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Abstract

When embarking on vocational training in the STEM field, a considerable proportion
of students are required to engage with new and demanding courses. This study
aimed to understand the relationship between the self-requlated learning (SRL)
process and specific components of STEM fields, with a particular focus on spatial
skills and technical drawing. In total, 180 students from the Swiss vocational
education and training (VET) sector completed self-report instruments to assess three
dimensions: motivational beliefs (self-efficacy and task value), monitoring (confidence
judgment and calibration), and spatial skills. The structural equation model indicated
that confidence judgments, calibration, and interest directly predicted spatial
performance, while the relationship between self-efficacy beliefs and performance
was mediated by confidence judgment and calibration. Moreover, the VET program
duration was found to be negatively associated with task value. This study highlights
the importance of considering the SRL process in the development of spatial skills.

Keywords Self-requlated learning, Metacognition, Motivational beliefs, Spatial skills,
Technical drawing, STEM

Introduction

Self-regulated learning (SRL) constitutes a fundamental aspect of academic success. It
entails students assuming responsibility for their learning process, establishing goals,
monitoring their progress, and implementing necessary adjustments (Usher and Schunk
2018). Students with superior self-regulation abilities tend to achieve significant aca-
demic success with less effort and experience higher levels of academic satisfaction
(Dent and Koenka 2016; Schunk and Greene 2018). In accordance with the social cogni-
tive theory, SRL theories posit that learning situations are shaped by the students’ cog-
nitive variables, motivational beliefs, behaviours, and emotions (Bandura 1997). When
students engage in a learning task, a multitude of cognitive and motivational processes
are initiated. Zimmerman’s (2000) SRL model is a cyclical model that explains that the
mobilisation of students’ motivational and cognitive processes unfolds in three learn-
ing phases: forethought, performance, and reflection. In the forethought phase, which is
shaped by motivational beliefs, including self-efficacy and task value, students set goals
and develop plans to solve tasks or to study their material based on how they perceive
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their abilities (Zimmerman 2000). In the performance phase, students engage in meta-
cognitive processes, such as monitoring, and self-regulate their cognition, behaviours,
and context to align themselves with the goals defined in the forethought phase. Finally,
in the self-reflection phase, students evaluate their performance through self-judgment
and self-reaction. This evaluation involves causal attributions of the (presumed) out-
come and assessing the effectiveness of their strategies and the achievement of their
goals, thus influencing their motivational beliefs and strategies for future learning tasks
(Usher and Schunk 2018). This SRL model thus highlights the role of motivational beliefs
in influencing the selection of learning activities, the degree of investment needed, and
the level of required persistence (Wigfield and Eccles 2000). Metacognitive processes, in
a complementary way, facilitate the regulation and adaptation of learning activities for
enhanced learning outcomes (Usher and Schunk 2018).

Spatial skills in science, technology, engineering, and mathematics (STEM) education
are quite significant (Sorby et al. 2018). According to Wai et al. (2009), spatial skills are
a significant predictor of achievement in STEM, which means that it is imperative to
investigate whether such abilities can be nurtured or enhanced. Furthermore, the meta-
analysis of Uttal et al. (2013) demonstrated that training can enhance spatial skills, thus
indicating the importance of understanding how students self-regulate their own learn-
ing development. Regarding the relationship between SRL and spatial skills, numerous
studies have underscored the predictive value of self-efficacy on spatial skill performance
(Power et al. 2016; Safadel et al. 2023; Towle et al. 2005). However, since the role of other
SRL components such as task value and metacognition remains relatively understudied,
this study aimed to explore the relationships between spatial visualization—defined as
the process of “apprehending, encoding, and mentally manipulating three-dimensional
forms” (Carroll 1993)—and key components of SRL, namely motivational beliefs, and
metacognitive monitoring and calibration.

