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1. INTRODUCTION

1.1.  Scientific novelty of the dissertation

Starting school is one of the largest thresholds in child’s development. It is
associated with new responsibilities, expectations and opportunities to experience
success or failure. It is expected that primary school children adjust to institutional rules,
adapt in novel social environment, create satisfactory peer relationships and successfully
perform academic tasks. There is sufficient data to believe that child’s executive function
plays an important role in meeting these demands.

Executive function is a common term for a number of inter-related cognitive
processes. They regulate and coordinate other (non-executive) cognitive processes,
giving direction to the dynamics of human cognition and letting individual achieve its
goals (Welsh, Pennington, & Groisser, 1991). The term is relatively new in cognitive
psychology and neuropsychology, however, it generates plenty of research.
Developmental studies of executive function gained particular attention due to the
finding that many symptoms of attention deficit hyperactivity disorder may be explained
by the deficits in executive function. However, studies of the importance of executive
processes in everyday functioning of normally developing children are still relatively
rare.

Structure of executive function. The most widely recognized model of
executive function is the “unity and diversity” model provided by Miyake, Friedman,
Emerson, and Witzki Howerter (2000). According to the model, executive function is
performed by three separate, but interrelated cognitive processes — mental set shifting,
inhibition of the dominant response and updating of representations in working memory.

Shifting between tasks or mental sets (henceforth, shifting) is a cognitive process of

switching back and forth between multiple tasks, operations, or mental sets. Inhibition of

prepotent response, (henceforth, inhibition) concerns one’s ability to deliberately inhibit

dominant, automatic or convenient response if required by the task or situation.

Monitoring and updating of working memory representations (henceforth, updating) is a

process that allows revising items held in working memory by replacing old, no longer



relevant information with new and valuable information (Miyake et al., 2000). These
components are usually referred to as executive functions or executive abilities.

The model proposed by Miyake and others (2000) has been tested in
numerous studies and confirmed in most of them (e.g. Rose, Fieldman & Jankowski,
2011; Wu et al., 2011). Some of these studies attempted to test the model in children
(Brydges, Reid, Fox, & Anderson, 2012; Rose et al., 2011; St Clair-Thompson &
Gathercole, 2006; van der Sluis, de Jong , & van der Leija, 2007; van der Ven,
Kroesbergen, Boom, & Leseman, 2012; Wiebe, Espy, & Charak, 2008), however, the
results are ambiguous and largely depend on the age of the participants. An
undifferentiated structure of common executive function is characteristic for younger
children, but executive abilities become more differentiated over the course of
development and three factor structures of “unity and diversity” is usually confirmed in
samples of older school-age children. Primary school age can be identified as a
developmental period posing greatest questions, as various studies confirmed that
executive function of this age group is characterised by three (Wu et al., 2011), two (Van
der Ven et al, 2013) and one-factor structure (Brydges et al., 2012). It may be that
beginning school is a transitional period, when both, maturing brain structures, and novel
cognitive tasks and requirements that children face in school environment play their role
in the changes of relevant importance of various executive functions and their
differentiation.

Executive function and academic success. As executive function is being
associated with higher order cognitive functioning, its relationship with academic
achievement seems self-evident. However, the researchers are interested not only in the
importance of executive function for general aptitude, but also in the links between
individual components of executive function and various areas of academic achievement.
It is presumed that tasks characteristic for each discipline pose specific cognitive
demands, and these requirements may involve different executive processes.
Relationship between executive functions and achievement in mathematics has been
generating the most attention from researchers, and the importance of inhibition and
updating for succeeding in math has been best documented (Bull & Scerif, 2001; Bull,
Espy, & Wiebe, 2008; Oberle & Schonert-Reichl, 2013; Passolunghi & Pazzaglia, 2005).

Reading achievement is mainly associated with working memory in general and with
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updating representations in working memory (Gathercole et al., 2008; Rose et al., 2011,
St Clair-Thompson & Gathercole, 2006). The relationship between writing achievement
and executive functions is in most cases studied along with reading achievement
(Altemeier, Abbott, & Berninger 2008; Monette, Bigres, & Guay, 2011). Monette et al.
(2011) found that working memory has been linked to the overall estimate of reading
and writing but this link could largely be explained by the common variance that
working memory shares with general intelligence.

Although there is plenty of research regarding the relationship between
executive functions and achievement in school, the results are difficult to summarize.
First, most of the studies have only analysed one component of executive function,
usually response inhibition or working memory. Second, the components of executive
function are variously defined. Third, different tasks are being used to measure the same
component. Because of the task impurity, it is very likely that these tasks capture
different constructs. Fourth, the age gap between the subjects is often too broad, having
in mind that executive function is a fast developing structure (e.g. 8-16 years). For these
reasons, little can be said about the relative importance of the components of executive
function within different academic fields at the onset of schooling.

Most studies of the relations between executive functions and achievement
do not take possible mediational relationships into account. As executive competence is
linked to intelligence, the question arises whether the executive functions are linked to
achievement over and above the intelligence. Many researchers are trying to address this
issue by controlling for intelligence and identifying which part of variation is explained
solely by executive abilities. Often, this procedure leads to conclusion that executive
functions do not add anything to the understanding of achievement (Monette et al.,
2011), although sometimes a unique link between executive functions and performance
remains (Blair & Razza, 2007; Espy et al., 2004). It is therefore important to know not
how important executive abilities are for children's academic achievement regardless of
intelligence, but rather how important they are in general. This is especially true in light
of theoretical speculations that executive function and fluid intelligence are essentially
the same constructs (Barkley, 2001). Structural equation modelling may prove beneficial

in solving this methodological problem, as it allows simultaneous evaluation of both



direct relations between executive functions and achievement and the relations mediated
by intelligence.

