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Abstract

Tracing the connection from brain functions to children’s development and
education is a major goal of modern human neuroscience. This study
examined age-related changes in complex PASS neurocognitive functions in
a representative sample (N=450) aged 8 to 17, using the Cognitive
Assessment System (CAS; Naglieri & Das, 1997a). The development of the
relations between complex PASS functions and mathematical competence
were examined given the mathematics competency battery (Vernon,
Miller,and lzard, 2013).

Manova, Anova and correlational analysis were used to analyze the data.
Manova analysis revealed that performance on PASS functions improved
until late adolescence although, improvement slowed with increasing age; but
never improved on attention after age 13. Moreover, Anova analysis showed
that the performance on mathematical competence appears to develop until
age 14 with less rapid improvement at the older ages.

Correlational analysis indicated that, from age (8 to 11) attention and
simultaneous processing are strong related to math competence with
moderate relation to successive processing; while from age (11 to 13), high
correlation between simultaneous processing and planning with mathmatical
competency and more moderate with attention, and from age (14 to 17),
planning and simultaneous processing is strong related to math competence
with moderate relation to attention. These results show that, simultaneous
processing are strongly related to mathematical competence development for
all age groups.

Training programs based on PASS processing and modification of
mathematical curriculum should take place from childhood in order to
improve acquiring a sufficient mathematical competencies as crucial
outcomes, which develop their motivational orientations.

Key words: Neurocognitive Development,PASSTheory
,Mathematical Competency,Cognitive Assessment System ,Childhood
,Adolescence.
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Introduction

Mathematical competence is one of the key cognitive abilities that is acquired
through formal schooling. In general, it is a central component of human
intelligence and thus highly relevant for educational and occupational
attainment. To master mathematics means to possess Mathematical
Competence, but then, what does it mean?

The programme for International Student Assessment (PISA, 2000) explains
that, the term competence is used to indicate the ability to put mathematical
knowledge and skill to functional use rather than just to master it within a
school curriculum (OECD, 2000)™.1t is not linked to a curriculum in the
traditional sense of a study programme (Rico, 2006).A broader definition of
competence, however, is one that recognizes that performance is underpinned
not only by a skill such completing addition, sums, and solving routine
problems but also by making a productive use for knowledge which involves
both the ability to perform in a given context and the capacity to transfer
knowledge and skills to new tasks and situations (Mayer, 1992).
Mathematical Competence then means as the ability to understand, judge, do
and use mathematics in a variety of intra and extra-mathematical contexts and
situations in which mathematics plays or could play a role (Niss, 2003).
According to our research, Mathematical Competence is defined as a
cognitive processes which should be activated to connect the real world in
which the problem arises with mathematics and solve the problem posed.

Organisation for Economic Co-operation and Development (OECD). (2000). *
Measuring student knowledge and skills: The PISA 2000 Assessment of
reading, mathematical and scientific literacy. Paris: PISA, OECD
Publishing. doi: 10.1787/9789264181564-en.
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Recently, diverse investigations have focused on understanding the
functioning of the underlying cognitive processes and their mediating role in
mathematical competency, which we have assumed in this study, e.g. (Soto-
Calvo, et al., 2015).It investigates the extent to which phonological, visual-
spatial, short term memory and non-symbolic, quantitative skills support the
development of counting and calculation competencies through a longitudinal
study. It reveals that the development of math competency for 125 children
are supported by different cognitive abilities. Also, (Krajewski& Schneider,
2009) explored, the impact of phonological awareness and visual spatial
working memory assessed at 5 years; was mediated by early quantity number
competencies which predicted math processing in third grade and found a
moderate relationship between early literacy and mathematical competencies
development. From this position. We aim to identify the cognitive predictors
based on PASS Theory and its relationship with mathematical competence
over a wide age range (8 to 17) years with representative sample (N=450).