More broadly, one of the principal objectives of education systems is to prepare young
people for the workforce by equipping them with knowledge and skills that align with
labour-market demands (Vujanovic and Lewis 2017). As highlighted by the OECD
(2016), maintaining this alignment has become increasingly challenging in the context of
accelerated technological change. In Switzerland, these challenges are particularly salient
given the central role of vocational education and training (VET)!, which is chosen by
around two-thirds of adolescents after lower-secondary education. One domain in which
these demands are especially pronounced is the development of spatial visualization
skills in mechanical and industrial trades. To operate machinery and manufacture com-
ponents with precision, future professionals must be able to accurately interpret detailed
technical drawings, which place substantial demands on spatial visualization (Sorby et
al. 2018). In this context, there is a need for pedagogical approaches that actively sup-
port learner engagement with complex technical content in VET (OECD 2021). From
a SRL perspective, this implies fostering learners’ ability to self-regulate their learning
processes when dealing with cognitively demanding tasks (Zimmerman 2000). This con-
text further motivates the examination of the relationships between spatial visualization

! The Swiss VET system is organised as a dual system combining workplace-based training with school-based
instruction. Practical training in the form of an apprenticeship takes place three to four days per week in a training
company and is supplemented by one to two days of school-based instruction at a VET school, where students attend
vocationally related technical courses, general education, and physical education.
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and self-regulated learning in order to better support vocational education systems in
designing instructional approaches that are adapted to the current VET population.

The role of motivational beliefs in self-regulated learning

According to Boekaerts (2002), “motivational beliefs are defined as the opinions, judg-
ments and values that students hold about objects, events or subject matter domains”” In
the SRL process, motivation is pivotal, enabling students to initiate, direct, and maintain
their efforts to regulate their learning (Zimmerman 2011). Motivational beliefs are pres-
ent throughout the learning process, including the forethought phase, the performance
phase, and the self-reflection phase, where they are part of the regulation itself. This reg-
ulation may entail managing study time, resisting adverse peer pressures, or monitoring
one’s own progress (Zimmerman 2000).

The expectancy-value theory (EVT; Wigfield and Eccles 2000; recently renamed as the
situated expectancy-value theory; Eccles and Wigfield 2020) offers a theoretical frame-
work for understanding motivational beliefs. The EVT posits that students’ motivation,
engagement, persistence, and performance in learning are directly shaped by their self-
efficacy beliefs and the perceived value of a task or subject matter (Wigfield and Eccles
2000).

Self-efficacy refers to an individual’s belief in their capacity to learn (Bandura 1997).
Self-efficacy beliefs, the literature indicates, are important for SRL (Zimmerman and
Schunk 2008). Those with high self-efficacy beliefs are more inclined than others to
exert efforts in the face of adversity; moreover, if they possess the necessary competen-
cies, they are more likely to persevere with tasks (Linnenbrink and Pintrich 2003). Task
value refers to the factors that influence an individual’s motivation to engage in a task.
These factors can be classified into four: individual interest, attainment, utility, and cost
(Eccles et al. 1983). Individual interest, or intrinsic value, can be defined as the enjoy-
ment derived from undertaking a task. Attainment refers to the importance of perform-
ing well in a task, whereas utility refers to the extent to which a task aligns with one’s
future plans. Finally, costs can be conceptualized as the limitations imposed by engaging
in one task on the accessibility of others (Wigfield and Eccles 2000) as well as the antici-
pated effort needed to complete a task (Eccles et al. 1983). Cost can be divided into four
subdimensions: task effort cost, outside effort cost, loss of valued alternatives, and emo-
tional cost (Flake et al. 2015).

A substantial body of research has demonstrated that expectancy, often gauged using
self-efficacy, is a reliable predictor of performance (Pajares 1996; Schunk et al. 2013;
Zimmerman 1995). Although the model proposed by Eccles and Wigfield (2020) sug-
gests that task value is also a direct predictor of performance, several studies have
indicated that it is a more effective predictor of choice, effort, and persistence in achieve-
ment-related activities (Eccles et al. 1984; Marsh et al. 2005; Nagengast et al. 2011).

The intricate interrelationships between the expectancy and value dimensions call
for a deeper understanding of the underlying processes driving these connections. For
example, Trautwein et al. (2012) sought to better understand the interaction between
self-efficacy (expectancy) and task value in a large-scale study involving 2508 German
high school students (mean age 19.6 years). They tested several regression models pre-
dicting academic performance: one including only main effects of expectancy and value,
and another including an interaction term (expectancy x value). They found that when
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the students’ values were entered in the model after expectancies, the values were no
longer a significant predictor of performance. However, the interaction term “expectan-
cies x values” was a significant predictor in the interaction model, with the values ampli-
fying the positive effect of expectancies (Trautwein et al. 2012). Wigfield et al. (2016)
support this finding: If one does not value a task, then expecting to do well on it may not
be a sufficient reason to engage in it. The converse is also true: Low success expectations
limit the value one attributes to a task.

