Research Article https://doi.org/10.12973/ev-jer.12.1.359

European Journal of Educational Research

Volume 12, Issue 1, 359 - 369.

ISSN: 2165-8714
https://www.eu-jer.com/

Examining the Associations Between Calibration Accuracy and Executive
Functions in Physical Education

Evdoxia Samara” Athanasios Kolovelonis Marios Goudas
University of Thessaly, GREECE University of Thessaly, GREECE University of Thessaly, GREECE

Received: July 14, 2022 = Revised: November 21, 2022 = Accepted: December 26, 2022

Abstract: This study examined students’ calibration of performance in a sport skill in relation to their performance in an executive
functions test. A total of 265 students in the fourth, fifth, and sixth grades participated in the study. The students took an executive
functions test, and then they were tested on a basketball shooting test, after having provided a personal estimation regarding their
performance. Based on students’ actual and estimated performance, the bias index was calculated to classify students into three
categories; accurates, underestimators and overestimators, while the accuracy index (absolute values of the bias index) was also
calculated. The results showed a positive but small magnitude relation between students’ scores in the executive functions test and
their performance calibration, while accurate scored higher on the executive function test compared to over estimators and under
estimators. These results are similar to those of previous studies with elementary school children that employed cognitive tasks and
were discussed with reference to theoretical and empirical implications.
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Introduction

Physical education at the elementary level aims to help students mastering new skills (Ennis, 2011). Thus, research in
physical education is examining factors associated with students’ learning and performance, including cognitive and
metacognitive ones (Goudas et al, 2013). In this line, the present study focused on the associations between
metacognitive aspects of performance such as performance calibration and cognitive process such as executive
functions in the field of physical education.

Theorists agree that there are conceptual similarities between executive functions and metacognition and research has
demonstrated a relationship between these concepts (Effeney et al.,, 2013; Roebers & Feurer, 2016). Although executive
functions and metacognition are considered to overlap in theory, the literature is limited regarding their interrelations
(Roebers & Feurer, 2016). Therefore, this study examined the relationships between executive functions and
calibration of performance in a sport skill in the context of physical education.

Executive Functions

Executive functions encompass higher-order cognitive processes that are involved in goal-directed behaviors and in the
regulation of knowledge and behaviors. These are usually activated in new and complicated conditions (Diamond,
2013, 2015). Executive functions are essential when there is a need to concentrate and pay attention and they are
involved the selection and the successful monitoring of behaviors that facilitate the achievement of specific goals
(Eslinger, 1996). Executive functions may also involve scheduling or decision-making, correcting potential errors or
troubleshooting. They also refer to situations which demand new sequences of actions and conditions requiring
overcoming a standard reaction or resisting in a temptation (Diamond, 2013).

The three core executive functions are: inhibition, working memory, and cognitive flexibility (Diamond, 2015).
Inhibitory control enables selective monitor, focusing on specific aspects of the task and suppressing attention to an
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unrelated stimulus. Working memory involves retaining information in the mind and working with it mentally. Finally,
cognitive flexibility refers to meeting different requirements or applying different rules in different settings.

Executive functions develop gradually and can be improved throughout a person's lifetime (Diamond & Ling, 2016).
Although the abilities to be cognitively flexible, setting goals and dealing with information appear early in life, they
come to a relative maturity around the age of 12 (Anderson, 2002). It is difficult to clarify whether there is a unique
sequence of stages through which executive functions are developed or whether there are environments or life
experiences that can help individuals to develop their executive functions through various sequences. Some students
may require more attention and help compared to their classmates in order to obtain and evolve these skills. Providing
students with the appropriate support to develop these skills in educational programs may be a priority of teachers.

Executive functions have attracted research interest because they are considered important for health, quality of life,
and success in school and life (Diamond & Ling, 2016). Physical activity is considered one of the means for promoting
students’ executive functions (de Greeff et al.,, 2018). Indeed, a recent study showed positive associations between
motor ability and executive functions, which in turn were positively associated with students' attendance at school (Gu
et al, 2019). Moreover, executive functions mediated the association between motor ability and academic success
(Schmidt et al,, 2017). Executive functions can be developed through appropriately designed programs or interventions
(Diamond & Lee, 2011). A recent review including a variety of physical activity programs has suggested that physical
activity can enhance executive functions (Vazou et al., 2019).

