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Tracking calibration and confidence: continuous and 
group-based insights from two high-stakes exams
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Abstract
Accurate self-assessment, or calibration, is a key component of students’ metacog-
nitive monitoring and self-regulated learning. This study examined calibration and 
prediction confidence across two high-stakes course exams (initial and make-up) 
using both continuous and group-based analyses. Undergraduate students in early 
childhood education completed Exam 1 (n = 128), predicting their grade (0–10) and 
reporting confidence (1–5). Students who failed (n = 45) took a make-up exam one 
month later and repeated their self-assessment. In Exam 1, calibration followed 
a pattern consistent with the Dunning–Kruger Effect (DKE): low-performing stu-
dents overestimated their performance, mid-range students were most accurate, and 
high-performing students slightly underestimated their results. Among students who 
took the make-up exam, absolute calibration accuracy improved and confidence 
increased, and these changes remained robust after controlling for regression-to-the-
mean effects. Together, the findings show that performance-level calibration pat-
terns consistent with the DKE persist under authentic assessment conditions, while 
absolute miscalibration and confidence levels can shift following feedback and re-
peated testing. These results highlight adaptive shifts in metacognitive monitoring 
accuracy across repeated high-stakes assessments and provide practical implications 
for supporting self-assessment in higher education.
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1  Introduction

Metacognitive monitoring, or the capacity to evaluate one’s own knowledge and 
performance, plays a central role in self-regulated learning (SRL) (Nelson, 1990; 
Zimmerman, 2013). Within this framework, self-assessment occupies a pivotal posi-
tion as both a reflective and formative process, fostering a deeper understanding of 
one’s strengths and areas for improvement (DeLuca, 2025; Lew et al., 2009; Yan 
et al., 2023). When students evaluate their own performance, they gain a sense of 
ownership and responsibility, learn to set realistic goals, and plan their learning with 
greater autonomy (Brown & Harris, 2013, 2014; Kostons et al., 2012). Beyond these 
immediate benefits, self-assessment is linked to broader educational and life out-
comes through its contribution to the development of effective self-regulated learners 
(Aryadoust, 2015; Dunning et al., 2004; Mendoza & Yan, 2023).

Despite its recognized benefits, mastering accurate self-assessment is challenging 
(Raaijmakers et al., 2019). Cognitive biases such as overconfidence, anchoring, or 
the Dunning–Kruger effect often distort students’ judgments (Dunning et al., 2004; 
León et al., 2023; Lipnevich et al., 2023). Remarkably, people tend to recognize such 
biases in others but remain unaware of distortions in their own evaluations (Pronin, 
2008; Pronin & Hazel, 2023). As a result, students’ self-assessments can diverge sub-
stantially from actual performance, undermining their formative potential. Research 
on metacognitive self-monitoring therefore seeks to understand not only whether 
learners can assess themselves accurately but also why accuracy varies across con-
texts and individuals (Ehrlinger et al., 2008).

Calibration, operationalized as the discrepancy between predicted and actual per-
formance, captures the accuracy of self-assessment (Bol et al., 2005; Miller & Ger-
aci, 2019; Oluk & Korkmaz, 2024). The smaller the difference, the better calibrated 
the student, with calibration being identified as a core metacognitive skill associated 
with learning outcomes, study regulation, and academic achievement (Bol & Hacker, 
2012; Efklides & Vlachopoulos, 2012; Nietfeld et al., 2006; Zimmerman et al., 2011).

A substantial body of research has examined the relationship between calibration 
and academic performance using experimental, cross-sectional, longitudinal, and 
quasi-experimental designs (e.g., Bol & Hacker, 2012; Rinne & Mazzocco, 2014). 
These studies provide important evidence that monitoring accuracy is meaningfully 
associated with achievement. However, much of this work has been conducted in 
laboratory settings, low- or moderate-stakes classroom assessments, or structured 
intervention contexts. Consequently, less is known about whether these associations 
and performance-level patterns replicate and evolve in authentic high-stakes univer-
sity exams, where judgments carry direct academic consequences.

