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Abstract

The aim of this paper was to explore the construct of calibration of sport performance
in sport and physical education settings. First, the term calibration was defined,
conceptualized, and distinguished from other related constructs while the various types
of calibration and the levels that they work were presented. The peculiarities of
calibration of sport performance were highlighted and theoretical approaches aiming
to explain calibration and measurement issues were provided. Then, empirical evidence
from calibration research in sport and physical education were critically reviewed.
Finally, four areas for expanding calibration research in sport and physical education
settings were suggested and specific research directions were discussed.
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Introduction

Calibration is educationally important because it is inherent in various constructs and
processes associated with human learning and development (Alexander, 2013) including strategic
behavior, motivation (Schunk & Pajares, 2009), metacognitive control processes and self-regulated
learning (Efklides & Misailidi, 2010). Actually, calibration is a core construct underlying in the
self-regulated learning process reflecting students’ metacognitive judgements of what they know or
can do in specific tasks or skills and how accurate these judgements are compared to actual
performance (Schraw, 2009). For example, students who overestimate their capabilities may
attempt challenging tasks and fail decreasing their subsequent motivation, while students who
underestimate their capabilities may feel less motivated avoiding challenging tasks limiting their
potential for developing necessary skills (Schunk & Pajares, 2004). Moreover, calibration is
associated with effort exertion as students who erroneously consider themselves as knowledgeable
in a domain may be reluctant to try hard to further develop their skills (Efklides & Misailidi, 2010).
Calibration is also associated with higher performance (e.g., Bol et al., 2005) and may be involved
in strategic behaviour in the sense that miscalibration may provide a false sense of a strategy’s
effectiveness (Hacker, 1998). Considering these important implications for learning and
performance, calibration has attracted researchers’ interest in educational contexts. However,
calibration research in sport and physical education settings only recently has been expanded and
thus the understanding of calibration of sport performance is still limited.

The aim of this paper was to review theoretical, methodological, and empirical evidence
regarding calibration focusing on calibration of motor and sport tasks and to provide practical
implications and directions for expanding calibration research in sport and physical education. The
paper consists of six main parts. First, definitions and conceptualizations of calibration including
the various types and the levels that calibration works are presented. Next, theoretical approaches
aiming to explain calibration and measurement issues are reviewed. Although these parts were
mainly informed from evidence of calibration research in academic settings, special emphasis was
also given in incorporating this evidence in calibration of sport performance considering the
peculiarities of sport tasks. Then, empirical evidence regarding calibration research in sport and
physical education were critically reviewed and practical implications were discussed. Finally,
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directions for overcoming challenges and expanding calibration research in sport and physical
education settings were provided.

Defining and conceptualizing calibration

The term calibration has been widely used in various domains including the decision-
making literature examining probability judgments and accuracy (e.g., Keren, 1991) and the area of
metacognitive research focusing on students’ awareness of their learning or performance (e.g.,
Hacker et al., 2008). This paper focuses on the accuracy of metacognitive judgments for learning or
performance in educational settings with an emphasis in sport and physical education domains. The
construct of calibration is defined and conceptualized next highlighting the differences between
absolute and relative accuracy, the use of predictions or postictions and the levels of providing
them, the multidimensional nature of calibration and the differences between calibration and other
similar constructs (e.g., confidence and self-efficacy). Special emphasis in peculiarities of
calibration of sport performance is also given.
Defining calibration

The construct of calibration entails a metacognitive judgment for learning or performance
and an objective measure of this learning or performance. The discrepancy between the judgment
and the actual learning or performance is the core notion in the construct of calibration (Hattie,
2013). Indeed, calibration has been defined as the degree of correspondence between judged and
actual performance (Keren, 1991). Depending on the range of the discrepancy between judged and
actual performance students can be considered as well-calibrated or miscalibrated (Schraw, 2009).
Absolute versus relative accuracy

The discrepancy between judged and actual performance can be approached either as
absolute accuracy or relative accuracy (Dunlosky & Thiede, 2013; Schraw, 2009). The absolute
accuracy focuses on the absolute match between actual and judged performance and a difference
score is calculated while the relative accuracy focuses on the discrimination between different
levels of performance across items or trials. Absolute and relative accuracy seems to be independent
(Dunlosky & Thiede, 2013) reflecting different aspects of metacognitive monitoring (Maki et al.,
2005). This distinction between absolute and relative accuracy is important for understanding
calibration while it is closely associated with the approach of measuring and analyzing calibration
data (Dunlosky & Thiede, 2013). More details on this issue are presented next, in the section
measurement of calibration.
Predictions and postdictions

