
  

 

Abstract—The study show connections between educational 

achievements and efficiency of basic components of executive 

functions (EF) understoodas short-term memory, inhibition 

control and set shifting. Particular research topics are 

concentrated in development of executive functions issue in view 

of age (5-, 6 years old). Study based on two groups of children 

from preschool class (N = 96) and first grade (N = 97), both 

levelled in terms of gender. This project takes into consideration 

relationship between EF – school achievements, controlling 

socio-economical status and age. Confirmatory variation 

analysis indicates good correlation of all investigated factors. In 

the second step, execution of Structural Equation Modeling 

(SEM) confirms that all three EF factors have significant 

influence on school achievements, also assumption about age 

finds confirmation in the data. Hypothesis about influence of sex 

and SES on school achievement was found insignificant. 

 

Index Terms—Executive functions, inhibition, school 

achievement, switching working memory. 

 

I. INTRODUCTION 

Executive functions (EF), as it is a good predictor of future 

professional and life success and schooling achievements of 

children is a subject broadly brought up in literature [1], [2]. 

In this research the schooling achievements (SA) are 

understood as a measure of cognitive abilities of a child in 

aspects of reading, writing and mathematics. It should be 

added that school children not only gather knowledge but also 

learn society cohabitation rules and self-regulation. EF refer 

to a family of top down mental process needed when you have 

to concentrate and pay attention [3], [4] There is a general 

agreement that there are three cores [3], [5], [6]. 

Inhibition–comprehended as inhibition control, including 

self-control (behavioural inhibition) and control of 

interference (selective focus and cognitive inhibition). 

Working memoryandShifting – known as well as mental 

flexibility or mental shifting 

Complex manifestations of EF can be also singled out like 

conclusion, problem solving or planning [7], [8] From the 

literature review conclusion can be drawn that executive 

functions are the abilities being at the base of both mental and 

physical health [9], [10] and are responsible for schooling and 

life successes [11]-[13] and also for sociological and 

psychological development [14], [15]. 

Cognitive control consists of setting on task disregarding 

distractions and conscious set shifting between tasks. All 

these abilities directly influence development of school 
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readiness in respect of cognition and culture as well as level of 

schooling, professional and life achievements of a human 

being [16]. 

Blair [17] draws attention to a part EF play in learning 

process. He stresses that EF are being developed under 

influence of pre-school and school education. In this study not 

only broader range of executive functions (all three base 

aspects) was examined but also following: definition of 

relation between child age, and EF level, definition of relation 

between child socio-economical status (SES), and EF level, 

definition which element of EF is the best predictor of the 

child school achievements at given stage of development. 

The subject of this study enters the mainstream of 

researches in the field of cognitive psychology, 

developmental psychology and early-school pedagogics. 

Many research in the subject of the EF emerged already in the 

90‘s however it is still unknown how in time we can speak of 

beginnings or maturity of particular elements of executive 

functions. It is known that we can train them at any stage of 

development and that [18] in children because of high brain 

flexibility, the effects of such trainings are the most effective 

[19]. 
 

TABLE I: HYPOTHESIS OF THE STUDY 

Hypothesis 

1 The older the children the more developed EF and better their 

schooling achievements will be 

2 Significant difference exists on level of EF between boys and girls 

3 Level of executive functions is influenced by school achievement 

stage 

4 SES is a significant variable between EF and school achievement 

 

 

 

  

 

Main challenge of EF research is their measurement. 

Individual elements of EF coexist together and currently it is 

not possible to measure them in their pure form because we 

can only see effects of their activity in a form of deviation 

[18]. 

Children Schooling Achievements in the Course of Early 

Education and Their Cognitive Development 

Natalia Józefacka Szram 

International Journal of Information and Education Technology, Vol. 6, No. 12, December 2016

927DOI: 10.7763/IJIET.2016.V6.819

The importance of EF is extremely significant to mental 

and physical health, being successful in school and life and 

also to social and mental development [20]-[22]. Despite the 

fact that we do not always pay attention to those skills, they 

become the most visible when disrupted and produce 

symptoms such as absentmindedness, difficulties in planning 

activities, de-concentration [23]. It is thought that the 

activeness of the executive functions can be seen in situations 

requiring: stopping imposing reactions, flexible set shifting, 

inhibiting reception of interrupting impulses, actualizing 

memorized information. In turn, situations new or 

complicated manifest more complex regulation abilities like: 

planning, initiating, monitoring of own behaviour, delaying 

gratification [24].