The role of metacognition in self-regulated learning

Flavell (1979) laid the foundation for the concept of metacognition, defining it as cog-
nition about cognition. It comprises two components: metacognitive knowledge and
metacognitive skills (Veenman 2013). Metacognitive knowledge represents knowledge
about cognition and includes three subtypes: declarative knowledge (i.e., knowledge
about self and about strategies), procedural knowledge (i.e., knowledge about how to
use strategies), and conditional knowledge (i.e., knowledge about when and why to use
strategies) (Flavell 1979; Schraw and Dennison 1994). Metacognitive skills relate to the
performance of the skills required to monitor and control (i.e., regulate) one’s own learn-
ing behaviours. These strategies include orientation, goal setting, planning, monitoring,
evaluation, and recapitulation (Veenman 2013). All these components are an integral
part of the SRL model proposed by Zimmerman (2000). Combining 11 studies, involving
participants of different ages and belonging to subject areas, Veenman (2008) explored
whether metacognitive skills are part of intelligence. The results revealed that metacog-
nitive skills accounted for about 18% of the variance in the learning outcomes above and
beyond intellectual ability.

Monitoring is a core concept of the SRL model. While learning, students must con-
tinuously monitor their understanding, progress, and strategy use to adjust their learn-
ing process accordingly. Metacognitive monitoring gives rise to explicit metacognitive
judgments, such as confidence judgments, which reflect an individual’s subjective
assessment of the correctness of their responses (Nelson and Narens 1990). For assess-
ing metacognitive competence in monitoring, calibration is a suitable methodology. It is
defined as the degree of correspondence between an individual’s confidence judgments
and their actual performance on a particular task (Hacker et al. 2008). Importantly, con-
fidence judgments should be distinguished from calibration. Whereas confidence judg-
ments reflect subjective beliefs about the correctness of one’s answers, calibration refers
to the degree of correspondence between theses judgments and actual task performance
(Stankov et al. 2012).

As per Hacker and Bol (2019), monitoring is particularly important in the perfor-
mance phase, as it allows students to assess their learning progress. Moreover, cali-
bration is positively related to student achievement, with better calibrated students
attaining higher achievement (Bol et al. 2012; Hacker and Bol 2019), as they self-regulate
their learning by accurately assessing their knowledge (Chen and Rossi 2013).

Relationship between monitoring activities, motivational beliefs, and performance

According to the Zimmerman (2000) model, self-efficacy beliefs can directly influence
performance phase processes such as self-monitoring (Zimmerman and Moylan 2009).
To better understand the relationship between self-efficacy and monitoring, Huang et
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al. (2022) conducted a study of 1063 university students in health science education and
found that metacognitive monitoring frequency moderated the relationship between
self-efficacy and performance, such that the influence of self-efficacy on performance
decreased as monitoring increased. Linnenbrink and Pintrich (2003) stated that “stu-
dents who were confident in their abilities were much more likely to try to understand
and think deeply about their schoolwork. They were also more metacognitively active,
i.e. more likely to plan, monitor, and regulate themselves while working on their school-
work” (p. 130). Although these findings point to strong associations between self-effi-
cacy and metacognitive judgments, such relations do not imply conceptual equivalence.
While self-efficacy beliefs correspond to judgments of the ability to perform certain
types of activities (Bandura 1997), confidence judgments concern the subjective proba-
bility that a response is correct (Koriat 2012). In other words, self-efficacy beliefs operate
at the level of a specific activity (e.g. solving mathematical problems or understanding
written texts), whereas confidence judgments are related to a particular response.

Aims and research questions

The present study aimed to analyze the relationships between metacognitive processes,
such as confidence judgments and their calibration, and motivational beliefs, such as
self-efficacy and task value, and their link to spatial skills performance. To test the rela-
tionship between motivational beliefs, monitoring, calibration, and spatial skill perfor-
mance, structural equation modelling (SEM) was conducted. The model construction
(Fig. 1) was guided by two questions. The first question was the following: Which vari-
ables predict performance in a spatial ability test? Specifically, do motivational beliefs
(self-efficacy and task value) and metacognition (confidence judgment and calibration)
directly predict performance?