It has also been found that school-aged children improved executive functions and academic performance after the
inclusion of cognitive physical education breaks (Egger et al,, 2019). Regardless of the time period, these interventions
had a positive effect on the assessment of students' cognitive abilities (Moreau et al,, 2017; Veldman et al., 2020).
Physical activity interventions to improve performance should focus on improving executive functions (Visier-Alfonso
et al,, 2021). Therefore, even short physical activity modules are suggested to be in the students' daily curriculum as
this can help them to participate more actively in learning.

Calibration of Performance

Calibration refers to the degree of the fit between individuals’ judgements of performance and their actual performance
(Keren, 1991). Therefore, calibration is the difference between one’s estimated performance and actual performance on
specific tasks. By adopting the above definition, one could claim that calibration is part of the individual’s metacognitive
processes. It has been maintained that metacognition has different facets, i.e., metacognitive knowledge, metacognitive
skills, and metacognitive experiences (Efklides, 2008; Flavell, 1979; Veenman et al., 2006). It could be argued that
calibration of performance is part of students’ metacognitive experiences that “are what the person is aware of and
what she or he feels when coming across a task and processing the information related to it” (Efklides, 2008, p. 279).
Metacognitive experiences are considered as the interface between the person and the task. Further, Efklides (2008, p.
279) delineated that “The online task-specific knowledge comprises task information that we are attending to, and
ideas or thoughts that we are aware of as we deal with a task... It also comprises metacognitive knowledge that we
retrieve from memory in order to process the task; for example, metacognitive knowledge about tasks and procedures
that we used in the past, comparison of the current with other tasks about their similarities or differences, and so
forth”. According to this definition, calibration of performance could be part of the students’ online task-specific
knowledge. It should also be noted that, in the present study, calibration of performance is referred to students’
estimations of success before actual performance. As regards the degree of fit between judgements of performance and
actual performance, this comparison can result in three categories referring to accuracy and inaccuracy: accurate,
underestimation, overestimation. Calibration bias refers to the degree to which a person is under or over confident in
estimated performance. Well-calibrated people can estimate their performance more accurately.

Regarding the development of metacognition in children, the metacognitive phenomena emerge in their early forms in
young ages, as early as in preschool and early school years (e.g., Dermitzaki et al., 2009; Zhang & Whitebread, 2017),
and they expand thereafter during schooling. Children become gradually aware of their personal knowledge, tasks’
characteristics, or the strategies to use to monitor their progress (Veenman & Spaans, 2005). It has been asserted that
the different facets of metacognition do not develop in the same pace. Metacognitive knowledge increasingly developes
in the first school years, but the development of metacognitive skills is usually expected to set in after the age of 11-12
years (e.g., Veenman & Spaans, 2005), whereas the use of more sophisticated strategies is expected during adolescence
and early adulthood. Previous research findings suggest that elementary school students are limited in metacognitive
knowledge and incorrectly declare themselves ready for memory and knowledge projects (Brown, 1978; Flavell, 1978;
Flavell & Wellman, 1977). Further, some metacognitive skills (e.g., control skills and evaluation) mature later on than
others such as planning (Veenman et al.,, 2006).