There is sufficient evidence that the child's behaviour at school may affect
its achievement too. Hyperactivity and inattention are related to school achievement in
samples of children with and without attention deficit hyperactivity disorder (Rapport,
Chung, Shore, Denney, & lIsaacs, 2000; Rydell Thorell, & Bohlin, 2004). Moreover,
response inhibition, which is closely related to the ability to regulate one’s behaviour, 1s
a strong predictor of symptoms of hyperactivity and impulsivity in primary school, as
reported by teacher ratings (Riggs, Blair, & Greenberg, 2003; Rydell et al., 2004).
Neuenschwander, Rothlisberger, Cimeli & Rogers (2012) found that learning behaviour
partly explained the relationship between common executive function and grades but had
no effect on the link between executive function and standardized achievement test
results. However, the attempts to link executive functions, behavioral variables and
achievement are not common (Brock, Rimm-Kaufman, Nathanson, & Grimm, 2009) and
behaviourally mediated relations between various components of executive function and
achievement have not been studied

Executive function and social success. While academic achievement is
undoubtedly one of the most important criteria of school success and some authors limit
their definition of school success to this criterion, in our view, it is impossible to talk
about succeeding in school without taking social functioning into account. Pupils' social
functioning includes relationships with adults (teachers) as well as with their peers, but
the quality of peer relationships is considered to be the most important criterion of
children’s social success (Ladd, Kochenderfer, & Coleman, 2006; Ladd, 1990).

Although researchers indicate that executive function is necessary for
successful social interactions (Barkley, 2001), there is not much empirical data to
support this claim. In clinical samples of children with attention deficit hyperactivity
disorder weak executive skills have been associated with maladaptive social behaviour,
lack of sociability (Clark et al., 2002) and aggressiveness (Séguin, Boulerice, Harden,
Tremblay, & Pihl, 1999). However, Biederman and co-authors (2004) argue that
executive functions of children with attention deficit hyperactivity disorder correlates
with their scholastic achievements, but not with social success. Studies in children from

general population showed that executive function difficulties are associated with
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children's aggressiveness (Séguin et al., 1999; Séguin & Zelazo, 2005) and increased risk
of taking up the role of the victim or the harasser in pre-school education (Monks et al.,
2005). Oberle and Schonert-Reichl (2013) points out that response inhibition of the
school-age children was weakly but significantly associated with the quality of peer
relationships. Primary school age children, who performed better on response inhibition
task or Wisconsin card sorting task were more successful in collaborating with peers to
achieve common goals (Bonino, 1999).

One possible reason for the weakness of established links between executive
functions and social success is the fact that these links cannot be direct. Yager and
Ehmann (2006) proposes that there are two levels of social constructs: social functioning
(peer relationships) as a real life expression of social success and the skills or abilities,
on which social functioning largely depends. It is possible, that individual's cognitive
functions are directly involved in the process of developing social competence, acquiring
new social abilities, which, when applied in interpersonal situations, determine the
quality of relationships. On the other hand, it may be that weak executive skills lead to
maladaptive behaviour during social interactions, for example, over-activity, impulsivity,
or the inability to listen to others and to wait one’s turn my interrupt play. Therefore, we
have taken two possible mediators of the link between executive functions and peer

relationships into account — social competence and symptoms of hyperactivity.

1.2. The aim, research questions and defended statements of the dissertation

The aim of the dissertation is to determine the structure of executive functions and its

role in academic success of primary school children.

The research questions:

1. What structure characterises the executive functions of primary school-age children?
2. How do executive functions predict general intelligence (g factor), verbal 1Q and

performance IQ in primary school children?



3. How do executive functions predict primary school children’s academic achievement
in mathematics, reading, writing and nature?

4. How are executive functions and academic achievement of primary school children
related — directly or through other cognitive and behavioural variables?

5. How do executive functions predict the quality of peer relationships in primary school
children?

6. How are executive functions and peer relationships of primary school children related

— directly or through other cognitive and behavioural variables?

Defended statements:

1. Executive functions of primary school children are best characterised by the structure
of three interrelated factors: response inhibition, working memory updating and mental
set shifting.

2. Updating, shifting and inhibition are differently associated with achievement in
primary school. Working memory updating is related to achievement directly and
through cognitive mediators, response inhibition — through behavioural mediators.

3. The structure of the prognostic relations between executive functions, cognitive
mediators and behavioural mediators varies depending on the field of academic
achievement and method of evaluating achievement.

4. Response inhibition explains peer relationships in primary school. The link between
response inhibition and the quality of peer relationships is not direct, but mediated by

social competence and behavioural variables.
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2. METHOD

2.1 Research participants

The sample consisted of 101 second-grade students: 45 boys and 56 girls. In
the beginning of the study the youngest child was 7 years and 11 months. the oldest — 8
years and 9 months (mean age: 8 years and 5 months). Children were selected to
participate in the study by the convenience sampling, in cooperation with primary and
secondary education institutions of Vilnius. Children, their parents and teachers from 5
schools, 19 classes were invited to participate. Of all the families invited to participate in
the study, 74.3 percent agreed. According to the information provided by parents
(guardians) of the children, their eligibility for participation in the study was assessed
according to the following criteria: have not had suffered brain injuries that could cause
brain damage; have not been diagnosed with developmental disorders, specific learning
disabilities, attention deficit hyperactivity disorder or emotional or behavioural disorders.
All subjects had normal vision and 1Q greater than or equal to 70. All children enrolled

in the study were being taught in Lithuanian language.

2.2 Instruments

Executive function tasks. A set of nine tasks was created by the author of the

dissertation in order to assess executive functions (updating, inhibition and shifting) in
primary school children. Seven of the tasks were computer administered, two were paper
and pencil tasks. All computer tasks were created by the author using PsychoPy V 1.80,
an open access application that enables display of stimuli and data collection for user-
generated neuropsychological, psychological and psychophysical experiments (Peirce,
2007). These tasks were administered with the laptop Toshiba Sattelite L750, diagonal
39,6cm. An extra keyboard (from which all keys other than the ones necessary to
provide answers were removed) was connected to the laptop. The remaining keys were