Self-efficacy

Training

duration Performance

Task value*

Fig. 1 The Hypothesised Path Model Depicting the Mediation Effect of Calibration and Confidence Judgment
on the Relationship Between Motivational Beliefs and Spatial Ability Performance. *For ease of reading, the four
dimensions of task value (interest, utility, attainment, and cost) are combined in Fig. 1; the analyses of each of the
dimensions, however, were conducted separately
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We hypothesised that self-efficacy (H1; Pajares 1996; Schunk et al. 2013; Zimmerman
1995), task value (H2; Eccles and Wigfield 2020), confidence judgment (H3; Dent and
Koenka 2016; Veenman 2008), and calibration (H4; Bol et al. 2012; Chen and Rossi 2013;
Hacker and Bol 2019) will be positively related to performance.

The second question was as follows: Does metacognition mediate the relationship
between motivational beliefs and performance? Specifically, do motivational beliefs
(self-efficacy and task value) indirectly predict performance via metacognition (confi-
dence judgment and calibration)?

We hypothesised that self-efficacy would indirectly predict performance via confi-
dence judgment (H5; Zimmerman 2000; Zimmerman and Moylan 2009) and calibration
(H6; Huang et al. 2022; Zimmerman 2000; Zimmerman and Moylan 2009). Such indi-
rect effects were not expected for task value.

The model illustrated in Fig. 1 shows our hypotheses. It incorporates training duration
(see the Method section) as an exogenous variable. Given the lack of research and theo-
retical basis to formulate hypotheses regarding the role of training duration, we tested
whether training duration (1, 2, 3, or 4 years) was related to each of the model’s vari-
ables. However, we assumed training duration as a proxy indicator? of academic skills—
the longer the duration, the better the academic skills.

Method

Participants and procedure

In total, 180 students—160 men and 20 women—from a Swiss vocational education and
training (VET) school voluntarily participated. Data were collected during the school-
based component of the programme, in which participants attended occupation-related
courses, including technical drawing. The instruments were administered during regu-
lar class time toward the end of the academic year. 53.9% of participants were first-year
students, 31.7% were second-year students, and 14.4% were third-year students. Par-
ticipants were enrolled in vocational programmes of varying duration, including one-
year (N=13), two-year (N=16), three-year (N=65), and four-year (N=86) programmes,
reflecting structural differences across vocational pathways. The mean age was 18 years
and 7 months (SD =4 months); 13 students followed a one-year curriculum, 16 a two-
year curriculum, 65 a three-year curriculum, and 86 a four-year curriculum. Courses of
longer duration typically involve more extensive curricular content and greater exposure
to technical subjects such as technical drawing. The students were informed about the
voluntary nature of participation and the measures that would be taken to protect their
anonymity. Given the high proportion of male participants (89%), a gender comparison
was not conducted.

Measures

The participants completed an online self-report survey with the following structure:
30 items assessing spatial ability (DAT and PSVT) with a confidence rating after each
response (metacognition), and 16 items assessing motivational beliefs (self-efficacy,
interest, attainment, utility, and cost).

2 Access to training of different durations depends on the learners’ prior academic performance.
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Spatial ability We used two spatial tests to assess spatial ability: the Differential Apti-
tude Test: Space Relations (DAT: SR; Bennett et al. 1973) and the Purdue Spatial Visual-
ization Test: Rotations (PSVT: Guay 1977; Maeda et al. 2013). The DAT5: SR, developed
by Bennett et al. (1973) to assess an individual’s ability to move from a 2D to a 3D world,
contains 30 items with four response options. Bennett et al. (1956) found evidence of
reliability with a split-half coefficient of 0.90 for girls and 0.93 for boys. The PSVT: R,
developed by Guay (1977) and revised by Maeda et al. (2013), measures an individual’s
ability to visualize rotated solids. The test involved 30 items with five response options.
In total, 15 items per test were included to measure spatial ability. Maeda et al. (2013)
found evidence of adequate internal consistency for the PSVT, with a Cronbach’s alpha
exceeding 0.80. In the context of this study, a convergent validity of 0.70 was found
between the DAT and PSVT.

Task value Four dimensions of task value, as defined by Eccles et al. (1983), were
assessed using the items translated in French and adapted from Berger and Karabenick
(2011): interest (e.g., “I like technical drawing”), attainment (e.g., “It is important for me
to be someone who is good at technical drawing”), utility (e.g., “I believe that technical
drawing is useful for my professional future”), and from Beymer et al. (2022): cost (e.g.,
“Technical drawing forces me to give up too many activities that are important to me”).
All the items were rated on a Likert scale from 0 to 100.