Considering the time students provide their judgments with respect to the task at hand, two
types of judgments, predictions and postdictions, have been identified (Schraw, 2009). In
predictions students provide their judgments before their involvement in a task or a test while in
postdictions, students provide their judgments after completing a task or a test but before they are
informed for their performance. Both predictions and postdictions are metacognitive judgments that
have been widely used in calibration research (e.g., Chen & Rossi, 2013; Pieschl, 2009; Schraw,
2009) as they are considered useful measures of online monitoring of learning and performance
(Griffin et al., 2013).
The levels of calibration

Calibration can be examined either at local or at global level depending on whether
metacognitive judgments are provided for each specific item or trial included in a test or task (i.e.,
local level) or for the entire test or task (i.e., global level) (Schraw, 2009). Calibration at both levels
is considered important because it provides unique information regarding learning and performance.
Calibration at local level is closed to metacognitive self-monitoring providing online information
regarding specific aspects of performance while calibration at global level is closed to more self-
evaluative process focusing on more general aspects of performance and having implications with
goal setting and self-evaluation (Chen & Rossi, 2013). Calibration can also work at a meta-level
when students are asked to provide second-order judgments for their confidence regarding the
accuracy of their judgments of learning and performance (Buratti & Allwood, 2015).
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The multidimensional nature of calibration

Although much of attention in calibration literature has been paid to calibration of learning
and performance outcomes, it should be noted that calibration should be considered as a
multidimensional construct focusing not only in students’ learning and performance, but also in
other related aspects such as learning strategies, problem-solving, and goal setting (Hattie, 2013).
The implications of this multidimensional nature of calibration should be considered both from
theoretical and empirical perspective. For example, well-calibrated students can accurately judge
how effectively use a learning strategy and to adapt or change this strategy if necessary. The
challenge however is to objectively measure these aspects of learning (e.g., effective use of a
learning strategy) for examining how calibrated students are.

Distinguishing calibration from other related constructs

Calibration is distinguished from other related constructs such as confidence and self-
efficacy. Some research has focused on confidence judgments of learning and performance
suggesting that these judgments tend to define a single factor regardless tasks or domains (Kleitman
et al., 2011; Kleitman et al., 2012). However, this line of research has focused only on confidence
judgments regarding learning or performance and not on the discrepancy between confidence
judgments and actual performance which is the core notion of calibration. There is a difference
between how confident | feel for answering a question correctly and how accurate my confidence is
compared to my actual performance. Both of these conditions have implications for learning and
performance, but the most serious one is when the confidence is high and the accuracy low (Hattie,
2013).

Another similar but conceptually different to calibration construct is self-efficacy. Self-
efficacy is students’ beliefs regarding their learning or performance in a specific task reflecting
future-oriented judgments of competence (Schunk & Pajares, 2005) whereas calibration highlights
the discrepancy between judged and actual performance. That is, self-efficacy reflects what students
believe can achieve while calibration capture how accurate these beliefs are. Empirical evidence has
supported this distinction showing a low correlation between self-efficacy and accuracy (Chen &
Zimmerman, 2007; Kolovelonis & Goudas, 2018). However, calibration accuracy and self-efficacy
seems to interact as students who increased their calibration also increased, although modestly, their
self-efficacy (Nietfeld et al., 2006).

Peculiarities of calibration of sport performance

Calibration in sport and physical education settings involves the accuracy of students’
judgments about what they know or they can do with respect to motor and sport skills and tasks
(Gasser & Tan, 2005). In the case of sport knowledge (e.g., key elements of sport skills, sport rules)
the calibration paradigm used in academic settings can be used. However, in the case of sport of
motor skills there are some peculiarities that should be considered in applying the calibration
paradigm used in academic settings. In particular, feedback is often available after performance in
sport skills either in the form of knowledge of results (e.g., successfulness of a trial) or as internal
feedback produced during task execution (e.g., kinesthetic sense of performing the technique
correctly) (Schmidt & Wrisberg, 2008). Thus, if outcomes of performance are used for judging and
measuring sport performance, students’ judgments can take only the form of predictions.
Postdictions could be used in the case of calibrating qualitative aspects of performance of sport
skills (e.g., postdicting the correct performance of the technique of a skill). Another issue is that
feedback in the form of knowledge of the results for the previous trials or set of trials can affect
subsequent predictions (Avugos et al., 2013). Thus, when a test with multiple trials is used (e.g., a
basketball shooting accuracy test included 10 trials) the use of a single global judgment (i.e., how
many successful shots out of 10 trials) rather than judgments specific to each trial (Pieschl, 2009) is
considered more appropriate.