  

Main research topic is to describe how children cognitive 

development proceeds at early education stage and how 

particular executive functions determine educational 

achievements. Dependent variables – age, education level, 

parents SES - will be taken in to consideration. Directional 

hypothesis were drawn according to current research results 

[16], [25], [26]. 

 

II. METHOD 

A. Participants 

Participants were 193 children enrolled in five 

kindergartens and three public schools whereof girls states 

N=98, and boys N=95 (kindergarten 48-girl and 48-boy; first 

grade 50-girl, 47-boy). There were 97 six-year-old (Min=4,9, 

Max=5,9, M=5,4, SD=3,56) and 96 five-years-old kids 

(Min=6,3, Max=6,8 M=6,6, SD=3,47 ). All kids were from 

south Poland towns. Their intelligence were normal (min=80 

IQ, max=138 IQ, M=105, SD=15).  

B. Procedure 

For each participant, we administered a battery of tasks that 

were divided into five sets. Each set took 15-30 min to 

administer. Within each set, the tasks were scheduled in a 

non-fixed order, with all task sets administered over 2 days to 

several weeks, depending on the schools‘/kindergartens‘ 

logistical requirements. For all the children, the tasks were 

administered individually. Battery included intelligence 

scales, executive functions tasks and school achievement task, 

all tasks except IQ test were examined based on tablet special 

application which simulated a game. The children were 

examined individually at school or kindergarten in special 

quite room. After each set they got small reward. First of all 

intelligence was tested, after that executive functions, and in 

the end school achievements. After that their parents filled in 

a questionnaire regarding family socio-economical status 

(SES). Research took place from October till to December 

2014 and it states first step of cohort-sequential research.  

 

III. MEASURES 

A. Inteligence 

Culture neutral Cattle Inteligence Test – CTF-1R. Test 

directed to measure general intelligence, understood as the 

fluid intelligence. It consists of six subtests grouped in to two 

parts. First (subtests: Substitution, Mazes and Similarities) 

contains perception ability, attention, eye-hand coordination 

tasks; the second (subtests: Series, Classifications, Stencil) – 

reasoning measuring tasks, tasks measuring detection of rules 

defining relationships between objects and structure 

complementation tasks. The tasks have non-verbal character 

and do not require any knowledge gathered before. 

  

The Corsi Block Test (tablet task). The task requires 

individuals to reproduce block-tapping sequences of 

increasing length and provides an index of immediate 

memory span capacity for spatial information. Individuals 

observe board where in the fixed intervals cubic blocks 

appear in sequence and at a rate set by the examiner. After the 

end of the presentation, individuals have to reproduce 

arrangement and sequence of blocks. The test measures 

non-verbal spatial working memory. It is a tablet computer 

based an arcade game style task, made and adapted to polish 

children (5 to 8 years olds) during implementation phase. In 

the instruction child have to show blocks in the right order. 

Switching task. Requirement to sort a series of bivalent test 

cartoon characters (red crab or green frog). Both of them 

could be with or without frame. If a character is in a frame (2), 

participant has to sort by the colour, if there is not any frame 

(1) around cartoon have to sorting by shape (Fig. 1). 
 

 
Fig. 1. Conditions and stimulus in switching task. 

 

Test of Working Memory (TPR). Test consists of three 

task measuring three aspects of working memory: 

Simultaneous storing and processing - counting span. 

Performing operations on the presented visual material 

(despite of emergence of disturbing content) and storing the 

results. The task is to convert the specified objects shown on 

the following boards (given selection criterion; conversions in 

the range of 1 to 5), memorize them, and then replaying their 

numbers in the order of exposure. Sample set consists of 2 

boards. The main set consists of 2 sets of 2, 3, 4 and 5 boards 

(a total of 8 sets in pseudo random sequence not to jump more 

than two in example2 boards,4 boards, 3, 5, 3, 2, etc.). 

Supervision - task-set switching 2 × 2. In this task, in a 

square divided into four fields single drawings of a girl or a 

boy's face (smiling face, a sad face) are displayed (clockwise). 