Given the developmental limitations, previous studies examined students’ self-estimation of competence and
performance using various types of tasks. It has been attested that, younger children from different cultural
environments, despite the cognitive abilities of their age, usually overestimate their capabilities, including physical and
motor abilities (e.g., Franchak, 2019). Calibration has been examined in physical education as it relates to students’
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motivation to learn and practice. In most studies, the students overestimated their actual performance (e.g,
Kolovelonis, 2019a, 2019b; Kolovelonis et al., 2012) although the tasks’ characteristics (e.g., shooting position;
Kolovelonis & Goudas, 2018), seem to affect calibration accuracy. Previous research has attested that, well-calibrated
students can discern the points of performance that are still lagging behind (Efklides, 2014) and set realistic goals for
improvement. Also, well-calibrated students are more receptive to pursuing tasks related to cognitive, motivational, or
self-regulatory processes that affect their learning (Chen & Bembenutty, 2018). Several studies in academic settings
have reported that students are usually inaccurate (Chen, 2003; Hacker & Bol, 2004) and overestimate their
performance (Eme et al., 2006; Follmer, 2021; Hacker et al., 2008). In addition, well-calibrated students have greater
potential for self-regulation and more developed monitoring ability (Bol & Hacker, 2012; Zimmerman & Moylan, 2009).
In particular, students who overestimate their potential by setting high goals, tend to reduce their effort, in case of
failure, (Efklides & Misailidi, 2010), while students who underestimate their performance may be reluctant to try
difficult tasks (Schunk & Pajares, 2004). Researchers are interested in the accurate calibration of students as it is
related to motivation, learning and performance (Schunk & Pajares, 2009). According to previous research, calibration
accuracy is related to higher performance and can be improved through feedback and practice (Kolovelonis et al., 2013,
2020).

Associations Between Executive Functions and Metacognitive Aspects

Metacognition and executive functions share theoretical and conceptual similarities. As summarized by Roebers (2017)
and Roebers and Feurer (2016), they are theorized as higher-order cognitive processes that allow individuals to
function and adapt effectively to new and demanding tasks. Executive functions and metacognition are not automated
responses but are considered to be initiated and controlled by the individual. Further these involve sub-procedures
(e.g, shifting, updating, and inhibition for executive functions, monitoring and control for metacognition). Further, both
concepts are related to the ability of individuals to monitor and control their thinking and behavior.

However, studies with early elementary children that examined the relationship of executive functions with
metacognitive aspects have indicated relations of low magnitude. The metacognitive aspects examined in these studies
are monitoring and control while only one study (Destan & Roebers, 2015) assessed accuracy of performance
prediction (i.e., calibration). Roebers et al. (2012) employing a spelling test, assessed second graders’ metacognitive
monitoring (e.g., “how sure are you that the word was spelled correctly”) and control (e.g., “Cross out words that have
been spelled incorrectly”). They reported correlations ranging from 0.01 to 0.26 between executive functions
(inhibition, flexibility and mental fluency) and metacognitive monitoring and control. Correlations of similar magnitude
between executive functions and metacognitive control were reported by Spiess et al. (2016), who utilized a similar
procedure with eight-year-old children. Similarly, Bryce et al. (2015) reported generally low respective correlations for
a sample of five and seven-year-old children who undertook a toy-building task, although these relationships were
higher for the five-year old children. Finally, Bellon et al. (2019) reported correlations less than .20 between calibration
confidence and inhibition, shifting and updating among seven and eight-year-old children who took an arithmetic test
with addition and multiplication problems. In a study that in addition to metacognitive monitoring and control assessed
calibration, Destan and Roebers (2015), six-year-old children estimated their subsequent performance on a Japanese
character paired associate learning task. The accuracy of this estimation (i.e., calibration accuracy) correlated with a
composite score of inhibition, working memory, and cognitive flexibility only .17. Overall, in late kindergarten and early
elementary children, metacognitive aspects are loosely related to executive functions. Besides, only one study (Destan
& Roebers, 2015) has examined the metacognitive aspect of performance estimation (calibration) in relation to
executive functions.

