Training through i-Maths to potentiate specific cognitive domain
performance scores in young kids

Roohollah Zahediannasb!, Maryam Hosseini!, Seyyedeh Saeedeh Yahyavi!, Ali-Mohammad
Kamali!, Mahshid Tahamtan!, Mohammad-Mojtaba Kamelmanesh!, and Mohammad
Nami?

! Affiliation not available
2Shiraz University of Medical Sciences

June 03, 2019

Abstract

Our findings suggest that learning mathematical concepts through i-Maths leaves favorable outcomes in distinct cognitive

performance domains in young kids. Further research would need to unravel neurodynamics involved in such improvements.
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Abstract

Background and Objectives: i-Maths is a new math educational program based on conceptualizing
mathematical concepts for children aged 3-7 years. The early years of life are considered crucial for
cognitive construct development and learning where the figure-sense and mathematical concepts
start encoding. Studies show that spatial working memory plays an important role in learning
mathematics upon childhood. This study was an attempt to investigate whether a formal course of i-
Maths training would potentially improve cognitive capacities such as short-term memory in children.

Material and Methods: 20 kids (7 girls and 12 boys, aged 5 to7 years) were randomly selected and
enrolled from an i-Maths training institute in Shiraz and stratified in two groups i.e. experienced and
novice (n=10 in each group). In both groups, the participants’ cognitive performance was measured
and profiled using the Cambridge Neuropsychological Test Automated Battery (CANTAB). In addition,
their hemodynamic response from the frontopolar brain region (FP1) was measures using the
hemoencephalography (HEG) setup upon CANTAB task performance.

Results: Subjects in both groups showed no significant difference in motor screening task (MOT)
scores. Meanwhile, in the delayed matching to sample (DMS), there was significant difference in task
scores in the experienced- as compared to the novice-group. Also the results of paired associates
learning (PAL) shows significant difference in total number of errors (6 shapes adjusted) in the
experienced- vs. novice-group. Nevertheless, the changes were not significant in terms of total errors
(adjusted). Moreover, there was no significant change in HEG response in two groups.

Conclusion: It seems that learning mathematical concepts through i-Maths leaves favorable
outcomes in distinct cognitive performance domains in young kids. Further research would need to
unravel neurodynamics involved in such improvements.
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1. Introduction

Mathematics consists of a set of ideas and activities including measurement,
comparison, calculating, reasoning and so on (1). So far, several definitions have been
proposed for mathematics that correspond to the proposer of each definition and the benefits
that they can derive from this science (2). For example, one can view mathematics as a tool
that is used in various sciences (for example, in sciences, engineering, etc.). It can also be
considered as a discipline which can be studied or taught, or can be used as a way of thinking
(2). In recent years, mathematics and its applications have attracted a lot of attention.

Mathematics is one of the main pillars of modern economics (3). That is why the general
interest in learning mathematics, especially by children and in pre-school ages, has increased
dramatically. The prime of childhood is a very important opportunity for children to learn,
especially in the field of mathematics (4). In the early years of life, children can learn
mathematics and increase their skills as well as their interest in math learning (4).

The significance of early childhood education can be studied from two perspectives, i.e.
their sensitivity and susceptibility to receive influence in the educational environments, and
the durability and depth of their learning in this period of life (5). In other words, early learning
provides a good basis for the later experiences of children, and what is learned in the early
years of life and in preschool years is more stable and not easily eliminated.

That said, it appears that what young children learn early on, can predict their educational
achievements in the future, because this early experience in math learning will affect their
future learning of math and even other fields. This elementary education plays an important
role in the course of children development, as researches have shown that many learning
disorders can be prevented with primary education (6).

Studies show that working memory plays an important role in early learning of mathematics,
and that children who show a weaker performance in this function are likely to be at a higher
risk of learning disabilities in the future (7). The neural circuits related to spatial working
memory in the brain play a key role in the early learning of mathematics (8). It has been shown
that about 7% of children with learning disabilities have some degrees of cognitive impairment
and psychiatric disorders (9). Therefore, it seems that mathematics is one of the main
interdigited domains of cognition. One way to familiarize children with math concepts is
implementation of educational programs by related institutions that teach math skills,
problem solving, as well as concepts such as number, shape, time, measurement, data
analysis, and problem solving in ways that motivate young children.

