and Math performance. This means that performance in
Mathematics improves with increasing the ability of processing speed.

The correlation coefficient between verbal working memory and obtained marks in
Mathematics was r=,48 and it was significant at 0.01 levels. This indicates moderate positive
correlation between verbal working memory and Math performance. This means that
performance in Mathematics improves with increasing the ability of verbal working memory.
3.3; Analysis of variance of Math performance groups

ANOVA was computed to see whether Math specific, Math general and comparison
groups differ in terms of verbal comprehension, fluid reasoning, working memory, processing
speed and verbal working memory. Results have been presented in the tables (12 to 21)

below:
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Table-8
Analysis of variance of verbal comprehension scores according to grade level and Math

performance groupsfor grade levels:

Math specific Math general Comparison group Total

x= 13.87 x= 11.00 x = 23.75 x = 16.20
Primary

SD =4.05 SD = 4.50 SD= 6.51 SD = 7.43

x= 13.28 x=12.92 x =20.92 X = 15.66
Secondary

SD =5.02 SD =5.81 SD =4.19 SD = 6.14

X =13.50 X =12.22 X =21.86 x = 15.86

Total
SD= 4,60 SD= 5.34 SD =5.21 SD = 6.58

Note:  Math performance groups, F value =24.19* is significant at .01 level; df=2
Grade levels, F value=.17 is not significant

Math performance groups vj grade level, F value- 1.17, is not significant

Tabie-8 showed that the average verbal comprehension score of comparison group (x
=21.86) was higher than Math specific group (x =13.50) and Math general group (x =12.22).
It showed that the Math performance groups were differ significantly {F value= 24.19, df=2;

p<-01) in terms of their verbal comprehension ability.
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Table-9
Mean differences on Verbal Comprehension scores among different performance groups

ofMathematics

(DMath Perfomiance Groups (J) Math Performance Groups Mean Differences  Std. Error

Math Specific Math General 1.2727 1.53273
Comparison Group -8.3636(*) 1.53273
Math General Math Specific -1.2727 1.53273
Comparison Group -9.6364(*) 1.53273
*P< .05

Table-9 shows that in case of verbal comprehension, mean differences of Math
specific group and comparison group as well as mean differences of Math general group and

comparison group were significant at .05 levels.
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Table-10

Analysis of variance of fluid reasoning scores according to grade level and Math

performance groups:

Math specific Math general Comparison group Total

_ x =1137 x =887 x =17.50 x = 1258

Primary
SD =232 SD =4.22 SD = 6.27 SD = 5.72
x = 11.21 X =11.00 x = 13.57 x= 1192

Secondary
SD =4.04 SD =3.86 SD =3.36 SD = 3.85
x=11.27 x =10.22 x =15.00 x = 12.59

Total

SD=3.45 SD= 4.03 80=4.88 SD= 4.59

Note; Variables: Math performance groups, F value= 10.49* is significant at .01 level; df=2
Grade levels, F value=. 39 is not significant

Math performance groups vs grade level, F value™ 2.87, is not significant

Table-10 showed that the average fluid reasoning score of comparison group (X
=15.00) was higher than Math specific group (X =11.27) and Math general group (X =10.22).

It showed that the Math performance groups were differ significantly {F value= 10.49, df=2;

p<.0l) in terms of their ability of fluid reasoning.
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Tableau

Mean differences on Fluid Reasoning scores among different performance groups of

Mathematics

(NMath Performance Groups (J) Math Performance Groups Mean Differences  Std. Error
Math Specific Math General 1.0455 22631
Comparison Group -3J273(*) 1.22631
Math General Math Specific -1.0455 1.22631
Comparison Group S4.7727(%) 1,22631
*P<.05

Table 11 shows that in case of fluid reasoning, mean differences of Math specific
group and comparison group as well as mean differences of Math general group and

comparison group were significant at .05 levels.
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Table-12
Analysis of variance of working memory scores according to grade level and Math

performance groups:

Math specific Math general Comparison group Total

. X =1250 X =11.00 X =22.75 X = 154

Prinjary
SD =3.77 SD =3.74 SD = 6.27 SD = 7.00
X =1364 X =935 X =1750 X= 1350

Secondary
SD =5.67 SD =410 SD =7.26 SD = 6.60
x=13.22 X =9.95 X=19.40 X = 14.19

Total

SD= 5.00 SD= 3.96 SD=7.24 SD = 6.76

Note: Variables: Math performance groups, F value= 17.79* is significant at .01 level; df=2
Grade levels, F value=1.87 is not significant

Math performance groups grade level, F value= 1.74, is not significant

Table-12 showed that the average working memory score of comparison group
(X =19.40) was higher than Math specific group (X =13.22) and Math general group
(X=9.95). It showed that the Math performance groups were differ significantly (F value=

17.79, df=2; p<.01) in their ability of working memory.
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Table-13

Mean differences on Working memory scores among differentperformance groups of

Mathematics

(DMath Perfounance Groups (J) Math Performance Group Mean Differences Std. Error

Math Specific Math General 3.2727 1.65027
Comparison Group -6.1818(*) 1.65027
Math General Math Specific -3.2727 1.65027
Comparison Group -9.4545(+) 1.65027
*P<.05

Table 13 shows that in case of working memory, mean differences of Math specific
group and comparison group as well as mean differences of Math general group and

comparison group were significant at .05 levels.
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Table~14

Analysis of variance of processing speed scores according to grade level and Math

performance groups:

Math specific Math general Comparison group Total
. X =1275 X =11.00 X =1725 X = 1366
Primary
SD =3.01 SD =3.66 SD = 6.43 SD = 5.16
x= 11.66
X = 10,92 X =9.42 X =1464
Secondary
SD =281 SD =456 SD =3.38 SD =4.20
X=11.59 X=10.00 X=15.59 x= 12.39
Total
SD=2.95 SD=4.24 SD-4.74 SD = 4.64

Note: Math performance groups, F value= 10.98* is significant at .01 level; df=2

Grade levels, F value=3.77 is not significant

Math performance groups vs grade level, F value=.092, is not significant

Table-14 showed that the average processing speed score of comparison group
(X =15.59) was higher than Math specific group (X =11.59) and Math general group
(X=10.00). It showed that the Math performance groups were differ significantly {F value=