Theoretical approaches to calibration
Although the construct of calibration has been examined for more than three decades little
has been done regarding the development of a comprehensive theory of calibration. Usually,
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calibration has been viewed through the lens of related theoretical frameworks. For example,
calibration has been involved in theories of self-regulated learning and metacognition. Some other
theoretical approaches focusing on explaining miscalibration have also been proposed. Some of
these approaches are shortly presented next and discussed towards the development of a
comprehensive model of calibration.
Calibration in self-regulated learning and metacognitive theories

Calibration is closely linked to self-regulating learning (Pieschl, 2009). By definition self-
regulated learners are well-calibrated learners as they are aware of what they do and do not know or
what strategies to use (Zimmerman, 1990). Actually, well-calibrated students can realize their
actual level of learning or performance focusing on aspects of tasks that they have not mastered yet
(Efklides, 2014). Zimmerman’s (2000) cyclical model of self-regulated learning and Efklides’
(2011) metacognitive and affective model of self-regulated learning (for a description of these
models see Efklides, 2011; Kitsantas et al., 2018; Zimmerman, 2000) put special emphasis on
students’ capacity to monitor their own learning and performance. For example, calibration should
be considered un underlining process that play an essential role in all phases of Zimmerman’s
(2000) model (forethought, performance, and self-reflection) in the sense that calibration accuracy
informs effective circles of self-regulation (Chen & Rossi, 2013). In particular, through the lens of
Zimmerman’s (2000) model, well-calibrated information derived from self-monitoring process at
local level during learning and performance (performance phase) is vital for making the necessary
adjustments (self-reflection phase) in using learning strategies or in focusing in aspects of
performance needed more. At the global level, a well-calibrated student can set more challenging
goals (forethought phase) to guide effective self-regulation. These processes of self-regulated
learning at the local (e.g., involvement in the task at hand) and the global level (e.g., setting learning
or performance goals for the next month) and the interactions between person and task related
factors have also been described by Efklides’ (2011) model. This model also put special emphasis
on the role of metacognitive experiences (e.g., metacognitive feelings and estimates) before, during,
or after task performance that function interactively enhancing students’ awareness regarding
learning and performance (Efklides, 2011). Considering that metacognitive feelings are associated
with students’ performance (e.g., Goudas et al., 2017) the accuracy of the information derived from
these metacognitive processes (i.e., calibration) matters for effective self-regulated learning.
Cues and heuristics

The cue utilization framework suggests that judgments are formed based on both theory-
based cues (e.g., beliefs about ability) and online experience-based cues (e.g., shooting position)
and explains miscalibration in terms of using cues that are not valid for judging the specific
performance (Koriat, 1997). For example, students may base their judgments on the amount of the
accessible information in their memory which may be independent of the correctness of this
information leading in miscalibration. Thus, accessibility may not be a valid cue for judging
learning because the quality (i.e., correctness) and not the quantity (i.e., amount) of information
matters for calibration (Koriat, 1993). A similar approach, the heuristics and biases approach,
suggests that miscalibration occurs because of errors people make when they use heuristics for
estimating performance focusing on some but not on all relevant information. Heuristics are
cognitive short-cuts that individuals use when estimating probabilities associated with various
problems (Tversky & Kahneman, 1983). Examples of heuristics used in judging performance may
be the response time, the memory for past performance, or the retrieval fluency (Bjork et al., 2013).
Random errors and uncertainty

Other views have suggested that confidence judgments include not only a true judgment
component but also random errors (e.g., attentional or memory lapses) that may lead to
miscalibration (e.g., Soll, 1996). These random errors may affect judgments in two main directions
including a cognitive inconsistency in the process of forming a subjective feeling of confidence
from the available cues or when translating this feeling in a judgment and a lack in relative
experience regarding the problem or the task at hand (Soll, 1996). Miscalibration has been also
associated with different modes of uncertainty underlying confidence judgments. These modes of

26



GESJ: Education Science and Psychology 2024 | No.1(70)

ISSN 1512-1801

uncertainty may vary across different task including noise in the nervous system (for perceptual
tasks) and incomplete states of knowledge (for cognitive tasks) (Juslin & Olsson, 1997). However,
the prediction of this approach for greater underconfidence in perceptual tasks because of sensory
noise has not been supported (e.g., Pallier et al., 2002).
Individual differences versus environmental factors

Other views have explained miscalibration as peoples’ tendency to provide consistent
confidence levels when judge their performance in various tasks regardless of their accuracy level
(Kleitman et al., 2011). Evidence has shown the existence of an independent metacognitive trait that
mediates the accuracy of self-assessment (e.g., Kleitman & Stankov, 2001; Stankov & Crawford,
1996). However, this research line has focused on the confidence judgments and not in the accuracy
of these judgments (aka calibration). On the other hand, the Probabilistic Mental Model (Gigerenzer
et al., 1991) focuses on ecological factors external to individuals suggesting that people use their
knowledge of the relative frequency of events in the natural environment to form confidence
judgments. Through the interactions with their environments, individuals learn the validity and the
effectiveness of each cue for judging learning and performance and use those cues they consider
more valid and effective for each occasion. This approach suggests that miscalibration resulted from
the disparity between cue and ecological validities. For example, the general knowledge tests used
in calibration research lack from ecological validity and thus the cues used by students have low
validity resulting in miscalibration.
Towards a comprehension model of calibration