Self-efficacy To measure technical drawing self-efficacy, seven items developed by the
authors (e.g., “I feel I can draw properly”) were answered by the participants on a Likert
scale from 0 to 100. The item development was based on the expertise of technical draw-
ing teachers and followed the guide for constructing self-efficacy scales (Bandura 2006).
Table 2 shows the seven items.

Confidence judgment and calibration After each spatial ability item, the participants
were asked to rate their confidence judgment (“How sure are you of your answer?”)
on a Likert scale from 0 to 100. Confidence scores were calculated as the average rat-
ings across items. To assess metacognitive monitoring accuracy, confidence judgments
were then compared with actual performance using a calibration index (Schraw 2009).
For each item, the calibration accuracy was calculated by taking the absolute value of
the difference between the confidence judgment and the performance score (Bol et al.
2012). Item-level calibration accuracy scores were then averaged across items to obtain
a single calibration accuracy for each participant. Higher values indicate greater calibra-
tion accuracy, reflecting a closer correspondence between confidence judgments and
performance.

Data analysis

Confirmatory factor analysis (CFA) and SEM were conducted with R language version
4.3.3 (R Core Team 2021) through RStudio version 2023.12.1 (RStudio Team 2020) using
tidyverse (Wickham et al. 2019) and Lavaan (Rosseel 2012). CFA (Kline 2023) was used
to determine whether self-efficacy, interest, attainment, utility, cost, calibration, and
spatial ability could be represented as separate factors by the sets of observed items. To
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reduce the number of indicators per latent variable, item parcels consisting of the mean
scores of three items were created (Little et al. 2002). Accordingly, all the latent variables
were constructed based on either three items or three item parcels. For performance,
five PSVT items and five DAT items were randomly assigned to each of the three item
parcels. The same was done for the calibration items. Table 2 displays the full item distri-
bution. SEM was then conducted to test our hypotheses.

We used the chi-square test (y%), the comparative fit index (CFI), the Tucker—Lewis
index (TLI), the standardised root mean square residual (SRMR), and the root mean
square error of approximation (RMSEA) as indicators of model fit. To obtain a well-
adjusted model, goodness of fit indices must meet certain criteria: a non-significant x? a
CFI and TLI greater than 0.95, an RMSEA less than 0.06, and an SRMR lower than 0.08
(Kline 2023).

Following recommendations for power analysis in structural equation modeling,
statistical power was evaluated using a Root Mean Square Error of Approximation
(RMSEA)-based framework (MacCallum et al. 1996). Power was assessed for a test
of close model fit, with the null hypothesis defined as RMSEA < 0.05 and the alterna-
tive hypothesis as RMSEA > 0.08, using an alpha level of 0.05. Given the sample size
(NN=180) and the model’s degrees of freedom (df = 130), this design would be expected to
be sensitive to a substantively meaningful degree of model misspecification.

Results

Descriptive statistics

Table 1 presents the descriptive statistics of the various motivational, calibration, and
performance variables. Given the deviation from normality observed for the calibration
variable (CAL), CFA and SEM were conducted using the maximum likelihood estimator
with robust standard errors (MLR) (Kim 2013; Kline 2023).

Confirmatory factor analysis

The initial CFA yielded an acceptable fit: XZ (201) =305.03, p=<0.001, RMSEA =0.05,
CFI=0.95, TLI=0.94, SRMR =0.07. Examining the results, we found a covariance of 0.80
between the attainment and utility scales. We thus decided to combine the six items into
a new factor called attainment/utility value. The CFA did not allow us to identify a cost
dimension. Except for one item (0.70), all the other loadings were below 0.5. We there-
fore removed cost from the subsequent analysis. The second CFA revealed an acceptable

Table 1 Descriptive statistics of motivational, calibration, and performance variables

Variable M sD Skewness Kurtosis
INT (1) 0.59 0.27 -0.51 -0.52
ATT (1) 0.62 0.21 -0.35 -0.08
UTI(T) 0.69 0.21 -0.77 0.58
COS (1) 039 0.19 0.01 -0.26
SEF (1) 0.69 0.19 -0.48 -0.26
CcoJ () 0.74 0.18 -0.60 -0.39
CAL (1) 0.22 0.12 0.78 3.05
PER (30) 20.10 6.15 -0.32 -0.75