Recently, one area has received more intense focus in the study of cognition
has been the development of neurocognitive functioning in children and
adolescents which emerged as the investigation of brain-behaviour relation
concerning age-related changes in knowledge and acts of knowing. Although,
many advances have emerged in imaging techniques; neuropsychological
tests continue to play an important role in identifying the cognitive processes
or abilities necessary for effective thinking, learning and behaving, while also
allowing for judgments regarding the integrity of the brain (Riccio, Sullivan
& Cohen, 2010)

The Cognitive Assessment System (CAS) (Naglieri & Das, 1997) is a multi-
dimensional measure of ability based on neuropsychological processing
theory called Planning, Attention, Simultaneous and Successive Processing
(PASS) (Naglieri, 2005). The battery was developed to be used whenever it is
important to determine an individual’s competence and levels of cognitive
functioning which will be suitable for the purpose of our study; so that the
examiner may be informed about (a) the relative levels of Processing
(strengths and weakness) within the individual, (b) the competence of
processing in relation to peers, (c) the relationships between PASS
Processing Scores and Achievement, and (d)the implications this information
has for the child. Many studies embracing PASS revealed that uses of CAS
which included diagnosis of learning strength and weakness; classification
(learning disabilities, attention deficit, mental retardation, giftedness);
eligibility decisions (meeting state or federal criteria), and consideration of
the appropriateness of particular treatment, instructional, or remedial
programs. (Naglieri,& Das, (1997); Kirby & Williams, (1991); Naglieri,
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2000; Eldeeb,A.,2001; Rasha,M.,2002; Eladl,2000; Riad,1997)

They redefined intelligence as a function of four basic psychological
processes that make up PASS theory represent a blend of cognitive and
neuropsychological constructs. These mental functioning units are based on
the work of Luria (1966, 1980) who established that human cognitive
processing requires the cooperation of three functional systems that work
together and whose participations is necessary for any type of mental activity
(Luria, 1973).

The first functional unit, Selective Attention is responsible for regulating
cortical tone and maintaining attention; the second unit, Execute functioning
(Planning) receives, processes and stores information, encoding it
Successively and Simultaneously; the third unit, programs, regulates and
directs mental activity with these origins in neuropsychology. Das and
colleagues elaborated a theory of Cognitive Processing (Das et al., 1994).

According to these theory Naglieri & Das, Planning is associated with the
prefrontal cortex which plays a central role in forming goals and objectives
and then in devising plans of action required to attain these goals. It selects
the cognitive skills required to implement the plans, coordinates these skills
and applies them in a correct order. It helps by self-regulating their
performance to achieve the desired goals and aiding in the development of
strategies needed to accomplish tasks. Therefore, Planning is essential to all
activities that require one to figure out how to solve a problem, including
self-monitoring and impulse control, as well as creation assessment,
discriminating use of knowledge and skills and execution of a plan.
(Goldberg, 2001)

The process of Attention supported by Luria’s first functional unit, allows
individuals to perform a focalized cognitive activity; selective and sustained
over time, focusing on some stimuli and inhibiting others depending on the
goals pursued (Das, et al.,, 1994). To deal with incoming information,
individuals use two cognitive processes: Simultaneous processing is a mental
activity by which they integrate stimuli into a perceptive or conceptual
whole. It has a strong spatial and logical-grammatical components, and
Successive processing by which they integrate stimuli into a specific serial
order forming a chain-like progression (Naglieri & Das, 1997). It is needed
when things must follow each other in a strictly defined order (Eladl, 2000)

Finally, The Neuropsychology view of intelligence of PASS theory is
different from the psychometric view; in that, it attempts to resolve how the
mind works, anchoring its function in the brain and discriminating
dysfunctions, individual differences and disabilities (Das & Naglieri,
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2001).Fadia Elwan (1998, 20) adds that Luria’s study of neuropsychology
points out “that the brain consists of different areas or section. Each area is
specialized to carry out a particular role, and they are also reliant on the
efficient functioning of other parts of the brain when performing a certain
procedure. These processes can be easily affected by personal events, stress
or any personal changes during the integration processes.”

The PASS theory have been empirically related in diverse populations to
measures of mathematical achievement, Simultaneous and Successive
processing (e.g. Kroesbergen et al., 2003, Naglieri & Das, 1987) Planning
(Kirby & Ashman, 1984; Joseph & Hunter, 2001) and Attention
(Kroesbergen et al., 2003).

Following a developmental studies, (Naglieri & Das 1987)found how
Planning, Simultaneous, and Successive processing are related to
mathematics achievement in 2" and 6%"grade. However, in 10" grade
Successive processing remained at a similar level to Simultaneous processing
in relation to math achievement. While (Kroesbergen et al., 2010), in a study
with Italian and German kindergarten children, revealed that Simultaneous
processing at early ages is more related to Piaget-tasks whereas Planning is
more related to counting tasks. From this perspective. We aim to trace the
progression of complex PASS processing and Mathematical Competence
development across middle childhood and adolescence, documenting the
magnitude of change during different age groups, using nearly identical tasks
employed across the sample. The second aim is to determine the relationship
between the PASS functioning and Mathematical Competency over a wide
range (8 to 17) in a representation Egyptian sample (N=450).