Findings from laboratory or low-stakes classroom assessments may not fully gen-
eralize to high-stakes examination contexts, as evaluative stakes can shape motiva-
tion, affect, and regulatory effort, thereby influencing metacognitive monitoring. For 
example, anticipating a graded examination rather than a pass-fail examination has 
been shown to increase confidence and produce greater improvements in monitor-
ing accuracy over time (Barenberg & Dutke, 2013). Similarly, classroom research 
indicates that retrieval practice and feedback can enhance monitoring accuracy and 
reduce overestimation (Butler et al., 2008; Cogliano et al., 2019). At the same time, 
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repeated testing does not automatically eliminate overestimation biases, as over-
confidence may persist even after multiple exam experiences (Foster et al., 2017). 
Together, these findings highlight the need to examine whether performance-level 
calibration patterns and changes replicate in authentic high-stakes university exams.

An additional layer of complexity comes from confidence judgments, defined as 
students’ ratings of how certain they are in their performance predictions (Blais et al., 
2005; Chen & Bonner, 2019; León et al., 2021). Confidence judgments are valuable 
because they capture the certainty learners assign to their estimates and can reveal 
the strength of their metacognitive monitoring. Following traditions in experimental 
psychology, where participants are often asked not only to predict an outcome but 
also to rate confidence in that prediction Dunlosky & Metcalfe, 2009; León et al., 
2011), we included confidence judgments to disambiguate self-assessment. Asking 
both what grade students expect to get and how confident they are, helps to distin-
guish aspirational responses from genuine monitoring judgments. Importantly, cali-
bration reflects the discrepancy between predicted and actual performance, whereas 
confidence captures the certainty attached to that prediction. Learners at different 
achievement levels may therefore show systematic discrepancies between predicted 
and actual outcomes, highlighting the complexity of monitoring accuracy (Eriksson 
et al., 2024; Hacker et al., 2008; Stankov & Lee, 2014). Understanding this diver-
gence is key to comprehending the dynamics of monitoring accuracy.

In the broader context of SRL, calibration accuracy is not static. Experience and 
feedback may play critical roles in refining it. For instance, in their meta-analysis 
León et al. (2023) demonstrated that feedback and prior self-assessment experience 
can improve accuracy of self-assessment, yet they also highlighted the shortage of 
robust studies conducted in authentic educational contexts. Longitudinal research 
suggests that calibration predicts later achievement independent of prior perfor-
mance (Rinne & Mazzocco, 2014), yet most studies examine calibration at single 
time points or across long intervals (Oluk & Korkmaz, 2024; Yan et al., 2023). Con-
sequently, within-student changes in calibration across repeated assessments remain 
insufficiently understood in authentic educational contexts, particularly when exami-
nations are separated by weeks rather than examined at daily time scales. Recent 
theoretical perspectives suggest that metacognitive monitoring may exhibit a degree 
of short-term adaptability in response to performance feedback and evaluative expe-
riences (Efklides, 2011; Metcalfe, 2017). Empirical syntheses further indicate that 
feedback and prior self-assessment experience can enhance monitoring accuracy, 
particularly when learners are confronted with discrepancies between expected and 
actual performance (León et al., 2023). In this study, we refer to this potential adapt-
ability as metacognitive plasticity, defined here as the capacity to adjust monitoring 
accuracy over relatively short time intervals following performance discrepancies. 
Rather than conceptualizing calibration as a fixed trait, this perspective frames it as a 
dynamic process shaped by feedback, task demands, and reflective experience within 
authentic learning contexts. From an error-driven learning perspective, discrepan-
cies between expected and actual performance generate cognitive conflict that may 
trigger adjustments in monitoring processes. Within self-regulated learning models, 
such discrepancies activate feedback loops linking monitoring and control processes 
(Efklides, 2011; Metcalfe, 2017). These mechanisms provide a theoretical basis for 
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understanding short-term recalibration in authentic assessment contexts. The present 
study addresses this gap by examining calibration and confidence in a naturalistic, 
high-stakes course context with two consecutive exams, providing insight into the 
short-term dynamics of monitoring accuracy.