specifically marked.
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Dominant response inhibition was assessed with two tasks: Animals and
Plus-minus. The Animal task was developed for research purposes on the basis of size
Stroop task (Konkle & Oliva, 2012), which is the variation of the classic Stroop task,
used by Miyake and others (2000). The task was designed to be suitable for primary
school-age children whose reading may not have become an automatic process yet. In
our task, children are shown two pictures of an animal on the screen simultaneously and
are asked to decide which animal is bigger in real life. Sometimes the size of the animal
on the screen corresponds to the real size of the animal, and sometimes animal which in
bigger in real life looks smaller on the screen. In these instances, interference (Stroop
effect) occurs and the child must inhibit the predominant impulse to choose an animal
that looks bigger in order to respond correctly. After the demonstration and learning
trials, 96 test trials follow. The result of the tasks is the number of errors in trials with
incongruent animal size. The test-retest reliability of the task was confirmed: the
Spearman correlation between the results of the first and second administration of the
task r = .78, p = .001. Plus-minus task was designed following the go/no-go approach to
the assessment of response inhibition (Jodo & Kayama, 1992). The participant is asked
to press a key as soon as he sees a “+” symbol on the screen, and not to respond when he
sees a “—” symbol. 96 task trials are administered. The result of the task is the number of
commission errors (the instances when the key was pressed after the demonstration of “—
). The task proved to be reliable: internal consistency of the task a = .85

Four tasks were designed in order to assess mental set shifting: Kangaroo,
Colour-form, Addition-subtraction and AB. The first three tasks were created for the
primary school-age children according to the tasks used by Miyake et al. (2000); AB task
is a cancellation task. In the Kangaroo task, the stimuli were Navon figures (Navon,
1977, cit. pagal Miyake et al., 2000), in which the “global” figure (e.g., a digit 1) were
composed of much smaller, “local” figures (e.g., digits 2). The task is administered in
three stages, in the first stage a participant is asked to identify the big (global) figure (27
trials), in the second stage a participant is asked to identify the small (local) figure (27
trials) and in the third stage a participant is asked to identify the small (local) figure (27
trials) when he sees a small kangaroo next to it and the big (global) figure when he sees a
big kangaroo next to it (54 trials). Thus, when the size of the kangaroo changed across

successive trials, the participants had to shift from examining the local features to the
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global features or vice versa. The dependent measure of the task is the difference
between the performance effectiveness (composite score of the average reaction time and
number of errors) in the third stage of the task (where shifting was required) and the first
two stages of the task (with no shifting). The test-retest reliability of the task was
established. The Spearman coefficient of correlation between the number of commission
errors in the first and second administration of the task r = .62, p = .003; between the
reaction time in trials without shifting in first and second administration of the task r =
.73, p = .00, between the reaction time in trials with shifting in first and second
administration of the task r = .62, p = .001.

The stimuli of the Colour-form task are the coloured geometrical figures.
The participant is asked to respond to different features of the figures depending on the
figures’ location on the screen. In the first stage of the task the participant has to identify
the colour of the figure (red, blue or green, 32 trials), in the second stage — the form of
the figure (square, circle or triangle, 32 trials), and finally in the third stage the
participant is asked to alternate between responding to the form and to the colour of the
figure (99 trials). The dependent measure of the task is the difference between the
performance effectiveness (composite score of the average reaction time and number of
errors) in the third stage of the task (where shifting was required) and the first two stages
of the task (with no shifting). The test-retest reliability of the task was established. The
Spearman coefficient of correlation between the number of commission errors in the first
and second administration of the task r = .69, p = .002, between the reaction time in trials
without shifting in first and second administration of the task r = .64, p = .006, between
the reaction time in trials with shifting in first and second administration of the task r =
.70, p =.002.

The Addition-subtraction task is also composed of three stages. In the first
stage participant is asked to add one to the numbers, written on the sheet of paper, in the
second stage he is asked to subtract one from the numbers written and in the third stage —
to alternate between adding and subtracting one. The dependent measure of the task is
the ratio of arithmetic operations performed in the third stage of the task and the first two
stages of the task. The test-retest reliability of the task was established. The Spearman
coefficients of correlation between the first and second administration of the task: the

number of operations in the first two stages (without shifting) r = .67, p = .000, the
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number of operations performed in the third stage of the task (with shifting) r = .70, p =
.000. The AB task consists of the three lists of black and red letters A, B and C,
organized in pairs. In the first stage of AB task the participant is asked to cancel the letter
pairs with the letters sounding the same, no matter if they are lowercase or uppercase
(e.g., AA, BD). In the second stage the participant is asked to cancel the letter pairs with
both uppercase letters, no matter if they denote the same or different sounds (e.g., CC,
BA). In the third stage of the task the participant is asked to alternate between two
previous tasks depending on the colour of the letter pair. The dependent measure of the
task is the ratio of correctly cancelled stimuli (letter pairs) in the third stage of the task
and the first two stages of the task. The Spearman coefficient of correlation between the
first and second administration of the task: the number of operations in the first two
stages (without shifting) r = .63, p = .004, the number of operations performed in the
third stage (with shifting) r = .69, p = .001.

Three tasks were designed for assessment of updating of working memory
representations: Category monitoring, Animal monitoring and Letter monitoring. The
tasks were designed for the primary school-age children based on the tasks used by
Miyake and others (2000). In the Category monitoring task several pictures of the
objects, belonging to one of 2, 3 or 4 categories, and the distracting pictures not
belonging to any of the categories are presented one by one on the screen. After the
demonstration of the pictures, the participant is asked to name the last picture from each
category presented. 7 trials of the task are administered: 3 trials with 2 categories, 2 trials
with 3 categories and 2 trials with 4 categories. The number of correct responses is used
as a dependent measure of the task. Internal reliability of the task is good: o = .71. In the
Animal monitoring task the pictures of three domestic animals along with their
characteristic sounds are demonstrated one by one. The participant is asked to monitor
appearances of each animal and press a key after the set number (2 or 3) of appearances
of a particular animal. There are 6 trials, 3 trials in which the key must be pressed every
second appearance of each animal (2 trials with 2 animals and 1 trial with 3 animals) and
3 trials in which the key must be pressed every third appearance of the animal (2 trials
with 2 animals and 1 trial with 3 animals). The number of correct responses is used as a
dependent measure. Internal reliability of the task is good: a = .77. In the Letter

monitoring task, uppercase letters are demonstrated in the centre of the screen one at a
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time. The participant is asked to remember last three letters of the trial and name them in
the correct order after the trial ends. In order to make sure that the representations are
constantly updated, the participant is asked to rehearse out loud the last 3 letters by
mentally adding the most recent letter and dropping the 4th letter back and then saying
the new string of 3 letters out loud. 13 trials are administered, the dependent measure of
the task is the number of letters retrieved correctly. Internal reliability of the task is
good: o =0,71.

