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Introduction: Metacognition, or the ability to monitor and control one’s

cognitive processes, is critical for learning in self-regulated contexts, particularly

in introductory STEM courses. The ability to accurately make predictions about

one’s ability and performance can determine the e�ectiveness in which students

e�ectively prepare for exams and employ good study strategies. The Dunning-

Kruger pattern, where low-performing individuals are more overconfident and

less accurate at the ability to predict their performance than high-performing

individuals, is robustly found in studies examiningmetacognitivemonitoring. The

extent to which the Dunning-Kruger pattern can be explained by the lack of

metacognitive awareness is not yet established in the literature. In other words,

it is unclear from prior work whether low-performing students are “unskilled

and unaware” or simply “unskilled but subjectively aware.” In addition, arguments

about whether this pattern is a psychological phenomenon or a statistical artifact

of the measurement of metacognition can be found in the literature.

Methods: Students enrolled in three di�erent physics courses made predictions

about their exam scores immediately before and after taking each of the three

exams in the course. Student predictions were compared to their exam scores

to exam metacognitive accuracy. A new method for examining the cause of

the Dunning-Kruger e�ect was tested by examining how students adjust their

metacognitive predictions after taking exams.

Results: In all contexts low-performing students were more overconfident

and less accurate at making metacognitive predictions than high-performing

students. In addition, these students were less able to e�ciently adjust their

metacognitive predictions after taking an exam.

Discussion: The results of the study provide evidence for the Dunning-Kruger

e�ect being a psychological phenomenon. In addition, findings from this study

align with the position that the skills needed to accurately monitor one’s

performance are the same as those needed for accurate performance in the first

place, thus providing support for the “unskilled and unaware” hypothesis.
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1 Introduction

Learning in introductory science, technology, engineering, and mathematics (STEM)

courses is considered self-regulated because students act as active participants as they

interact with course material (Tuysuzoglu and Greene, 2015), and particularly when

studying for exams. Because students actively control their studying behaviors and

strategies, success within introductory STEM courses is largely due to the effectiveness

with which students engage in effective metacognitive monitoring and control processes
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(Greene and Azevedo, 2007; Winne and Hadwin, 1998;

Zimmerman, 2008). Grades in most introductory STEM courses

are largely determined by performance on these course exams.

However, the traditional one-shot exams given in introductory

STEM courses tend to measure students’ metacognitive ability to

recognize when they have sufficiently prepared for an exam as

much as these exams measure the students’ ability or willingness to

learn (Nelson, 1996). Because of the importance of metacognition

in performance on exams, success within introductory STEM

courses is due, at least in part, to the effectiveness with which

students can successfully engage in metacognitive monitoring and

control when preparing for exams.

Imagine a student who has exams inmultiple courses to prepare

for over the next 2 weeks. This student must determine how best to

allocate their time to maximize performance across all their exams.

To prepare effectively for their upcoming exams, this student needs

to consider which exams will require more of their study time and

determine the topics on which they should focus their efforts for

each exam. This means that this student needs to know how their

current knowledge or abilities compares to course expectations,

what their academic goals are for each course, and the amount

of time it will take to learn the subject material. In other words,

the student needs to engage in metacognitive monitoring to make

judgments about their current knowledge state for each course

and for each topic within the courses. After making metacognitive

judgments about their current knowledge state, the student uses

their epistemological beliefs (i.e., knowledge and beliefs about the

nature of learning), their metacognitive knowledge (i.e., knowledge

of, and beliefs about, potential cognitive strategies), and their

academic goal orientations (i.e., course specific performance or

mastery goals) to plan and enact study strategies. Along with their

academic goals for the course, the effectiveness of their study

strategies relies on the accuracy of their metacognitive knowledge

and monitoring, their beliefs about the speed at which learning can

occur, and their beliefs about the course expectations.

