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Abstract

This study contributes to the understanding of the impact of self-efficacy in a high-fidelity
simulator training by unpacking the association between general self-efficacy, task-specific
self-efficacy, and performance. Miscalibration of self-efficacy among the trainees was
studied, analyzing differences in overestimating, accurate, and underestimating trainees in
terms of their overall performance. Participants were 66 military trainees who were train-
ing to become gunners in a CV90 armored vehicle. Various log-data were used as objective
performance indicators. General self-efficacy was measured prior to the training. Task-spe-
cific self-efficacy was measured three times: pre-training, mid-training, and post-training.
General self-efficacy and overall performance were positively related. About 45-55% of
trainees miscalibrated their task-specific self-efficacy to their overall performance (i.e., var-
ying per time-point); the majority of trainees overestimated their capacities. Furthermore,
overestimating trainees performed worse than accurate and underestimating trainees, mak-
ing more high severity, medium severity, and low severity errors in almost all specific tasks,
except target detection. Being the first of its kind, our study adds to the existing knowledge
base of miscalibration of general learning and task-specific self-efficacy in a military train-
ing simulator. Suggestions for further research and implications are discussed.
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1 Introduction

Since Bandura introduced the concept of self-efficacy in 1977, many researchers have
investigated the role of self-efficacy in different contexts including academic context, spe-
cifically in learning. Confidence in the ability to learn and perform specific tasks is impor-
tant for academic success (e.g., Bandura, 1997; Paschke et al., 2020; Talsma et al., 2019).
Bandura defined self-efficacy as “people’s beliefs about their capabilities to produce des-
ignated levels of performance that exercise influence over events that affect their lives”
(1994, p. 71). Self-efficacy is a powerful and widely used predictor of academic achieve-
ment and persistence (Choi, 2005; Marsh et al., 2019; Robbins et al., 2004). Although the
motivational strength and predictive value of self-efficacy across various domains have
been confirmed by a large body of empirical evidence, self-efficacy retains its currency as a
concept of interest. Especially considering the new educational tools arising in classrooms
and other learning settings, such as Virtual Reality, Serious Gaming, and e-learning, the
need for research on the role of self-efficacy continues to exist (Antonopoulos et al., 2024;
Bradley et al., 2017). A particular phenomenon of interest is the effect of miscalibrating
self-efficacy, or self-efficacy bias, on actual performance (e.g., Paschke et al., 2020; Talsma
et al., 2019; Vancouver & Kendall, 2006).

2 General Self-Efficacy and Task-Specific Self-Efficacy

People need to believe that they can produce desired effects with their actions, and peo-
ple without this belief have little incentive to act (Bandura, 1997). Bandura proposed
four sources of self-efficacy: mastery experiences (having a direct experience of master-
ing knowledge or skill); vicarious experiences (through observing people, who are simi-
lar to oneself, achieving success); verbal persuasion (assurance and encouragement from
influential people such as parents, teachers, or coaches); and physiological and affective
states (positive body’s physical and emotional reactions to certain situations). (Bandura,
1986, 1997; Huang et al., 2020; Usher & Pajares, 2009). According to Bandura, it is not
the actual ability but an individual’s belief about their ability that results in them engaging
in specific behavior of executing a specific task. Experiencing success when engaging with
any unrelated tasks increases their self-efficacy, while failure lowers self-efficacy for future
encounters with similar tasks (Bandura, 1997).

According to Social Cognitive Theory (Bandura, 1986, 1997), self-efficacy beliefs vary
across three dimensions: level (the specific difficulty level of a task), strength (the degree
of certainty in successfully performing a given level of difficulty), and generality (the
extent to which level and strength apply across different tasks and situations). Bandura con-
ceptualized self-efficacy as situation- and task-specific, which some researchers argue has
restricted self-efficacy research primarily to its level and strength dimensions (e.g., Chen
et al., 2001). Subsequently, the concept of General Self-Efficacy (GSE) has been capturing
attention, which is defined as “individuals’ perception of their ability to perform across a
variety of different situations” (Judge et al., 1998, p. 170). Unlike Bandura’s task-specific
self-efficacy, GSE is a situation-independent competence belief (Scherbaum et al., 2006).
GSE is influenced by all past successes and failures, rather than a task-specific belief. Self-
efficacy, specifically the GSE is a relatively stable trait, i.e., once established it becomes
harder to change (Sherer et al., 1982).
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Bandura emphasized that self-efficacy cannot be considered as a single trait but con-
sists of a differentiated set of beliefs connected with specific tasks and functions (Ban-
dura, 2006), in turn resulting in domain-specific self-efficacy research (Pajares, 1997).
While the task and situation specific nature of self-efficacy is underscored (Bandura,
1978), which means that self-efficacy is task-specific and self-efficacy beliefs may
vary depending on the context in which someone performs a particular task (Pajares
& Schunk, 2005), the role of general self-efficacy is not completely negated. Rather,
Bandura agreed that high self-efficacy and mastering a specific task could result in high
self-efficacy for other but related tasks, indicating self-efficacy is generalizable and
transferable to other contexts (Bandura, 1997), and can be perceived as a trait like con-
cept (Choi, 2005; Marsh et al., 2019). Empirical evidence on the interplay between gen-
eral and task-specific self-efficacies remains limited. However, a study by Chen et al.
(2001) found that their effects may vary in magnitude.