INT=interest (0-1); ATT=attainment (0-1); UTI=utility (0-1); COS=cost (0-1); SEF =self-efficacy (0-1); COJ=confidence
judgment (0-1); CAL=calibration (0-1); PER=performance (0-1). Except for the performance score, all other scores were
divided by 100
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fit, with a significant chi-square: YBx* (197) =306.19, p < .001, robust RMSEA =0.06,
robust CFI=0.96, robust TLI=0.95, SRMR =0.06.

Cronbach’s alpha coefficients for each latent construct are reported in Table 2 and
ranged from 0.81 to 0.96, indicating good to excellent internal consistency.

Structural equation modelling
Figure 2 shows the hypothesized causal structure, the standardized coefficients, and the
fit indices obtained.

Except for the chi-squared test, all the indices revealed the tested model’s good fit with
the data: x* (130)=177.13, p <.01, RMSEA =0.05, CF1=0.98, TLI=0.98, SRMR =0.05.
The model explained 84% of the variance in the students’ performance.

Direct relationships with performance

The first research question aimed to explore the possible relationships between self-effi-
cacy (H1), task value (H2), confidence judgment (H3), calibration (H4), and spatial abil-
ity performance. Contrary to our expectations, the two motivational beliefs (self-efficacy

Table 2 Factors and parameters of the final measurement model

Latent construct and items or groups of items Factor
loading®

Interest (a=0.92)

1. INTA: | like technical drawing. 0.95

2.INTB: I enjoy doing technical drawing. 0.89

3.INTC: | find technical drawing fascinating. 0.84

Attainment/utility (a=0.81)

1. ATTUTIA: It is important for me to be someone who is good at technical drawing. 0.86

I believe that technical drawing is useful in the future.

2. ATTUTIB: I believe that technical drawing is useful for my professional future. 0.80

[tis important for me to be able to represent objects in space.

3. ATTUTIC: | believe that being good at technical drawing will be useful for my future training or 0.74

studies.

For me, failing technical drawing would be serious.

Self-efficacy (a=0.88)

1. SEFA: | believe | am able to draw properly. 0.90
I believe I am able to draw a piece in the three basic views (front, top, and left).

2. SEFB: I believe | am able to draw accurately. 0.88
| believe | am able to draw a cavalier view (3D).

3. SEFC: | believe | am able to find my own way of visualizing the different parts of a piece. 0.80
I believe I am able to recognize the different types of features shown

on a map.

| believe | am able to draw an isometric view (3D).

Confidence judgment (a=0.96)

1. COJA: Randomisation of 5 PSVT and 5 DAT-SR confidence judgments items 0.96
2. COJB: Randomisation of 5 PSVT and 5 DAT-SR confidence judgments items 091
3. COJC: Randomisation of 5 PSVT and 5 DAT-SR confidence judgment items 0.95
Calibration (a=0.86)

1. CALA: Randomisation of 5 PSVT and 5 DAT-SR calibration items 0.89
2. CALB: Randomisation of 5 PSVT and 5 DAT-SR calibration items 0.88
3. CALC: Randomisation of 5 PSVT and 5 DAT-SR calibration items 0.81
Performance (a=0.87)

1. PERA: Randomisation of 5 PSVT and 5 DAT-SR items 0.86
2. PERB: Randomisation of 5 PSVT and 5 DAT-SR items 0.85
3. PERC: Randomisation of 5 PSVT and 5 DAT-SR items 0.83

?Standardized factor loadings from confirmatory analysis
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Self-efficacy

R =0.03
Attainment/
utility

R? = 0.05
Interest

R?2=0.84

judgment

Training Performance
duration
Calibration Confidence

Fig. 2 Structural Equation Model with Significant Path Correlation Coefficients. *p< .05, **p< .01, ***p< .001

Table 3 Indirect effects of calibration and confidence judgment on the relationship between self-
efficacy and performance

Independent variable Mediator Dependent variable Indirect effect Total effect p-
value
Self-efficacy Calibration Performance 0.24 0.38 <0.001
Self-efficacy Judgment of Performance 0.14 0.38 <001
confidence

and attainment/utility) were found to have no direct effect on performance. However,
calibration (£=0.64, p < .001), confidence judgment (8=0.25, p < .001), and interest
(5=0.16, p < .05) were significant predictors of performance.