Metacognition, or the act of thinking about and regulating

cognitive processes, refers to the ability to monitor one’s current

learning, evaluate the learning against a criterion, and make and

execute plans to maximize one’s learning (Tobias and Everson,

2009). Metacognition is a multifaceted construct that includes

metacognitive knowledge derived from prior learning experiences,

and metacognitive skills such as monitoring and control (Dunlosky

and Metcalfe, 2009; Flavel, 1979). The ways that individuals engage

with course material, (i.e., metacognitive control strategies) depend

on the accuracy with which they monitor their current learning

(i.e., metacognitive monitoring), and their knowledge of, or

beliefs about, the effectiveness of different cognitive strategies (i.e.,

metacognitive knowledge). To study metacognitive monitoring,

learners are often asked to make metacognitive judgments about

their learning at various points during the learning process

(Dunlosky and Thiede, 2013). The accuracy of the metacognitive

judgments is often measured by examining the calibration, or

correspondence between the judgment and one’s performance

(Rhodes, 2015).

When engaged in self-regulated learning tasks, such as

preparing for an exam, students monitor their current level of

knowledge or understanding. If a discrepancy exists between

the learner’s self-assessed current state and an internal model

representing their desired state, the learner uses their metacognitive

knowledge about learning tomakemetacognitive control decisions.

These control decisions include the decision to continue or

terminate studying, to select new exemplar problems to study

(Dunlosky and Rawson, 2011; Mihalca et al., 2017; Wilkinson et al.,

2012) make changes to study strategies (Benjamin and Bird, 2006;

Desender et al., 2018; Morehead et al., 2017; Toppino et al., 2018),

and to revise answers during an exam (Couchman et al., 2016).

In other words, the predominant assumption underlying theories

of metacognition and theories of self-regulation is that there

is a dynamic and reciprocal relationship between metacognitive

monitoring and metacognitive control (Ariel et al., 2009; Greene

and Azevedo, 2007; Nelson and Narens, 1990; Soderstrom et al.,

2015; Winne and Hadwin, 2008). Because metacognitive control

decisions are dependent onmonitoring, the effectiveness of the self-

regulated learning process depends on the accuracy that learners

metacognitively monitor their learning.

The ability to monitor one’s task performance accurately

appears to largely overlap with the ability to accurately perform that

task (Ehrlinger et al., 2008; Kruger and Dunning, 1999; Morphew,

2021; Ohtani and Hisasaka, 2018). Low-performing students tend

to be more overconfident, and make less accurate metacognitive

judgments, than high-performing students. This well-known and

robust effect, commonly known as the Dunning-Kruger effect,

was first noted by Kruger and Dunning (1999) across a variety

of domains. The Dunning-Kruger effect has been replicated in

classrooms (Miller and Geraci, 2011a; Morphew, 2021; Rebello,

2012), in lab studies (Kelemen et al., 2007; Morphew et al., 2020),

and in real world contexts (Ehrlinger et al., 2008; Fakcharoenphol

et al., 2015; Miller and Geraci, 2011b).

While low-performing individuals exhibit greater

overconfidence and less metacognitive accuracy across a variety of

contexts, the reason for this pattern remains a source of debate.

One view is that the expertise and skills needed to produce good

performance on a task are the same type of expertise and skills

needed to produce accurate judgments of performance (Schlosser

et al., 2013). This view implies that low-performing individuals

tend to have poorer metacognitive monitoring skills than higher

performing individuals. From this perspective, low performing

students suffer from the dual curse of being both unskilled and

unaware of their lack of skill (Kruger and Dunning, 1999). From

this perspective the unawareness of low-performing students may

stem from the use of non-diagnostic cues such as fluency and

familiarity when studying passive learning materials (Ariel and

Dunlosky, 2011; Benjamin, 2005; Koriat, 1997; Koriat et al., 2014),

from unrealistic learning beliefs (Zhang et al., 2023), or from

an overly optimistic desire for a positive outcomes (Serra and

DeMarree, 2016; Simons, 2013). However, there is not a consensus

concerning whether low-performing students are aware of their

lack of metacognitive calibration (Händel and Dresel, 2018; Händel

and Fritzsche, 2016; Miller and Geraci, 2011a; Shake and Shulley,

2014).