Problem of Study

The problem of this research can be stated in the following questions:
1.What is the pattern of improvement in PASS processing with
increasing age?
2. What is the pattern of improvement in mathematical competence with
increasing age?
3. How are PASS functioning and mathematical competency related at
each age group?

Significance of the Study
1. Studying the qualitative and quantitative changes across a different age
range, coupled with continued development of valid and reliable
PASS tasks; which may benefit attempts to remediate problems that
not only limit children’s mathematical development, but also other
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functional outcome.

2. Trace Progression for the rates of achieving performance for Egyptian
students in international tests for measuring Mathematical
Competency has been addressed and it's relation to complex PASS
function development, which contribute to highlight on the
shortcomings in the curriculum trying to be more adjusted for the
needs of students.

3. PASS scales don’t use achievement-like subtests (e.g., vocabulary and
arithmetic) which would affect the correlation between tests of ability
and achievement, as it will be more appropriate to measure Cognitive
Processing with achievement laden tests for children with a history of
school problems and especially for culturally and linguistically
diverse populations.

Method

Design: Cross sectional design were used that allow us to describe age
related differences in specific cognitive structure, estimating the continuity or
discontinuity of various processes over age, that may affect the development
of mathematical competence through formal schooling.

Participants: The pilot study, included a pilot sample included 750
participants, their age range from (8 to 17) years old, selected randomly from
three different schools to determine the reliability and validity for the
research’s tools.

The final study, included children and adolescents (N=450) between the ages
of 8 and 17 years. (M=9.4 years, SD=3.2).

Tools:
1. Cognitive Assessment System: Cognitive Processing

The CAS is a standardized test that measures children’s mental abilities as
defined by the Planning, Attention, Simultaneous and Successive (PASS)
theory of neuro cognitive functions (Das et al., 1994). The PASS theory, in
turn, is based on the work of Luria, whose work linking brain anatomy and
function informed much of neuropsychology (Luria, 1966).

Reliability of D: N: CAS for Egyptian sample (Alpha Coefficient) was
calculated with split half method and corrected with Spearman Brown
formula. The average internal reliability coefficient across all ages of sample
N=750, for each one of the scales was (Planning) r=.92, (Attention) r=.90
(Successive) r=.88 and (Simultaneous) r=.91.
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Validity: Construct validity was calculated with confirmatory factor analysis
carried out separately in three age groups using Amos v23 (8 to 10, 11 to 13,
and 14 to 17 years) on Egyptian sample, in order to assess the internal
relationships among the observed variable. The findings of various goodness
of fit and incremental indexes indicated a good correspondence.

Planning

Planning is a cognitive process by which the individual determines, selects,
and uses a strategy or method to solve a problem efficiently. The planning
process provides the means to solve problems for which no method or
solution is immediately apparent. Planning is also important for impulse
control as well as utilization of knowledge. The CAS Planning subtests
require the application of strategies to perform the novel tasks presented.

Matching Numbers (MN) consists of four pages each consisting of eight rows
of numbers with six numbers per row. Children are instructed to underline
the two numbers in each row that are the same. Numbers increase in length
across the four pages from one digit to seven digits with four rows for each
digit length. Each item has a time limit. Children 5 to 7 years are
administered Items 1 and 2, and children 8 through 17 Items 2 through 4. The
subtest score is based on the combination of time and number correct
(accuracy score) for each page. Accuracy scores are summed and used as a
measure of the child's efficiency. This subtest has an average internal
reliability of .75.

Planned Codes (PCd) contains two pages, each with a distinct set of codes
and arrangement of rows and columns. A legend at the top of each page
shows a correspondence of letters with codes (e.g., A, B, C, D to OX, XX,
00, XO, respectively). The page contains seven rows and eight columns of
letters without codes. Children fill in the appropriate codes in empty boxes
beneath each letter. On the first page, all the As appear in the first column, all
the Bs in the second column, all the Cs in the third column, etc. On the
second page, letters are configured in a diagonal pattern. The time and
number correct (accuracy score) is combined for each page and these two
scores are summed to obtain the raw score. This score is a measure of the
child's efficiency. The average internal reliability is .82.

Planned Connections contains eight items. The first six items require children
to connect numbers appearing in a quasi-random order on a page in
sequential order. The last two items require children to connect both numbers
and letters in serial order alternating between numbers and letters (for
example, 1-A-2-B-3-C). The items are constructed so that children never
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complete a sequence by crossing one line over the other. The time needed to
complete the item sequence correctly is the best measure of efficiency, so the
score is the total amount of time in seconds used to complete the items. The
average internal reliability is .77.