10.98, df*2; p<.01) in terms of their ability of processing speed.
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Table-15
Mean differences on Processing Speed scores among different performance groups of

Mathematics

()Math Performance Groups (J) Math Performance Groups Mean Differences Std. Error
Math Specific Math General 1.5909 1.21267
Comparison Group A.0000(*) 1.21267
Math General Math Specific -1.5909 1.21267
Comparison Group -5.5909(*) 1.21267
*P<.05

Table 15 shows that in case of processing speed, mean differences of Math specific
group and comparison group as well as mean differences of Math general group and

comparison group were significant at .05 levels.
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Table-16

Analysis ofvariance of verbal working memory scores according to grade level and

M ath performance groups:

Math specific Math general Comparison group Total

X =7.25 X = 8.25 X =12.38 X = 929

Primary
SD =1.75 SD =212 SD =150 SD = 2.85
X =8.57 X =7.00 X =9.64 x = 8.80

Secondary
SD =284 SD =1.75 SD =3.27 SD = 2.85
x =8.09 X =7.45 x =10.64 X = 8.73

Total

SD = 2.54 SD = 1.94 SD=3.03 SD= 2.86

Note: Variables: Math performance groups, F value=12.17* is significant at .01 level; df=2
Grade levels, F value=2.03 is not significant

Math performance groups vs grade level, F value= 3.63* is significant at .05

level; df=2

Table-16 showed that the average verbal working memory score of comparison group
(X =10.64) was higher than Math specific group (X =8.09) and Math general group

(X =7.45).
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Math performance groups

Graph-1; Mean verbal working memory scores of Math performance groups.

It showed that the Math performance groups (F value= 12.17, df=2; p<.0Ol) and
interaction of Math performance groups vs grade levels {Fvalue= 3.63, df=2; p<. 05) had
significant effect on verbal working memory. This implies that whether students of
comparison group are higher in their ability of verbal working memory than students in Math

specific and students in Math general group depends on grade levels.
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Table~I7

76

Mean differences on Verbal working memory scores among different performance groups

ofMathematics

()Math Performance Groups  (J) Math Performance Groups

Math Specific Math General
Comparison Group
Math General Math Specific

Comparison Group

*P< .05

Mean Difference

64
-2.55(*)
-64

-3.18(*)

Std. Error

132

732

732

732

Table -17 shows that in case of verbal working memory, mean differences of Math

specific group and comparison group as well as mean differences of Math general group and

comparison group were significant at .05 levels.
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3.2: Logistic Regression Analysis:

Logistic Regression Analysis was executed to explain contribution of cognitive
factors (verbal comprehension, fluid reasoning, working memory and processing speed) in
failure of Mathematics and estimated changes with the changes in corresponding variables.
Results have been presented in tables-18 & 19.

Table-18
Logistic Regression Analysisforfailure in Math in terms ofcognitivefactors

Predictors Cox & Snell R Square

Cognitive factors (Verbal comprehension. 523
Fluid reasoning. Working memory and

Processing speed)

From table-18, it has shown that Cox & Snell R square is .523. This implies that student’s
ability in Verbal comprehension. Fluid reasoning. Working memory and Processing speed
together account for 52% the explanation of why smdent’s attainment was poor in

Mathematics at primary and secondary level.
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Table~19
Summary ofLogistic Regression Analysis of cognitivefactors explainingfailure in

Mathematics

Predictors B S.E. Exp(B)
Verbal Comprehension -516** 172 597
Fluid Reasoning .085 141 1.089
Working Memory - 171** .084 .843
Processing Speed - 414%** 184 661
Constant 16.213 5.116 10997834.040
df 1

Note: **p< .0S

The above table shows the coefficients (B), their standard errors, and odds ratio (Exp
(B)). It has shown that verbal comprehension, working memory and processing speed were
statistically significant at 0.05 levels, while fluid reasoning was statistically insignificant.
Exp(B)=.597 implies that controlling for the ability of working memory and processing

speed, being a student of Math failure of either primary or secondary grade, the likelihood of
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being failed (versus nor being achieved) decreased .597 times with one unit increase in scaled
scores of verbal comprehension index.

Exp(B)=.843 implies that controlling for the ability of verbal comprehension and
processing speed, being a student of Math failure of either primary or secondary grade, the
likelihood of being failed (versus nor being achieved) decreased .843 times w'ith one unit
increase in scaled scores of working memory index.

Similarly, Exp(B)=.661 implies that controlling for the ability of verbal
comprehension and working memory, being a student of Math failure of either primary or
secondary grade, the likelihood of being failed (versus nor being achieved) decreased .661
times with one unit increase in scaled scores of processing speed index.

Logistic regression analysis has been executed to explain contribution of Verbal
working memory on failure in Mathematics and estimated changes with the changes in
corresponding variables suvh as grade levels. As bilateral interactions has been demonstrated
among Math performance groups and grade levels in terms of verbal working memory (see
table-16), logistic regression analysis has been executed separately for primary and secondary
levels. Results obtained from this analysis have been presented in Table-20 & 21.

Table~20

Logistic regressionfor Mathfailure in terms ofverbal working memory

Predictors Cox & Snell R Square

Primary Secondary

Verbal working memory 451 .093
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From table-20, it has shown that Cox & Snell R square is .451 for primary level. This
implies that for primary grade, student’s ability in Verbal working memory was account for
45% the explanation of why student’s attainment was poor in Mathematics.

But in case of secondary level, Cox & Snell R square is .093. This implies that for
secondary grade, student’s ability in Verbal working memory was account for 9% the
explanation ofwhy student’s attainment was poor in Mathematics.