The Current Study

The present study focused on the relations between executive functions and metacognitive aspects of performance (i.e.,
performance calibration) in physical education. Calibration is especially important because students' ability to
accurately estimate their performance influences their efforts and strategic behaviors in learning and mastering skills.
Moreover, executive functions are considered higher-order cognitive processes critical for success in school and life
(Diamond & Ling, 2016). Although theoretical evidence has proposed that these two concepts are associated, little
empirical evidence exists in this field. Thus, the purpose of this study was to add to the limited literature regarding the
relationship between metacognitive aspects and executive functions in elementary children. In particular, this study
examined calibration accuracy in relation to executive functions, as related research is scarce. Moreover, as the studies
on executive functions and metacognitive aspects have utilized cognitive tasks, the current one employed a motor-task
to widen the respective research. Based on previous respective studies (Bellon et al., 2019; Destan & Roebers, 2015;
Roebers et al,, 2012), a significant but small correlation were expected between executive functions and calibration of
performance.
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Methodology
Research Design

This is a correlational study on the association between a task-based metacognitive measure and executive function.
The design involved a basketball shooting test, prediction of performance and a measure of executive function tapping
fluency, inhibition and flexibility.

Participants

Participants in this study were 265 Greek students aged 10-12 years (Mage = 11.32, SD = 0.77, 137 boys and 128 girls)
from three elementary schools located at a medium-sized city in central Greece. These students attended five sixth
grade (83 students, 44 boys), six fifth grade (89 students, 46 boys) and six fourth grade (93 students, 47 boys) physical
education classes.

Measures

Design Fluency Test

The Design Fluency Test (DF, Delis et al., 2001) was used to measure students’ executive functions. This is part of the
Delis-Kaplan Executive Function System, which is a standardized test battery with satisfactory psychometric properties
including test-retest reliability and convergent and discriminant validity (Delis et al., 2004). This test represents a
method of executive functioning assessment commonly used in research settings. Children were asked to rapidly
generate novel patterns within a structured visual task. The test has three conditions and students had one minute in
each condition of the test to draw as many different designs as possible, trying to avoid repeating prior designs.

The first condition (i.e., Filled Dots) requires connecting filled dots. The second condition (i.e., Empty Dots), requires
connecting empty dots without using filled dots, while the third condition (i.e.,, Switch) requires switching between
connecting filled and empty dots. In each condition, participants should generate novel designs using exactly four lines
in a series of matrices. This test evaluates fluency in generating visual patterns (first condition), inhibition (second
condition), and cognitive flexibility (third condition). Three scores (one for each condition of the test), as well as a total
score of the three Design Fluency Test conditions were calculated.

Calibration of Basketball Shooting Performance

Basketball shooting performance was measured with a modified shooting accuracy test showing a satisfactory test-
retest reliability .92 (Pojski¢ et al.,, 2011). Students had to perform, without time limit, 10 shots in front of the basket
from a distance of 2.5m. Students’ score in this test was their number of successful shots. Before the basketball shooting
test, students responded to the following question: “How many of your shots out of 10 will be successful from this
position in the following test?” Students’ answers in this question were their scores in the estimation of their shooting
performance.

Based on students actual and estimated performance, the indexes of calibration bias and accuracy were calculated.
Indeed, the calibration bias score was calculated as students’ estimated performance score minus their actual
performance in the basketball shooting test. The bias index describes the direction of the calibration. A positive bias
means that the student's performance has been overestimated, while a negative bias is the opposite. Absolute values of
the calibration bias represent the accuracy index. Scores close to zero in the accuracy index indicate a higher calibration
accuracy (Schraw, 2009).

Procedure

For conducting this study an ethical approval was granted by the University Ethics Review Committee and the Institute
of Educational Policy. Permission was also granted by school principals and physical education teachers. Students’
participation was voluntary, while a parental written consent was compulsory prior to participation. The procedure
was explained to the students, while it was made clear that answers and performances would remain confidential.
Then, students completed the design fluency test in their classrooms. A week later, the experiment took place in the
schools’ outdoor basketball court, after describing the procedure.

Statistical Analyses

Statistical analyses considered the nature of the calibration bias and accuracy (Griffin et al., 2013; Stankov et al., 2012).
Thus, calibration accuracy was used in correlational analyses. The calibration bias served to classify students as
accurates, underestimators, and overestimators. These groups were then compared in terms of their executive function
scores.
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Frequencies of accurates (score: exactly the number of shots), underestimators (negative scores: the real number of
shots was higher than predicted), and overestimators (positive scores: the real number of shots was lower than
predicted) were calculated. Chi-square tests were used for examining potential differences in the frequencies of these
groups. Differences between accurates, underestimators, and overestimators in the executive function test were
examined through multivariate and univariate analysis of variance followed by post hoc tests. Effect sizes of Cohen’s d
were calculated (Cohen, 1988).