Wechsler Abbreviated Scale of Intelligence (WASI). This is a standardized

test designed to assess intellectual abilities in individuals of 6-89 years. The test consists
of four subtests: Vocabulary, Block design, Similarities and Matrix reasoning. The
points from each subtest are converted into T scores, according to the age group of the
respondent. The range of the T scores is between 20 and 80, mean 50 and standard
deviation 10. Based on the T scores of the subtests four 1Q scores are calculated: Verbal
IQ (Vocabulary and Similarities) Performance 1Q (Block design and Matrix reasoning)
Q-4 (all four subtests), 1Q-2 (Vocabulary and Matrix reasoning). The test is adapted and
standardized in Lithuania, its validity and reliability have been established and reported
in WASI Technical Manual (2011).

Academic achievement scale. Academic achievement scale was created for

the purposes of this research by the author. The scale was administered to the main
teacher of a child. It consisted of 26 statements to describe the child's achievement in
literacy (reading — 6 statements; writing — 6 statements), mathematics (7 statements) and
nature (7 statements). Each statement was evaluated in a ten-point scale, where 10
represents the highest achievement. Average estimate in each field of academic
achievement is calculated. The internal consistency of the scale is extremely high (a =
0.96 for writing, a = .95 for reading; « = .96 for mathematics; « = .94 for nature).

Achievement tasks. Tasks in mathematics, reading and writing were

developed by the author for the purpose of objective evaluation of academic
achievement. The task in mathematics consisted of 20 problems, based on the exercise
book for second graders by Bortkevicius (2010). Participants were allowed to solve the
problems for 10 minutes, the number of incorrect responses was used as a dependent
measure. For the reading task the children were given a short text to read aloud. Reading

fluency was evaluated by the examiner according to the number of errors made
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(omission of the letter or part of the word; repetition of a letter or part of the word;
alteration of the letter or part of the word; stopping while reading the word). Number of
errors constituted the result of the task. The dictation was used as a writing task. The
number of errors made was used as a dependent measure of the task.

Strengths and Difficulties Questionnaire (SDQ, Goodman, 1977, as cited in
Gintiliené¢ et al., 2004), teacher version. The questionnaire contains 25 statements about
the child's difficulties and strengths. Each statement is estimated by the teacher: not true,
partly true, true. These statements form five scales of five statements: behavioural
problems, hyperactivity, emotional symptoms, problems with peers, social behaviour
(Gintilien¢ et al., 2004). The validity and reliability of the teacher and parent versions
was confirmed by Gintiliené and others (2004) in the study of psychometric
characteristics of the Lithuanian version of SDQ. The Hyperactivity score and three
statements from Peer relationship problems scale (Has one or more good friends;
Generally liked by other children; Gets on better with adults than with other children)
were used in this study.

Social competence scale (Girdzijauskiené, 2008). The scale consists of 18

items, describing child‘s behaviour in social situations. The respondent evaluates each
item in the scale of four points, where 1 means that a child never acts like that, 2 — a
child sometimes acts like that, 3 — a child often acts like that, 4 — a child almost always
acts like that. A composite estimate of the scale is computed by adding the points
assigned to all 18 items. Reliability of the scale is very good (o = .87).

Sociodemographic data form and Behaviour at school form. The form of

sociodemographic data for the parents (N = 101) to fill in and the form of child’s
behaviour at school for the teachers (N = 19) to fill in, were developed for the purposes
of this study. Parents’ and teachers’ answers to the questions in these forms were used to
compose two study variables:

1. Learning behaviour. The estimate of learning behaviour is computed from the

parents’ answer to the question from sociodemographic form “How often does a
child try to do his homework as good as he can?” and the teachers’ answers to the
questions from behaviour at school form “How often does a child complete his
homework?”, “How often is a child upset when he makes a mistake or does not

understand something?”, “How hard does a child try to achieve good results?”,
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“How often does a child ask for explanation when he does not understand
something?”. All the questions are answered in the scale of four points; the
composite estimate of learning behaviour is computed by adding the points
assigned to all 5 items. The internal consistency of the items o = .63.

2. Peer relationships. The composite score of peer relationships cannot be calculated

because of the different measurement scales of the items. That is why a latent
variable, derived from 5 measurements (teachers’ answers to the items from SDQ
Problem with peers scale and to two questions from behaviour at school form
(“How many friends does a child have”, “How often does a child push, call names
or bully his peers in other ways”) was used in the research. The confirmatory
factor analysis proved the validity of the variable (y? = .26, df =5, p =.785; CFI =
1, RMSEA = 0).

2.3 Research schema

In our study, each of the three executive functions was measured with the
help of several neuropsychological tasks. Firstly the confirmatory factor analysis was
used in order to determine the factor structure of the tasks and to compose the latent
variables of inhibition, updating and shifting. Using structural equation modelling (SEM)
as a basis for the data analysis is now considered the most prominent method of
executive function research (Miyake et al., 2000; Friedman et al., 2006), so we tested the
theoretically based structural models in order to answer to the research questions. The
general schema of the study variables is depicted in Figure 1; the latent variables are

depicted in ellipses and the measured variables are depicted in rectangles.
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Figure 1. The schema of the study variables and their interrelations. The predictors are

located in the centre of the schema, the dependent variables — on the left and right and
the mediators in between.

AN

2.4Procedure

Each child participated in at least three assessment sessions, WASI was
administered on the first session and the executive function tasks and D2 test of attention
were administered on the second and third sessions. Some children were asked to
complete some of the tasks for the second time in order to evaluate test-retest reliability;
this was done on the fourth session. The testing was individual, one testing session lasted
around 45 minutes, the sessions with the same child were separated by at least 1 week.
Teachers completed SDQ, Achievement Scale, Social Competence Scale and behaviour
at school form in the second half of the school year. The parents answered questions
from the sociodemographic form in writing and returned their answers in sealed

envelopes to school together with their informed consent.