It is widely established that self-efficacy has an influential role to play in relation to
human performance, particularly physical (e.g., Feltz et al., 2008) and cognitive (e.g.,
Richardson et al., 2012) performances. Longstanding studies have reported that self-effi-
cacy beliefs influence the choices people make and the course of action they pursue (Ban-
dura, 1997); the effort they make for engaging in an activity, and the extent to which they
persist in an activity while facing obstacles (Bandura, 1997; Pajares, 1996). However, there
are studies reporting a negative relationship between self-efficacy and performance in a
learning context (e.g., Jernigan, 2004; Vancouver & Kendall, 2006). There is empirical
evidence substantiating that the effect of self-efficacy may change over time. For exam-
ple, some studies have identified the relationship between self-efficacy and performance
strengthened over time (e.g., Vancouver et al., 2002) while others have reported the weak-
ening relationship between self-efficacy and performance over time (Mitchell et al., 1994)
or no change over time (Lee & Klein, 2002). Different reasons for these conflicting results
have been studied extensively, including critical analyses of the self-efficacy measure-
ment scales. Researchers have also recognized the moderation effects of other constructs
impacting the predicted relationships between self-efficacy and the outcome variables. A
recent study by Horcajo (2022) identified greater effect of self-efficacy on physical and
cognitive performance of the participants with higher metacognitive certainty compared
to those with lower metacognitive certainty. The study operationalized metacognitive cer-
tainty as ““ as a person’s metacognitive assessment that a thought, feeling, belief or attitude
is valid, clear in one’s mind, or correct” (DeMarree et al., 2020, p. 1239). Schoenherr et al.
(2024) argue that looking at self-efficacy (or subjective confidence) neither helps learners
to understand the limits of their capacity, nor is a robust measure of learning and actual
performance on a task. Furthermore, it needs to be acknowledged that Bandura didn’t over-
look the potential chances for self-efficacy beliefs being inaccurate in relation to the actual
competence of an individual (Bandura, 1986). In such instances of inaccurate self-efficacy
beliefs, it is possible that an individual could think either in self-enhancing or in self-
debilitating ways. The plausible explanation for negative effects of self-efficacy on per-
formance could be understood in terms of the ‘self-efficacy bias’, which is the result of the
miscalibration of perceived self-efficacy and actual performance (Boekaerts & Rozendaal,
2010; Talsma et al., 2019, 2020; Vancouver & Kendall, 2006). Bias indicates the direction
of judgement error, or in other words, it is just the opposite of accuracy in self-efficacy
assessment (the degree to which one’s self-efficacy strength matches their actual ability).
It means that ‘accurate learners’ skillfully judge their actual competence and performance
while for inaccurate learners, there will be a discrepancy between their judged competence
and actual performance.
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3 Self-Efficacy (Mis)calibration

A strong sense of self-efficacy does not guarantee high performance rates in adult learners,
which could be interpreted as due to the self-efficacy bias or in other words the miscali-
bration of self-efficacy belief to the actual ability (Schoenherr et al., 2024; Talsma et al.,
2019). Calibration is defined as “the degree to which judgments of performance accurately
reflect actual performance” (Bol et al., 2005, p. 270) or “the relation between confidence
and performance or between predicted and actual performance” (Lin & Zabrucky, 1998,
p. 347). Calibration is calculated by comparing self-efficacy scores to performance on a
task (Klassen, 2002). When self-efficacy judgements and actual performance align this is
called accurate calibration (Klassen, 2002; Schoenherr et al., 2024). However, calibration
of self-efficacy can also be inaccurate (Gonida & Leondari, 2011). Inaccurate calibration
or miscalibration of self-efficacy can occur in two forms: (1) overestimation, characterized
by overconfidence and exaggerated self-efficacy, which is the positive bias and (2) under-
estimation, characterized by uncertainty and underestimation of capabilities, which is the
negative bias (Bol et al., 2005; Gonida & Leondari, 2011; Paschke et al., 2020; Talsma,
et al., 2019).

While it is important to possess accurate self-efficacy beliefs which is free of bias, it
has been reported that a mild overestimation of capabilities (slightly positively biased self-
efficacy) can be facilitative and help to motivate students to put in the necessary effort to
learn to be consistent in performance, and to be persistent with dealing the problems (Ban-
dura, 1986; Chen, 2003; Gonida & Leondari, 2011; Zimmerman, 2000). However, research
on self-efficacy bias and accuracy has shown that not all students are realistic in assess-
ing their self-efficacy or just slightly biased, rather, students often severely overestimate or
underestimate their capabilities, which means that calibration accuracy is very low (e.g.,
Dupeyrat et al., 2011). Considering this tendency to overestimate or underestimate their
self-efficacies, it could be interpreted that learners with reported low or high self-efficacies
are equally able to succeed in a task when they really want to. Therefore, the goal should be
to achieve an accurate calibration of self-efficacy, rather than high self-efficacy at all costs
(Stankov & Lee, 2017). However, as mentioned earlier, there is an increased possibility for
learners with slightly positively biased self-efficacy to be more successful in completing
the task, even if they face any difficulty or setback, while those with low self-efficacy are
more likely to give up (e.g., Bandura, 1997; Pajares, 1997).

Miscalibration can have a negative impact on academic performance. For example, over-
estimation may lead to risky behavior (Stankov & Lee, 2017); underestimation of the effort
and preparation needed to succeed (Boekaerts & Rozendaal, 2010; Talsma et al., 2019);
lower motivation resulting in reduced study efforts(Jernigan, 2004); decreased tendency
to seek help (Zvacek et al., 2015); increased carelessness (Vancouver et al., 2002); or, a
lack of a crucial realistic basis to approach learning (Moore & Healy, 2008). In terms of
mathematical self-efficacy, it has been reported that overestimation results in lower math-
ematical achievement (Chiu & Klassen, 2010). The study by Ehrlinger et al. (2008) has
observed an interesting trend that students performing in the lowest 25% among the cohort
tend to overestimate their ability while those who are in the top 25% are more prone to
underestimate their ability. There are other studies reporting similar findings, where higher
achieving students, although display more accuracy, tend to be underconfident compared
to the lower achieving students who are overconfident but less accurate in their judgement
of self-efficacy (Miller & Gearaci, 2011). In general, miscalibration is reported to be found
in lower performing students, who tend to overestimate their skills, being unskilled and
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unaware (Bol et al., 2005; Multon et al., 1991; Pajares & Kranzler, 1995; Kruger & Dun-
ning, 1999; Talsma et al., 2019). Overestimation in lower-performing students is more
prevalent at task level (e.g., written assignments and exams; Talsma et al., 2019) but is also
found at the more general domain level (e.g., course or subject outcome). This contrasts
with higher-performing students, whose calibration accuracy is better at task-level than on
the general domain level, on which they tend to overestimate their abilities (Talsma et al.,
2020). In contrast to overestimation, Underestimation may lead to either avoiding engag-
ing in challenging or new tasks, over-studying, assigning unjustified resources, adopting
unhelpful suggestions, or disengagement from learning, because of uncertainty and self-
doubt (Boekaerts & Rozendaal, 2010; Talsma et al., 2019; Usher, 2016), all of which pre-
vent mastering or developing new skills.