Cross-sectional research has repeatedly documented a robust performance-based 
calibration gradient, commonly associated with the Dunning-Kruger Effect (Kruger 
& Dunning, 1999). In this pattern, lower-performing students tend to overestimate 
their performance, mid-performing students show relatively accurate judgments, and 
higher-performing students slightly underestimate their results (León et al., 2021; 
Miller & Geraci, 2019; Sheldrake et al., 2022).

Although this gradient has been observed across laboratory and classroom con-
texts, important questions remain regarding its generalization to authentic high-
stakes university exams, the evolution of calibration and confidence across repeated 
assessments, and the extent to which observed changes reflect genuine adjustments 
in monitoring accuracy rather than statistical artifacts such as regression to the mean 
(Barnett & Ceci, 2002). The present study addresses these issues by examining cali-
bration and confidence across two consecutive exams within a naturalistic course 
setting.

2  Research questions

RQ1. How do actual exam score and confidence judgments relate to calibra-
tion in authentic university exams with academic consequences?
RQ2. How do calibration and confidence judgments evolve when students 
who fail initially face a make‑up exam?
RQ3. Do low-performing students overestimate, mid-performing students 
demonstrate accuracy, and high-performing students underestimate their per-
formance, consistent with classic calibration patterns?
RQ4. Do observed changes persist once potential statistical artefacts (e.g., 
regression to the mean, ceiling/floor effects) are considered?

By combining theoretical and methodological insights from both educational 
and experimental metacognition research, this study examines how calibration 
and confidence change across repeated, high-stakes assessments in an authen-
tic university course. The findings clarify whether self-assessment accuracy can 
improve over short intervals and help to distinguish metacognitive development 
from statistical artifacts, thereby informing evidence-based approaches to sup-
port students’ monitoring accuracy in real educational settings.
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2.1  Methods

2.2  Participants and context

Participants were 128 undergraduates enrolled in an Early Childhood Education 
course at a Spanish public university (Mage = 22.4 years, SD = 3.45; 86.7% female). 
This gender distribution is consistent with national enrollment patterns in education 
programs in Spain (Spanish National Statistics Institute, 2020). A subset of 45 stu-
dents completed a required make-up exam approximately one month later (Mage = 
22.8 years, SD = 4.26; 82.2% female). Of these, 38 had also taken the first exam, 
whereas 7 were first-time takers who had not attended the initial exam. Analyses of 
change therefore uses the subset of 38 students with data for both exams.

Students were required to complete the exams as part of their course requirements, 
but participation in the study (i.e., completing self-assessment measures) was vol-
untary and did not affect their grades. Students could opt out of data use at any time 
without penalty. Although the overall sample size (n = 128) provided adequate power 
(> 0.80) to detect medium-sized effects (f ≈ 0.25) at α = 0.05, the smaller subsample 
of repeaters (n = 38) offered only moderate power for small effects. Therefore, results 
regarding within-student changes should be interpreted with caution. Power esti-
mates were obtained using G*Power 3.1 (Faul et al., 2007).

2.3  Exams and scoring

The exam analyzed was the regularly scheduled end-of-term examination for this course 
and followed the standard item-bank procedure routinely applied in prior years. Each 
exam included 20 three-option multiple-choice questions covering course content. 
To correct for guessing, a standard correction-for-guessing procedure was applied, 
whereby incorrect responses were penalized. Each correct response received + 0.5 
points, each incorrect response − 0.25 points, and blank responses 0 points. With 20 
items, the maximum possible score was 10. Because incorrect responses were penal-
ized, total scores could take negative values (theoretical range − 5 to + 10). Negative 
values were retained and were not truncated. This instructor-graded score constituted 
the Actual Exam Score (AES) used in all analyses.