Table-21
Summary ofLogistic Regression Analysis ofverbal working memory explainingfailure in

Mathematics

Predictors Primary Secondary

B S.E. Exp(B) B S.E. Exp(B)
Verbal working -.891** 362 410 -.246 129 782
memory
Constant 9.306 2.831
df 1 }

Note: **p<.05

Table -21 shows that the coefficients (B), their standard errors, and odds ratio (Exp
(B)). It has shown that verbal working memory for Primary level is statistically significant at
0.05 levels while it is not for secondary level. Exp(B)=.410 implies that being a student of
Math failure of Primary grade, the likelihood of being failed reduced by .410 times with one

unit increase of scaled score of digit span backward(verbal working memory).
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C fuip ter-4

(Discussion
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4. DISCUSION

The objective of the present study was to see the role of cognitive factors such as:
verbal comprehension, fluid reasoning, working memory, processing speed and verbal
working memory on poor performance in Mathematics of school children. To meet this
objective, 66 students (59.1% boys and 40.9% girls) between the age ranges of 8 to 16 years
were taken from 4 schools of Dhaka city. Among those 36.4% students were in primary
grade level and 63.6% students were in secondary grade level.

The findings of the present study are discussed below under three sections. In the first
section, simimary and interpretation of the main findings are presented. The second section
deals with the implications of the study. And the third and final section mentions limitations
ofthe study and suggestions for future research.

The results of the present study showed positive relationship between the cognitive
factors and attainment in Mathematics. Students’ ability in verbal comprehension, fluid
reasoning, working memory, processing speed, and verbal working memory were positively
correlated with the average marks obtained in Mathematics in two consecutive exams and the
relationships were significant at ,05 levels [see table-7]. This finding is supported by many
researches where established and strong link was found between Comprehension-Knowledge
(Gc) and Mathematics achievement (e.g., Hale et al., 2001; Keith, 1999; McGrew et al.,
1997; Williams et al., 1996). It seems to be consistent with the study conducted by Floyd
(2003). He found that fluid reasoning demonstrated moderate relationship with Math
calculation skills and moderate to strongest relation with Math reasoning throughout
childhood and adolescence. The findings of the study corroborated with research that has
included instruments that appear to measure Gf abilities (e.g., the Wisconsin Card Sort Test
and the Halstead Category Test) has indicated that such abilities are significant correlates of

Mathematics achievement (Bull, Johnston, & Roy, 1999; Rourke, 1993; Shute & Huertas,
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1990; Strang & Rourke, 1983). Passolunghi, Cordnoldi and De Liberto (1999) found that
children who were poor Mathematical problem solvers had low scores on working memory
tasks that required the inhibition of irrelevant information. This finding is also consistent with
the results of a number of studies that have demonstrated Processing Speed (Gs) had strong to
moderate relations with Basic Mathematics Skills throughout the lifespan and moderate
relations with Mathematics Reasoning through young adulthood ( McGrew, Flanagan, Keith,
and Vanderwood (1997). Keith (1999) also found that measures of Mathematics
achievement were strongly influenced by Full Scale 1Q and a number of other CHC broad
cognitive abilities, such as Gc, Gf, and Gs. Similarly, the present study demonstrated
processing speed as a contributing factor for failure in Mathematics. The results of the
present study supported by Passolunghi & Comoldi {2008) and Passolunghi & Siegel (2001,
2004). The findings of those studies revealed that verbal working memory measures those
involving number (e.g., digit span backward) distinguish children with difficulties in Math.
Math performance groups were significantly varied in their ability of verbal
comprehension {F =24.19, df-p< 01), fluid reasoning {Fvalue= J0.49,df=2; p<.01\
working memory {F value =17.79, df=2;; p<.01), processing speed {F value= 10.98, df=2;
p<.01) (see table- 8,10, 12, & 14 ). Students who failed only in Mathematics as well as who
failed in Mathematics with other subjects differ significantly from students who achieved in
Mathematics including other subjects in terms of their ability in verbal comprehension fluid
reasoning, working memory, and processing speed (see table-9, 11, 13, 15). Students who
failed in Mathematics in both primary and secondary level had lower level of verbal
comprehension fluid reasoning, working memory, and processing speed ability than students
who had achieved in Mathematics (see table- - 8, 10, 12, & 14).
An advance exploration revealed that cognitive factors such as; verbal

comprehension, working memory and processing speed are the predictors of failure in



COGNITIVE FACTORS AN DoRdeiRinfR i ibstitititmdiReddb oy HEM ATICS 84

Mathematics. In logistic regression it was found that verbal comprehension, fluid reasoning,
working memory and processing speed together account for 52% the explanation of why
student’s attainment was poor in Mathematics at primary and secondary level. Among those
explanatory variables, verbal comprehension, working memory and processing speed were
found to be statistically significant at 0.05 levels, while fluid reasoning was statistically
insignificant (see tabie-22 (b)). So it can be concluded that students’ verbal comprehension
ability, working memory ability, and processing speed ability demonstrated the important
contributing factors for poor performance in Mathematics for both primary and secondary
grade levels. These findings seem to be consistent with the findings obtained by Floyd, 2003
where it was also revealed that the Gc cluster which was composed of verbal comprehension
and general information was generally the strongest predictor of Mathematics achievement
throughout the school-age years. It also corroborated with research which indicates that Gs
was one of the strong predictors of Mathematics Reasoning (McGrew, Flanagan, Keith, and
Vanderwood (1997). Andersson (2008), found that measures of working memory predicted
accuracy in children’s performances on Mathematical word problems (Grades 2 to 4) even
after variation attributable to intelligence, reading ability and age differences were controlled.
Swanson (2004) showed that working memory measures predicted accuracy on a
Mathematical problem solving task in 8- and 11-year-olds even after differences in age,
Mathematical knowledge, fluid intelligence, and reading abilities were statistically controlled.
He found that working memory contributed about 5% of the unique variance in solution
accuracy. Bull and Scerif (2001) found that working memory span accounted for 3% more
variance in Mathematics performance in 7-year-olds than did measures of intelligence and
reading ability.

Although fluid reasoning did not seemed as a predictor of attainment in Mathematics,

moderate positive relationship demonstrated some extent of association of fluid reasoning on
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attainment in Mathematics. This finding has been partially consistent with Floyd (2003);
Bull, Johnston, & Roy, 1999; Rourke, 1993; Shute & Huertas, 1990; Strang & Rourke, 1983.
It seemed to be inconsistent with the studies conducted by McGrew et al., 1997; Keith, 1999
as they found that Fluid Reasoning had statistically significant influences on Mathematics
achievement.