All these approaches seek to explain miscalibration focusing in some but not all aspects of
forming judgments. For example, some approaches (e.g., the heuristic and biases approach) focus
more on judgmental biases within the individual considering individual differences in the process of
forming confidence judgments while other (e.g., Probabilistic Mental Model) in external factors
such as the procedures involved in the creation of knowledge tests. Thus, further theoretical work
for synthesizing all these approaches into a comprehensive model of calibration is warranted. This
model may include the factors associated with calibration (determinants and consequences), the
mechanism of calibration accuracy and miscalibration, the relations of calibration with leaning and
performance outcomes and links with self-regulation and metacognition. These theoretical tenets
should be empirically tested and the respective evidence should be used for developing a
comprehensive model for explaining calibration accuracy and miscalibration in both academic and
sport and physical education settings. The use of cues in forming judgments is considered in most
current approaches for explaining calibration and it may be the basis of developing such a model.
Indeed, this model may be informed by evidence from research regarding the cues students’ use for
making judgments and the potential interactions between the use of cues and person (e.g., self-
efficacy), task-related (e.g., task’s characteristics) and environmental (e.g., feedback, instructions)
factors. A comprehensive model of calibration should also enable links with models of self-
regulation and metacognition. In particular, the construct of calibration should be highlighted as an
integral component of self-regulated learning (Chen & Rossi, 2013) and should be integrated in the
existing self-regulated learning theories (e.g., Efklides and Zimmerman’s models).

Measurement of calibration

Various methods for measuring calibration have been used reflecting in most cases different
approaches for conceptualizing calibration (Dunlosky &Thiede, 2013). Indeed, the way of
approaching or defining calibration (e.g., absolute versus relative accuracy) may affect the way of
measuring it. At the same time, for each of these types of calibration various measures has been
used. For example, absolute accuracy can be measured through calibration curves or calculating the
difference score between judged and actual performance either at the local (item by item) or at
global level (average performance across items). Similarly, for measuring relative accuracy gamma
correlation or discrimination measures can be used (Keren, 1991; Rutherford, 2017; Schraw, 2009).
These different measures of calibration are usually high correlated. Indeed, Schraw et al. (2013)
found that 10 different measures used to assess monitoring accuracy based on a 2 (performance) x 2
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(monitoring judgment) contingency table where both performance and judgments were provided in
yes-no format, loaded on a single factor. This implies that the various measures may work
complementary providing information regarding aspects of calibration accuracy of monitoring
processes (e.g., absolute accuracy, bias, or discrimination between correct and incorrect items)
(Schraw, 2009). Thus, it has been suggested that researchers should compute all the valid
calibration measures and evaluate whether they yield the same qualitative conclusions (Dunlosky &
Thiede, 2013) considering the purposes of the study and the underlying monitoring processes under
examination (Schraw, 2009).

Calibration measures used in academic settings are not all appropriate for use in sport and
physical education settings due to peculiarities of sport tasks described in a previous section. In
particular, the available feedback following sport performance set challenges in measuring
metacognitive judgments regarding this performance. Thus, most of the research in sport and
physical education (see next section) approached calibration as the difference between judged and
actual performance, with performance judgments to involve mainly predictions at the global level.
However, the use of a difference score for measuring calibration has been criticized for having low
reliability (Hattie, 2013) while the use of a single metacognitive judgment at the global level
prevents from examining the internal consistency of these measure. Although single-item measures
with clear and unambiguous purpose for the respondent and clear experiential focus can provide
valid indicators of the state being investigated having the advantage of evaluating students’
immediate experience with little interference to their on-going learning process (Ainley & Patrick,
2006), more elaborative calibration measures for sport tasks should be developed for expanding
calibration in sport and physical education settings. An alternative paradigm resolved some of these
issues (postdictions and multiple measures were used) involving students in dart-throwing over the
top of a screen to hit a target lying in the floor behind it, and thus depriving them from having
feedback regarding the successfulness of their throws (Gasser & Tan, 2005). However, the
disadvantages of this approach are also strong, such as the lack of ecological validity of this kind of
measure. Moreover, this alternative paradigm does not exclude other factors interfering in sport
tasks including the internal feedback produced during sport performance (Schmidt & Wrisberg,
2008) and the environmental cues revealing the successfulness of sport tasks such as a basketball
shot (e.g., sounds produced when the ball hits the backboard or passes through the net). These
factors may interfere with students’ metacognitive judgments of performance making the
interpretation of the results difficult. All these issues highlight the need for developing new and
more elaborative valid approaches for measuring calibration of sport performance considering the
peculiarities of sport tasks. This issue is discussed in details in the section of future directions.