Attention

Attention is a cognitive process by which the individual selectively attends to
a particular stimulus and inhibits attending to competing stimuli. Successful
performance on the CAS Attention subtests requires attention to be focused,
selective, sustained, and effortful. The tasks present competing demands on
attention and require sustained focus over time to identify a target stimuli and
avoid distractions.

Expressive Attention (EA) uses two different sets of items, depending on the
age of the child, to measures selectivity and the ability to shift attention. The
version for children 8 years and older is like the Stroop test. On the first page
children read the color words (Blue, Yellow, Green, and Red) presented in
quasi-random order. Next, they name the colors of a series of rectangles
(printed in blue, yellow, green, and red). Finally, the words Blue, Yellow,
Green, and Red are printed in a different color ink than the colors the words
name. The child is instructed to name the color ink the word is printed in,
rather than to read the word. For all subjects the last page only is used as the
measure of attention. The raw score is the ratio of the accuracy (total number
correct) and time. The average internal reliability of Expressive Attention is
.80.

Number Detection (ND) is comprised of pages of numbers that appear in
different formats. On each page children are required to find a particular
stimulus (the number 1, 2, and 3 printed in an open font) on a page
containing many distracters (the same numbers printed in a different font
style). There are 180 stimuli with 45 targets (25% targets) on the pages. The
raw score for Number Detection is the ratio of the accuracy (total number
correct minus the number of false detections) and the total time for each item,
summed across the items, is the raw score. The more accurate the child is at
detecting the target stimuli and avoiding the distracting stimuli, the higher the
score will be. The average internal reliability is .77.

Receptive Attention (RA) is a two-page paper-and-pencil subtest. For
children 8 years and above two pages are given. On the first page letters that
are physically the same (for example, T T but not T t) are targets, but on the
second, letters that have the same name (for example, Aa not Ba) are targets.
Each page contains 200 pairs of letters with 50 targets (25% targets) and the
same set of distracters. The raw score is the ratio of the accuracy (total
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number correct minus the number of false detections) and the total time for
each item. These scores are summed across the items to obtain a total raw
score. The average internal reliability is .77.

Simultaneous

Simultaneous processing involves integrating separate stimuli into a single
whole or group. In addition to perceiving parts into a single gestalt,
simultaneous  processing requires understanding logical-grammatical
relationships. Simultaneous subtests in the CAS require the child to perceive
objects as a group and to interrelate separate elements into a whole through
examination of the stimuli during the activity or through recall.

Nonverbal Matrices (NvM) is a 33-item multiple subtest that utilizes shapes
and geometric designs that are interrelated through spatial or logical
organization. Children are required to decode the relationships among the
parts of the item and choose the best of six options. Each progressive matrix
item is scored as correct or incorrect. The raw score is the total number of
items correctly answered. The average internal reliability is .89.

Verbal-Spatial Relations (VSR) is composed of 27 items that require the
comprehension of logical and grammatical descriptions of spatial
relationships. Children are shown items containing six drawings and a printed
guestion at the bottom of each page. The items involve both objects and
shapes that are arranged in a specific spatial manner. For example, the item
"Which picture shows a circle to the left of a cross under a triangle above a
square™? would include six drawings with various arrangements of geometric
figures, only one of which matches the description. The examiner reads the
guestion aloud and the child is required to select the option that matches the
verbal description. Children must indicate their answer within the 30- second
time limit to receive credit. The raw score is the total number of items
correctly answered. The average internal reliability is .83.

Figure Memory (FM) is a 27-item subtest. Children are shown a two- or
three- dimensional geometric figure for five seconds. The figure is then
removed and the child is presented with a response page that contains the
original design embedded in a larger, more complex geometric pattern.
Children are asked to identify the original design embedded within the more
complex figure. For a response to be scored correct, all lines of the design
have to be indicated without any additions or omissions. The total number of
correct items is the raw score. The average internal reliability is .89.

Successive

Successive processing involves working with things in a specific serial order.
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Perception of stimuli in sequence and the formation of sounds and
movements in order are required in successive processing. The Successive
subtests in the CAS require the child to either reproduce a sequence of
independent stimuli or answer questions based on understanding of syntactic
relationships.