The task is to switch between the decision-making whether 

the face presented is a BOY (if the face appears in the upper 

boxes), or whether is HAPPY (if is in the lower boxes) using 

the same buttons symbolizing answer YES vs NO. Child hears 

which criterion should be applied. 

    

 

Shape Task (ST) based on M. Espy School Shape tool. The 

tool examines inhibitory control and set shift. It consists of 4 
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B. Executive Functions

Coordination — spatial short-term memory — the task 

consists of memorizing fields of a matrix on which 

individually appear the same objects (2 to 5), and then 

identifying those fields. The test sample starts with the two 

objects (ladybugs), followed by main twelve samples. They 

are two samples taken for subsequent levels of difficulty 

(from 2 to 5 objects 6 × 6 grid). 



  

levels (conditions): control (baseline colour naming), 

inhibition, blocks switch, mixed switch and interference. The 

tool is presented in a form of a computer game and is be 

adapted to polish children (5-8 years old) as a trial. The test 

stimulus are animated characters which vary on the 

dimensions, colour (blue, red) and shape (circle, square) and 

according to particular cues (happy/sad facial expression for 

condition 2 and hat/no hat in conditions 3 and 4; both in 

condition 5). Prior to each condition, children complete six 

practice runs, where they are provided verbal feedback on 

their performance. No feedback is provided during the 

   

 

 

 

   

   

 

C. Schooling Achievements 

Test of Abilities at Start of School (TUNSS) (tablet task)It 

is a tool to examine school achievements of the pre-school to 

2nd grade primary school pupils. This tool has friendly, 

adaptive form, which provides ability to adapt difficulty level 

to answers given by the child. Through this form the 

measurement is more precise, the tested child does not get 

bored (task is not too easy) and does not loose motivation 

(task is not too difficult). The test examines three types of 

abilities: Mathematical skills (numbers, measurements, 

space and shape, relations and dependencies). Writing 

(visual-motoric efficiency, spatial-visual efficiency, 

auditory-language efficiency, calligraphy and writing). 

Reading (auditory-language efficiency visual-auditory 

efficiency, reading ability). 

D. SES Questionnaire  

SES was investigated based on questionnaire filled in by 

one of the child‘s parents. There were four questions, 

regarding amount of years of education of mother and father, 

size of their home (in square meters) and amount of books at 

home (interval scale).  

 

IV. RESULTS 

A. Data Analysis 

The percentage of missing values was less than 5 % for all 

variables. Missing data were replaced using the linear trend at 

point. 

B. GLM (General Linear Model) 

In order to check differences in EF between level of school 

(last year of kindergarten; first grade of primary school) and 

sex, GLM (general linear model) was used. The main effect of 

gender in contrast to the main effect of the level of education 

proved to be insignificant for all subtests, suggesting that age 

(and associated with this the type of education level) is more 

important in shaping the EF than sex. The effect of the 

interaction of sex / type of education also turned out to be not 

significant. Therefore, only the differences arising from the 

level of education will be presented in following (Table I). In 

line with the assumptions working memory capacity increases 

with the level of education. The best test differentiating 

children working memory is storage from TPR task 

(kindergarten M = 43,47 school M = 58,094). Inhibition was 

measured using two types of variables - the total sum of the 

points (Total) and reaction time (RT). As expected, both 

variables have the opposite direction to each other -Total 

increases with age, and the reaction time is decreased in older 

children. Definitely more pronounced differences in this 

respect can be seen when comparing reaction times than the 

total amount of points. This may be due to the fact that 

inhibition in children of this age is already quite well-formed, 

and tests measuring reaction time are much more sensitive. 

Cognitive flexibility has been tested for three types of tasks. 

Surprising result occurred in the Shape Task‘s 4th condition, 

where in older children the response time significantly 

increased. This may result from multistage form of the tasks, 

where the first three conditions were relatively simple and 

could become a form of training for the children. The last 

condition was much more difficult, which could result in 

longer reflecting on individual items. In addition, this task 

requires a verbal response. The child must remember the rule, 

slow the reaction, and denounce the category to which the 

figure belongs. In the Switching task, children on their own 

sorted the answers by pressing appropriate box. Probably the 

motor response inhibition is easier for older children (less 

impulsivity), when inhibition of verbal response is more 

difficult. 