A study by Friso-van den Bos in 2013 found that individuals who have a better
performance in mathematics have also a better performance in terms of working memory,
including inhibition, shifting, and updating (10). In a study in 2006 on children aged 11-12
years, Helen L. et al. showed that the better performance of these children in working memory,
especially its inhibition, is related to mathematics, and those who do better in mathematics
tend to outperform in working memory (11).

I-Maths is a new math educational program for children aged 3-7 years. The main goals
of this training program are to strengthen skills such as observing, thinking, and reasoning
(www.imath.sg).



[-Maths is a maths program for young children which is designed in accordance with the
pattern of how children learn to understand mathematical concepts. Through mathematics,
children learn to understand their world in terms of numbers and shapes. Through puzzles,
activities, games, tangrams - math can actually become a child’s play. They learn to connect
ideas to reason and to think logically. Besides Iran, i-Maths is successfully running in China,
Singapore, Malaysia Indonesia and India.

The question whether math education to children ages 5-7 using the i-Maths can improve
cognitive skKills such as reasoning, concentration, and short-term memory in these children
compared to children who have not undergone such an educational pathway prompted us to
design and run the present investigation.

2. Materials and Methods
2.1. Subjects

A total of 20 Kids (7 girls and 12 boys, age 5 to7 years) were randomly selected and
enrolled from an i-Maths training institute in Shiraz. They were divided into two age- and sex-
matched groups including the experienced and novice groups (n=10 each group). In the
experienced group, the children were at the highest course level of i-Math training, whereas
in the novice group they have either had limited course of i-Maths training or registered
recently. The inclusion criteria included 1-right-handedness, 2-acquiring at least moderate
intelligence score evaluated by the Raven's Progressive Matrices, 3- having no mental
disorders, chronic disease, history of traumatic brain injury, attention deficit hyperactivity
disorder (ADHD) or physical defects deterring the testing procedure.

The Conner’'s Teacher Rating Scale (CTRS) was also performed to assesses psychiatry
problems in children specially behaviors related to ADHD (12). This scale is one of the valid
questionnaires commonly used by researchers and practitioners. This scale has been tested
for validity and reliability in various cultural and ethnic backgrounds. The present study
employed the Persian version of CTRS whereby only those receiving score less than 57 were
enrolled.

Parents of all enrolled children were debriefed about the procedure and that they can
withdraw from the procedure wherever in the study course on their own will. As such, they
provided informed consent and the study protocol was evaluated and approved by the
institutional ethical review board at Shiraz University of Medical Sciences.

2.2. Cognitive assessment

The Cambridge Neuropsychological Test Automated Battery (CANTAB) was used to assess
domain-specific cognitive performance scores between groups. The employed licensed
CANTAB battery was a computer platform (CANTAB Research Suite 6.0.37, eclipse-6.0.x-
rev.31911) comprising 25 tests to examine various cognitive functions including visual, verbal
and episodic memory, attention, executive function, reaction time, information processing,
decision making and response control. We used three CANTAB subtests with non-verbal
patterns including the motor screening task (MOT), delayed matching to sample (DMS), and
paired associates learning (PAL) in a silent room without distractions
(https://www.cambridgecognition.com/cantab/).
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Frist, the subjects were asked to perform the MOT. MOT was used as a training tool at
the beginning of the testing session where subjects should have touched a color cross as soon
as it appears randomly anywhere on the screen. This test is used to measure speed,
ideomotor accuracy and number of errors which represent sensorimotor skills. As such,
children who failed to perform MOT were excluded the study.

The PAL test measures substrates of visual memory and learning. In this test, several
shapes appear on different parts of the screen in 5 stages and then hide. At each step there
are one, two, three, six and eight shapes respectively and the participant must touch the
location of each shape on the screen when they appear on the screen center.

In DMS, both simultaneous visual matching ability and short-term visual recognition
memory are assessed.In this test, the participant is asked to match the shapes shown on the
screen with the shapes shown in the earlier trial.

2.3. Hemoencephalography

Hemoencephalography is a new neurofeedback technique (Peanut nIR HEG kit) to
measure cerebral blood flow in prefrontal cortex specially frontopolar by passive infrared light
emission and uptake. Using this technique, the neural activity is measured indirectly following
an increased in the metabolic activity and hence hemodynamic response over a cerebral
cortical region when specific cognitive task is performed (13, 14).

In the present investigation we have measures the left frontopolar (FP1) HEG response
upon resting state for 2 minutes and then upon CANTAB task performance in all subjects from
the experienced and the novice groups.