2.5 Data analysis

SPSS 17.0 was used to manage data, calculate descriptive statistics and
assess the reliability and temporal stability of the results. Confirmatory factor analysis

and structural equation modelling were completed with AMOS 18.1; the program uses
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the maximum likelihood estimation technique to estimate the specified latent variable
loadings, based on the covariance matrix. The fit of each model to the data was evaluated
by examining multiple fit indices: the y? statistic, Bentler‘s Comparative Fit Index (CFI)
and root mean square error of approximation (RMSEA). Acording to recomendations by
Hooper et al. (2008, as cited in Pakalniskiené, 2013), »? statistics that does not reach
level of signifficance, CFIl values that exceed .90 and RMSEA values lower than .08
were considered to indicate good fit. The results of some executive function tasks (Plius-
minus, Animals, Kangaroo and Colour-form) and achievement tasks were multiplied by

— 1 so that the greater value indicated better performance.

3. THE MAIN RESULTS AND DISCUSSION
3.1 The structure of executive function

The results of the confirmatory factor analysis proved that a three factor
structure of executive function fits the data best (y?> = 22.36, df = 24, p = .558; CFI = 1,
RMSEA = 0). All the tasks load on the expected factors, which proves the validity of the
tasks. However, the “unity and diversity” model of executive function was only partly
confirmed in primary school children, as the relationships between factors proved to be
weaker than in the original study of adults, carried out by Miyake and others (2000) (see
Figure 2).
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Figure 2. The three factor model of executive function, obtained with the
maximum likelihood estimation. The rectangles represent measurement variables, the
ellipses represent latent variables. Standardized regression weights are indicated next to
the one-sided arrows; covariation coefficients are indicated next to the two-sided arrows;
the solid curved arrow indicates the relationship between factors, reaching the level of
significance (p <.05).

One possible explanation for the greater differentiation of the executive
functions in our study is the relative purity of the tasks. It may be that the relations
between the factors extracted from executive function tasks in other latent variable
studies are partly explained by non executive cognitive processes and abilities, such as
attention, memory capacity, psychomotor speed, that are necessary for completion of any
task. For example, when Rose and others (2011) controlled for processing speed, the
correlations between executive function factors that were formerly moderately strong
decreased greatly and became similar to the ones detected in this study. We took
measures to minimise the reliance on processing speed while performing the tasks, this
may be the reason why our result resembles the one that Rose and others (2011) obtained
after controlling for this variable. The greater isolation of executive functions in early

school age is expected from developmental point of view. Integration is one of the most
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important mechanisms in human development and it may be expected that updating,
shifting and working memory become more and more related while used jointly in

increasingly demanding cognitive tasks that children face at school.

3.2 Executive functions and academic achievement

Structural equation modelling allows not only to assess how important
different executive functions are for children's achievement, but also to investigate
possible mediational effects. Therefore, we have developed a structural model of the
relationships between the executive skills (predictors) and specific academic
achievement in various academic fields and included possible mediators from cognitive
realm of human functioning (verbal and non-verbal intelligence) and behavioural realm
of human functioning (learning behaviour and hyperactivity) in this model. The
conceptual model is shown in Figure 3. As we have raised the assumptions that
prognostic factors of different academic fields are not the same and that the results may
differ depending on the way of assessing executive function (teacher ratings vs.
achievement tasks), we tested the model separately with each area of achievement
assessed in both ways: math achievement according to teacher’s ratings, math
achievement according to performance on achievement task, reading achievement
according to teacher’s ratings and so on. The fit indices of the resulting models are

presented in Table 1.
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Figure 3. The conceptual model of the links between executive functions and
academic achievement. The rectangles represent measurement variables, the
ellipses represent latent variables.

Table 1

The fit indices of the models in SEM

The dependent variable Fit indices
of the model
¥ df p CFI RMSEA
Teacher Math 61.04 59 403 .987 017
ratings Reading 57.69 59 524 1,000 .000
Writing 62.06 59 367 981 021
Nature 60.60 59 416 .988 015
Performance Math 61.88 59 374 979 .020
on Reading 57.82 59 519 1,000 .000
achievement  Writing 60.27 59 429 .990 013
tasks
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Model fit indices provided in Table 1 show that the selected model is
sufficient to explain achievement in all academic fields assessed both by teacher ratings
and by achievement tasks. Due to the limited capacity of this summary we will only
discuss the model parameters from the models of two fields of academic achievement —
mathematics and reading.

Achievement in Mathematics. In order to understand the role of executive
functions in math achievement, two models were explored: a model with teachers’
ratings of math achievement as dependent variable and a model with performance on
achievement tasks as dependent variable. Since achievement scores obtained by both
methods of assessment correlate with each other, these two models will be discussed
together. For more convenient comparison, both models are represented in a single
figure (see Figure 19). Statistically significant correlations are depicted with solid

arrows, and their estimates are marked with asterisks (p < 05).
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Figure 4. Structural equation models predicting achievement in mathematics: teacher
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The model explains a little less than half of the variance in math
achievement, assessed both by teacher ratings (R? = .43) and by task performance (R? =
40) (see Figure 4). We can see that there is no direct relationship between executive
functions and achievement in mathematics. Of all the cognitive variables included in the
model, only performance intelligence may be claimed to have significant relation to
math achievement and only to task performance, but not teacher ratings (5 = .36, p =
.001). In turn, performance intelligence is predicted by updating in working memory (5 =
43, p =.001). It may be assumed that performance intelligence is a mediator of the link
between updating and math achievement. Thus, our results do not support the idea by
McLean and Hitch (1999) that working memory directly leads to success in task of
mathematics, increasing the number of memorised intermediate solutions and decreasing
calculation time.