Findings / Results
Preliminary Analyses

A principal components analysis with varimax rotation was performed on the scores of the three conditions of the
design fluency test. The Kaiser-Meyer-Olkin (.65) and the Bartlett test of sphericity, x2(6) = 177.8, p <.001, confirmed
the sampling adequacy and the appropriateness of the correlation matrix for this analysis. One principal component
with eigenvalue > 1 resulted explaining 49.4 of the variance. Therefore, in subsequent analyses, both the scores of the
three test conditions and their total score were used. The ANOVA test showed nonsignificant differences between boys
and girls on the total Design Fluency Test score, F (1, 263) = .10, p = .75, while the MANOVA test showed that their
difference on the three Design Fluency Test conditions was marginally significant, F (3, 261) = 2.80, p =.042. An ANOVA
showed nonsignificant differences between three Grades on the total Design Fluency Test score, F (2, 262) = 1.73, p =
.18 while the MANOVA test showed that they did not differ on the three Design Fluency Test conditions, F (6, 520) =
1.46, p = .19. Thus, the subsequent analyses were run for the total of the participants. Additionally, the dependent
variables for the subsequent ANOVA and MANOVA tests (i.e., scores on the three test conditions of the Design Fluency
Test and the respective total score had minimal skewness (range .02 - .32) and kurtosis (range .10 - .52).

Main Analyses

Means and standard deviations of students’ scores in the three conditions of the executive function test and in the total
score separately for grade and gender are reported in Table 1. For examining the relationship between the calibration
accuracy and executive functions, a correlation analysis was used (Table 2). Small correlations emerged between
calibration accuracy and executive function test scores.

Table 1. Means and Standard Deviations of Students’ Score in Each Condition and in the Total of the Executive Functions
Test Separately for Each Grade and Gender

Total 4th Grade 5th Grade 6th Grade Boys Girls

M SD M __ SD M __ SD M__ SD M SD M__ SD
Basketball Shooting 429  1.99 352 184 444 175 501 210 490 196  3.65 181
Performance
Estimation 506 243 526 292 511 218 478 204 573 228 434 338
Accuracy 219 176 282 216 189 155 182 121 228 171 210 181
Bias 077 271 174 310 067 235 -023 218 083 273 070 2.69
DF- Condition 1 726  3.17 708 289 763 330 7.07 332 743 343 708 286
DF- Condition 2 799 3.2 754 322 816 280 833 331 806 332 792 290
DF- Condition 3 490 296 440 286 508 265 528 331 453 311 530 274
DF- Total 2015 740  19.01 713 2087 7.27 2067 7.77 2001 796 2030 6.79

Note: DF= Design Fluency Test

Based on the bias index, 11.7% of students (31 students) were accurate, 35.1% (93 students) were underestimators
and 53.2% (141 students) were overestimators. Chi-square was used to examine differences in frequencies between
the three groups. The results revealed statistically significant differences between the three groups x?(2) = 68.86, p <
.001. The means and standard deviations of students’ scores in the executive function test separately for accurate,
underestimators and overestimators are presented in Table 3.

Table 2. Correlation Between the Variables of the Study

1 2 3 4 5
1. Basketball Shooting Performance -
2. Calibration Accuracy - 24%* -
3. DF- Condition 1 10 -.02 -
4. DF- Condition 2 23 - 17%* 58** -
5. DF- Condition 3 A7 -12 36%* 43 -
6. DF- Total 21%* -.13* 82** 84** 4%

Note: DF= Design Fluency Test, *p <.05, **p <.001



364 | SAMARA ET AL. / Calibration Accuracy and Executive Functions in Physical Education

Prior running a MANOVA, with Group (i.e., the three bias groups) as independent variable and the three test condition
scores as dependent variables, the Box M test (F (12, 35717) = .83, p > .05) confirmed that the observed covariance
matrices of the dependent variables were equal across groups. The results showed nonsignificant differences between
accurates, underestimators and overestimators, F (6, 520) = 1.44, p =.199.