Researchers call for further research on miscalibration of self-efficacy in adult learners,
and in authentic learning environments (e.g., Talsma et al., 2019). To train in near authen-
tic environments in the military, often (high fidelity) Simulator Based Training (SBT) is
used. Considering that t there is not much research reported on the (mis)calibration of
self-efficacy in a military training environment, the findings from this study contribute to
addressing the gap in self-efficacy research.

4 Self-Efficacy and Simulator-Based Training

Simulator-Based Training is a technology enhanced learning environment that is often
used in military training or other safety critical domains, such as medicine, shipping, avia-
tion, and the chemical industry (e.g., Dahlstrom et al., 2009; Nazir et al., 2015). Simulators
offer a learning environment in which complex and dangerous tasks can be trained in a
safe, controlled, and realistic environment (Bell et al., 2008; Marcano et al., 2019). It is a
relatively economic option to practice the relevant skills in high-risk situations (Dahlstrom
et al., 2009), and it enhances students’ confidence and competence (Dunn et al., 2014).
SBT is therefore more motivating than traditional learning environments, especially con-
cerning self-efficacy (Gegenfurtner et al., 2014). Also, SBT has pedagogical advantages,
as the training can be adjusted to the level of the students’ current competence (Maran
& Glavin, 2003). However, maximizing the effectiveness and efficiency of SBT is cru-
cial (Dahlstrom et al., 2009) to create maximum benefit and to avoid any potential eco-
nomic burden. Hence, a comprehensive understanding of the relevant factors that affect
the learning processes in SBT is very important. With the present study we aim to deepen
our understanding of how generalized self-efficacy, task-specific self-efficacy and self-effi-
cacy bias may affect performance in a high-fidelity military simulator. Accordingly, we
extracted data on learners’ performance in the simulator, including the number of errors
(categorized by severity) and the final score, from the simulator log files.

Self-efficacy is often used a measure of simulator training effectiveness. Yet, the evi-
dence regarding the relationship between SBT and self-efficacy remains inconclusive.
While there are several studies reporting a positive association between performance and
self-efficacy in SBT environments (Backlund et al., 2008; Bell et al., 2008; Davis et al.,
2000; Dunn et al., 2014; Maenhout et al., 2021; Orvis, et al., 2009), there are studies
reporting no association between self-efficacy and performance (Lee et al., 2020). Sim-
ilarly, experimental studies have yielded mixed results. For instance, some studies have
reported higher self-efficacy in SBT groups compared to control groups (Hsu et al., 2015;
Sitzman, 2011), while others have found no significant differences in self-efficacy between
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SBT and non-SBT groups (Bragard et al., 2019; Luctkar-Flude et al., 2012; Roh et al.,
2013). Stellflug and Lowe (2018) suggested that self-efficacy might not be a good indica-
tor of (future) performance, especially since simulation training and research has evolved
beyond self-assessment. For example, simulator log data could be used as a more robust
measure of performance.

The large amount of data stored in simulators contains valuable information that can be
used to improve and personalize the learning experience (Kizilcec et al., 2013). These data
may also provide more objective performance indicators that add to the existing knowledge
about the miscalibration of self-efficacy. This information is more objective than instructor
observations or the trainees’ own observations, because the actual actions of the trainees
are logged automatically. Thus, whether a trainee has performed a certain task correctly
or incorrectly depends on certain preset norms to which the logged trainees’ actions are
compared.

Most of the research exploring the relationship between self-efficacy and SBT have been
conducted in health professions education (e.g., Bragard et al., 2019; Dunn et al., 2014;
Fadale et al., 2014; Hsu et al., 2015; Maenhout et al., 2021; Morfoot & Stanley, 2018; Roh
et al., 2013; Sun et al., 2017). There is hardly any research that focused on studying self-
efficacy in simulation based military training. We were able to find three studies: two of
which used serious games as SBT (Orvis et al., 2009; Whitney et al., 2012), and the third
study compared SBT with another training environment (Barnes et al., 2016).

Orvis et al. (2009) studied the performance and self-efficacy of military cadets in a seri-
ous gaming environment. A positive association between pre-training gaming self-effi-
cacy and post-training gaming performance was found. However, the results of a multiple
regression analysis endorsed gaming experience as the significant predictor of post-training
gaming performance. Whitney et al. (2012) studied general and task-specific self-efficacy
for countering the threats of Improvised Explosive Devices (IEDs or Counter-IED) of
military personnel in a serious gaming environment (VBS2) and traditional drill environ-
ment. Higher task-specific self-efficacy was reported in the traditional drill environment
compared to the gaming environment. Participants described the game as very difficult,
which resulted in frustration and probably lower self-efficacy. Barnes et al. (2016) exam-
ined the surgical skills training of military medical personnel, comparing training in a live
tissue environment to a simulated environment. They found that simulation had a posi-
tive effect on self-efficacy, but only for novices. Shortcomings were found in both training
types, therefore, Barnes and colleagues concluded that a combination of both may be most
beneficial for novices.

Our extensive literature review, revealed a lack of research published exploring the rela-
tionship between self-efficacy and high-fidelity simulators or studies on miscalibration of
self-efficacy in SBT training. This context underscores the significance of the current study.

5 Research Questions and Hypotheses

The reported studies on self-efficacy and SBT either explored the change in self-efficacy
after using SBT or compared self-efficacy across different types of training. However, it
has been reported that a strong sense of self-efficacy does not guarantee high performance
(Talsma et al., 2019). For instance, overestimating ability could result in carelessness and
risky behavior (Stankov & Lee, 2017) or a lack of a crucial realistic basis (Moore & Healy,
2008) and underestimating ability could result in avoiding engaging in challenging or new
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tasks, adopting unhelpful suggestions, or disengagement, all of which prevent mastering or
developing new skills (Boekaerts & Rozendaal, 2010; Talsma et al., 2019; Usher, 2016).
Both are very dangerous outcomes within a military context. Therefore, instead of aiming
to increasing self-efficacy, the goal should be to achieve an accurate calibration (Stankov
& Lee, 2017). Considering the gap in the literature on self-efficacy and (mis-)calibration
in military training settings, the current study is focused on the (mis-)calibration of self-
efficacy in a near authentic (high fidelity) SBT environment analyzing calibration accuracy
of military trainees.