Word Series (WS) requires the child repeat words in the same order as stated
by the examiner. The test consists of the following nine single-syllable, high-
frequency words: Book, Car, Cow, Dog, Girl, Key, Man, Shoe, Wall. There
are 27 items which the examiner reads to the child. Each series ranges in
length from two to nine words, presented at the rate of one word per second.
Each item is scored as either correct if the child reproduces the entire word
series in the order presented. The raw score is the total number of items
correctly repeated. Word Series average internal reliability is .85.

Sentence Repetition (SR) requires the child repeat 20 sentences that are read
to the child. Each sentence is composed of color words (for example, "The
blue is yellowing™). The children are required to repeat each sentence exactly
as it was presented. Color words are utilized so that the sentences contain
little meaning and help reduce the influence of simultaneous processing and
accent the demands of the syntax of the sentence. Each item is scored as
correct if the sentence is repeated exactly as presented. The raw score is the
total number of sentences correctly repeated. The average internal reliability
is .84.

Sentence Questions (SQ) is a 21-item subtest that uses the same type of
sentences as those in Sentence Repetition. Children (ages 8- 17 only) are read
a sentence and then asked a question about the sentence. For example, the
examiner says "The blue is yellowing" and asked the following question:
"Who is yellowing?" (The answer is "The blue.”) Successful completion of
this task demands the comprehension of the sentence based on the serial
placement of the words. Each item is scored as correct if the child
successfully answers the question regarding the sentence. The raw score is
the total number of questions answered correctly. The average internal
reliability is .84.

Mathematics Competence Battery

This battery was designed as a comprehensive instrument that provides
detailed information about child’s Mathematical Competence; through
knowledge and skills that assess the student’s ability to use mathematics in
solving problems arising in authentic real world problems, rather than
naming the topics studied in mathematic courses. In order to assess the
progression; mathematical competencies (literacy) needs to be developed
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with students at different stages of the education system. We used the
standardized score (100, 15) of the global scale as a descriptor of the student
global mathematical performance, it is composed of two parts as follows:

Part A: Graded Arithmetic Mathematics Test

It is a standardized test for ages 5 to 11 administered to groups in about 30
minutes, starting from basic number knowledge. It comprises of 6-8 items
open-ended per year group which sample a wide range of mathematical skills
and gives a useful assessment of overall mathematical attainment.

The items were reviewed by experts of mathematic educators and math
teachers; some modifications have been done for some items after
Arabization applying the test on pilot sample. Their age range from 8 to 11
years, reliability was calculated with Alpha Coefficient for the test r=.92.

Validity: Using age discrimination validity were conducted by selecting 30
students from grades (4, 5, 6) respectively. The results showed that the test
discriminating the performance level between different grades.

Part B: Mathematics competency test

Written test suitable from age (12 — adult) assessing mathematics skills with
46 questions administrated in about 40 minutes. Open-ended questions
require constructed responses which provide better evidence of student’s
capacity to undertake tasks than just recognition of a correct answer from a
limited number of choices. The test comprised of four areas of mathematics
as follows: Using and applying Mathematics, Number and algebra, Shape and
space, and Handling data.
Reliability was calculated after Arabization and applying on pilot study using
Alpha Coefficient r=.87. Construct validity was calculated with maximum
likelihood estimation and the analysis of principal components with Kaiser’s
orthogonal Varimax rotation. The final solution extracted 4 factors; using and
applying mathematics, number and algebra, shape and space and handling
data, which explained 50% of the total variance.
Results:
Table 1 Presents the means and standard deviations of the main results
obtained by three different age groups in the proposed tests
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Descriptive Statistics

PLANNING ATTENTION SUCCESIVE | SIMULTANEOUS MATH
PROCESS processing | COMPETENCE
Age N Mean SD Mean SD Mean SD Mean SD Mean SD

8-10 | 140 78.66 19.17 | 76.59 19.87 | 69.01 21.98 68.43 1649 | 16.34 8.864

11-13 | 150 96.13 | 20.707 | 95.53 | 18.736 | 95.45 | 17.097 83.40 15305 | 27.45 | 10.734

14-17 | 160 | 104.69 27.57 100 25.87 | 108.8 22.48 95.59 20.73 | 30.73 | 12.151

1. What is the pattern of improvement in PASS functions with increasing
age?

A one way multivariate analysis of variance (MANOVA) was run to
determine the effect of age-related difference on PASS functions. The finding
indicate that there was a statistically significant difference between age
groups on the combined PASS functions development, F(10,886)=67.6,

P<.0005; Wilks’ n=.32; Portial n>=.43.