Indirect effect of self-efficacy on performance

Although the results indicate that self-efficacy beliefs are not directly related to perfor-
mance in spatial skills, indirect effects (H5 and H6) were tested to ascertain whether
metacognitive variables mediate the relationship between self-efficacy and performance.
Self-efficacy showed a significant relationship with confidence judgment (H5) and cali-
bration (H6). Table 3 presents the indirect and total effects of these variables.

Effect of training duration

The analysis of the effect of apprenticeship duration revealed four key findings. First,
training duration was positively associated with performance (8=0.25, p=<0.001). Sec-
ond, training duration was a significant predictor of calibration (£=0.38, p < .001) but
not of confidence judgment (5=0.12, p=.09). Third, training duration was negatively
associated with task value, both for interest (8 = -0.22, p < .001) and attainment/utility (8
=-0.17, p < .05). Fourth, training duration is unrelated to self-efficacy beliefs. Ultimately,
calibration mediates the relationship between training duration and performance (indi-
rect effect: £=0.24, p < .001).

Discussion

In this study, we examined the associations between specific components of self-regu-
lated learning—in particular, motivational beliefs and metacognition—and spatial skills.
We focused on a population of apprentices in the context of a Swiss VET school who
specifically enrolled in technical drawing courses that place heavy demands on spatial
skills. In this section, we examine the direct effects of self-regulation on performance
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and explore the relationship between self-efficacy and performance, that is mediated by
confidence judgments and performance calibration. Because the study adopted a cross-
sectional design, causal inferences cannot be drawn. The analyses tested a theoretically
plausible model and showed that the observed relationships were supported by the data,
without implying causality.

Statisticals effects on spatial performance

Primarily, we aimed to determine the extent to which SRL plays a role in spatial skills.
Regarding metacognition, the two variables under examination—calibration (8=0.64, p
<.001) and confidence judgments (5 =0.25, p < .001)—were significant predictors of per-
formance, suggesting that higher levels of metacognitive abilities were associated with
better performance on the spatial test. This finding, which aligns with the existing lit-
erature (Bol et al. 2012; Chen and Rossi 2013; Dent and Koenka 2016; Hacker and Bol
2019; Veenman 2008) and our hypotheses, is significant for several reasons, particularly
regarding calibration. First, when compared to other studies that explored the relation-
ship between calibration and academic achievement, the effects we observed were of a
comparable magnitude (Bol et al. 2012; Hacker and Bol 2019). Second, and building on
the previous point, the robustness of our findings is reinforced by the fact that they per-
tain to a relatively underresearched domain of skills. Indeed, the majority of studies that
emphasised the role of metacognition in academic success focused on disciplines such
as mathematics, reading, and writing (Graham et al. 2018; Mevarech et al. 2018; Still-
man and Mevarech 2010; Thiede and de Bruin 2018). Our study highlights that meta-
cognition—more specifically, calibration—also plays a significant role in the domain of
spatial skills, thereby extending the scope of previous research. Finally, this result is of
particular interest, as it relies on an objective measure of metacognition: performance
calibration. In contrast to more subjective indicators, this measure enables a more pre-
cise assessment of metacognitive processes, with reduced susceptibility to biases such as
social desirability or limitations linked to self-report (Winne 2010).

Regarding motivational beliefs, the SEM results indicate that only interest (£=0.16, p <
.05) was directly related to spatial performance. Neither attainment/utility nor self-effi-
cacy beliefs were directly predictive of performance. Although the theoretical model of
Eccles and Wigfield (2020) predicts a direct effect of interest on performance, the ques-
tion regarding the interactions between self-efficacy and other task value components
in explaining this result remains open, particularly from a developmental perspective.
Indeed, Eccles and Wigfield (2020) conjecture that interest can be, over time, elaborated
and internalised, notably through the concepts of attainment and utility value (Eccles
and Wigfield 2020).