This study can be considered as an initial attempt to move a few steps forward exploring
the influence of general self-efficacy, task-specific self-efficacy, and self-efficacy bias in a
high-fidelity military training simulator called the Combat Vehicle 90 (CV90) simulator.

The following research questions are investigated in this study:

(i) How are general self-efficacy and task-specific self-efficacy related to overall per-
formance in the simulator?
(i) Are trainees able to accurately calibrate their general and task-specific self-efficacy?
If not, are trainees overestimating or underestimating their self-efficacy?
(iii)) Do overestimating, accurately estimating, and underestimating trainees significantly
differ in the number of high,medium,and low severity errors they make?

Based on the studies concluding a positive relationship between self-efficacy and per-
formance (Bandura, 1997; Dixson et al., 2016; Robbins et al., 2004), we hypothesized
positive relationships between both general and task-specific self-efficacy, with overall
performance (i.e., end score). However, given that self-efficacy is primarily task-specific
(Bandura, 1998; Marsh et al., 2019), it is hypothesized that the correlation between task-
specific self-efficacy and performance is stronger than the correlation between general self-
efficacy and performance. Also, we expect that general self-efficacy and task-specific self-
efficacy are positively, but not perfectly correlated (Marsh et al., 2019). Performance on
specific tasks is measured by the number of errors made, so it is hypothesized that both
general and task-specific self-efficacy are negatively related to the performance indicators.
Based on the studies by Talsma et al., (2019, 2020), it is assumed that about two-third of
trainees miscalibrate their self-efficacy, with the majority overestimating their general self-
efficacy, but underestimating the task-specific self-efficacy. Furthermore, it is hypothesized
that miscalibration is especially found in lower performing trainees, who tend to overesti-
mate (i.e., both in general and task-specific self-efficacy). Therefore, it is expected that the
overestimating trainees make more errors of all severity types than their underestimating
counterparts who are more accurate in estimation.

6 Method
6.1 CV90 Gunner Training

The CV90 is an armored infantry combat vehicle. The crew consists of three people:
the driver, the gunner, and the commander. The CV90 is equipped with several weapons
(e.g., canon, coaxial machine gun, several types of grenades). The gunner in a CV90 has
the responsibility to protect the CV90 and the infantrymen it is transporting. The gun-
ner operates all weapons according to the appropriate procedures, that are being learned
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in a high-fidelity simulator which is a realistic copy of the actual vehicle. This training
consists of 24 lessons with Computer Assisted Instruction (CAI) that guides trainees
through the lessons. Every lesson consists of multiple short lesson steps that are either
instructional or practical. In the practical lesson steps trainees execute short scenarios.
The two possible areas for trainees making errors in practical lessons are either wrongly
executing a task or failing to eliminate the target within the time-limit.

Whether a practical lesson step is completed successfully or not depends on the
severity of the errors made during the lesson step. A high severity error results in imme-
diate abortion and repetition of the lesson step; after a medium severity error the trainee
is allowed to finish the lesson step but has to repeat the lesson step afterwards; low
severity errors consist of redundant, but usually harmless actions, and have no conse-
quences (trainees receive no feedback about these errors, neither through the CAI nor
from the instructors). In regular lessons, lesson steps can be repeated multiple times,
until the lesson step is completed with no high or medium severity errors being made.
In test lessons, lesson steps cannot be repeated. After each lesson an end score is calcu-
lated that represents overall performance during the lesson.

6.2 Participants

Data were collected from trainees (N=66) of the Dutch Defense Organization, who
were training to become gunners in the CV90 armored vehicle. Majority of the par-
ticipants were male (98.5%). Trainees had different educational backgrounds: second-
ary education (n=6), vocational education (n=48), academic bachelor (n=10), and
academic master (n=2). Most trainees were in their late teens/early twenties, but their
exact age is not known to the researchers. Data were collected at three points: before,
during, and after the training of four groups of trainees during 2018-2019 (May 2018,
September 2018, February 2019, and September 2019).

6.3 Instruments
6.3.1 General Self-Efficacy

The eight item self-efficacy subscale of the Motivated Strategies for Learning Ques-
tionnaire (MSLQ; Pintrich et al., 1993) is a well-validated and widely used question-
naire in educational research (Hilpert et al., 2013), as well as military education (e.g.,
Nurnindyah, et al., 2023). Although the MSLQ could have been administered in its
entirety, we preferred the option to choose the self-efficacy subscale to measure general
self-efficacy. As described in the MSLQ manual, the eight items were rated on a 7-point
Likert type scale (I =not at all true and 7=very true). Some terminologies in the items
were altered to fit with the terms used in the military training context (e.g., training
instead of class, and instructor instead of teacher). These alterations did not change the
meaning of the items. Example items are “I expect to do well in this training” and “I am
certain I can master the skills being taught in this training”. The internal consistency of
this scale with this sample was good (reliability coefficient Cronbach’s a=0.83).
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6.3.2 Task-Specific Self-Efficacy

Task-specific self-efficacy was operationalized as trainees’ perceived ability to learn and
perform specific subtasks to be an effective gunner in the CV-90. Examples of these
subtasks include calibrating the setup of the system, eliminating static and moving tar-
gets, eliminating (static and moving) targets from a static or moving vehicle, choosing
the correct ammunition to eliminate a target, and, eliminating target with poor visibility
(e.g., in the dark). Based on these tasks, together with the instructors, we developed a
new instrument to measure trainees’ self-efficacy in performing these tasks.

This resulted in a new ten item rating scale, the ‘Perceived Gunner Ability Question-
naire’ and measured perceptions of trainees about their gunner ability as one construct.
Items were rated on a 7-point Likert scale (/ =I strongly disagree and 7=1I strongly
agree). The items were related to the tasks that were being trained; Example items are
“I know where to find the different instruments in the vehicle” and “I am capable of
eliminating a target from a moving vehicle”. Task-specific self-efficacy was measured
three times: Prior to the training (i.e., pre-training), half-way during the training (i.e.,
mid-training) and at the end of the training (i.e., post-training). Internal consistency for
this scale in this sample was good, with reliability coefficient Cronbach’s alphas of 0.94,
0.88, and 0.96 for the three timepoints, respectively.