Table 2: The main result from one-way MANOVA test is contained
within the multivariate test table as shown below:

Multivariate Tests

Effect | Value F Hypothesis Error Sig Partial
DF Fita
Squared
Intercept Pillai’s Trace .987 6912.886 5.000 443.000 .000 .987
Wilks’Lambda .013 6912.886 5.000 443.000 .000 .987

Age
Range Pillai’s Trace .782 57.040 10.000 888.000 .000 .391
Wilks” Lambda 322 67.55 10.000 886.000 .000 433

Follow up multivariate ANOVA to determine how PASS functions differ for
different age groups. These results were contained within the table shown
below:
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Table 3: Test of Between Subjects Effects

Sourc Dependent Type 111 | DF Mean F Sig Partial
e Variable sum of Square Eta
squares Squared
Age Planning_ST 51879.020 2 25939.510 49.156 | .000 .180
Range
SimProce S_ST 55098.370 2 27549.185 87.300 | .000 .281
Attention_ST 45280.834 2 22540.417 47.368 | .000 175
SuccProce_ST 120941.641 2 | 604479.821 | 141.461 | .000 .388
Error Planning_ST 235880.511 | 447 527.697
SimProce S_ST 141059.061 | 447 315.568
Attention_ST 213652.286 | 447 477.969
SuccProce_ST 191080.039 | 447 427.472
Total Planning_ST | 4241619.000 | 450

SimProce S_ST | 3301854.000 | 450

Attention_ST 4006160.000 | 450

SuccProce_ST 4118614.000 | 450

Corre Planning_ST 287759.531 | 449
cted
Total

SimProce S_ST 196157.431 | 449

Attention_ST 258933.120 | 449

SuccProce ST 312021.680 | 449

This table demonstrate that the age related differences has a significant effect for
each function, Planning [F(2,447)=49.156; P<.0005; partial 1?>=0.180], Attention
[F(2,447) = 47.368; P<.0005; partial n?>=0.28]. Successive Processing
[F(2,447=141.46; P<.0005; partial 1n?=0.388], and Simultaneous Processing
[F(2,447= 87.3; P<.0005; partial n>=0.28].

To determine the precise points of improvement for each function, Post hoc
comparisons of adjacent age group were performed (using a Bonferroni correction;
P<.025). Tukey post-hoc tests showed that, there were significant improvements in
PASS performance from age group (8 to 10) to (11 to 13) to (14 to 17), but
performance on Attention improved only until age 13.
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Table 4 Tukey Post Hoc Test:

Multiple Comparisons

Dependent 95% Interval
Confidence
Variable Age Age Mean Std. Sig Lower Upper
Range (I) | Range (j) Difference Error Bound Bound
()
Planning_ST 11-13 -17.47 2.699 .000 -24.10 -10.84
8-10
14-16 -26.03 | 2.658 | .000 -32.56 -19.50
11-13 8-10 17.47 2.699 .000 10.84 24.10
14-16 -8.56 2.611 .005 -14.97 -2.15
14-16 8-10 26.03 | 2.658 | .000 19.50 32.56
11-13 8.56 2.611 .005 2.15 14.97
SimProce_ST 8-10 11-13 -14.97 2.088 .000 -20.10 -9.84
14-16 -27.16 2.056 .000 -32.21 -22.11
11-13 8-10 14.97 2.088 .000 9.84 20.10
14-16 -12.19 2.019 .000 -17.15 -7.23
14-16 8-10 27.16 | 2.056 | .000 22.11 3221
11-13 12.19 | 2.019 | .000 7.23 17.15
Attention_ST 8-10 11-13 -18.93 | 2.569 | .000 -25.24 -12.62
14-16 -23.48 | 2.530 | .000 -29.70 -17.27
11-13 8-10 18.93 2.569 .000 12.62 25.24
14-16 -4.55 2.485 .188 -10.65 1.55
14-16 8-10 23.48 2.530 .000 17.27 29.70
11-13 4,55 2.485 .188 -1.55 10.65
SuccProce_ST 8-10 11-13 -26.43 2.430 .000 -32.40 -20.47
14-16 -39.79 | 2.393 | .000 -45.67 -33.92
11-13 8-10 26.43 2.430 .000 20.47 32.40
14-16 -13.36 2.350 .000 -19.13 -7.59
14-16 8-10 39.79 2.393 .000 33.92 45.67
11-13 13.36 2.350 .000 7.59 19.13

To estimate the magnitude of age related differences in PASS, Cohen’s d
effect sizes were computed between adjacent age groups from (8 to 10) of
age, the magnitude was large for all functions, from (11 to 13) the magnitude
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was moderate but between the ages of 14 to 17, the performance shows less
rapid improvements.