Table 3. Descriptive Statistics for the Design Fluency Test Scores Separately for Accurates, Underestimators and

Overestimators
DF - Condition 1 DF-Condition 2 DF-Condition 3 Total Score in DF Test
M SD M SD M SD M SD
Accurates 7.48 3.00 8.68 3.00 5.55 3.33 21.71 7.35
Underestimators 7.56 3.47 8.48 3.15 5.20 3.01 21.25 7.70
Overestimators 7.01 2.99 7.52 3.07 4.56 2.80 19.09 7.10

Note: DF= Design Fluency Test

For examining potential differences in the total score in the executive functions test between the three bias groups
(accurates, underestimators and overestimators) a one-way ANOVA was conducted. The Shapiro -Wilk test confirmed
the normal distribution of the dependent variable within each Group (accurates: .96, df = 12, p = .35, underestimators:
.98, df = 93, p = .32, overestimators: .99, df = 141, p = .13). A marginally statistically significant difference between
groups, F (2, 262) = 3.20, p = .042, was found. LSD post hoc analysis showed that underestimators (M = 21.25)
compared to overestimators (M = 19.09) had a higher score in the total executive functions test score (p =.029, d = .29).
Accurates had higher values in the total executive functions test score compared to underestimators and
overestimators and underestimators had higher score than overestimators, however these differences did not reach
significance.

Discussion

This study examined the relationship between students’ calibration of their performance in a physical education task
with their executive functions. The results showed a generally low relation between students’ executive functions and
performance calibration. Moreover, accurates had the highest scores in the total score in the Design Fluency Test
compared to underestimators and overestimators while underestimators had higher score than overestimators. The
results are discussed next with reference to previous findings and the theoretical and the empirical implications for
improving learning and performance in physical education.

The magnitude of the relationship between calibration of performance and executive functions was small. Similar
results have been provided in studies with elementary and kindergarten children that employed cognitive tasks (Bellon
et al, 2019; Destan & Roebers, 2015; Roebers, et al., 2012). Thus, although performance calibration, as a metacognitive
aspect, and executive functions share theoretical and conceptual similarities, the results of the present study as well as
those of previous ones do not fully support this relationship empirically. Roebers (2017) has provided two possible
explanations for these results. The first one is methodological: metacognitive aspects such as calibration are assessed in
task-specific context, whereas, executive functions are assessed through tests that are decontextualized. The second
possible explanation is theoretical: children at this age may have limited ability to form an awareness of performance
which will activate control processes. The results of the present and of several related studies attest that elementary
school children usually overestimate their performance in cognitive (Chen, 2003; Hacker & Bol, 2004; Hacker et al,,
2008) and in physical (Kolovelonis & Goudas, 2018, 2019; Kolovelonis et al., 2012) tasks. Similarly, in the present
study, more than 50% of the participants overestimated their performance.