Table-17 showed that whether Math performance groups varied in their ability of
verbal working memory depends on their grade level. Since bilateral interaction of Math
performance groups and grade level for verbal working memory was found significant,
logistic regression was executed separately for students in primary level as well as secondary
level. Student’s ability in Verbal working memory was account for 45% the explanation of
why student’s attainment was poor in Mathematics at primary level while it was only 9% for
secondary level. As Coefficient (B) was not significant for secondary level, verbal working
memory can be considered as an important contributing factor for poor attainment in
Mathematics of students at primary level (see tables- 20, & 21). In the present study, digit
span backward was considered as a measure of verbal working memory. The results of the
present study supported by Passolunghi & Comoldi( 2008) and Passolunghi & Siegel (2001,
2004). The findings of those studies revealed that verbal working memory measures those
involving number (e.g., digit span backward) distinguish children with difficulties in Math.
Mabbot & Bisanz (2008) also found that digit span backward specifically distinguishes
children with severe Math difficulties from both children with less severe Math difficulties,
and children with typical achievement in Math.

Lee et al,, (2004); & Lee, Ng, & Ng, (2009) found that the central executive measure
uniquely predicted 2.6% ofthe variance in 10-year-olds’ performance on Mathematical word
problem solving. Similarly, the present study revealed that verbal working memory which

involves both central executive and phonological loop was an important contributing factor
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for poor attainment in Mathematics of students in primary level as students ofthis level are
mostly required to solve arithmetic problem (word related task). It also consistent with the
study by Holmes et. al (2008), where it was found that the central executive, and to a lesser
extent the visual-spatial sketchpad, contributed to performance on both the pure and applied
areas of Math of younger children. In adolescents, relations between visual-spatial working
memory and Math have been found with some differences reported for static and
dynamic measures of visual- spatial working memory, depending on the particular Math skill
being measured (e.g., static related to mental arithmetic and dynamic related to geometry and
word problem solving). Visual-spatial skills and visual-spatial working memory have been
found to be related to Mathematics ability in children aged 10 years (Maybery & Do, 2003),
11 years, and 14 years (Jarvis & Gathercole, 2003). From the above findings it can be
concluded that the differences in contribution of verbal working memory in Mathematics
attainment of students in primary and secondary level might result from the variation in the
content of Mathematics in two grade levels which could be explored from the further studies.

Finally, it can be concluded that for students in primary grade verbal comprehension,
working memory, processing speed, and verbal working memory and for students in
secondary grade verbal comprehension, working memory, and processing speed are
important contributing factors for poor attainment in Mathematics. Findings of this study give
us an indication that more emphasis has been given on cognitive domain in the primary and
secondary shool curriculum of Mathematics. So, the assessment ofthe content of
Mathematics reflects the assessment of cognitive abilities of students in the broad sense.

The findings of this study can play a vital role in the professional field of educational
psychology and some other fields related to education. The findings from this study can be
considered as the baseline for early identification of students with poor performance in

Mathematics due to cognitive factors. It can help educational psychologists and other
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professionals in the field of education to develop intervention programme based on the role of

associated cognitive factors for difficulties in Mathematics and thereby ensuring quality

education by improving National pass rate of students in Bangladesh.

Limitations of the Study

Several limitations of this study need to be considered. The limitations of the present

study have been presented below:

1. A small sample size was used in this study.

2.

Second, although research has focused on the importance of reading ability in
predicting Mathematics achievement, these abilities were not included as factor of
failure in Math,

The reliability and validity of the scale was measured using a small sample size.
Since the performance groups of Math were not matched on age, the scaled scores
were used to analyze data which required using the norms from original WISC-1V.
Only a limited number of studies were included for verbal comprehension and fluid

reasoning.

Recommendations

The followings are some recommendations based on the present study;

1. This study could be replicated in large scale for different age groups.

2.

In-depth studies need to be designed for better understanding regarding both cognitive
and non-cognitive contributing factors of Math failure.

Cognitive factors and their association with specific difficulties in solving math
problems need to be investigated.

It is necessary to investigate the effectiveness of interventions related to verbal
comprehension, working memory and processing speed and verbal working memory

for improving the performance in Mathematics.
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Although the study has some limitations, it incorporates knowledge base and works as
a basis for hunting knowledge in the field of education. This study also suggests applications
which might have a great impact in the life of students in schools and thereby helpful for
teachers, parents, educators and professionals. This study comes up with some innovative
ideas for future research which might be helpful for researchers, scholars, and experts in this

arena.
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APPENDIX-2: DEMOGRAPHIC QUESTIONNAIRE

ID No.;

Name;

Age: Sex: o Male O Female
Height: Weight:

Class;

Name of the School:

Medium of School: O Bengali a English a Madrasha

Father’s Education; [0 Under SSC O SSC OHSC O Higher Education
Father’s Occupation:

Mother’s Education: O Under SSC 0O SSC OHSC o Higher Education
Mother’s Occupation:

Family Income (Monthly);

Consanguinity; oYes ONo

Family history of mental illness: O Mental retardation O Physical disability 0O Other impairments
Complications during pregnancy: oYes ONo

Birth complication; oYes O No

Type of complication during delivery: 0O Oxygen deprivation O Forceps delivery 0O Others (please
MENLION)....coiireieireee e

Any hazards immediately after birth;

Birth Order; No. of siblings;

Residence: O Rural 0O Urban a Slum
Family Structure; d Joint O Nuclear

Presence of serious Disease; O Yes D No

Name of disease;
Onset of disease;

Scores obtained in all subjects (last two exams):

i)Mathematics  (Total SCOre;.......ccocevvrurnnnnee Obtained Score............. )

ii)Bengaii (Total score:....cccovvevrennnne. Obtained Score.............. )

iii) English(Totalscore:.........ccccovnenee. Obtained Score;............ )

iv) Science (Total score:......ccocvvrs veeeee. Obtained Score;............. )

v) Social Science (Total score;.........ccecueeee. Obtained Score:............ )
vi) Religion (Total score:......cceevvevvnenn Obtained Score: ........... )