2.4. Statistical analysis

Based on the normality of distribution and homogeneity of variance parametric and
nonparametric statistical tests including the one-tailed t-test and Mann-Whitney were
employed. The statistical analysis was mainly carried out using the one-tailed independent t-
test. A p-value<0.05 was considered as statistically significant.

3. Results

Based on the Raven’s intelligence test, the mean score of intelligence in the experienced
and novice groups were 105+4 and 100%3, respectively. In addition, the Conner's
guestionnaire also confirmed the concordance with participants’ inclusion criteria.

The MOT provides a general assessment of sensorimotor impairment or lack of
understanding that limits the collection of valid information from the participant. Findings
from this task confirmed that both groups were eligible in undergoing CANTAB tasks. In fact,
the two groups do not significantly differ in terms of their task score.


https://en.wikipedia.org/wiki/Neurofeedback

There was a significant difference between the two groups (experienced vs. novice) in the
DMS percent correct (p=0.005) and DMS percent correct (all delays) (p=0.03) while the
comparison did not reveal any significant difference in DMS percent correct (simultaneous)

(p=0.4). These data are illustrated
in Figure 1.

Delayed Matching to Sample
test uses non-verbal patterns to
evaluated both simultaneous visual
matching ability and short-term
visual recognition memory.

Visual memory and new
learning capacity were evaluated
using the Paired Associates

Learning task with results showing
significant difference in total errors
(6 shapes adjusted) (p=0.036) in
the experienced vs. novice group;
while no significant difference has
shown in terms of total errors
(adjusted)(p=0.2).

A comparative analysis of the
hemodynamic response in the left
frontopolar cortex did not show any
significant difference between the
two groups through the analysis of
FP1 HEG response differences in
optical density (p=0.81).
Meanwhile, based on paired
sample t-test, PAL-concurrent HEG
responses in both groups were
different from those of the baseline
(p=0.001).

4. Discussion

This study was an attempt to
compare the cognitive capacity in
novice and experienced i-Maths
trainees. Early and mid-childhood is
an important and sensitive period of
life for the development of motor,
cognitive and social skills (15).
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Figure 1. Scatter plots showing the performance

scores of novice and

experienced i-Maths trainees on CANTAB platform. Plots indicate a significant
difference between the performance of novice and experienced subjects on

DMS percent correct (all delays) and PAL total error (6
(P<0.05). Meanwhile, there found to be no significant

shape adjusted) (a,b,c)
difference in PAL total

error (adjusted) and HEG response at baseline and upon PAL (d,e,f) (p>0.05).

Therefore, the question whether specific training protocols such as i-Maths are of tangible
values for cognitive development and learning skills appealed to our research group’s

attention.



According to earlier reports, the use of multifaceted learning methods, combined with
different senses and movement, leads to the best possible development of cognitive functions
(16), which result in optimized hemodynamic response in the prefrontal, temporal and
parietal regions (17) and regulated electrical neurodynamics in such cortical brain areas (18).

On the other hand, the fronto-temporo-parital (FTP) networks is associated with attention,
memory, and executive functions (19), hence the reinforcement of such areas would be
expected to evoke the development of cognitive functions in early and middle childhood. In
the same vein, the multifaceted learning approached are shown to enhances this network
(19, 20).

Cognitive functions such as attention, memory, and executive functions have close and
bi-directional relationships with math. As such, reinforcing each may leave a reciprocal effects
on the others hence predicting future successes (21).

I-Math is a multifaceted educational approach in which various concepts including maths
are being taught through multi-sensory and motor involved tasks.

Findings from the present investigation provided preliminary insights into the impact of
this multifaceted educational approach on the aptitude of cognitive functions. On the other
hand, it was shown that when experienced i-Maths trainees were involved in PAL task their
left frontopolar hemodynamic response was significantly increase compared to the resting
state. The difference was not however found as significantly different between the two groups.

Given the mutual relation between math skills and development of specific cognitive
domains particularly in the childhood period, the present study could partly prove its
hypothesis and postulate the benefits of i-Maths on the aptitude of cognitive functions in
young kids.

Though the present report suggested that i-Maths can potentially improve cognitive
functions in our studied population, the mechanism through which such beneficial gains form
over time and neurodynamics of the underlying neural plasticity, remain to be explained.
Functional neuroimaging studies using the electrical, magnetic or optical modalities would
help understanding the effects of i-Maths training on the functional connectivity within the
FTP network.
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