Cohen of .20,.50, and .80 were interpreted as small, medium, and large,
respectively (cohen, 1998).

Improvement Pattern

= Attention ST
~—M— Planning ST
=l = SimProce ST

=u =« SuccProce ST

From 8-10 From 11-13  From 14-16

Age comparison

Figure 1.The rate of change between age groups expressed in d ratios.

2. What is the pattern of improvements in mathematical competence with
increasing age?

A one-way ANOVA was conducted to determine if the mathematical
competency was different for different age groups. Participants were
classified into age groups late childhood (8 t010), middle adolescence (11 to
13), late adolescence (14 to 17) respectively. There were no outliers, as
assessed by boxplot; data was normally distributed for each group, as
assessed by Shapiro-wilk test (P>.05); and there was homogeneity of
deviation. Mathematical competence score was statistically different between
different age groups [F(3,32)=8.136, P<.0005, partial n?>=0.48]. Tukey post
hoc comparisons of adjacent age groups revealed that there were statistically
significant improvement in Math Competence development from age group
(8 to 10) to (11 to 13), P<.0001, and (11 to 13) to (14 to 17), P<.03. Thus, the
improvement in the magnitude of change developed until middle with less
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rapid improvement at late adolescence.

Mathematical Competency

from 2-10

from 11-13

Age comparison
Figure 2.The rate of change between age groups in mathematical
competency.

from 14-1/

3. How are PASS functioning and mathematical competency related at

Correlational

each age?

analyses were used using Pearson product-moment

correlation coefficients to examine the pattern of relations between the
predictor complex PASS functions and the scores obtained on

mathematical competence battery, in each age group.

The review of the correlations for the entire sample showed significant
relations among PASS functions and mathematical competence (see table

).
AGE PLANNING ATTENTION SIMULTANEOUS SUCCESSIVE
RANGE PROCESSING PROCESSING
8-10 0.23** 0.78* 0.89** 0.45*
11-13 0.65** 0.37** 0.91* 0.15**
14 -17 0.94** 0.39** 0.91** 0.28*

Table 5.Correlations between the predictor variables complex PASS
functions and the scores of mathematical competency across different age
groups.

*P<.05, ** P<.01
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The results of the correlations for the entire sample showed a significant
relations among the neurocognitive predictor variables and mathematical
competency (See Table5).
The analysis of diverse age groups showed that, From(8 to10 year): The
relations among neurocognitive functions and mathematical competency
are mostly significant (Except for Planning), While From (11 to 17year)
There is a significant relations with mathematical competency (Except
for Successive Processing), To a greater extent, Simultaneous Processing
are strong significantly related to Mathematical Proficiency among all
age groups.
Discussion
In the current study 450 participants were chosen randomly with different
achievement levels across a wide age range (8 to 17) year; using a multiple
measures of neurocognitive PASS functions and mathematical proficiency,
which is critical to determine how neurocognitive functions are related to the
dynamic development of mathematical skills.
Firstly, a fine-grained analysis of developmental patterns across adjacent age
groups in the PASS functions were conducted. The results showed that there
is a significant age-related differences across different PASS functions, by
comparing the magnitude of change across different age groups. Generally,
the magnitude of the PASS improvement was large across late childhood
group (8 to 10). Then the performance improved to moderate in all
neurocognitive tasks until age 14 and diminished further until age 17 on
planning. Simultaneous and successive processing, but never improved on
attention.
This finding supports the previous studies which have shown that complex
frontal lope begins to develop rapidly during childhood; with the maturation
of frontal functioning and continuous during middle childhood, then
decreased gradually thereafter through adolescence and early adulthood
(Romine & Reynolds, 2005; Anderson, 2002; Davidson, Amso, Anderson &
Dimond, 2006; Luciana, Conklin, Hooper & Yarger, 2005; Altemeier et al.,
2006).
Moreover, the result revealed that there is no significant improvement in
attention subtests score after age 14. This finding is in accordance with
previous developmental studies in attention (inhibition/updating) which
reported that rapid early improvements in attention was followed by slower
improvements through middle adolescence, along with greater brain
localization throughout childhood and adolescence. This may be due to brain
maturation, increased ability to handle task complexity and increased ability
to use rules and emerging Meta cognition (e.g., Miyake et al., 2000; Garon et
al., 2008; Carlson, 2005; Gerstadt et al., 1994). Although, the improvement
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may continue into middle adolescence.