Contactno.;

tv
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APPENDIX-3; TRANSLATED BANGLA KEY INSTRUCTIONS OF WISC IV

Subtest-1. Block design

Age: 6“7: ? <TAIN WsfT® "97*N 4N i C'pM fc<p "J[w(61r CNHTWCT

TiTHT A <ISEW=P TIWE |

Item-1 (Triai-1): c”®,'snfs lilt jir#r N t ifintiTA ‘atn™iJi-si “pe "
ii375T I~ |

Item-I(Trial-2):3ftsn?i5T~3!InH"jfsi'an”"'sustrt?msiMr<i’' 2 "~ ¢ # t [
Item-2 (Trial-1): m ~ sin N na’ > N «fnnAT< A A

N lw A Sl oA A I

Item-2 (Trial-2): «I*JkG '3ilih c*~ "aiNlii ire (oA A
Age; 8-16 ; irrfr ctctl ? A 'CINt® i @n®, t<p]>in(p

t<pHfiT(<P 'STO T 5TM 'Q |

Item-3 (Trial'l): I 7t'niIG<p fe?r R1U<i "s®t'sit i " RqpU]

I
iffSR "fir "Rillsi 'ST® <PWR ~®fY N 1vre <pictlu <M, iflI'* C$TW C » Abij(,<P
2RTC? |
(Trial-2); lciwn, t"Wio T » t ~ ® i ti*R n
PW *<W LbSI In5A A

Item-4; 'fI'* ifiSTiTire ged NP|I5Z2*5l w i 'jft ire 'sfSTAsIfA jin<i p|BB <p<t” la'” C c®i 'siTsrfw <i®iw i

Item-5-10 ; ire A kpistndc*R'=(Iil(."9<ivic,d
Item-11-14; "&@"R BINS A j<iN<i nahigire A Mffirw -vl'alu kg lij~ ot
NC™ /&GH | I
Subtest-2. Similarities
Age; 6-16 : 7 CSTITFN AN M *tN <bi(<i la”™ ¢'SRTCv fwe.03" «Paxii w*R HfD4 irwT A ft®r 'srRM  ®tut

% 'stw ,apfli |
Sample: ®iw 0% r n crreM iats?m ?nn?nriiwii A ¢c*mm ?
‘G N IW 'SRINc N ~ |

Item-1: eCrfr c cni iafd<P) ?w 'srj6i cen !
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22 "spit’ A
ltem-2: CW#" ¢~ n N i m A tHA
ltem:3. W c*Nw c” avsh?
Itemd4. NAN(NHAIf<T ain® ?

[tems, wTHiflcW ~ W @Ry ?
[tem6. cNPHRs e s ?

[tem?, “"Wwr >il<r"Vs<fih ¢\?F6f* ?
[temS. A 'ah'™M t'PHR'P ctw iiiV&2A ?

[tem9. ~ cW#qs (i ?

[temlO. <5Gff5 am 7

ltemIl.1 ajfr CNTit<fi Ap ?

Item 12. thf <p ANGIN ?
ltemI3. ~  iEL2tftaf»M cRiip ?

lteml4. CAHHS i ?

[tem 15. <N TN CH ?

[teml6. sm CNFrfNs ?
[teml7.25nT(fIN-<?nc=2I5# eon: NN ?

Item 18. @19  <ist (i< ?
[temI9.®r*>ii?Mnty% (N rRIAC« NNt ?

[tem 20.2it( Tt oxaf la” “Rf CHw ia<qsi ?
ttem21. cN BP[EXaEN SRS o ?
ltem22. W ?
[tem23. if* 1N ?

Subtest-3. PiEit Span

Digit Span Forward

Age; 6-16:'snf* N 'dn CoicT?TtstcMfe r 1 W om”ONT sril~ A

Digit Span Backword

Age: 6-16: (Trial-1): "3fit™ 'sncTf 1A -stjt rzzwm MWW Om 3"
Schfpfr crpw ? |

Correct response: 1

Incorrect Response: AN ey 8-2, SAPI(< BTUS

W ® 2-8 Ilw , 'arm 'Sfm C6%I "
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(Trial-2); 'Sfift ‘scirt st wf kM ?
Correct response: 1" [
Incorrect Response; A 6-5 @r t'SNIw

ufl'K'o 5-6 157, '5<bifll *"TW CE~" |

Subtest-4. Picture Concepts

Ssmple A ; SAcsn Mko'ovirafirr MiANG,  FYCSX SPMTsIrs TYP VsIffO | cjeh s Hs mEw
lasiHra fsm @itcsS i

Correct response: QW Tim ch?

Incorrect Response: 'ilW? 'SWT' 48T 5'sciil, i WtW "lkHj-g ftar
=w=r WT thscut i5®r'SH# C5tt N i

Sample B : i3»fMC'«c/ii) MO NGy TSP ME&2ift Tn'=irc«i

Correct response: 'Jaar ftirsr?¢c”?

Incorrect Response: TIFA w'si™ S«(,ii?. st ; W, 'sRi (05 S
Items 1-12 (Two-Row Items): I lan 'i"h<pls shir i

[tems 13-28 (Three-Row Items): 1" Aot @ row)

(3rd row) 'str i

Subtest-5. Coding

Age: 6-7 Coding-A

Sample items:'a™ftw [ "ailFofl NTCM |
<p~f% TFW in iflOinTt § ®Tcira "sra <p?fw |
‘STsm™ O | <<t i"'ra? ch cfit in
«t=TA5im |
'51'Rra "STPTTIfSI LiJAMICT TiT ~ isl151 | 'sinIf5t'» 'W?? « R h 'Bft™ [HjTA ‘aillr
|
A A AA A SEEA

Correct response; i WH <TINE mme’S ™ |
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Test items: i iR cn?p ‘Brif£i'n
A AHID Hgct A | ABHA mIPS™ST oTt ASNEA <tg(*5l \sO>pi CAH A A <pra”™®  11S? <plsms
[
?
AN
<éml