Exam forms were assembled from an instructor-authored item bank of approxi-
mately 200 three-option items spanning six course topics. The number of items 
drawn from each topic was proportional to its weight in the course syllabus, ensur-
ing content representativeness across forms. For each administration, four paral-
lel forms (a, b, c, d) were generated by randomly sampling the required number of 
items from each topic-specific pool without replacement within forms. Exam 1 and 
Exam 2 forms were generated independently using the same proportional procedure. 
Although formal equating analyses were not conducted, all forms were constructed 
following identical content specifications and sampling rules. Reliability estimates 
were comparable across administrations (λ2 = 0.81 and 0.83), supporting reasonable 
consistency across exam versions.
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2.4  Measures and study variables

Actual exam score (AES) represented the instructor-graded score on a 0–10 scale. 
Predicted exam score (PES) reflected each student’s self-predicted grade immediately 
after completing the exam, using the same 0–10 scale. In metacognitive terms, this 
measure constitutes a global assessment of performance, as students estimated their 
overall exam outcome after responding to all items rather than providing item-level 
or prospective judgments (Nelson, 1990; Dunlosky & Metcalfe, 2009). Confidence 
Judgment (CJ) captured the student’s confidence in that prediction, rated on a 1–5 
scale (1 = not at all confident, 5 = completely confident). Calibration was computed 
as PES − AES, with positive values indicating overestimation, near-zero values accu-
racy, and negative values underestimation. For descriptive purposes, performance 
levels were also grouped as Fail (< 5), Low pass (5–<7.5), and High pass (≥ 7.5), but 
all primary analyses treated performance as a continuous variable.

2.5  Procedure

At the start of each exam, the instructor explained the procedure and scoring rules 
(+ 0.5 for correct, − 0.25 for incorrect, 0 for blank), and informed students that after 
answering they would be asked to record a predicted grade (0–10) and their confi-
dence (1–5). Immediately after submitting their responses, students reported their 
predicted exam score and a confidence judgment on the last page of the exam. After 
grading, scores were posted on the learning management system, together with the 
answer key and scoring rules, ensuring baseline feedback access for all students. 
Optional exam review meetings were offered, so that students could examine their 
graded exams and discuss remaining questions with the instructor. Attendance at 
these sessions was not logged and individual feedback uptake was therefore unmea-
sured. Based on typical trends in this course, students who failed the first exam were 
more likely to attend review sessions. Approximately one month later students who 
had failed the first exam were required to take the make-up exam. All procedures 
complied with the Declaration of Helsinki (World Medical Association, 2013) and 
were approved by the [University of Jaen Ethics Committee (JUN.22/3.PRY).

2.6  Analysis plan

Analyses proceeded in several steps. First, descriptive statistics and correlations were 
computed for the actual exam score, predicted exam score, confidence judgment, 
and calibration in each exam. Second, multiple linear regression analyses were con-
ducted separately for each exam to examine whether calibration (PES − AES) could 
be predicted from Actual Exam Score (AES) and Confidence Judgment (CJ), with 
both predictors entered simultaneously. To facilitate comparison of effect sizes, stan-
dardized regression coefficients (β) were obtained by fitting models to z-standard-
ized variables. Multicollinearity diagnostics were examined using variance inflation 
factors (VIF), which were below conventional thresholds, indicating no problem-
atic collinearity. Model assumptions were inspected through visual examination of 
residual plots. Third, complementary group-based comparisons (fail, low pass, high 
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pass) provided an interpretable summary of how calibration varied systematically 
across performance levels. (León et al., 2021). Fourth, paired-sample analyses exam-
ined within-student changes in calibration and confidence judgment between the first 
and the make-up exam, accompanied by estimation plots and bootstrap confidence 
intervals (Raaijmakers et al., 2019). Finally, sensitivity checks addressed possible 
regression-to-the-mean artefacts using Oldham’s correlation and related approaches 
(Barnett et al., 2005). The raw data and R script for the analyses, as well as the 
supplementary material, are available through open and public access in the project 
created for this purpose in the OSF repository ​(​​​h​t​t​p​​s​:​/​/​o​​s​f​.​i​o​/​​d​r​t​j​​4​/​?​v​i​e​w​_​o​n​l​y​=​6​7​3​5​
6​0​c​5​a​4​3​1​4​2​1​c​a​a​3​c​a​8​8​a​d​a​4​d​c​1​a​d​​​​​)​.​​