The results (Table II) between children attending 

kindergarten and children of primary school were 

differentiated best by operational memory components - all 

had a strong effect: Corsiblock (F = 55.923, p < 0.001 η
2
 = 

0.228) Coordination (F = 45.12, p < 0.001 η
2
 = 0.193) Storing 

(F = 32.083, p < 0.001 η
2
 = 0.145). Strong effects were also 

observed in tasks measuring inhibition: Shape Task _ 

condition_2 (RT) (F = 45.499, p < 0.001 η
2
 = 0.194) and for 

Shape Task_ condition_3 (RT) (F = 30.788, p < 0.001 η
2
 = 

0.140), remaining results characterized in general with lower 

effect. For the cognitive flexibility construct the only strong 

effect was the switching task (RT) (F = 48.427, p < 0.001 η
2
 = 

0.204). The other effects were average. It can be concluded 

from the above that the children at different levels of 

education differentiate best the tasks of working memory 

group and the least the tasks of the inhibition group. 

C. SEM (Structural Equation Model) 

1) Model fitting 

This study shows connection between educational 
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Condition 1, baseline colour naming - children are advised 

that the characters‘ names are their colours (red/blue) and are 

asked to name 12 characters with neutral expressions as 

quickly and as accurately as possible as they appear 

sequentially on the computer screen. Condition 2, inhibition

— 12 inhibit and 24 non-inhibit trials assess children‘s 

inhibitory suppression of a pre-potent verbal response. 

Children are instructed to name only the colours of characters 

with happy faces and to remain silent for characters with sad 

faces. Condition 3, blocked switch (12 trials), characters are 

depicted with neutral expressions and wearing hats. Children 

are instructed to name characters with hats by their shape.

Condition 4, mixed switching (20 switch and 10 non-switch 

trials), neutral characters both with and without hats are 

presented and children are required to flexibly shift their 

responses between dimensions of colour and shape as cued. 

Children are allowed an unlimited time window in which to 

provide verbal responses.



  

achievements, efficiency of basic components of executive 

functions, controlled SES and age. SEM was used to test two 

hypotheses: 1-EF are good predictors of school achievement, 

2-SES is significant factor in the area of school achievement. 
 

TABLE II: DESCRIPTIVE STATISTIC FOR GLM 

Executive 

functions 
Variable 

Level of education 

Kindergarten First grade 

M SD M SD 

Working 

memory 

Storing 43,47 19,84 58,094 19,23 

Corsi Block 3,17 0,74 3,65 1,01 

Coordination 92,29 2,80 94,53 2,23 

Inhibition 

Day/Night (Total) 14,16 1,14 14,58 0,90 

Shape Task 2 condition (total) 33,12 2,60 34,29 2,09 

Shape Task 3 condition (total) 11,26 0,85 11,61 0,66 

Day/Night (RT) 24,35 10,32 19,17 5,38 

Shape Task 2 condition (RT) 21,27 4,51 17,56 3,12 

Shape Task 3 condition (RT) 19,11 6,21 15,10 3,80 

Supervision 81,92 10,32 88,21 9,36 

Switching 

Switching task (total) 31,77 9,64 38,20 7,54 

Switching task (RT) 89,38 28,55 67,34 13,79 

Shape Task 4 condition (RT) 23,22 5,62 26,18 4,35 

 

TABLE III: EFFECT SIZE OF OBSERVED VARIABLES 

EF Variable F p Eta2 

Workingmemory 

Storing 32,083 ,000 ,145 

Corsi Block 55,923 ,000 ,228 

Coordination 45,12 ,000 ,193 

Inhibition 

Day/Night (total) 7,994 ,005 ,041 

Shape Task (total) 2 condition 11,561 ,001 ,058 

Shape Task (total) 3 condition  10,639 ,001 ,053 

Day/Night (RT) 19,463 ,000 ,093 

Shape Task 2 condition (RT) 45,499 ,000 ,194 

Shape Task 3 condition (RT) 30,788 ,000 ,140 

Switching 

Supervising 13,886 ,000 ,068 

Switching task (total) 26,349 ,000 ,122 

Switching task (RT) 48,427 ,000 ,204 

Shape Task 4 condition (RT) 17,316 ,000 ,084 

 

We specified a structural model to examine the 

relationships between EF and school achievement (SA) in 

children. The latent executive processes (inhibition, switching, 

and updating) were modelled on the latent SA variables 

(mathematic, writing, reading) because these relationships 

were of theoretical interest. A three-factor model of EF and a 

one-factor model of SA provided the best fit to the data, 

χ
2
(108) = 167,435, CFI = 0.945, RMSEA = 0,54 (min = 0,37, 

max = 0,69). 