Behavioural variables are better predictors of teacher ratings of math
achievement than cognitive variables. Children who regulate their activity and attention
more efficiently (children with lower scores on SDQ hyperactivity scale) and children
whose learning behaviour is more desirable (children who spend more time on their
homework, try to achieve satisfactory learning results, consult with the teacher more) are
rated higher on math achievement (# = -.40, p = .000, g = .26, p = .04). In turn, both
behavioural variables are predicted by executive functions: children with better ability to
inhibit inappropriate responses are able to better regulate one’s activity and attention (5 =
-.42, p =.05) and children who shift between mental sets more easily tend to adopt more
desirable learning behaviours (# = .49, p = .05). This is in line with our expectations:
executive functions predict performance on achievement tasks through cognitive variable
(performance intelligence), but they predict teacher ratings of achievement through
behavioural variables. Teachers tend to take children’s behaviour into account when
judging their achievement: children who are better behaved get better evaluations
(Martinez, Stecher, & Borko, 2009). Neauenschwander and others (2012) also found that
the link between common factor of executive function and achievement scores was
mediated by learning behaviour, while the link between executive function and task
performance was not. We extended their results by showing that inhibition and shifting

but not updating are related to learning behaviour.
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Achievement in reading and writing. Structural equation modelling showed
that achievement in reading and writing is predicted by the same variables. Due to the
limited capacity of this summary only reading achievement will be discussed in more
detail here. The estimated models of the predictive relations between executive functions
and reading achievement assessed both by teacher ratings and by performance on

achievement task are depicted in Figure 5.
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As we can see from Figure 5, the pattern of prognostic relationships does not
differ depending on the way of assessing achievement. This is true both for achievement
in reading and writing. Contrary to our expectations, teacher’s ratings of reading and
writing achievement were not more influenced by behavioural variables than
achievement task scores. That is very different from achievement in math, were the
pattern of prognostic relationships differs greatly depending on the way of assessment.
Achievement in reading is predicted by two variables, one cognitive and one behavioral
— working memory updating and learning behavior, so working memory updating is the
only cognitive predictor of reading achievement. The importance of working memory in
reading achievement is well documented (Bull and Sceriff, 2001; Bull et al., 2008;
Jerman and Zeng, 2008; Lan et al., 2011; Passolunghi, Vercelloni, and Schadee, 2007,
Gathercole and Pickering, Passolungi and Pazzaglia, 2004, 2007; Rose et al., 2011;
Christopher, 2012). Our study completes these results by highliting the importance of
updating representations in working memory, not just the capacity of storage. Moreover,
including shifting and inhibition in our study allows as conclude that updating is more
important to achievement in reading and writing than other executive functions. Finnaly,
we proved that working memory updating is related to literacy achievement over and
above the intelligence.

An unexpected result is that working memory updating is more important
for achievement in reading and writing than intelligence. It is important to note, that
intelligence is correlated to achievement: Spearman coefficients of correlation between
verbal intelligence and acievement in mathematics, reading and writing are .38, .42 and
39; Spearman coefficients of correlation between performance intelligence and
acievement in mathematics, reading and writing are .34, .21 and .22 (all the correlations
reach the level of signifficance, p < .05). These correlations are similar to the ones
obtained from the standardised sample (Girdzijauskiené, 2002). However, the inclusion
of verbal and non-verbal intelligence in structural models, reduced the strength of the
relationship between intelligence and achievement greatly. This can be explained by the
fact that working memory updating is related both to intelligence and achievement: it is
likely that the correlation between intelligence and achievement reflects the overall
influence of working memory both for tasks from intelligence tests and reading as well

as writing tasks.
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When interpreting the reported results, it is important to take the age of
subjects into account. At the beginning of school attendance when children are still
learning the school requirements and the training is rather directive, the significance of
children's behavior may be higher than in the upper grades, when children become more
active participants of the educational process. Similarly, the importance of memory
which is particularly great during the first years of study, is likely to weaken later, when
children‘s learning is more based on existing knowledge and reasoning ability. Finally,
the brain structures of eight-year-olds are still plastic, relations between various
cognitive functions are still developing and growing, so it may be that maturation of
brain structures lead children to rely on a wider range of cognitive processes while

completing the school tasks.

3.3 Executive function and social success

The last research question asks how executive functions of primary school
children are related to their social success. To answer this question, we tested a model
with executive functions as predictors and with social competence and symptoms of
hyperactivity as mediators. The model fits the data well (y?=109.1, df =91, p = .95; CFlI
=.929, RMSEA = .041). The model with parameter estimates is depicted in Figure 6.
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Figure 6. Structural equation model predicting achievement peer relationships.
Rectangles represent the measurement variables, elipses represent latent factors. Figures
next to the straight arrows indicate the standardized regression weights (beta
coefficients) and factor weights; figures next to curved arrows indicate the bidirectional
correlation coefficients between factors; Statistically significant correlations and
regression weights between variables are marked with solid line and an asterisk next to
the parameter estimate (p < .05) (the statistical significance of regression weights is not
shown).

We predicted that response inhibition will be the only executive function
linked to social success in primary school, as it is most closely related to children's self-
regulatory abilities (Rothbart, Ellis Postner, 2004). We also expected that this link will
not be direct, but will be mediated by either social competence or symptomps of
hyperactivity. It turned out that social competence is the single predictor of peer
relationships and the link between these variables is very strong (8 = .89, p = .00).
However, the paths from executive functions to social competence were not significant.
Despite that, any conclusions about nonexistent relations between executive functions
and social competence should be made with caution, as these relationships, although
insignificant, are of moderate strength. It is possible that with greater statistical power
significant relationships would have been detected. On the other hand, our results are in

line with other studies, that failed to detect significant relations between executive
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functioning and social variables or report week relations (Bates et al., 1991; Oberlie &
Schonert-Reichl, 2013). This could be explained by the difference between “hot” and
“cold” executive functions. The “hot” executive function is related to self-regulation,
prosocial behaviour and social competence (Graziani, 2007), but the relations of “hot”
executive functions to the “cold” executive functions that were assessed in this study are
weak. For this reason weak relations between “cold” executive functions and social

variables are to be expected.

To sum up, the importance of executive functions, particularly working
memory updating, for the successful performance in primary school has been highlighted
by this study. This raises issues of assessing and training executive functions in the
beginning of schooling, especially in the light of recent research (e.g. Espinet et al.,

2013), which demonstrates positive effects of executive function training.