3  Results

3.1  RQ1. Relations among performance, confidence, and calibration

Table 1 presents the results of the descriptive statistics for each of the two tests, as 
well as the change in these statistics between exams.

In Exam 1 (n = 128), descriptive statistics are presented in Table 1. Correlations 
indicated that the actual exam score was strongly negatively related to calibration 
(r = − .81), such that lower performers overestimated more strongly. Confidence judg-
ments were modestly correlated with predicted exam scores (r = .21), but not strongly 
associated with calibration in the regression model. A multiple regression model was 
estimated for Exam 1, with standardized actual exam score and confidence judg-
ment entered simultaneously as predictors of calibration, actual exam score was 
a strong negative predictor of calibration (β = −0.83, 95% CI [− 0.93, − 0.72], p < 
.001), whereas confidence judgment was not statistically significant (β = 0.09, 95% 
CI [− 0.02, 0.19], p = .096). The model explained 67% of the variance in calibra-
tion (R² = 0.67). Multicollinearity diagnostics indicated no evidence of collinearity 
between predictors (VIFs ≈ 1.02). Figure 1 illustrates the linear decline in overestima-
tion as achievement increases, consistent with the classic calibration pattern reported 
in previous literature. 

For Exam 2 (make-up exam) (n = 45), descriptive statistics are presented in 
Table 1. Correlations again showed a negative association between actual exam score 
and calibration (r = − .69), whereas confidence judgment was positively related to 
calibration (r = .62). A separate multiple regression model was estimated for Exam 

Table 1  Descriptive Statistics for Exam 1 and Exam 2
Exam 1 Exam 2

Measure M SD n M SD n ΔM ΔSD npaired

AES 4.97 2.16 128 7.07 1.96 45 + 2.10 2.04 38
PES 5.91 1.26 128 6.85 1.47 45 −0.38 1.52 38
CJ 2.62 0.76 128 3.33 0.80 45 + 0.76 0.71 38
Calibration + 0.94 1.77 128 −0.21 1.77 45 −1.25 1.86 38
Note. AES Actual Exam Score, PES Predicted Exam Score, CJ Confidence Judgment, Calibration  PES 
– AES, ΔM Change in the mean between Exam 1 and Exam 2, ΔSD Change in the Standard Deviation 
between Exam 1 and Exam 2

https://osf.io/drtj4/?view_only=673560c5a431421caa3ca88ada4dc1ad
https://osf.io/drtj4/?view_only=673560c5a431421caa3ca88ada4dc1ad
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2 using the same specification, both actual exam score (β = −0.84, 95% CI [− 1.04, 
− 0.63], p < .001) and confidence judgment (β = 0.42, 95% CI [0.22, 0.62], p < .001) 
significantly predicted calibration. The model explained 63% of the variance (R² = 
0.63), and multicollinearity diagnostics again indicated no concern (VIFs ≈ 1.13). 
These results indicate that although performance level remained strongly associated 
with calibration, confidence judgments also contributed significantly in the make-up 
exam. Overall, the findings for RQ1 indicate that the classic calibration pattern per-
sisted across exams, while confidence judgments emerged as a significant predictor 
of calibration in the second sitting.