Calibration research in sport and physical education

Research regarding calibration of motor and sport performance in sport and physical
education settings is reviewed in this section. Searches in databases (Scopus, Sportdiscus, ERIC,
Psychinfo, and Google Scholar) using specific key words (i.e., calibration, accuracy, absolute
accuracy, relative accuracy, bias, prediction, postdiction, estimation, judgment, metacognitive
monitoring, motor skill, sport skill, sport, and physical education) and manual searches were
conducted of articles in the English language literature. It should be noted, that this was not a
systematic review of the literature. Studies that have been conducted in the fields of sport, school
physical education and physical activity and involved a calibration measure in their design were
included in this review. Research findings has been summarized in three parts including the
description of students’ or athletes’ status of calibration, the factors associated with calibration, and
the interventions conducted for improving calibration.
Calibration status among students and athletes

The overestimation of performance in motor or sport skills is a consistent finding in
calibration research in sport and physical education settings. For example, recreational basketball
players were overconfident regarding their shooting performance (McGraw et al., 2004) while
golfers (Fogarty & Else, 2005) and tennis players (Fogarty & Ross, 2007) were overconfident

28



GESJ: Education Science and Psychology 2024 | No.1(70)

ISSN 1512-1801

mainly in the difficult form of the tasks. Moreover, undergraduate psychology students were poorly
calibrated from three different dart-throwing positions (Gasser & Tan, 2005). Runners were
generally well-calibrated, especially the older and most experienced ones, but a tendency to
overestimation of performance was also found mainly among female athletes (Liverakos et al.,
2018).

Similarly, in physical education, students overestimated their basketball dribbling
(Kolovelonis et al., 2012; Kolovelonis et al., 2013), basketball chest-pass (Kolovelonis & Goudas,
2012, 2019), basketball shooting (Kolovelonis & Goudas, 2018, 2019), and soccer pass
(Kolovelonis & Goudas, 2019) performance. The number of students who overestimated their
performance in these studies ranged from 40% to 80%. Moreover, it was found that students were
overconfident regarding their performance in both a basketball shooting test and sport-related
knowledge tests regarding shooting skill technique and sport rules (Kolovelonis, 2019a).

These results are consistent with respective findings in academic settings showing that
students are often inaccurate in judging their learning or performance (e.g., Chen, 2003; Destan &
Roebers, 2015; Hacker & Bol, 2004) having a tendency to overestimate their performance (e.g.,
Bouffard et al., 2011; Hacker et al., 2008). A recent review verified children’s tendency towards
overestimation of performance (Xia et al., 2023).

Factors associated with calibration

Some research in physical education setting examined potential factors associated with
students’ calibration. In particular, Kolovelonis and Goudas (2018) examined students’ calibration
in relation to person-related factors and found that students’ calibration accuracy was associated
with their task orientation, self-efficacy, and perceived competence, but not with their global self-
worth, sport competence, optimism, and pessimism. Kolovelonis and Goudas (2019) examined
students’ calibration in relation to task-related characteristic. They found that the magnitude of
calibration error was similar across sport tasks and contexts while approximately half of students
were consistent in the direction of calibration (most of them were overestimators). However, the
type of the task may be associated with miscalibration. Indeed, Kolovelonis (2019a) found higher
overconfidence in sport-related knowledge tests (i.e., shooting skill technique and sport rules) rather
than in sport skill test (i.e., basketball shooting). Higher levels of calibration of sport tasks (e.g.,
golf, tennis) compared to cognitive tasks (e.g., numbers recall) were also reported by Hildenbrand
and Sanchez (2022). Evidence regarding the hard-easy effect was also found while high performers
were more accurate compared to low performers. Students’ experiences from sport participation
may be associated with their calibration. Indeed, Kolovelonis (2019b) found higher levels of
calibration accuracy among students who participated in sports out of school compared to those
who did not. Similarly, experienced runners estimated more accurately their performance compared
to less experienced ones (Liverakos et al., 2018). Students’ predictions regarding their peers’
performance may also be involved in calibration process (Kolovelonis & Dimitriou, 2018).