Secondly, the present study was to investigate mathematical competency
improvement given the changing nature of actual performance across wide
range (8 t017) years. The result reveal that the differences on mathematical
competence performance based on different age groups in childhood and
adolescence (P<.0005) and by comparing the magnitude of change. The
finding showed that performance development improved over a wide age
range (8 to 17) years and the improvement slowed from (14 to 17) age group.
These findings until age 14, support the conclusion in which the individual
differences in mathematical achievement increased across age (Muthen &
Khoo, 1998; Williamson et al., 1991). But we found that the individual
difference in performance slowed rather than increased rapidly from age 14
to 17. This may be, due to the memorized systematic instruction children
receive at early school which affect their ability to acquire effective
competencies and to process their accumulated mathematical knowledge
efficiently in complex real situations after that. Or maybe, to the increasing
difficulty of the target operations to be learned (Parrila, Aunola, Leskinen,
Nurmi & Kirby, 2005; Phillips, Norris, Osmond & Maynard, 2002) which
suggests that, initial level of performance predicts positive subsequent growth
and increasing inter individual differences in performance over time.

Thirdly, the study examines Correlations Patterns between the neurocognitive
predictors of mathematical competence performance within each age group.
The pattern of relations across different ages were studied. From (8 to 10).
We observed a strong positive correlation between Attention associated with
Simultaneous processing and Mathematical Competency improvement and
moderate with Successive processing; but weak correlation between Planning
and Math Performance were reported. These results could be interpreted as
the role of attentional resources may be critically important during the early
phases of development when basic skills are to be learned and automatized.
While weak correlation with planning as it may be less important in the
acquisition of fundamental processes in math skills at childhood (Geary et al.,
1999). This result contradict the finding of (Altemeier et al., 2006) who
posed that Planning (Executive Function) may be more important earlier in
schooling.

From age (11 to 13). The pattern of relation showed that strong positive
correlation between Simultaneous processing, Planning and Math
Competence were more moderate between attention and math performance,
but weak correlation with successive processing. These finding confirm the
results of (Naglieri & Das, 1987) and extend them to a wide age range, in
which the students during (11 to 13) need to be more recognized for using
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effective strategies and flexibly applying the accumulated mathematical
cognition which should be more automatically applied to new situations.
Such recognition would mean more activation of simultaneous processing
than of successive processing.

Finally, from age (14 to 17), the pattern of relations showed high correlation
between mathematical performance, Simultaneous processing and planning
more moderate with attention, but weak correlated with Successive
processing.

This finding extend the results of previous studies (e.g. De Smedt et al.,
2009; Hecht et al., 2001), in which the successive function become less
important than simultaneous which support the result of (Naglieri & Das,
1997) and it extends them to wide age range. Importantly, according to above
results, we suggest that the decreasing rate of improvement in mathematical
performance from age (14 to 17) may be associated with growth analysis on
planning which diminished significantly after age 14 and never improved on
attention. Previous results have shown that problems with executive control
and attentional allocation are related to learning disabilities in mathematics
(Acherman et al., 2001; Geary et al., 1999; Mclean & Hitch, 1999). The
present study contributes to these findings by showing that attentional
resources were related to the rate of growth in math performance as it affects
how students initiate and direct their processing of information in different
tasks. Also, how they comprehended it, and how the executive function
(Planning) plays a dominant role in their acquiring math competencies due to
difficulties to retrieve representations to be remembered when doing tasks;
and also to attend and in carrying out new instruction is vital thus inhibiting
irrelevant information, while staying focused on their target and monitoring
progress, as well as switching to more appropriate strategies while
confronting with a new situations.

Summing up, the findings of the study shows correlations in mathematical
competence to underlying PASS neurocognitive functions within each age
group. According to our cross-sectionalstudy, along the lines of other works
(Kroesbergen et al., 2003; Naglieri & Johnson, 2000). The results obtained
recommend immediate educational training to promote the improvement of
neurocognitive functioning and acquiring mathematical competencies using
PASS processing with students of diverse characteristic and different ages.
An apparent limitation of this study is the cross-sectional treatment of the
data. Along the lines of some recent works, future work should be performed
in doing studies using longitudinal analysis of the data as extensively as
possible.

Conclusion:

Practiced in mathematical knowledge through effective use of activating
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mathematical competencies, maybe associate with the changing pattern of
significant neurocognitive predictor.
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