6.3.3 Overall Performance

Overall performance was measured using data retrieved from the simulator logs: We
used the average number of high, medium, and low severity errors made by trainees
across lesson training and the average End score reflecting the overall performance of
trainees across the entire training in the simulator. The end score is calculated in the
simulator as the percentage of unique lesson steps in which no high severity or medium
severity errors are made. The end score was also retrieved from the simulator log files.

6.4 Procedure

This study was approved by the ethical review board of The Netherlands Organization
for Applied Scientific Research, case number 2018-019. Prior to the collection of the
data, trainees received a verbal explanation about the purpose and content of the study
along with written information about the study. Participation in the study was purely
voluntary, and trainees could drop out of the study at any time, without any conse-
quences. All trainees actively consented to participate, and none dropped out. The train-
ees received a personal participant number before the start of the data collection; no
personal information about the trainees was known to the researchers.

Prior to the start of the first lesson in the simulator, data on general and task-specific
self-efficacy were collected using pen and paper questionnaires. During the training, all
actions made by the trainees were logged by the simulator and extracted after the course
ended. Mid-training and post-training measurements of task-specific self-efficacy were
collected right before the test lessons, to avoid any influence of the test lessons results.
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6.5 Data Handling and Analysis

All analyses were performed in IBM SPSS statistics (Version 25). To answer the research
questions, the data on general self-efficacy, task-specific self-efficacy, and end score were
re-coded into new variables. First, the variable end score was re-coded into 7 categories
using Visual Binning. The scores on general and the three task-specific self-efficacy vari-
ables, respectively, were then subtracted from the new end score variable, resulting in the
four continuous variables ranging from —7 to 7, which represented the calibration accu-
racy: accuracy of general self-efficacy and accuracy of task-specific self-efficacy (separate
variables for pre-training, mid-training, and post-training). Trainees were then sorted into
three groups, representing ‘overestimating’ (i.e., trainees scoring <—2), ‘accurately esti-
mating’ (i.e., trainees scoring between —2 and 2), and ‘underestimating’ (i.e., scoring > 2).
This was done separately for all four variables, resulting in calibration level of general
self-efficacy and pre-training calibration level of task-specific self-efficacy, mid-training
calibration level of task-specific self-efficacy, and post-training calibration level of task-
specific self-efficacy.

Three Chi-square tests were used to test whether trainees’ general self-efficacy and task-
specific self-efficacy fell in the same category, separately for pre-training, mid-training, and
post-training.

To test whether task-specific self-efficacy changes over time, and whether this differs
for the three pre-training calibration level groups a repeated measures ANOVA was per-
formed. Pre-training self-efficacy, mid-training self-efficacy and post-training self-efficacy
were included as repeated measures of task-specific self-efficacy. The three levels of cali-
bration identified for pre-training self-efficacy calibration were included as the grouping
variable. An additional Kruskal-Wallis H test was used to test the significant differences in
pre-training task-specific self-efficacy.

Before testing whether trainees in the different calibration groups differed in the number
of mistakes they made, we first checked the assumptions for performing one-way ANO-
VAs. For general self-efficacy, the assumptions of normality and heterogeneity were vio-
lated in several variables. We decided to perform non-parametric tests to test the differ-
ences in number of errors and end scores between the calibration groups. As there were
three calibration groups in the pretest, the differences in number of errors between the
calibration groups of general self-efficacy and pre-training task-specific self-efficacy were
tested with the Kruskal-Wallis H test. As there were only two calibration groups identified
in the mid-training and post-training, these differences were tested using the Mann—Whit-
ney U test for two independent groups. In all analyses, the dependent variables were high
severity errors, medium severity errors, low severity errors, and end score.

6.5.1 Missing Data

Due to a logistical error, the second group of trainees (n=15) did not complete the Per-
ceived Gunner Ability Questionnaire prior to the start of the training. The data were
therefore considered missing and excluded from the analyses concerning pre-training
task-specific self-efficacy. Also, some trainees did not complete the mid-training (n=23)
and post-training self-efficacy measure (n=>5), for reasons that remain unclear. These par-
ticipants were only excluded for the analyses of mid-training and post-training task-specific
self-efficacy.
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7 Results
7.1 Correlations

The correlations between the simulator log data (severity and type of errors, and end
scores) and the questionnaire data (general and task-specific self-efficacy) are presented
in Table 1. Weak to moderate positive associations were found between general self-effi-
cacy and the three measures of task-specific self-efficacy. These correlations gradually
decreased over time. Pre-training task-specific self-efficacy was not correlated to mid-train-
ing and post-training task-specific self-efficacy, but the latter two were strongly correlated
with each other. General self-efficacy and the mid-training task-specific self-efficacy were
significantly correlated to the end score. Furthermore, only a few significant, but weak cor-
relations were found between the measures of self-efficacy and task errors.

7.2 Calibration of General and Task-Specific Self-Efficacy

Figure 1 shows the percentage of trainees in each of the calibration groups per time point.
For calibration of general self-efficacy, the results showed that 54.5% of the trainees were
able to accurately calibrate their general self-efficacy, and the remaining 45.5% of the
trainees miscalibrated their self-efficacy of which 7.6% were underestimating trainees and
37.9% were overestimating trainees. A similar pattern was found for calibration of pre-
training task-specific self-efficacy: 51% of the trainees had an accurate calibration and 49%
of the trainees miscalibrated their self-efficacy with 9.8% underestimating trainees, and
39.2% overestimating trainees.

For mid-training only two groups were identified. Several trainees adjusted their cali-
bration and fell into another category compared to their pre-training calibration data. For
mid-training calibration, 47.6% of the trainees were overestimating and 52.4% had accurate
calibration. For post-training calibration only one participant was underestimating. After
testing the effect of removing this participant or adding this participant to the accurate-
calibration group, we decided to keep this participant in the analysis as an accurately

Table 1 Correlations between simulator log data, end score, questionnaire data, accuracy of general self-
efficacy, and accuracy of task-specific self-efficacy

1 2 3 4 5 6 7 8
1 High severity errors -
2 Medium severity errors 0.66%**  —
3 Low severity errors 0.52%%%  (.40%*
4 End score —0.85%#%  —0.81*** —0.4]%F —
5 General self-efficacy —0.25% —0.25% -0.14 0.32%% —
6 Task-specific self-efficacy —0.14 -0.14 —-0.02 0.14 0.44%* —
pre-training
7 Task-specific self-efficacy —0.27* —-0.24 -0.17 0.28* 0.36%* 0.18 —
mid-training
8 Task-specific self-efficacy —0.25 -0.23 -0.12 0.24 0.27*  0.25 0.59%%*% —

post-training

#p <0.05; #%p <0.01; ##p <0.001
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Fig. 1 Bar charts of percentage of participant in the calibration groups per measurement

calibrating trainee (i.e., no differences were found). This resulted in 55.7% of overestimat-
ing and 44.3% of accurately calibrating trainees.