Age: 8-16: Coding B

Sample items; i sif? et 177c?
I msR.'siTH fsn | <i|*tW '%C5 "ATLAN ATCA RAS ftEM
(1N % A i
flxpfiS 2 =nl(~ 12 cs Aktf o 'Sifr ~AnfA clsjlut. A >3” f&?7n5 moil'WN |
1 I 1-ifl forrrHI \a|1<Hi |
i915 4,4 Bs-f5 ~HC5 | ~A'SI?, 'sAF <I9ifi>(\o lo~rfU «il<p*ih |
f n Noga N TSR
AA LA 1 A fhaiw CfISTRTT A
Test items: 'rsR "9ffis Nori, ve/sri i 'fI*TR 4w, fiNid)
1*17 A 1ASTIfir <iNs™i A Hij(\a <itiwl As'OT'i CAI~M A A AGIS| *T5 g® IS5
I
7
I
«W I

Subtest-6. Vocabulary

Picture items: items 1-4: ?

Verbal items: 'srtft <*iCi A~ | AMCTTAL srfn *ta ailrk-p |
ltem: S."A A 2

tq"” n 's"Nnl *t# |

Item: ?

AN ARI®N in cmra i

Item: 7.

[tem: 8.

Item; 9. >f"CPT %?
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[tem: 10.
ltem: 11. £TA A
ltem: 12, <dc'sR>
ltem: 13./517jf?

ltem: 14."YRT

[tem: 15.

[tem: 16. ayr
ltem: 17 .flrcA"W 5f~A"?
[tem: 18

[tem: 19. "gnw N2
Item: 20.«ccsniT ®rc'$f'5/?
[tem: 2Ll PwitMRTCMN?
[tem: 22. ‘st nNT
[tem: 23.

ltem: 24.

[tem: 25/pbtibs

[tem: 26

[tem: 27.Ti"*t-n?

Item; 28.

[tem: 20kKinrET

[tem: 30.

[tem: 31.

Item; 32. w nw ¥ 1n?
[tem: 33."MNAMN*FUNSFHN?
[tem; 34.1%I '5N?
[tem: 35.<il4)<I"Vii]

[tem: 36.

Subtest-7. Letter-Numbef Sequencing
6-7: Qualifying Items
Counting: 5@ N T (?h '9FY?ros
A ARE— 1 NogET

Alphabet: dlicP” i



A -----B ----mm--
n C5S1IwW |
Sample item : Trial 1: 'sfir csw A wr i'stma NN srsfw
'st"onw’ Tifes w3 'SWAWTCA <fialnl W IOTSR, A A-
1, 1-A T?HE'5IM W ‘31N 1'BT A" 2.
Incorrecet response : *att N9 <ceilvity A- 2; wiNi'<P N 2-A; swrsr
Trial 2: c” i B-3
Incorrecet response SsifSt B-3 1 tWic<P AN 3-B. akew 'SP, ws!i”
'SIRI2 cc1 4R 1 B-3.
Items 1-2: ‘STRirt MWR i TN MDA KT *), swet AV firtswT nRnik?
‘actp<|'j1” *]4»Jhl <k1W |
Items 3-10; c#f 1N cetr™ i N 2-C-3 2-3-C. s™sr
"T2AITOOR iKY SIIM TTtfer NIf*Ca Y @IW |
Subtest-8. Matrix Reasoning
Sample A : sYu ?
Correcet response: N 'SR#ECA i
Incorrecet response; bst I79\8M ila® At 18N
et t 'SR dSt
Sample B : <qiD i
Correcet response: "t 1 57 N
Incorrecet response: » [ AT | =" Aerehiwsitr?
iij5t?r M Rra 1 ®17, »fI5t ifd tTTW W |
Sample C; Chsp#t ?

Dhaka University Institutional Repository
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Correcet response: "Bt 'srt csh i

Incorrecet response: "STRRT Ay i N Y%r *3M@ntharc? i VmEiDe
til7rs C'SMH'Q (E|<p™On*j I'®17, S | 58T AN 3l I

Items |-35t C PP# w ? ?

Subtest-9. Comprehension

'STif* (feitp 27t 1 i< RIC |
i ling*"-Sim (?R?
wx»iflrw W9 w?w msnMNsnr if3tM?2 AW TeAmACTS5RTprOT*nA
CSIURi Arfk's icist 2 i

A ?
0i NochN (TS eN?
8 r ™ wifr Cfsf tAsNk "*nri! stHI« £~ 1 alt'll WHrF 'a(M(,», C'sl'tK 5ft'®?
A~ N OIFRCT SR AnfAWE TP ?

| c-nHir Mf$gus A c A f
s I™"NI'Si ®BWc ™ ¢?7?i/o o Y csw” “Tiw'starsfs A in ?
V HPT7 Myl AE®  j (i <P)S(A <P F)( oAl N {12
dt 1t<p5 A A4l 2W (FAS]EAMKIHA
>0 1<jliljal S “pifi A<l ?
il sntiSflt <nw ~A[fAYisn i

t"™77T RfiiM '|(TC* -"5)<phC*  m'ifw ~ WPAtO~ C~ ?
i« | uSRif**H c<Ifz™ " ttQ™Nr cror N
i8 | 'sICiirl CT'fM T "KSTt 5 c»'s<i f*W mStVf cnr?
ifl-1c*PH (?rin:A c ™ «ifHiN<p?i 'snfir*m ¢ Teg ""Pm sfnrN"twi 19
neis Ifitfef'fA
N9, 1'diiiisii f&FSw Jagaeqil ?
iv iTtfsrc™«ilam, c?#" « cef¥oN N «tr™ arc?it" cN?