The consistent finding of the overestimation of performance in young children might denote an adaptive value for them
(Bjorklund, 1997; Schwebel & Plumert, 1999). It seems to protect children from becoming discouraged in the face of
difficulties or avoiding challenging tasks and, at the same time, it allows them to feel efficacious persisting even when
they face a failure. One explanation that has been offered to explain students’ overestimation is that younger children
are not yet capable of accurately estimating their future performance, however, such an explanation has been
challenged by recent data (see Xia et al., 2022). Another explanation proposed that young students may had a difficulty
to distinguish between their wishes and expectations, that is, they make predictions based on wishful thinking resulting
in overestimation (Lipko-Speed, 2013). Nevertheless, it has been suggested that wishful thinking is context-dependent
and thus it can be used for explaining overconfidence on some but not other tasks (Lipko et al.,, 2009; Schneider, 1998).
Beyond the above lines of explanations, new data offer further alternative and more complicated accounts of this
phenomenon. Xia et al. (2022) reported that children from both Dutch and Chinese cultures persevered in
overestimating themselves on both a motor and a memory task, despite receiving accurate performance feedback. The
explanation the authors offered was that, despite children’s abilities to remember their previous performance and
despite the given feedback, children may fail to take full advantage of the available feedback to make accurate
predictions. It seems that a general positive bias regarding judgments of attributes and abilities may exist. That is,
children attended to, processed, and interpreted information in a selective way to preserve their optimistic views for
themselves.
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Although the magnitude of the relationships between executive functions and performance calibration was generally
small, both concepts are important for learning and performance in physical education. Executive functions and
metacognition are also linked to self-regulated learning. Executive functions serve as specific but relevant cognitive
processes, mediated by metacognition, which enables a flexible use of learning strategies to facilitate the attainment of
learning objectives. Both concepts are higher-order factors associated with behavioral regulation, share common
characteristics, and have similar developmental trajectories associated with common areas of the brain (Roebers &
Feurer, 2016). Metacognition is involved in executive functions because subjective experiences (e.g., cognition) allow
behavior to be controlled. Calibration, representing a metacognitive process providing information about one's
knowledge state and strategies at a cognitive level, is relevant in this context.

Self-regulated learning is based on goal setting, monitoring, evaluation and regulation of learning (Stolp & Zabrucky,
2009). Calibration is also a factor for effective self-regulation as it provides students with internal feedback that can use
to control their learning and performance (Bol et al, 2012; Dunlosky & Rawson, 2012). As a result, self-regulated
students are more aware of what they know and what they do not, and thus it is expected to be more accurate in
estimating their performance (Zimmerman, 2000).

It is known that executive functions promote and engage strategy use as related with metacognitive (Roebers, 2017)
self-regulation skills (Blair & Diamond, 2008; Roebers, 2017) and processes in physical activities. Children's executive
functions and learning outcomes seem to show common developmental progress. Students with significant age-related
cognitive abilities achieve high learning achievements. Conversely, students with high learning performance tend to
participate in and complete demanding tasks, thus enhancing their cognitive abilities (Fuhs et al., 2014), even when
physical activity modules are short (Gallotta et al., 2012; Jager et al., 2014; Pesce et al., 2009).

Based on the above, it appears that the executive functions allow the smooth adaptation and success of students in their
schools (Fuhs et al.,, 2014; Welsh et al., 2010), while their participation in organized and demanding school activities
and the achievement of significant learning outcomes significantly enhance their cognitive abilities. Thus, the
interdependence of executive functions and learning achievements paves the way for the creation of educational
activities and programs suitable for reinforcement within the school space.

Conclusion

The study showed a small relation between students’ performance calibration and their executive functions in physical
education. Moreover, the majority of the students overestimated their performance, while students with a higher score
on the executive functions were better calibrated regarding their sports performance.

Recommendations

The present findings can provide the basis for important implications regarding students’ calibration accuracy and
executive functions in physical education. Physical education teachers should design and implement appropriate
interventions to enhance students’ executive functions. Enhanced executive functions may help students to involve in
self-regulated learning, increase their metacognitive awareness including the calibration of their sport performance.
Moreover, interventions focusing on improving students’ performance calibration (e.g., Kolovelonis et al.,, 2020) may
also involve appropriate content and process for triggering students’ executive functions.

Considering that in the present study students’ executive functions were measured with only one test, future research
should involve multiple tests for measuring executive functions. Future research could also focus on students’ self-
regulatory practice in respect with the development of their executive functions. For example, future research may
examine if the development of students’ executive functions, through appropriately designed educational or physical
activity programs, can positively affect students’ calibration accuracy and enhance their self-regulatory skills.

Limitations

This study focused exclusively on students’ performance calibration in one sport skill. Future research should focus on
more than one sport skills and physical activities that students are taught in physical education to examine potential
effects of the skills used (e.g., open versus closed skills) on the associations between performance calibration and
executive functions. Students level of competence in specific sport skills or the levels of their physical activity out of
school may also be considered in such research.
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