3.2  RQ2. Change across repeated exams

Analyses of students who took both exams (n = 38) revealed significant within-stu-
dent changes. Calibration improved from Exam 1 (M = + 1.02, SD = 2.02) to Exam 
2 (M = -0.23, SD = 1.76), with a mean difference of 1.25 points, t(37) = 2.95, p = 
.005, Cohen’s d = 0.48, 95% CI [0.39, 2.11]. Confidence also increased significantly 
between exams, with a mean difference of − 0.76 points (reflecting higher confidence 
in Exam 2), t(37) = -4.37, p < .001, Cohen’s d = -0.71, 95% CI [− 1.12, − 0.41]. 
(Fig.  2A) illustrates the improvement in calibration, showing that most students 
shifted from overestimation toward more accurate self-assessment on the second 
attempt, whereas (Fig. 2B) shows the concurrent rise in confidence. Together, these 
paired plots indicate that students who failed the first exam adjusted both their moni-
toring accuracy and their confidence after additional study and exposure to feedback. 
Overall, the within-student analyses confirm that calibration accuracy improved 
between exams while confidence also increased, suggesting adaptive adjustments in 
metacognitive monitoring across repeated assessments. 

Fig. 1  Relation between actual exam performance and calibration across exams. Scatterplots illustrate 
the association between students’ actual exam scores (AES) and their calibration (Predicted - Actual 
score) for Exam 1 and Exam 2. Negative slopes indicate that lower-performing students tended to 
overestimate, whereas higher-performing students slightly underestimated their performance. Shaded 
areas represent 95% confidence intervals
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3.3  RQ3. Reproduction of classic patterns

Complementary group-based analyses descriptively reproduced the expected level 
of calibration. In Exam 1, failing students (actual exam score < 5) showed marked 
overestimation (M = + 2.17), low passing students were close to accurate (M = + 0.11), 
and high passing students slightly underestimated their performance (M = − 0.85). In 
Exam 2, a similar pattern was observed, although with a smaller failing subgroup 
(n = 7): failing students continued to overestimate (M = + 2.50), low passing students 
were close to accurate (M = -0.29), and high passing students underestimated (M = 
-0.96). Figure 3 presents raincloud plots with bootstrap-based confidence intervals, 
illustrating the distribution and 95% CIs of calibration for each performance group 
across exams. The descriptive pattern closely mirrored the continuous regression 
results, indicating that performance-level differences in calibration were consistent 
across sittings.

As an exploratory robustness check, we conducted non-parametric bootstrap resa-
mpling (5,000 iterations) to examine the stability of group-based estimates. The resa-
mpled confidence intervals were consistent with those obtained from the parametric 
analyses, supporting the robustness of the observed calibration pattern (see Supple-
mentary Appendix A for detailed estimation plots and intervals). 

3.4  RQ4. Robustness to artefacts

Finally, sensitivity analyses examined whether the observed improvements could 
be attributed to statistical artefacts rather than substantive change. Oldham’s cor-
relation between calibration change and the average of both exams was small and 

Fig. 2  Within-student changes in calibration and confidence judgments between exams. Panel A shows 
paired changes in calibration (Exam 1 → Exam 2), and Panel B shows corresponding changes in confi-
dence judgments (CJ, 1–5 scale). Each line represents an individual student. Boxplots and density plots 
on the right summarize score distributions. Students generally shifted toward more accurate calibration 
and higher confidence on the second attempt
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negative (r = − .14), suggesting that regression-to-the-mean effects were unlikely to 
fully account for the observed pattern. Additional regressions predicting calibration 
in Exam 2 from Exam 1 yielded consistent directional estimates, and standardizing 
calibration by baseline SD produced comparable results. Figure 4 illustrates these 
analyses: Panel A presents the Oldham plot, while Panel B shows the distribution of 