These findings expanded calibration research providing new insights regarding the factors
associated with students’ calibration. For example, Kolovelonis and Goudas (2018, 2019) supported
Dinsmore and Parkinson (2013) evidence that students based their confidence judgments on a
combination of personal (e.g., prior knowledge) and task characteristics (e.g., item difficulty)
factors. Moreover, Kolovelonis and Goudas (2018) supported and expanded previous evidence in
academic (e.g., Chen & Zimmerman, 2007) and sport settings (Fogarty & Else, 2005; Fogarty &
Ross, 2007) regarding the hard easy effect, highlighting the effects of task difficulty in the direction
rather than in the magnitude of calibration error. A general finding in academic settings that high
performers are usually better at judging their own performance compared to low performers (Bol et
al., 2005; Hacker et al., 2008) was also supported in physical education (Kolovelonis & Goudas
2019). Regarding the relations between gender and calibration of performance, research in both
academic and sport and physical education settings has shown generally mixed results. For
example, previous evidence has shown no gender differences in calibration in academic (Chen,
2003), sport (Gasser & Tan, 2005) and physical education (Kolovelonis et al., 2012) settings.
Recently, however, some variations in students’ calibration accuracy and bias in relation to gender
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were found (Kolovelonis & Goudas, 2019). These inconsistent findings highlight the need for
further research on this issue.
Interventions for improving calibration

Two studies have been conducted in physical education to examine the effects of
interventions on students’ calibration. Kolovelonis et al. (2013) examined the effectiveness of the
four-level model of self-regulated learning (Goudas et al., 2013; Zimmerman, 2000) in teaching a
sport skill in physical education including calibration measures (i.e., calibration accuracy and bias
indexes). Results showed no differences in calibration accuracy between students who practiced
basketball dribbling under different self-regulatory conditions (i.e., receiving feedback, setting
goals). However, this intervention did not explicitly focus on improving students’ calibration of
sport performance. Thus, Kolovelonis et al. (2022) expanded this study to include self-regulatory
processes (i.e., self-set goals, self-recording, self-reflection, attributions, self-talk) targeting in
improving students’ calibration. Results showed that experimental group students become more
accurate in predicting their performance after the intervention compared to control group. These
results suggested that an appropriately designed intervention can positively affect students’
calibration of sport performance. Similarly, interventions in academic settings had positive effects
on improving students’ calibration through the use of feedback and practicing monitoring accuracy
(Nietfeld et al., 2006), self-reflection (Zimmerman et al., 2011), informing for the consequences of
making overconfident judgments (Roelle et al., 2017), providing guidelines and group settings (Bol
et al., 2012), and strategy instruction combined with extrinsic incentives (Gutierrez de Blume, 2017,
Gutierrez & Schraw, 2015). However, there is also evidence suggested that calibration remained
unaffected even after practice or other interventions (e.g., Bol & Hacker, 2001; Bol et al., 2005;
Nietfeld et al., 2005).

Expanding calibration research in sport and physical education

Calibration research in sport and physical education is rather limited. Although some recent
studies have shed light in aspects of calibration in physical education, much more should be done.
Previous research involved only a few sport skills and focused in some aspects and factors
associated with calibration of sport performance while methodological issues should be resolved for
expanding calibration research in sport and physical settings. In this section, four areas for
expanding calibration research of sport performance are discussed including methodological and
measurement issues, determinants and consequences of calibration (including justifications of
metacognitive judgments), calibration in social learning environments, and the design of
interventions for improving calibration (Bol & Hacker, 2012).
Methodological and measurement issues in calibration of sport performance

A critical issue for expanding calibration research is the development of valid methods of
collecting and analyzing calibration data (Alexander, 2013). This issue is a real challenge for sport
and physical education due to the fact that calibration measures used in academic settings are not all
appropriate for examining calibration of sport performance. In particular, the availability of
feedback immediately after performance in sport tasks restricts the use of postdictions or multiple
trials of the same task because the knowledge of previous performance can affect the estimations
for the future performance (Avugos et al., 2013). Indeed, using multiple sets of the same test (e.qg.,
four sets of tests included 10 trials each) may permit the examination of the internal consistency of
predictions, but the effects of feedback from the knowledge of the results of the firsts set of the tests
on subsequent set of tests cannot be eliminated. However, the use of an alternative paradigm may
reduce this effect. In particular, following this paradigm, students provide their judgments in
multiple sets of a test of the same skill but each set to include a different number of trials (e.g., 5, 7,
10, 12 trials). Students provide their judgments in all these sets of the test before performance
following a counterbalance approach in providing both predictions and performing the sets of the
test. This approach should permit to check the internal consistency of both students’ predictions and
performance in this test providing more valid calibration data.
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Calibration research in sport and physical education should be expanded by focusing on
qualitative aspects of sport performance (i.e., technique of a skill) measured through the use of both
predictions and postdictions at the local (e.g., for each performance standard) or at global level
(e.q., for the entire technique). A challenge in this process would be the development of objective
measures of qualitative aspects of sport performance for comparing judged and actual performance.
Probably, the first step should be the development of an objective measure of measuring qualitative
aspects of performance and then to adapt this measure as a scale for providing metacognitive
judgments for these aspects of performance. Moreover, future research should examine students’
second-order judgments regarding their confidence for the accuracy of their predictions and
postdictions of sport performance. Evidence from academic settings (Buratti & Allwood, 2015) can
guide this totally unexplored area of calibration research in sport and physical education settings.