An alternative view suggests that the Dunning-Kruger

effect shows that while lower-performing students are more

overconfident, they are subjectively aware of their metacognitive

inaccuracy. To measure metacognitive awareness some studies

have examined second-order metacognitive judgments (Dunlosky

et al., 2005). Studies using second order judgments typically
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ask individuals to make metacognitive judgments either before

or after completing a task, and then to rate their confidence in

their metacognitive judgments using a Likert-type scale. Studies

using second-order judgments have found that low-performing

students are often less confident in their judgments (Händel and

Fritzsche, 2016; Miller and Geraci, 2011a; Shake and Shulley,

2014). The pattern of lower second order judgments suggests the

lowest-performing students appear to demonstrate a subjective

awareness of their inaccurate metacognitive monitoring. However,

Dunlosky et al. (2005) noted that the relationship between

metacognitive judgments and second-order judgments follows

a U-shaped distribution even within subjects. In other words,

all individuals tend to be less confident for judgments at the

middle of a scale, compared to judgments at either extreme. It

might be that low-performing students make lower second-order

judgments because they make predictions that inherently evoke

lower confidence (i.e., predictions between 40% and 75%) rather

than because they possess a subjective metacognitive awareness. An

additional challenge to the subjectively aware interpretation comes

from a recent study that found low-performing students reported

higher second-order judgments for inaccurate postdictions than

for accurate postdictions, while the high-performing students

reported higher second-order judgments for accurate postdictions

(Händel and Dresel, 2018).

Another alternate view suggests that the Dunning-Kruger effect

may be a statistical artifact rather than a psychological construct.

Three main statistical explanations have been proposed to explain

the Dunning-Kruger effect pattern. The “above-average effect”

account suggests that all individuals tend to view themselves

as above average on a percentile scale, and that judgments

experience regression to the mean given that judgments and actual

performances are imperfectly correlated (Krueger and Mueller,

2002). This view suggests that the Dunning-Kruger effect should

disappear when controlling for test reliability. However, there

is conflicting evidence on whether the Dunning-Kruger effect

disappears when correcting for test reliability (Ehrlinger et al., 2008;

Krueger and Mueller, 2002; Kruger and Dunning, 2002).

The “noise plus bias” account suggests that individuals at

all ability levels are equally poor at estimating their relative

performance, and that task difficulty determines who is more

accurate (Burson et al., 2006). An important implication of this

perspective is that high-performing individuals are only more

accurate in their predictions for normatively easy tasks but

less accurate for normatively difficult tasks. While the “noise

plus bias” explanation holds for relative metacognitive judgments

(judgments of percentile rank), high-performing students are more

accurate in their absolute metacognitive judgments across tasks

of all difficulty levels even in Burson et al.’s data. In addition,

counterfactual regression analyses suggest that there are different

causes for miscalibration for low-performing individuals and

high-performing individuals when making relative metacognitive

judgments (Ehrlinger et al., 2008).

Finally, the “signal extraction” account suggests that the

asymmetry in the miscalibration of predictions is due to the

distribution of the participants rather than a difference in

metacognitive ability, such that low-performing students have a

more difficult inference problem than high-performing students

(Krajc and Ortmann, 2008). This view makes two testable

predictions about the nature of the Dunning-Kruger effect.

First, as ability becomes more normally distributed in a sample,

the asymmetric pattern of errors should disappear. However,

asymmetry in prediction accuracy between ability groups is evident

across several different sample distributions (Schlosser et al., 2013).