Fig. 4  Sensitivity analyses testing robustness to statistical artefacts. Panel A: Oldham plot showing the 
relationship between mean calibration (across exams) and change in calibration (Exam 2 – Exam 1), il-
lustrating minimal regression-to-the-mean bias. Panel B: Distribution of calibration change scores with 
mean ± 95% CI. Both panels indicate that improvements in calibration reflect genuine metacognitive 
adjustment rather than artefactual effects

 

Fig. 3  Calibration pattern by performance group with bootstrap confidence intervals. Mean calibration 
(Predicted – Actual) is displayed for three performance groups (Fail, low pass, high pass) in Exam 1 
and Exam 2. Ribbons depict 95% bootstrap confidence intervals based on 5,000 resamples. The classic 
pattern (i.e., overestimation among lower performers and underestimation among higher performers) 
persisted across both exams
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individual calibration changes with mean and bootstrap confidence intervals. Taken 
together, these analyses indicate that the improvements in calibration and confidence 
are unlikely to be solely explained by statistical artefacts. 

4  Discussion

In this study we examined students’ calibration accuracy and confidence judgments 
in an authentic, high-stakes assessment context, focusing on two consecutive uni-
versity exams. We aimed to examine whether the well-documented calibration pat-
tern across performance levels would replicate under authentic course conditions 
and whether calibration accuracy would improve with repeated testing and feedback 
opportunities. The findings revealed three consistent patterns. First, calibration accu-
racy varied systematically with performance level, such that low performers overes-
timated, average-performing students were relatively accurate, and high performers 
slightly underestimated their performance. Second, calibration and confidence jointly 
improved among students who took the make-up exam, indicating adaptive moni-
toring over time. Third, these changes persisted even after accounting for potential 
statistical artefacts, suggesting genuine shifts in self-evaluation rather than regres-
sion-to-the-mean effects.

These results are largely consistent with prior work, but they also extend the 
Dunning–Kruger framework by emphasizing its ecological validity in high-stakes 
educational settings. Rather than simply replicating the pattern under laboratory or 
low-stakes conditions, this study demonstrated that the calibration pattern persisted 
even when students’ performance had real academic consequences, offering a more 
context-sensitive understanding of metacognitive miscalibration. This pattern aligns 
with prior research demonstrating systematic, performance-based differences in cali-
bration (Kruger & Dunning, 1999; León et al.,2021; Miller & Geraci, 2011). Across 
both experimental and classroom settings, lower-achieving students tend to overesti-
mate their abilities, often due to limited metacognitive insight or knowledge deficits 
that hinder accurate self-evaluation. In contrast, high-achieving students may under-
estimate their performance reflecting elevated internal standards or conservative self-
judgment tendencies (Stankov & Lee, 2014). Our findings extend these findings to 
naturalistic university exams, suggesting that even in consequential settings, where 
performance carries academic and emotional weight, the classic calibration pattern 
remains remarkably robust. However, not all studies have found such improvement 
or stability in calibration. For instance, Bol et al. (2012) and Dinsmore and Parkinson 
(2013) reported mixed or null effects of feedback and practice on calibration accu-
racy, suggesting that contextual and methodological factors may moderate outcomes.

The within-student improvement observed among students who took the make-up 
exam can also be interpreted within the frameworks of error-driven learning and self-
regulated learning. (e.g., Zimmerman, 2000; Metcalfe, 2017). These models propose 
that discrepancies between expected and actual outcomes act as feedback signals 
that drive metacognitive adaptation. In this sense, the within-student improvement 
observed among students who took the make-up exam aligns with the notion of meta-
cognitive plasticity introduced earlier, referring to learners’ short-term capacity to 
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adjust monitoring accuracy in response to performance feedback, cognitive conflict, 
or affective cues. Such adaptability emerges through the interplay among feedback 
timing, task demands, and emotional factors that jointly foster recalibration of judg-
ments and refinement of learning strategies. Experiencing failure on the first exam 
likely provided concrete feedback on prior misjudgments, whereas the opportunity 
to retake the exam functioned as a feed-forward mechanism, supporting subsequent 
monitoring and regulation processes.