The results of a Chi-square test showed that the distributions of calibration level of
general self-efficacy and calibration level of pre-training task-specific self-efficacy were
strongly related (Cramer’s V=0.67, p<0.001), but significantly different y(4)=45.75,
p<0.001." Thus, having a certain calibration level for general self-efficacy did not nec-
essarily result in the same calibration level for task-specific self-efficacy. Similar patterns
were found for pre-training with mid-training (Cramer’s V=0.66, p <0.001; x(2)=20.68,
p<0.001) and mid-training with post-training (Cramer’s V=0.88, p <0.001; x(2)=46.88,
p<0.001) self-efficacy calibration levels; some overestimating trainees became accurately
calibrating, some accurately calibrating trainees became overestimating, and all underesti-
mating trainees became accurately calibrating trainees.

7.3 Change in Self-Efficacy Over Time

The results of the repeated measure ANOVA showed a significant linear effect and a sig-
nificant quadratic effect of task-specific self-efficacy over time (Fy,., (1, 43)=48.33,
p<0.001, partial np2:0.53 and Fyuuqraic (1, 43)=19.46, p<0.001, partial np2:0.31).
These effects were not moderated by pre-training calibration level. Between subject effects
were only found for the intercept (F (1, 43)=2829.88, p<0.001, partial np2:0.99). An
additional one-way ANOVA revealed that the pre-training task-specific self-efficacy
of underestimating trainees (M=3.99) was significantly lower than both the accurate
(M =4.89) and overestimating trainees (M =5.31).

" Note that this test could only be performed on the 51 trainees who completed both questionnaires for

general and pre-training task-specific self-efficacy.
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7.4 (Mis)calibration and Performance

Table 2 provides the Means and Standard Deviations for the simulator log data (sever-
ity errors and the end scores) and the questionnaire data (general self-efficacy and pre-,
mid-, and post-training task-specific self-efficacy) for the entire group of participants (i.e.,
Overall) and separately for the calibration groups per measurement. In Fig. 2 boxplots are
presented corresponding to the distributions of the number of errors each of the calibra-
tion groups make at the three time-points. The mean values indicate that, for all severity
errors, the number of errors was higher for overestimating trainees compared to accurate
and underestimating trainees.

The differences in number of errors between the calibration groups of general self-effi-
cacy and pre-training task-specific self-efficacy were tested with the Kruskal-Wallis H test
(Table 3). For general 1 self-efficacy, all error types showed a significant difference between
the overestimating and accurate trainees but not between the accurate and underestimating
trainees. For pre-training task-specific self-efficacy, overestimating trainees made signifi-
cantly more high severity and medium severity errors than accurate and underestimating
trainees. For End score also the difference between underestimating and accurate were
significant, both for general self-efficacy and for task-specific self-efficacy pre-training.
Thus,the underestimating trainees were those with the highest End scores. The effect sizes
were medium to large.

As there are only two calibration groups identified for mid-training and post-training,
we conducted the Mann—Whitney U test for two independent groups to test the differences
in error types and end score for these groups (Table 4). For mid-training task-specific self-
efficacy and post-training task-specific self-efficacy the results were similar to the results
for general self-efficacy. Overestimating trainees made significantly more errors than
accurately estimating trainees on all severity levels. Also, trainees in the accurate group
received significantly higher end scores compared to those in the overestimating group.

8 Discussion

With the present study we explored the degree of self-efficacy bias that was present in mili-
tary trainees who followed SBT in a high-fidelity training simulator. We studied whether
trainees were able to accurately calibrate their self-efficacy to their performance, and, if
not, whether they overestimated or underestimated themselves, and how this was related to
the number of high, medium, and low severity errors they made.

8.1 RQ1: Correlations Among General Self-Efficacy, Task-Specific Self-Efficacy,
and Overall Performance

We first studied the correlations among general self-efficacy, three measurements of task-
specific self-efficacy, and overall performance. We assumed positive relationships among
the four measurements of self-efficacy and overall performance, and that the correlations
between task-specific self-efficacy and performance would be stronger than general self-
efficacy and performance.

As expected, general self-efficacy was positively correlated to pre-, mid-, and post-
training task-specific self-efficacies. However, pre-training task-specific self-efficacy was
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Fig.2 Boxplots corresponding to the number of different errors participants in the different calibration
groups made, separate for measurement moment

not related to both mid-training and post-training task-specific self-efficacy, whereas the
latter two were strongly correlated. According to Schunk (1996), when skills are already
acquired, self-efficacy is the same as perceived ability. However, when skills are yet to be
acquired, self-efficacy refers to the belief one can learn a certain skill and is thus a predic-
tion of the expected outcome. The pre-training measurement of task-specific self-efficacy
in our study represents such prediction, and for trainees who had never been exposed to
this type of SBT, predicting performance in this simulator may have been difficult. This
was reflected in the significant between-subject differences found for pre-training task-spe-
cific self-efficacies.

The results showed a weak, but significant relationship between overall-performance
(i.e., end score) and general self-efficacy, as well as mid-training task-specific self-effi-
cacy. In contrast to our expectation, pre-training and post-training task-specific self-effi-
cacies were not related to the overall performance. The mid-training and post-training
measurements reflected the trainees’ perceived ability, as they already knew more about
their performance in the simulator. This could, therefore, explain the absence of the
expected correlations with mid-training and post-training task-specific self-efficacy and
overall-performance.

The lack of correlation between post-training task-specific self-efficacy and overall-per-
formance was surprising but might be explained in terms of the content of the training. In
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the first half of the training, the lessons focused solely on learning the basic procedures.
In the second half, the same procedures were practiced, but trainees sometimes needed to
switch to manual mode to perform the tasks, as these lessons involved emergency proce-
dures. Handling the manual settings may result in errors, which trainees could probably
quickly resolve due to practice in the first half of the training. However, the end score is
calculated as the percentage of unique lesson steps without any high severity or medium
severity errors, regardless of the number of errors made. This may cause an imperfect
reflection of the actual performance of trainees (see limitation section for our ideas about
the end score that is calculated in the simulator).