The fact that our theoretical model fits in both populations 

yields support that the theoretical model adequately describes 

the data. This means that the parameter estimates of the three 

part executive functions onto the school achievement can be 

validly interpreted. 

2) Model specifications 

The theoretical model consists of latent variables and 

indicators. Latent variables cannot be directly observed and 

are inferred from variables that can be directly observed: the 

indicators. Indicators consist of the dependent measures 

derived from the seven tests. Here we describe each of the 

latent variables, the indicators used to measure each of the 

latent variables, as well as the interrelations between the latent 

variables 

The theoretical model is displayed in Fig. 1 and includes 

variables and the inter-correlations between these variables. 

The models include three latent variables: working memory, 

inhibition and switching. Working memory consist of 

updating (TPR–storing task), updating & spatial memory 

(TPR–coordination task), spatial memory (Corsi block 

task).Three tasks are used in inhibition assessment, however 

due to their better sensitivity only the reaction time data were 

included in this model. Additionally, simultaneous 

introduction of score results and reaction time together with 

small survey sample (N = 197) result in the program being 

unable to estimate respective relationships result values. 

Two tasks derived from Shape-task. One measures simple 

inhibition (required withholding of reaction) (SS_2_RT), the 

second one measures complex inhibition (withholding of 

reaction and substitution with another one) (SS_3_RT). The 

third task belongs to Day/Night (DN_2_RT) task and it was 

the reaction time from second part of this task. Shifting also 

consist of three parts, one from switching task: total score 

(ST_total), one from Shape-task (condition 4), measured by 

reaction time (ST_RT) and third from TPR Task – the total 

score in Supervision Task.  

As an independent latent variable, it was assumed that 

School Achievement consists of three observed variables 

concerning mathematic, writing and reading measures on 

standardized scales. 

As a controlled variable, socio-economical status 

understood as education of parents measured as years of 
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learning (Edu_M for mother, Edu_F for father), amount of 

books (interval scale) and home size (square meter) were 

used. 
 

 
Fig. 2. SEM, relationship between inhibition, working memory, switching 

and school achievement, controlled age and SES. On the arrow – the effect 

size, under latent variables – per cent of variation. 

 

TABLE IV: STANDARDIZED REGRESSION WEIGHT OF THE MODEL 

(WM-WORKING MEMORY, INH-INHIBITION, SWCH-SWITCHING, SA-SCHOOL 

ACHIEVEMENT) 

   
b SD P 

WM <--- age ,646 ,145 *** 

Inh <--- age -,453 ,035 *** 

Swch <--- age ,561 ,084 *** 

Swch <--- SES ,279 ,055 ,086 

WM <--- SES ,297 ,098 ,029 

Inh <--- SES -,301 ,030 ,024 

SA <--- Inh -,187 ,253 ,007 

SA <--- Swch ,330 ,344 ,020 

SA <--- WM ,217 ,113 ,031 

SA <--- age ,380 ,182 *** 

SA <--- SES ,116 ,073 ,199 

 

D. Parameter Estimates 

The estimated standardized regression weights (β) of the 

hypothesis testing model (Table III) show the change in the 

dependent latent variable associated with one standard 

deviation and the change in the independent latent variable, 

holding all the other independent latent variables 

constant.The most interesting us dependencies concern 

working memory, inhibition and cognitive flexibility, and 

their relationship with school achievements. All these 

dependencies have proven to be important. In the model, the 

most important was positively correlated working memory β 

= 0.22, p < 0.001. Cognitive flexibility was less significant 

predictor β = 0.163, p < 0.001, but it was also a positive 

relationship. As expected, the relationship between inhibition 

and school achievements was negative and resulted β = 0.168 

p < 0.05, it is due to the fact that the inhibition was measured 

by reaction time, hence the lower the response time, the higher 

are school achievements. 