The second prediction made from this view is that the asymmetry

of metacognitive predictions should disappear as individuals

gain information about the nature of the assessments and their

performance. While some recent studies have found prediction

accuracy improvement over time (Hacker et al., 2008; Nietfeld

et al., 2006; Ryvkin et al., 2012), many others have found that low-

performing students typically do not improve their metacognitive

accuracy of the course of a semester (Ferraro, 2010; Foster et al.,

2017; Hacker et al., 2000; Miller and Geraci, 2011b; Morphew, 2021;

Nietfeld et al., 2005; Schlosser et al., 2013).

2 Research questions and hypotheses

This study uses a new method for examining the Dunning-

Kruger effect by comparing students’ predictions before taking

and exam to their post-dictions after taking an exam. Through

this method, the “unskilled and unaware” explanation for the

Dunning-Kruger effect is examined. The degree to which low-

performing students exhibit subjective awareness by examining

changes in metacognitive judgments made before and after

a task to determine whether individuals correctly adjust (or

maintain) their metacognitive judgment after taking exams. In this

paradigm, individuals can demonstratemetacognitive awareness by

appropriately adjusting their metacognitive judgments in both the

correct direction and magnitude (i.e., making more accurate post-

dictions, or leaving accurate predictions unchanged). In addition,

the evidence for the alternate statistical explanations of the

Dunning-Kruger effect is examined by measuring metacognitive

judgment accuracy in multiple ways and across multiple contexts.

RQ1: To what extent can the distribution of metacognitive

judgment accuracy be explained using statistical explanations when

different measures of judgment accuracy are used?

RQ2: To what extent do high-performing and low-performing

students demonstrate metacognitive awareness by changing their

exam score predictions?

The first research question examines the extent to which the

Dunning-Kruger effect exists as a psychological phenomenon.

The “above-average effect” account predicts that the asymmetric

pattern of judgement accuracy should disappear when controlling

for test reliability. The “noise plus bias” account predicts that

the asymmetric pattern of judgement accuracy should disappear

or reverse as exam averages decrease. The “signal extraction”

account predicts that the asymmetric pattern of judgement

accuracy should disappear or reduce over the course of a semester.

Finally, the “unskilled and unaware” account predicts that the

asymmetric pattern of judgement accuracy should remain under all

three conditions.

The second research question examines how students of

different abilities change, or maintain, their predicted grade

after completing exams. The “unskilled and unaware” account

predicts that low-performing students will be less likely to make

correct adjustments to their predictions or to reduce the initial
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miscalibration of their predictions by at least half after taking the

exam than high-performing students. Conversely the “unskilled

but subjectively aware” account predicts that low-performing

and high-performing students will be equally likely to make

correct adjustments to their predictions or to reduce the initial

miscalibration of their predictions by at least half after taking the

exam than high-performing students.

3 Methods

3.1 Participants

The research was conducted using the same methods across

three experiments in different courses to examine issues of

replication as well as address the research questions. Participants

in contexts 1 and 2 were enrolled in different semesters

of an algebra-based introductory physics course at a large

Midwestern university. Participants in context 3 were enrolled in

a calculus-based introductory physics course at the same large

Midwestern university.

3.1.1 Context 1
Participants were 326 Undergraduate students enrolled in an

algebra-based introductory physics course at a large Midwestern

university who completed all course exams and completed consent

forms at the beginning of the semester agreeing to participate

in this study. For ethical reasons, students were not required to

make predictions or postdicitons, therefore, not all students made

predictions and postdicitons for every exam. One student was

removed from the data analysis for predicting 0 for their exam

scores. Of the remaining 325 students who completed the course

the majority made predictions and postdictions on the first three

exams. On the first exam, 303 made predictions and 285 made

postdictions. On the second exam, 299 made predictions and 290

made postdictions. On the third exam, and 283 made predictions

and 278 made postdictions.1

To determine whether high or low performing students show

better metacognitive calibration or more improvement over time

the ability level of each student was estimated by calculating their

exam average across the course exams. Students were divided

into quartiles using the average scores from the course exams.