Furthermore, we expected that both general and task-specific self-efficacy would be
negatively related to the task performance indicators (number of errors). Although several
significant correlations were found, overall, it could be concluded that the general self-
efficacy and the three measurements of task-specific self-efficacy were poor predictors for
the performance on specific gunner tasks during this training. Concerning general self-effi-
cacy, this is in line with findings reported by Talsma et al., (2019, 2020). Concerning task-
specific self-efficacy, it may have been better to use separate indices for the separate tasks
and combine these with task-specific errors made in the simulator, instead of one overall
score for task-specific self-efficacy, as we did in the current study.

8.2 RQ2: Calibration of General and Task-Specific Self-Efficacies

The second research question focused on the calibration accuracy of general and task-spe-
cific self-efficacies. We expected that some trainees would miscalibrate their self-efficacy
to performance, and that the majority of miscalibrating trainees would be overestimating
their general self-efficacy, and underestimating their task-specific self-efficacy.

The results showed that approximately half of the trainees were able to accurately cali-
brate both their general and task-specific self-efficacies. In general, miscalibrating trainees
tended to be overestimating rather than underestimating their performance for both gen-
eral and task-specific self-efficacies. Throughout the training, calibration of self-efficacy
changed and three patterns of change were identified: (1) underestimating trainees adjusted
their task-specific self-efficacy in such a way that they became accurate-efficacious, (2)
some pre-training overestimating trainees adjusted their task-specific self-efficacy to match
their performance, and (3) others adjusted their task-specific self-efficacy and became
overestimating.

Although the identified trends in general self-efficacy were in line with our expecta-
tions, it was not the case for task-specific self-efficacy. This could possibly be explained by
the differences in the highly procedural gunner skills that we investigated compared to the
less procedural literacy skills studied in previous research (e.g., Talsma et al., 2019). It is
possible that novices struggled to grasp the highly procedural gunner skills at an optimal
performance level.Also, the focus on negative (i.e., number of errors) as opposed to the
positive performance indicators is likely to result in completely different perceptions of
performance in our study.

The group composition of the participants also needs to be taken into consideration. In
our study, 98.5% of the participants were male, Previous research has shown that male stu-
dents are significantly more likely to overestimate their abilities than females (Bench et al.,
2015; Kallia & Sentance, 2018), while females tend to underestimate their ability (Kallija
& Sentence, 2018; Usher et al., 2019; Tzamaras et al., 2024). Therefore, it is not that sur-
prising that trainees in our sample were overestimating their performance.
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Also, it is known that males tend to lend their self-efficacy beliefs through vicarious
experiences, observing, and comparing themselves with peers (Huang et al., 2020; Usher
& Pajares, 2006, 2009). As these trainees received instructor feedback and knew about
their peers’ end scores and reflections after each lesson; it is likely that the perception of
their own performance was affected. Therefore, it is not surprising that the predominantly
male group of trainees in our study was likely to overestimate task-specific self-efficacy.
We strongly recommend further research to explore this pattern of observation.

8.3 RQ3: (Mis)calibration and Performance

Third, we studied whether the overestimating, accurate, and underestimating trainees sig-
nificantly differ in the number of high severity, medium severity, and low severity errors
they make and their end score they receive. Based on the theory that states overestimation
often results in carelessness and reckless behavior (e.g., Stankov & Lee, 2017) and existing
empirical evidence, (e.g., Talsma et al., 2019, 2020), we expected that overestimating train-
ees would make more errors than the accurate and underestimating trainees, in all three
error categories (i.e., high, medium, and low severity). The results indeed showed that for
both general self-efficacy and the three task-specific self-efficacy measurements, overesti-
mating trainees made more errors than accurate and underestimating trainees. This could
indicate that overestimating trainees indeed engage in more carelessness (Vancouver et al.,
2002) or risky behavior (Stankov & Lee, 2017). It could also indicate that these trainees
underestimate the effort that is needed to succeed (Boekaerts & Rozendaal, 2010; Tal-
sma et al., 2019). Their motivation to improve performance and learning could be lower,
because they already think they are doing sufficiently well (Jernigan, 2004). This is idea is
also strengthened by the finding that the number over overestimating trainees appears to
increase over the course of the three measurements.

The results suggest that overestimating trainees are not the ones who perform well on
the task. Instead of scoring high and perceiving their performance as even higher, these
trainees score low yet still hold a false perception that their performance levels are high.
This result is in line with earlier research (Bol et al., 2005; Multon et al., 1991; Pajares &
Kranzler, 1995; Kruger & Dunning, 1999; Talsma et al., 2019) and is especially important
for instructors, as these trainees should be given further attention, helping them to improve
their performance and to learn to maintain realistic perceptions about their performance,
rather than being unconsciously incompetent. Nevertheless, we would like to acknowledge
the impact of gender (predominantly males) and context (military training) while interpret-
ing these trends of overestimation in the data. Military trainees want to show that they
are tough and can do anything. In the military, weakness or failure is not an option as
any mistake in operations and deployments can have life-or-death consequences. However,
embracing mistakes as learning opportunities allows military trainees to transform initial
weaknesses into strengths through self-regulation and learning.

Furthermore, it is important to consider the nature and process of providing feedback
enhancing self-efficacy and monitoring learning (Jahannes & Haasse, 2022). The trainees
in the present study received feedback in the simulator, in terms of the most critical errors
they made during a lesson step. Later, during the After Action Review, trainees received
short feedback on their performance, again only in terms of the most critical errors they
made, but not on what they did well. When trainees were asked about their performance
in the simulator, they often referred to frustrations with the system. Often low perfor-
mance was attributed to simulator failure or mistakes in scenarios. Instead, if there were
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opportunities for guided reflections on what they did well and how could they further
improve their own actions to achieve better results, it would have benefitted them with their
self-efficacy calibration.