CONCLUSIONS

1. Executive functions of primary school-age children are best explained by internal
structure of three partly related factors (response inhibition, working memory
updating, mental set shifting). The inhibition of dominant response is the most
differentiated executive function which is not related to working memory updating
and mental set shifting in primary school-age children.

2. Working memory updating predicts verbal intelligence, performance intelligence
and g factor of intelligence in primary school children.

3. Working memory updating is an important predictor of academic achievement in
primary school:

e the ability to efficiently update representations in working memory predicts
better achievement in reading and writing directly;

e updating predicts achievement in mathematics through performance
intelligence: children who are better at updating representations in working
memory have higher intellectual abilities, and nonverbal intelligence is a

direct predictor of achievement in reading and writing.
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4. Dominant response inhibition predicts achievement in mathematics and nature not
directly, but through the symptoms of hyperactivity: children who find it more
difficult to suppress the dominant, but in the current situation, inadequate response,
are more prone to hyperactive behaviour; while achievement of children who are
less able to manage their activity and attention is rated lower by the teachers.

5. The relationship between executive functions and achievement in mathematics
differs depending on the way of assessing achievement: teacher ratings are
predicted by working memory updating but performance on achievement tasks is
predicted by inhibition of prepotent responses.

6. When executive functions and intelligence are included together in the prognostic
models of achievement of primary school children, executive functions predict
achievement better than intelligence does:

e performance intelligence is a mediator of the relationship between working
memory updating and achievement in mathematics, but does not predict
achievement in reading, writing or nature;

o verbal intelligence does not predict achievement in any of the studied areas
of academic achievement.

7. Prognostic relationship between any of the executive functions and peer

relationships of primary school-age children has not been found.
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SANTRAUKA

1. IVADAS
1.1 Disertacijos mokslinis naujumas

Mokyklos lankymo pradZia — vienas didziausiy vaikystéje perZzengiamy raidos
slenksCiy. Jis susijes su naujomis atsakomybémis, likesCiais ir galimybémis patirti ir
sekme, ir nesekme. Siuo metu pakanka duomeny teigti, kad svarby vaidmenj siekiant
mokyklinés sekmés vaidina vaiky vykdomoji funkcija.

Vykdomoji funkcija (angl. executive function) yra bendras kognityvinés
psichologijos terminas, apibiidinantis keleta tarpusavyje susijusiy pazintiniy procesy. Sie
vykdomieji procesai reguliuoja ir koordinuoja kity (ne vykdomyjy) pazintiniy procesy
veikla, taip suteikdami krypt] Zmogaus paZinimo dinamikai ir leisdami siekti iSsikelty
tiksly (Welsh, Pennington, & Groisser, 1991). Vykdomoji funkcija — salyginai naujas
kognityvinés psichologijos ir neuropsichologijos konstruktas, pastaraisiais deSimtmeciais
sulaukiantis ypac didelio tyré¢jy démesio. Nors 1§ pradziy dométasi tik suaugusiyjy
vykdomagja funkcija, nustacius, kad aktyvumo ir démesio sutrikimy turintiems vaikams
paprastai biidingi vykdomosios funkcijos sunkumai, pagaus¢jo tyrimy i§ raidos
psichologijos ir psichopatologijos perspektyvy. Vis délto, jprastos raidos vaiky
vykdomosios funkcijos tyrimy vis dar néra daug

Vyvkdomosios funkcijos struktira.

Placiausiai pripazjstamas — Miyake, Friedman, Emerson, Witzki ir Howerter (2000)
aprasytas vykdomosios funkcijos ,,vienovés ir jvairovés® modelis, pagal kurj psichikos
vykdomaja funkcijg atlieka trys atskiri, taciau susij¢ tarpusavyje pazintiniai procesal —
psichinés veiklos perkélimas, dominuojancio atsako slopinimas ir veiksliosios atminties

reprezentacijy atnaujinimas. Psichinés veiklos perkélimas (angl. mental set shiffting),

toliau ,,perkélimas — tai paZintinis procesas, leidZiantis efektyviai nukreipti sgmong¢
paeiliui tai j vieng, tai j kita uzduotj, stimulo savybe, minting operacija, veikimo

strategijg. Dominuojancio atsako slopinimas (angl. inhibition of prepotent response),

toliau — ,slopinimas* — procesas, leidziantis nuslopinti dominuojantj, automatinj,
patogesnj motorinj, verbalinj ar kognityvinj atsaka, kai to reikalauja uzduotis ar situacija.

Veikliosios atminties reprezentacijy stebéjimas ir atnaujinimas (angl. updating and
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monitoring of working memory representations), toliau ,,atnaujinimas® — procesas,
leidZiantis nuolat sekti veikliosios atminties saugykloje laikomas pateiktis ir keisti sena,
nebeaktualig informacijg nauja ir vertinga informacija. Jg galima pavadinti ,takigja“
veikligja atmintimi (Miyake et al., 2000).

Per daugiau nei deSimtmet] nuo Miyake ir kity (2000) tyrimo, jy pasitlytas
modelis buvo tikrintas keliolikoje tyrimy, daugelyje jy — patvirtintas (pvz. Rose,
Feldman, & Jankowski, 2011; Wu et al., 2011). Atlikta nemazai struktiiriniy lygciy
modeliavimu paremty tyrimy, kuriuose bandyta patikrinti ir pritaikyti §j model; vaikams
(Brydges, Reid, Fox, & Anderson, 2012; Rose et al., 2011; St Clair-Thompson &
Gathercole, 2006; van der Sluis, de Jong, & van der Leij, 2007; Van der Ven,
Kroesbergen, Boom, & Leseman, 2012; Wiebe, Espy, & Charak, 2008). Tyrimy
rezultatai priklauso nuo vaiky amziaus — jaunesniy vaiky vykdomosioms funkcijoms
labiau budinga nediferencijuota struktira, o vaikams augant didé¢ja jy kognityviniy
funkcijy diferenciacija, tod¢l vyresnio mokyklinio amziaus vaiky imtyse paprastai
patvirtinamas vykdomyjy funkcijy vienovés ir jvairovés modelis. Pradinj mokyklinj
amziy galime 1Sskirti kaip daugiausia klausimy keliantj laikotarpij, nes jvairiais tyrimais
Sioje amziaus grupéje nustatyta ir trijy (Wu et al., 2011), ir dviejy (Van der Ven et al,
2013), ir vieno faktoriaus struktiira (Brydges et al., 2012). Gali biiti, kad mokymosi
mokykloje pradzia yra savotiSkas pereinamasis laikotarpis, kai tiek brestancios smegeny
struktiiros, tiek naujos uzduotys ir reikalavimai, su kuriais vaikai susiduria mokyklos
aplinkoje, turi jtakos atskiry vykdomyjy geb¢jimy svarbos pokyciams ir vykdomyjy
funkcijy diferenciacijai.