Statistical analysis of calibration data should consider the nature of calibration index used
(e.g., calibration accuracy and calibration bias). The calibration accuracy (i.e., absolute values of the
calibration bias) that represents an index of the magnitude of calibration error can be used for
comparing groups or in correlational analysis. On the other hand, calibration bias (i.e., the signed
difference between judged and actual performance) representing the direction of calibration is not a
linear measure of the degree of accuracy and thus it is not considered appropriate for comparing
group means (Griffin et al., 2013) or in correlational analyses (Stankov et al., 2012). This is because
the bias index includes both positive and negative values that may be mutually exclusive when
mean scores are calculated resulting in misleading results regarding the direction of miscalibration.
For avoiding such issues, the bias index can be used for classifying students as accurates,
underestimators, and overestimators, an approach used in previous research in physical education
(e.g., Kolovelonis & Goudas, 2018, 2019) obtaining a gross picture of the direction of
miscalibration. However, a more elaborative approach of the direction of miscalibration (e.g.,
low/medium/high overestimators or underestimators) may be warranted. Moreover, some research
in academic (e.g., Gonida & Leondari, 2011) has classified students in bias groups (accurates,
underestimators, overestimators) using the self-criterion residual strategy (for detail see Paulhus &
John, 1998; Robins & John, 1997). Future research in sport and physical education may consider
this approach for classifying students in groups of accurates, underestimators, or overestimators.
Moreover, creating separate variables for underestimation (including only students with negative
score in calibration bias) and overestimation (including only students with positive score in
calibration bias) as well as reporting the absolute upper and lower bounds of calibration bias can
provide a clear picture for the magnitude of underestimation and overestimation at group level.
Recent research in academic (Gutierrez de Blume, 2017) and in physical education (Kolovelonis et
al., 2022) has effectively used such measures to evaluate the effectiveness of interventions in
improving sport performance calibration. Future research should further test the validity of all these
measures and their strength in predicting students’ learning and performance outcomes in sport and
physical education settings.

Determinants and consequences of calibration

A fruitful area for future research involves the factors associated with calibration of sport
performance including both determinants and consequences of calibration or miscalibration.
Regarding the determinants of calibration future research should expand previous studies (e.g.,
Kolovelonis & Goudas, 2018, 2019) focusing on the interactions of person and task-related factors
and their effects on calibration. For example, reciprocal interactions between calibration accuracy
and self-efficacy should be examined and the role of personality characteristics may be considered.
Environmental factors, such as providing feedback or instructions and the characteristics of the
tasks used should also be considered. This research should adopt longitudinal designs involving
various sport and motor tasks from both team and individual sport. Longitudinal designs should also
examine developmental changes in calibration accuracy and bias while the role of gender should be
further explored.

Regarding the consequences of calibration future research should focus on the associations
between calibration accuracy and performance. Previous evidence in academic (e.g., Bol et al.,
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2005) and sport and physical education (e.g., Kolovelonis & Goudas, 2019) has shown that high
performers are better calibrated. However, considering that most of the previous studies were
correlational and cross sectional in nature, future research should involve longitudinal and
experimental designs to establish a cause-and-effect relation between calibration accuracy and high
performance. A recent study with sport students provided evidence regarding the longitudinal
associations between calibration accuracy and academic achievement (Kolovelonis & Goudas,
2022). Such research should be expanded to involve students’ performance in motor and sport tasks.
Furthermore, interactions between calibration accuracy and performance should be examined to
explore if well-calibrated students perform high or high performers are well-calibrated or a
reciprocal interaction exists. Moreover, further research should explore associations between
calibration and other learning and performance related outcomes such as motivation, effort exertion,
persistence, and strategy selection (Efklides & Misailidi, 2010; Schunk & Pajares, 2009). Future
research should also focus on potential negative effects of miscalibration exploring if the direction
of miscalibration (i.e., overconfidence and underconfidence) is associated with different patterns of
learning and performance or under what circumstances overconfidence or underconfidence may not
deteriorate performance, metacognitive or executive functions (Destan & Roebers 2015).

The factors associated with calibration of sport performance represents a new, totally
unexplored research area in sport and physical education. Some research in academic settings has
examined this issue showing that students base their judgments in a variety of factors including
prior knowledge and performance, characteristics of the tasks and person related factors (Bol et al.,
2010; Dinsmore & Parkinson, 2013; Hacker et al., 2008; Kolovelonis, 2023). Only recently, a study
explored university sport students’ justification for making their metacognitive judgments of
learning related to a sport psychology and a developmental psychology course (Kolovelonis, 2023).
Future research should explore how students form their metacognitive judgments of sport
performance and if these justifications are associated with different patterns of outcomes. In this
line, the role of various types of cues (Koriat et al., 2008) that students may use in forming their
metacognitive judgments should also be explored. The results of this qualitative research may
inform the development of quantitative tools for measuring students’ justifications and cues for
forming metacognitive judgments for sport performance that can be used in large scale quantitative
research.