Finally, our results suggest that training duration explains spatial performance—this
finding is not surprising, as training duration implies the development of more sophisti-
cated academic skills. The correlation between training duration and spatial skills could
also be interpreted as reflecting a shared latent variable. In such a case, training duration
might not be the cause of higher spatial skills performance but rather an indicator of
such skills.
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Self-regulated processes

Our hypotheses regarding the relationship between self-efficacy and performance, based
on the literature in various academic domains such as mathematics, reading and writ-
ing (Pajares 1996; Schunk et al. 2013; Zimmerman 1995) and spatial skills (Power et al.
2016; Safadel et al. 2023; Towle et al. 2005), were not supported by our findings. Inter-
estingly, our findings indicate an indirect association between self-efficacy and perfor-
mance via confidence judgments (5=0.14, p < .01) and calibration (£=0.24, p < .001).
These results underscore the intricate interplay between self-efficacy beliefs, metacogni-
tion, and performance (in this case, spatial performance). While we found an indirect
effect of self-efficacy beliefs on performance via metacognition (both confidence judg-
ment and calibration), suggesting a mediating role for the latter, other studies, such as
those of Huang et al. (2022), revealed a moderating effect. According to this moderation
model, metacognition modulates the strength of the relationship between self-efficacy
beliefs and performance. This apparent divergence between the two studies highlights
the dynamic and contextual nature of the relationship between these variables, which
can vary according to the statistical methods used (e.g., regression, moderation mod-
els, or SEM). Nevertheless, further factors must be considered. As mentioned by Schunk
and Greene (2018), “learners use self-regulation processes, monitor their levels of under-
standing and learning, and adapt processes as necessary in an ongoing manner to pro-
mote learning or accommodate to changing conditions” (p. 5). This perspective invites
us to consider the relationship between self-regulation and performance in a dynamic
and cyclical way. Since our study did not capture the reciprocal relationships within self-
regulation processes, adopting microanalytic methods could provide a more compre-
hensive understanding of the nature of these relationships. This type of methodology
would be particularly useful for understanding how the different phases of the self-regu-
lation process influence each other.

Additionally, large correlations between self-efficacy and the two task value variables
(interest: 7=.63, p < .001; and attainment/utility: r=.58, p < .001) were observed. The
significance of self-efficacy in relation to other motivational beliefs and metacognitive
variables underscores its pivotal role in the SRL process, particularly in the development
of spatial skills (Power et al. 2016; Safadel et al. 2023; Towle et al. 2005).

Our results revealed a negative relationship between training duration and the two
task values (interest and attainment/value). One possible explanation is that the students
enrolled in longer courses have already developed spatial skills. Moreover, this result
once again highlights the complex relationships between the different components of
motivational beliefs.

Limitations and recommendations for future research

One study limitation is that we did not consider perceived cost in analysing the task
value components. To assess this dimension, we used the short scale developed by
Beymer et al. (2022). In fact, the four items proposed by these authors assessed the dif-
ferent dimensions of costs (task effort cost, outside effort cost, loss of valued alterna-
tives, and emotional cost). Our factor analyses were thus unable to identify a single cost
factor. Another explanation is that the French translations modified the items’ meaning
and thus the scale validity.
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Another limitation concerns the population studied. The curriculum for industrial
vocational training includes technical drawing, which likely fosters spatial visualization
skills. It is thus likely that the students who participated had already developed, to some
extent, these abilities during their training, thereby suggesting that our results could dif-
fer if applied to a different population.

Future studies may adopt a longitudinal research design to test how motivational
beliefs, metacognition, and performance interact over time. Indeed, the cross-sec-
tional design adopted in the present study did not allow testing or confirming causality
between the variables considered, but rather it tested potential association based on the-
oretical models. This would offer a more stringent test of the relationships conjectured
in this study and could help researchers discover more complex associations.

Conclusion

In this study, we illustrated the relationship between SRL processes and spatial skill per-
formance. The SEM model explained 84% of the variability in performance. Our study
deepens the understanding of SRL processes, both globally and in the context of spa-
tial skills. Regarding the practical implications for the classroom, our findings highlight
the importance of considering SRL processes when working with students. Specifically,
since metacognition and self-efficacy were identified as crucial elements of the learn-
ing process, teaching practices should particularly emphasize these components by, for
example, developing personalised and progressive learning paths and training students
to enhance their metacognitive abilities. Moreover, incorporating SRL strategies that
specifically target metacognition and self-efficacy beliefs can benefit student perfor-
mance and improve their learning outcomes, especially in VET contexts involving cogni-

tively demanding tasks.
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