Lack of significance in relation to SES school 

achievements in presented model β = 0.116 p > 0.2 can be 

considered as interesting. In relation to the EF SES presents a 

low significance in case of working memory (β = 0.297 p < 

0.05) inhibition (β = -0.301 p < 0.05), and no significance of 

cognitive flexibility (β = 0.279 p > 0.086). It should also be 

noted that each of the SES factors was statistically significant 

at p < 0.01. This effect, although contrary to expectations, 

brings positive feedback that SES as measured by parents' 

education, home size and amount of books does not 

differentiate children in school achievement. 

The last controlled factor was the age effect on both the 

level of school achievements as well as various aspects of 

executive functions. In line with the assumptions age 

significantly (p < 0.001) affects the level of memory (WM), 

inhibition (Inh) and cognitive flexibility (Swch), as well as 

school achievement(SA). The strongest relationship exists 

between age and working memory (β = 0.646), and the 

weakest with school achievements (β = 0.380). 

 

V. CONCLUSION 

Four basic hypotheses were provided in this research. 

Based on statistical analysis of GML and SEM, two initial 

hypotheses were accepted and two rejected. As a result of 

analysis, it turned out that the relationship of gender to the 

level of EF and SA is irrelevant, as is the level of SES. 

As important emerged the influence of EF on the SA, 

although the strength of this relationship is average what may 

be a result of limited number of tests used to measure single 

construct. However, the influence of age on both the SA and 

on FW proved to be not only important but also very strong. 

At the end, it should be noted that this model explains 85% 

variations of SA. 

 

VI. DISCUSSION 

The presented study adds some new results to the growing 

body of developmental and educational research supporting 

the key role of EF in young children‘s school achievements. 

The first of discussed assumptions was dependence of school 

achievements on children age, and thus the level of their 

education (pre-school or first grade). It is well known that 

aging is accompanied by a decline in a wide number of 

cognitive domains, including episodic memory, working 

memory, problem solving, and spatial abilities [27]. 

Concerning the changes in executive sub processes with aging, 

a recent review of meta-analyses [28] showed that some 

processes (e.g., the inhibitory process named resistance to 

interference) did not show age-related alterations, whereas 

others (e.g., shifting processes as global task switching) were 

negatively affected by advancing age [29]. Fisk and Sharp [30] 

observed an age-related decline in all of the three sub 

processes of the Miyake model. Similar results were 

confirmed in this study, age significantly differentiated not 

only all levels of EF, but also SA. Interestingly, subsequent 

ignoring to take into account the age of the structural model 

resulted in a worse model fit. The analysis of associations 

between EF and school achievement is informative in 

suggesting a developmental link between these skills [31]. In 

order to take and apply perspective, in which intervention or 

prevention programs are implemented, it should first be 

empirically established on which level of development 

respective part of EF is. 

Sex was elaborated as the next variable, according to 

hypothesis difference in area of EF and school achievement. 

Citing literature usually boys characterized better level of 

shifting, and girls better level of working memory and 
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inhibition [32]. Further [33] also administered significant 

differences between boys and girls in EF and mathematical 

achievements. It should be added that there is also no 

association between gender, SA and EF reported [34]. 

Unexpectedly negligible effect was obtained in the area of 

SES control, despite extensive literature speaking about 

major impact of SES on tests of intelligence and school 

achievements [35], [36], language [37], [38], attention [39]. It 

should be also noted that although a large body of evidence 

supports the linkage between SES and EF, less is known about 

the specific socio-economic indicators that may predict 

executive task performance. SES is a composite variable that 

includes measures of family income, occupational status, and 

parental education. Researchers have suggested that these 

indicators may have separate effects on children‘s 

developmental outcomes [40]. 

Probably an influence on insignificant relationship of SES 

and school achievement can also have employed performance 

indicators which should perhaps contain additional 

information like i.e. family income. The result may also have 

a relationship with the education system operating in Poland; 

the cited studies were developed in English and Spanish 

speaking countries. In Poland, private education, as well as 

the possibility of extra-curricular activities are not well 

developed, which translates into less differentiation in access 

to education for children of low and high SES. 

This study describes well the relationships that exist in 

reality, but should be extended to a larger number of samples 

to check how the EF and school achievements relationship 

develops further. Interesting is the fact that if at a later date - 

adolescent gender differences will not start to be relevant. 
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