Calibration in social learning environments

Learning and performance in sport and physical education usually take place in social
environments. Thus, students may form metacognitive judgments of learning and performance in
settings (e.g., school, sport) where the presence of other social agents (e.g., peers, teachers, or
coaches) is salient and sometimes critical. A combination of group learning context and guiding
questions has been found to promote metacognition and achievement (Kramarski and Dudai, 2009).
From this perspective, social interactions may also be considered in calibration research in sport and
physical education settings. Preliminary research in physical education has shown that students’
scores in better or worse than average index could significantly predict their scores in calibration
bias and accuracy (Kolovelonis & Dimitriou, 2018). However, this study was cross-sectional in
nature and focused on students’ beliefs regarding their peers’ performance minimising the effects of
social comparisons (students participated individually). Future research should involve
experimental and longitudinal designs to explore the effects of social comparisons in students’
metacognitive judgments and calibration. Most importantly, in the light of research focusing on co-
regulated learning (Bransen et al., 2022; Hadwin et al., 2011), an intriguing line for future research
may be to examine co-calibration processes in sport and physical education. For example, students
or athletes may work together to co-calibrate their learning and performance. Reciprocal teaching
style (Mosston & Ashworth, 2002) may guide this process. On the other hand, examining students’
or athletes’ calibration of sport performance in competitive sport environments may highlight
potential association between calibration accuracy and aspects of competitive environments.

Calibration research should also focus on coaches and physical educators’ capability to
accurately judged their own performance as instructors and teachers (Gabriele et al., 2016). In
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particular, it would be of great interest to examine the accuracy of coaches and physical educators’
beliefs regarding the effectiveness of their teaching and instruction and their evaluations of
students’ learning and performance. The associations between coaches and physical educators and
students’ calibration should also be examined. Coaches and physical educators’ calibration may
affect the quantity and the quality of the instructions and feedback they give to their athletes or
students and thus it may affect their students’ learning and performance (Studkamp et al., 2012;
Thiede et al., 2018).
Interventions for improving calibration

The development, implementation, and evaluation of appropriate interventions for
enhancing students or athletes’ calibration accuracy is another fruitful area for future research in
sport and physical education. Previous interventions implemented in academic setting suggested
that feedback (Labuhn et al., 2010; Nederhand et al., 2019), practice opportunities for calibrating
performance (Bol et al., 2012), self-reflection (Zimmerman et al., 2011), providing rubrics for
writing tasks (Hawthorne et al., 2017) and strategy instruction combined with extrinsic incentives
(Gutierrez de Blume, 2017, 2022; Gutierrez & Schraw, 2015) may enhance performance
calibration. Such interventions focusing on improving calibration may also be tested in sport and
physical education. Preliminary evidence in physical education have suggested that students’
calibration can be improved after an appropriately designed intervention (Kolovelonis et al., 2013;
Kolovelonis et al., 2022). These interventions were based on the four-level training model of self-
regulated learning development (Goudas et al., 2013; Zimmerman, 2000). Further research should
examine the effectiveness of this instructional model in enhancing students’ calibration involving
large scale interventions and larger samples and exploring the dynamics between calibration
accuracy and sport performance (Digiacomo & Chen, 2016). Calibration interventions targeting
specific populations in terms of the nature of their miscalibration may also be developed as
overestimators may need different type of intervention compared to underestimators. For example,
lower-achieving students gained more in improving calibration accuracy from a respective
intervention (Hacker et al. 2008). Moreover, other interventions may focus on high performers who
may underestimate their performance (Bol et al., 2005; Kruger & Dunning, 1999) and may put
needles effort in skills that they have mastered. This research should also consider the effects of the
hard-easy effect (Juslin et al., 2000; Wisniewski et al., 2019) on these associations.

Conclusion

This paper focused on calibration of sport performance to highlight the importance of this
construct for learning and performance in sport and physical education. Calibration research in
these fields only recently has been emerged and thus our understanding of calibration of sport
performance is rather limited. The present paper contributed to this effort, defining and
conceptualizing the construct of calibration, highlighting the peculiarities of calibration of sport
performance, and presenting theoretical perspectives examining and explaining calibration. The
research evidence presented suggested that calibration is associated with learning and performance
in sport and physical education. However, research regarding calibration of sport performance is
still in its infancy. Undoubtedly, examining calibration in sport and physical education is a fruitful
research area and the suggested lines for future research presented here may expand our knowledge
in this field.
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