(A GL slerrata CR?
ao | s(MA YT A N 2

I'wiMtic® -arm cwTg chifeQ
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Subtest-I0. Symbol Search

Symbol Search A

I ‘od"iiijl-g "FE, 1t Yes WT
I
'SIIAFETEg Iwp “5W9 i N Al 'sit =r# No
|
lifw "fit I8 'Sil-fi™ Sfret Yes AN N 'Sf®) V¥t HIC No

tTt*! |
Practice items: AT

Correcet response; %I, in5, i Mt Rwilw |- U

Incorrecet response: "5l o, i VB R<U?? i
Ei<ish?”™ c<?2n Asrr (KA Yesw mffef i

Twitil? 17 ifawetfs), fIifICT 'sti® SN OPTOT "«irffe® "Ira
NN NonN ~ [
Test items: "<IMTtlT A A<O* <54, i N
= gtTi '5R# AgnifW i ANEEANEANENEA N NI W
A mlka N ?

|

<Nic'a ®Gfi<P #T®Jap'S t

N

Symbol Search B

Sample items
StHib 21y VTS M5 'SUMUI < [ SORN Yes [im™
[
'BITHNsI?n? 1 'snMesisfl? ¢/ \wWilit N it No "aBiw »mfA i

"5 MexdSTiT We<PH M- liriftw fed \s'od Yes " 4, A A y'CFW 'siffe™enr
GaH tto " No ‘Tf I i?
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Practice items : N i ;
Correcet response: %t, 4e77M N
Incorrecet response: i O, 4sfFT2d?  'ollNMiSd "se
amA 1A~ Yesa |
<ij5t | 'sn™MesCTTsr -1P5 I~ ™MArNo ~ *ftn |
Subtest-11. Picture Completion
srfv i« RAiiiiicp ~ ODmA i 'Sit’n in neThidimfe?r AMAT?rr OrG7T
'BRMM 1A\
Sample : 3" 7
Correcet response: 1 ~ CTt
Incorrecet response: O, 1
Item 1: P EIW P (N 2
Correcet response: %I, ~  “rar? 1
incorrecet response; Wet, if*mTI"W2f v 1
ltem 2 : SWo, i ?
Correcet response; %t, 1
Incorrecet response: BT 1
ltem 3-38;  ~RUa1’'7\"SWo, la'ficy ?
Subtest-12. Cancellation
Sample; I 1 ASN0 1 £ltft MW Wk
I'anfr 2 tt~ fiTt% sSWIfw 43~ A fTM "615" | ~51# ~ n 1N7fe j =Tf |
Practice ;'SR " 1 St 'sw fe?i wt N0 179 tqow my fror *tt 1
Correcet response; %f @™ ( WR f\s'sfcs ir©wt AN
Incorrecet response: ['fw8 A sflr~ EtN ~rm. 1EHN GtT% W fe?i

A I

[isfer®  c*TiHcw!) <3® N

Xii



fit#t €l lzmw?

[tem -1: Random: '=nft A
1(Tsm C*NA~

[tem - 2: Structured:
a*  PIMU 4G 1

|

'S CRNC HF P

i IMW »IW=1M CWE6 I

Incorrecet response: fit”
N | 2

Dhaka University Institutional Repository

sjth AA w 1%a

w”/n, sjt”™ si#E?!w fro IW ~Fn?i i
CMTW ‘ailSlI«4i M9STC? ' fvirSTIT®?

o2 Ndoa <stwi,  £jFA s(H<i "swiw wMBhw i
Wit oW1 SFSA?

Subtest-13. Informatiort

‘51~ wijfir 20 S5 |

CIW? KM

Incorrecet response: la'SK/As'AM

‘01 <|>tMj>fu *TT5f 1

8 ItMITTE? <IPH '3((~ ?
I Ve T W ?

A <Fifri) @ 'aic™ ?

HI ?

Vol N

S 151tV STtWif 7

io | c\sNt(,» <PHC\s ?
| <N <151 ‘bt "HJI'S| HiV [

io |PtfUti no?

i8 | m]l<>i(|a< ?
i#"f% ?

i'b IfSRISTW </MVI>t fesR ?

is 18 n i 'CHt N ?

ibr |-Jitifvtw >3~ w  ?

iJt 1'SrfACIPI Ry t<l  <!\OIt 3JTCT ?

~o It®TW cn ?
iWWWAfA 2
(f m c N dTmtwi?:sm c#Ht ?
lcizjh n ?

~8 | cn f

fe? i

/Yt/\

N

XV

"Toa”™
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s | ATen ?
I fe ® H ?

v RTYfinmch ?

P 1P 1N ?

«0 1 t%fe?i no?

'S | wn” Pf5Nit<M "sSOT ?
IMmalsrRVE Rd'Shyi 1M 2
I t'sff~ 2

Subtest-14. Arithmetic

SHftENL<» Tt 'STW  «qi(di

Item 1: r®M™n? 'sft” fe?r it Mt'TE i osHth *in ANYs 'ANEA WG 'Tit

Correcet response:” if]-~ eMr™

Incorrecet response: A ot 'STOMCYt it i narshiv o frf ST
'SRI CBg! <R |

ltem 2 : TWt<r fe?i €0 i Ni:3en ‘s A JIOR'si# i

Correcet response: N

Incorrecet response: 'i)5t N i'stmSt Okt c"R t n

'ATES, | I

Item 3- (MAn | Nfo® 'srif® | G iAN

Correcet response; w 'SRi c™ ] |

i£51 I

Incorrecet response: N iarw N Ot AWICTW >l MW ¢ ~ i iof& N sitch i

ol A AN

Item 4-<i)«ftw sjwt’# <B'siP" pf* ClfewtJOTI 'sITCM |

item 5: fitff5 117 wfa ' MWR 11l PsEBT <IN

Item 6. NOINTCN N I'T'R N SIRNSIL ?

Item 7. N n fArw MpsfS ?

Item 8 . o y wlwss fr, n «msM ;

Item 9. iphi! 'srtcstyc 'stifii 'sfc” i «pfd'sinit QN 40?7 <L s ?

item 10. 8 ‘TIRT f*iN-a 'IT ¢ 'ailthl ~ "IW f i V@I "sra <> w1 Al i

Item 11. w§f*c'snn?sn ;A A 'sfSA N 1nfer vS\m A

Item 12. cAM?2fANSTEA*2fwio 175 M «rn3sM ' 5FACSEr2re*iwT'®TiNe AW 2 M sft? ('sp5F6'5wfe™*rm< ?

