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Abstract

For the moment, specialists do not agree on the issue of executive functions structure. However,
there is a lot of data proving their connection with intellect quotient, academic achievements and great
influence on everyday life. For understating what «executive functions» are we need to know their evolution
during normal and pathological development. In this work, we have shown the development of executive
functions from 6 to 17 years. We used three tests PRM, SWM and SSP from Cambridge
Neuropsychological Test Automated Battery for assessing short-term and working memory in pediatric
cancer survivors and healthy controls. Two groups participated in the study: patients who survived posterior
fossa tumors, and healthy controls. Both groups were also divided into three age subgroups for the analysis
of age dynamics in cognitive functions development. The findings show a significant difference between
the groups in both domains. The results reveal that the volume of short-term and working memory increases
with adulating, whereas the amount of mistakes decreases due to the improvement of control functioning.
Children after cancer demonstrate abnormal development as their results are worse than those of peers.
Hereby executive functions pass their stages of development, and this development can be easily impaired
by illness or injury.
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1. Introduction

Research on human intellect has led to a new theoretical construct in cognitive psychology which is
known as executive functions. Executive functions are often represented as consolidation of cognitive
processes, which start to function when ordinary behavior is not enough to reach the aim and the situation
demands supplementary control (Vilenckaya, 2016; Nikolaeva, 2017). The studies show that proper
behavior in new or complex environment is a result of retrieving relevant information, its containing,
changing, and shifting between several tasks, as well as inhibition of irrelevant information (Brandenburg,
& Putz, 2006).

The investigations in the field of developmental psychology demonstrate that executive functions
develop and become more and more complex as a child grows up (Anderson, et al., 2001). There is evidence
that executive functions are associated with intellect (Zakharov, 2016) and academic achievements (Nesbitt,
2015). Given the essential role of them in individual’s life, they are also quite fragile. Hence, different
diseases, such as cancer, can cause the impairment of cognitive functioning (Benzing, 2018; Nesbitt, 2015).
The pathological processes lead to the retarded functioning and even destruction of executive functions.

Tumors arising in the brain’s posterior fossa are the most common type of pediatric brain tumors
(Hanzlik, 2015). Methods of treatment, such as surgical rejection, radiotherapy and chemotherapy, have
provided substantial increase in patients’ survival rates. Nevertheless, the disease itself as well as late effects
of therapy can impair cognitive functions. Frequently observed deficits in posterior fossa tumor (PFT)

survivors include executive functions decrease due to the cerebellum pathology involvement (Wolfe, 2012).

2. Problem Statement

In the field of education we have two essential questions: “How do children study?”” and “How can
we help?” Executive functions represent a predictor of success in school, but we still don’t know enough
about state of executive functions in healthy schoolchildren.

For understanding what “normal state” of executive functions is, we need to find out what the
abnormal one is. In our research, we estimated short-term and working memory in groups of children who

had survived brain tumours and healthy schoolchildren.

3. Research Questions
= Do executive functions change during school, or do children have formed EF by the age of 6
years?
= Can a disease affect executive functions in schoolchildren?

= In what way does a disease affect executive functions in schoolchildren?
4. Purpose of the Study

The aim of the study was to determine the state of short-term and working memory in different age

groups of pediatric brain tumor survivors and healthy controls.
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5. Research Methods

Cambridge Neuropsychological Test Automated Battery (CANTAB) is research software providing
sensitive digital measures of cognitive functioning. We used 3 subtests: Pattern Recognition Memory
(PRM) designed for the assessment of visual pattern recognition memory in a 2-choice forced
discrimination paradigm; Spatial Working Memory (SWM) which requires retention and manipulation of
visuospatial information and provides a measure of strategy as well as working memory errors; and Spatial
Span (SSP), which estimates visuospatial working memory capacity (Cambridge Cognition, 2018,
http://www.cambridgecognition.com).

Participants. The following groups participated in the trial: 82 PFT survivors (34 females, 48
males, mean age was 11,3843,32) and 69 healthy controls (32 females, 37 males, mean age was
11,08+2,2,52). For the analysis of age dynamics in cognitive functions state, both groups were divided into
three age subgroups: 6-9 years old, 10-13 years old, and 14-17 years old (Table 01).

Table 01. The characteristics of the participants

Age group 1 (6-9 | Age group 2 (10-13 | Age group 3 (14-17
years) years) years)
PET survivors 15 females 11 females 8 females
13 males 16 males 19 males
Healthy controls 11 females 13 females 8 females
15 males 15 males 7 males

6. Findings

The results reveal a significant difference between pediatric cancer survivors and healthy controls
in the domains of short-term and working memory (Table 02). The patients have worse results in both
domains accordingly to all parameters of the tests (F(5, 146)=6.98, P=0.00001). The findings indicate that
neuro-oncological disease affects negatively short-term and working memory. The impairment is expressed
in volume decrease and increment of mistakes amount. These results are coherent with other works in the
field (Levisohn, Cronin-Golomb, &Schmahmann., 2000; Wolfe, et al., 2013; Robinson, 2010).

Table 02. Comparison of short-term and working memory scores in pediatric posterior fossa tumor
survivors and healthy controls
Mean score in posterior | Mean score in healthy

fossa tumor survivors controls Statistics
ey " | massisa oo
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The findings also show age differences in the domain of short-term and working memory in the

subgroups. It means that the volume of short-term and working memory increases with adulting, whereas
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the amount of mistakes decreases due to improving control functioning. The same dynamics can be

observed both in a group of patients and a group of healthy controls: the youngest subgroups of elementary

school students demonstrates the worst results, the secondary school children have better ones, and the high

school children have the best scores (Fig. 01-03).
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Figure 03. Age differences in parameters “Amount of elements” (SSP test) in patients and healthy

groups

Therefore, we can observe age differences in both groups. However, PFT survivors show worse

results, so we can assume the influence of the disease on cognitive functions state. Moreover, high school
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children who survived brain tumors cannot reach the appropriate level of memory function even at the end
of school period. Hence, this diagnosis causes abnormal development of cognitive functions, and the
consequences of its influence can be permanent and even irreversible. The same results have been received

in other investigations (Riva, & Giorgi, 2000).

7. Conclusion

The received data allows us to conclude that there is a significant difference between the group of
PFT survivors and healthy controls in the domains of short-term and working memory: the patients show
worse results. The evidence of age dynamics in both groups has also been found. The scores of elements in
memory, an amount of mistakes and effectiveness of strategy depend on age: the older children are, the
better results they demonstrate. The group of patients still shows the positive dynamics of cognitive

functions with aging, but due to the disease they cannot reach age-appropriate normal values.
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