This pattern resonates with research showing that repeated testing with feedback 
can foster recalibration and more accurate confidence judgments (Hacker et al., 2008; 
León et al., 2023; Yan et al., 2023). It also aligns with the notion that calibration is 
not merely a static trait but a skill that develops through experience, reflection, and 
exposure to evaluative feedback. Importantly, the concurrent increase in confidence 
and accuracy among repeaters suggests that students learned not only to know more, 
but to know better what they knew, which represents a core indicator of improved 
metacognitive monitoring.

A deeper look into recent models of metacognitive development further supports 
these interpretations. For example, Efklides’ (2011) Metacognitive and Affective 
Model of Self-Regulated Learning posits that metacognitive monitoring and control 
processes are continuously shaped through feedback loops involving both cognitive 
and emotional components. In this light, the improvement observed in students who 
had to retake the exam can be seen as an adaptive response to dissonance between 
expected and actual outcomes. In other words, students who initially failed may have 
recalibrated not only their knowledge estimates but also their motivational orienta-
tion toward accuracy. Similarly, the improvement in confidence observed here mir-
rors findings from recent work on confidence–accuracy calibration (De Bruin & van 
Merriënboer, 2017), which emphasizes the reciprocal nature of monitoring and con-
trol: as learners refine their judgments, they also enhance their ability to allocate 
effort strategically.

From an educational perspective, these findings underscore the importance of 
designing assessment practices that support metacognitive development. Opportuni-
ties for self-assessment, combined with structured feedback, can help students cali-
brate their judgments more precisely (Van der Linden et al., 2023). Instructors can 
leverage exam reviews, formative assessments, or reflective prompts to encourage 
students to compare their predicted and actual performances, thereby transforming 
evaluation moments into learning opportunities (Arianto & Hanif, 2024; Teng et al., 
2024). Embedding such reflective cycles in higher education may foster a culture 
of metacognitive awareness, promoting more self-regulated, confident, and accurate 
learners.

4.1  Limitations

Despite these promising insights, several limitations warrant attention. The study was 
conducted within a single course and discipline, with a predominantly female sample 
typical of Early Childhood Education programs in Spain. Although this homogeneity 
aids internal validity, it may constrain generalizability across disciplines or cultures. 
Additionally, the modest size of the make-up exam subgroup (n = 38) limits statisti-
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cal power for detecting smaller effects, even though observed changes were con-
sistent and theoretically meaningful. Although all students had access to feedback 
following the first exam (e.g., answer keys, scoring rules, and optional review ses-
sions), individual feedback uptake was not systematically measured. Consequently, 
the extent to which recalibration was directly attributable to feedback engagement 
versus additional study or motivational factors cannot be fully determined. Future 
research should replicate these findings in diverse academic settings and incorporate 
direct indicators of feedback engagement (e.g., attendance logs, self-reports, or learn-
ing analytics) alongside longitudinal designs including multiple assessment cycles. 
Moreover, integrating qualitative measures (e.g., students’ explanations of their judg-
ments) could deepen insights into the mechanisms underlying calibration shifts.

5  Conclusion

Overall, this study not only reinforces the robustness of calibration patterns but also 
offers a bridge between theoretical insight and classroom practice. By integrating 
mechanisms such as error-driven learning, metacognitive plasticity, and self-regu-
lated learning cycles, it extends recent models (e.g., Efklides, 2011; Metcalfe, 2017) 
and contributes to ongoing debates about how feedback timing and confidence moni-
toring shape learning outcomes. This study contributes to a growing body of evidence 
that calibration accuracy, though imperfect, can improve through structured assess-
ment experiences. By situating calibration research within authentic educational 
practice, our findings highlight the complex links among cognition, motivation, and 
feedback in shaping students’ self-evaluation. Encouraging learners to reflect on both 
what they know and how well they know it may be one of the most powerful, yet 
underused, routes toward deeper learning and academic resilience.
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