Vykdomoiji funkcija ir pasiekimai.

Vykdomoji funkcija siejama su aukStesniojo lygmens paZzintine veikla, tad jos rySys su
akademiniais pasiekimais atrodo savaime suprantamas. Tyréjus domina ne tik
vykdomosios funkcijos svarba bendram vaiky mokslumui, bet ir atskiry vykdomosios
funkcijos komponenty rySiai su jvairiomis akademiniy pasiekimy sritimis. Keliama
prielaida, kad kiekvienos disciplinos uzduotys kelia specifinius kognityvinius
reikalavimus, ir Sie reikalavimai gali daugiau ar maziau apimti jvairius vykdomuosius
procesus. Vykdomieji matematikos pasiekimy veiksniai sulauké daugiausiai tyréjy
démesio, o geriausiai jrodytas atsako slopinimo bei atnaujinimo rySys su matematikos

pasiekimais (Bull & Scerif, 2001; Bull, Espy, & Wiebe, 2008; Oberle & Schonert-
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Reichl, 2013; Passolunghi & Pazzaglia, 2005). Skaitymo pasiekimai daugiausia siejami
su veikligja atmintimi apskritai ir su veikliosios atminties reprezentacijy atnaujinimu
(Gathercole et al., 2008; Rose et al., 2011; St Clair-Thompson & Gathercole, 2006).
Vykdomyjy funkcijy rySys su raSymo ar gamtos pazinimo pasiekimais mazai tirtas
(Monette et al., 2011).

Vykdomosios funkcijos ir pasiekimy rySio tyrimy rezultatus sunku
apibendrinti. Pirma, daugelyje tyrimy analizuojama tik vieno vykdomosios funkcijos
komponento, dazniausiai — atsako slopinimo arba veikliosios atminties, svarba. Antra,
vykdomosios funkcijos komponentai jvairiai operacionalizuojami. Trecia, naudojamos
skirtingos uzduotys, kurios, labai tikétina, vertina ne tapacius konstruktus. Ketvirta,
pasirenkamas pernelyg platus tiriamyjy amzius (pvz. 8-16 mety). D¢l Siy priezasCiy
negalime nieko tikro pasakyti apie santykine jvairiy vykdomosios funkcijos komponenty
svarbg pasiekimams jvairiose akademinése srityse konkreciu raidos tarpsniu.

Daznai vykdomosios funkcijos ir pasiekimy rySio tyrimuose neatsizvelgiama |
galimus mediacinius rySius. Kadangi vykdomieji gebéjimai yra susij¢ su intelektu, kyla
klausimas, ar vykdomosios funkcijos veikia pasiekimus ne per intelektg. Daugelis tyréjy
bando spresti §) klausimg kontroliuodami intelekto jtakg pasiekimams ir nustatydami,
kiek pasiekimy sklaidos paaiskina vykdomieji gebéjimai, atmetus intelekto jtaka. Neretai
tokia procediira lemia, kad nustatyti vykdomyjy funkcijy ir pasiekimy rysiai pasirodo esa
nereikSmingi (Monette et al., 2011), nors kartais unikalus rySys tarp vykdomuyjy funkcijy
ir pasiekimy islicka (Blair & Razza, 2007; Espy et al., 2004). Todél svarbu suzinoti ne
kiek vykdomosios funkcijos svarbios vaiky akademiniams pasiekimams nepriklausomai
nuo intelekto, bet kiek jos svarbios apskritai. Sia metodologine problema gali padéti
iSspresti - struktiiriniy lygéiy modeliavimas, kuris leidzia tuo pat metu jvertinti ir
tiesioginius (aplenkiancius intelekta) vykdomuyjy funkcijy ir pasiekimy rySius, ir
intelekto medijuojamus rysius.

Pakanka ir jrodymy, kad vaiko elgesys mokykloje gali turéti jtakos jo
pasiekimams. Hiperaktyvumas ir nedémesingumas susijes su mokykliniais pasiekimais ir
hiperkineziniy sutrikimy turin¢iy, ir jy neturin¢iy vaiky imtyse (Rapport, Chung, Shore,
Denney, & Isaacs, 2000; Rydell, Thorell, & Bohlin, 2004). Tuo tarpu atsako slopinimas,
kuris yra glaudziai susijgs su gebéjimu reguliuoti savo elgesj, leidzia prognozuoti

mokytojy nurodyty hiperaktyvumo simptomy bei eksternaliy sunkumy iSreikStumo
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laipsnj pradinéje mokykloje (Riggs, Blair, & Greenberg, 2003; Rydell et al., 2004).
Neuenschwander ir kiti (2012) nustate, kad mokymosi elgesys 1§ dalies paaiSkino bendro
vykdomosios funkcijos jver¢io ir pazymiy ryS$j, nors ir netur¢jo jtakos vykdomosios
funkcijos ir standartizuoty pasiekimy testy rezultaty rySiui. Ta¢iau néra tyrimy, leisianciy
nustatyti kuriy vykdomyjy funkcijy rySys su pasiekimais medijuojamas elgesio
kintamyjy.

Vykdomoji funkcija ir socialiné sékmé

Nors akademiniai pasiekimai neabejotinai yra vienas i§ svarbiausiy mok