XV
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Item 13. AN CTHCT nft *n¥ A/ i figitii

ltem 14. fiRig 81S  ‘snr®  CM'GitYl B <ij Rc@l I’KSOM fe®T  4@IT Rl ?

Item 15. CIU&T cmAn? >ilcn aHWfluem A i 'atre” w
"Qiiwi 101N 'IfCtTTw 1"WsOTt fest @IT 'S 'srit’ @ Fst ?
Item 16. TRA siv AN 'silwi s15 ini:™ FTCRIf A k@&
c” 17mi 'sira A NYowi ?
[tem 17. "¥R™ cipiTiw i01” aHT emi ?
[tem 18. 'P'llii (eir [ NN ‘PoiU CEBP @isp('i I?
[tem 19. M5f ijin2ge b1 «difr o 7+ 1815 TN cxm t'SFH? NI I
(?in?
Item 20. CAWIY Cttnic Yy i AN w2
Item 21, b aificni'H™M 1~ ifsifA sjfAwiMrr A 015 oAt <&
wfSnsrwE [NPANTEN?
Item 22. ™Msr™* 80 N K5 1w W Ww ntw?
Item 23. “ftw? R -s0 'StAN i ASIMA cm i cg%®
i <TR ?

Item 24. "PH 00 "SW/S1r Piid 7, la'Sfw™  "Dt@A i S5 Niap|fl tFR vt tYGSEINVEIAL fteii <A
'TTT Hinw ?

Item 25. 0 A~ A A A (MMl ~ icecttTiismi® o 6m

IHES, (TFTWILIT 'ik' <9s ul'pl WSJs wm  ?

Item 26. IfW? stf” csft"se  4r A I~ N oufVoo

A*dbt w®FA G ?

Item 27. 5m 'snc?, ipsct*5m~ i i H5m 'SIR%, Kot <P5ct? ws 5m ?

Item 28. 'i"™5 TN *Ti I(.a fefICTit sb) <lotRn Newl A e 1K

Oi©'000 wsti~ "ftfl' 'Sl1»rorf® 1 707 '®RIOM 1n -

Item 29. M{ST A NANfETW A I*"wM iCT"otm 1W ~
wm”A A2

Item 30. s5t M br5iir TWan 'S 118f i 'aiklsi, »ffld tr5t cfct ¢ A ii5I17i S\t
A 12if® Mfspan A A SN ?

[tem 31. 8o5mn N K i®% ifikPr~ ~ VB RN A
?

Item 32. 'bwr ONI" s 8015 ’tTA IPICRTC | 'i<(® MWSTY JCERS™MICT 8 015 »UIBL

sfi @it ?

Item 33. caw”™ A 'm Mam? Yy N >iI3Tmn c«n”™ <o -sn™ i

' c-giT« SM L) <5 ilN 'sturm? AaliH nnf c'fte® m,

winfon “CRi N7

Item 34. 9% ?°CS|? Cora atPT'SrfA GRS AN 8o -STI* OI-f ST
mO'sn” i M WIRT, WK(« ilfesni*nans - "t «t"5H Nsiiix«i Mtsiot «rm??
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Subtest-15. Word Reasoning

Sample A : cfen i STP ™f i
7
Correcet response: i NN SN anN MR NRT (O ATAN
incorrecet response: ~ i '£in £t Ate N Wi N Cotf~ i
Sample B : Mop
l. iU le®nek@ <dCN 1figT % ?
Correcet response:  <cit | i<l N
II. ieaan m5JIOT@N/I2P$5T ~i(K5 £ |~ ] meftf~ fwer 'SRI/CIFI? PRI melt'Sr A tfl?!
?
Correcet response: 1/ I WHPAIH "M @M TEATRRT 'S I# fror ™/ gfiT’iQsts
P Pt (i [fi*Rmd &2 75|
Incorrecet response: tir& i"TTRSW A SEN| # NCIFi<t
nromy l(at H& 1 8@l 'sHT N Q1
Item 1: NAfr CIME'ni ®ra fitu !
Item 2. Wi cHfin S sT SN flicp TIc2A flu
c'SrfA e N m3
Item 3. tybild Mfe?i siirn 1
Item 4. ')A 21MN A RTARANEANES I
Item 5. uw?' iRT 1
Item 6. 'iifS c'ntot 1
Item 7.1. T "R «nw |
Il. NSt cmm S 1

ltem 81 "WAIR?RIA 1

1. P£iN Li'ST tisjlw  <gj<isoki |

[tem 9.1. ifitT 1"hR?Rr/oW? W<ft 1
. ifi7t, "a'UcAl ‘AW )il AT |
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ltem 101. '5fmnl

n A CinN MG

[tem 11.1. AT R/ TOW? N <H W t
Il. if]21 csct irr WNCIRT SITTI

[tem 12.1.
. >ii “m " |

ltem 131, Ok AT i

Il. S 'swfe?i SRIfA ~ |

Iteml4.1. IQNT orfro i
I, in?, iRt met =i ity i

ltem 151. A (jm ‘¥
I, sifki<n<p APt | ST <?WA |

[tem 161 =™ ynf*"W K5
I <€~ dCtfivi » A
I, »iKk*ij < |

ltem 17.1, <fdl it™{tp £~ Picc N *TC50MB |
I ii|A Tfgw CA |
Il. "Tt'STO I

item 18  ‘fliR CSTIAA |
iijfi A indum A
. i

[tem 19.1 <4~ A SWCTRIt lsm™i
.57 2kISM "t |
1. |

[tem 20.1. N
Il. CTt™ ntwn |
ll. ISJUKN dliilcil ~ ~

[tem 21.1. [

I1."aik 'S cdc™ A
Il e |
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Il <S$KN " tte?f |

ltem 231.  winOlgW [
I1. kf)yn AA

M. lil&t CR? 1

[tem 24.1. 'SIM cffst mf™ w i i
It. (|5 wo Jn'3fon ASite's *ffC5
1. ifi'St "SR fe s 1