9 Limitations and Suggestions for Future Research

We would like to acknowledge the limitations of this study and reflect on the possibilities
for future research. The population in this study was predominantly male (98.5%). This
means that the results of our study are not generalizable to female trainees. However, when
focusing on other military populations (i.e., both from the Dutch Defense Organization
or from other countries) our results may be generalizable, since the military population
is still predominantly male (Ministerie van Defensie, 2021). However, in future research,
gender balance in sample needs to be considered for more generalizable results. It would
also provide a potential opportunity to investigate the effect of underestimation which has
also been identified as having a negative impact on performance (Boekaerts & Rozendaal,
2010; Usher, 2016).

Another limitation is associated with the calculation of the end score in the simulator
and the related interpretation of the general performance. The end score is the percentage
of unique lesson steps in which no high severity or medium severity errors were made.
This means that the actual number of errors or the number of lesson step repeats are not
incorporated in the end score. For future research and for practice, it is advised to create an
alternative end score, in which the number of all errors and lesson step repeats are used, so
that the end score is a better reflection of overall performance.

Furthermore, it would have been interesting to have more demographic information
about the trainees, such as age and rank. Future research could focus on investigating the
development of self-efficacy considering the personal characteristics that may influence
self-efficacy and self-efficacy calibration. For example, the effect of the rank for which the
trainees are training (i.e., officer, under-officer, or trooper), educational level and age of
trainees could be further investigated. The influence of other factors such as self-esteem
and reflection skills on self-efficacy and calibration of self-efficacy also need to be studied
to understand a comprehensive picture. Anecdotes of the instructors suggested that some
trainees who train for higher ranks often have egos to hold up, which could affect their per-
ception of performance, especially, when comparing themselves to other trainees who are
lower in rank. In addition, contextual information about the training could have provided
some additional insights. For instance, information about instructors’ teaching experi-
ence, as this could affect the quality of feedback and the quality of instructions the trainees
receive, which in turn affects their learning experience.

Also, task-specific self-efficacy and performance could be studied further in depth.
In the present study, task-specific self-efficacy was measured using a newly constructed
10-item questionnaire that reflected general perceived gunner ability as one construct. Sin-
gle items for general gunner tasks were developed, related to the topics covered in the les-
sons such as setting up the system, eliminating a static target or moving the target. We
chose this approach because we were not aware of the details of the information in the sim-
ulator log files until we were granted access to retrieve the log files. Once the log files were
retrieved, we found out that in the simulator, the specific gunner tasks are further divided
into micro-subtasks. For example, to aim at and follow a target, the gunner first needs to
determine the height and the width of the target, or to choose the correct ammunition the
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gunner needs to identify the type of target and to measure the distance to the target. We
did not develop the questionnaire with these detailed micro-tasks in mind. Although this
does not mean that our measurement was faulty, we would like to acknowledge that there
is scope for further improvement by including additional items to measure self-efficacy for
such specific micro-tasks that are trained in the simulator. With such a detailed question-
naire, trainees’ perceptions of task-specific self-efficacy can also be related to performance
scores for each of these micro-tasks rather than just relying on general number of errors
made or an average end score.

Future research needs to consider the effect of qualitative detailed feedback about per-
formance on calibration accuracy compared to the effect of end-of-the lesson quantitative
feedback of numerical scores. This could be studied in an experimental set-up in which dif-
ferent groups of trainees receive feedback about their performance, multiple times during
the training. This feedback can be either positive, negative, or neutral, or could be provided
by different agents, e.g., the instructor or automatically by the simulator. Backlund et al.
(2008) showed that positive feedback resulted in a significant increase in self-efficacy than
neutral feedback on performance in a game-based driving simulator. Furthermore, Bench
et al. (2015) showed that males tend to be overestimating before feedback and become
more accurate at estimating their abilities after they receive feedback. Since miscalibrating
self-efficacy can have multiple negative impacts on learning and performance (Boekaerts
& Rozendaal, 2010; Jernigan, 2004; Moore & Healy, 2008; Vancouver et al., 2002; Zvacek
et al., 2015), better insights on whether self-efficacy can be influenced by feedback and
what kind of feedback can have a significant impact on self-efficacy beliefs are important.

Another potential avenue for future research could be studying the differences between
SBT and real-life training settings. Although from previous research it is known that SBT
can be as effective for learning as real-life training (e.g., Bell et al., 2008; Marcano et al.,
2019), SBT is never an exact replica of the real-life situation. In that case, performance in
a real platform (in this case the CV-90) could be measured. But note that performance on
a real platform would still be restricted to a certain extent given that we would not want to
eliminate real targets. A large-scale real-life operational training scenario could be suitable
for this. It would then be interesting to study whether the relatively lower-stakes SBT envi-
ronment promotes more overestimation compared to the more high-stake real-life training
environment, and how that affects performance.

10 Implications for Practice

The present study has provided indications on the impact of general self-efficacy, task-
specific self-efficacy, and (mis)calibration of self-efficacy in a military simulator training.
Previous research has shown that miscalibrating self-efficacy can have negative impact on
learning and performance (e.g., Boekaerts & Rozendaal, 2010; Jernigan, 2004; Moore &
Healy, 2008; Vancouver et al., 2002; Zvacek et al., 2015). It is known that overestimation
may lead to risky behavior (Stankov & Lee, 2017), underestimation of the necessary effort
(Boekaerts & Rozendaal, 2010; Talsma et al., 2019), lower motivation and less studying
(Jernigan, 2004), lower inclination to ask for help (Zvacek et al., 2015), more careless-
ness in their work (Vancouver et al., 2002), or a lack the crucial realistic basis from which
to approach their learning (Moore & Healy, 2008). Our results have shown that the train-
ees who miscalibrated, tend to overestimate their performance. Furthermore, those who
overestimated, performed worse than those trainees who underestimated or were accurate.
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These findings are aligned with the existing research reporting how inflated self-efficacy
judgements are problematic as it may obscure individuals’ perceptions about the efforts
required to perform well in a task (e.g., Cleary, 2009). It is important that overestimating
trainees are guided towards more realistic expectations. Information about specific (part-
task) performance could be provided to the instructors on dashboards to support their feed-
back. Based on this information instructors could provide trainees with feedback that is
better suited to the trainees’ needs, both in terms of performance and self-efficacy per-
ceptions. This is important, because carelessness, risky behavior, and overconfidence may
increase the risk of making mistakes, which may have detrimental consequences in mili-
tary operations. Providing trainees with suitable and constructive feedback may result in a
more accurate estimation of performance (Bench et al., 2015).
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