The average exam scores for each quartile were as follows: First

quartile [31%−53%], second quartile [53%−66%], third quartile

[66%−79%], and fourth quartile [79%−99%]. The exams varied

difficulty for this course as the means for the three exams were

72.4%, 58.0%, and 67.1% respectively.

3.1.2 Context 2
Participants were 284 Undergraduate students enrolled in an

algebra-based introductory physics course at a large Midwestern

university who completed consent forms at the beginning of the

1 Of the 327 students in the study, 247 made both predictions and

postdictions for all three exams. Results of all analyses presented are similar

if we include only these 247 students.

semester agreeing to participate in this study. For ethical reasons,

students were not required to make predictions or postdicitons,

therefore, not all students made predictions and postdicitons for

every exam. Of the 284 students who completed the course the

majority made predictions and postdictions on the first three

exams. On the first exam, 268 made predictions and 249 made

postdictions. On the second exam, 264 made predictions and 240

made postdictions. On the third exam, and 256 made predictions

and 246 made postdictions.2

To determine whether high or low performing students show

better metacognitive calibration or more improvement over time

the ability level of each student was estimated by calculating their

exam average across the course exams. Students were divided

into quartiles using the average scores from the course exams.

The average exam scores for each quartile were as follows: First

quartile [35%−61%], second quartile [61%−69%], third quartile

[69%−79%], and fourth quartile [79%−99%]. The exams varied

difficulty for this course as the means for the three exams were

72.3%, 61.3%, and 78.5% respectively.

3.1.3 Context 3
The results from the first two contexts may be due to the

population studied, as most students enrolled in the introductory

algebra-based course are life science or pre-med majors. These

students tend to have less experience and interest in physics

than students enrolled in the calculus-based introductory course,

where most students are physics or engineering majors. It is

possible that differences in interest and motivation contributes to

student’s metacognitive monitoring accuracy and how they make

metacognitive adjustments. Context 3 examines how students that

tend to have greater interest and experience with physics make and

adjust metacognitive predictions.

Participants were 989 undergraduate students enrolled in a

calculus-based introductory physics course at a large Midwestern

university who completed consent forms at the beginning of the

semester agreeing to participate in this study. Students in this

course tend to be physical science or engineering majors. For

ethical reasons, students were not required to make predictions

or postdicitons, therefore, not all students made predictions and

postdicitons for every exam. Of the 989 students, who completed all

course exams themajority made predictions and postdictions for all

three exams. On the first exam, 967made predictions and 777made

postdictions. On the second exam, 946 made predictions and 903

made postdictions. On the third exam, and 950 made predictions

and 836 made postdictions.3

Students were divided into quartiles using the average of the

course exams. The average exam scores for each quartile were as

follows: First quartile [37%−70%], second quartile [70%−79%],

third quartile [79%−87%], and fourth quartile [87%−100%]. The

2 Of the 284 students in the study, 210 made both predictions and

postdictions for all three exams. Results of all analyses presented are similar

if we include only these 210 students.

3 Of the 989 students in the study, 614 made both predictions and

postdictions for all three exams. The results of all analyses presented are

similar if we include only these students.
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exams for this course had relatively high averages and were more

consistent in difficulty than in the other contexts. The means for

the three exams were 79.0%, 78.4%, and 75.9% respectively.

3.2 Procedure

As part of the courses, students completed three computerized

midterm exams during the semester. Before beginning each exam,

students were prompted to make a prediction about their expected

performance on the exam using the prompt: “Before you begin the

exam, please take a second to think about what grade you anticipate

getting on this exam (0–100%). Try to be as accurate as you can

with your prediction.” After completing the exam students were

prompted to make a postdiction about their exam performance

using the prompt: “Now that you have completed the exam, we

would like you to reflect on how you did on the exam and what

grade you expect to receive (0–100%). Try to be as accurate as

you can with your prediction.” To motivate accurate metacognitive

judgments, students who predicted within 3% of their actual exam

grade were entered into a drawing for one of three $30 prizes on

each exam.

3.3 Measures

3.3.1 Bias
Students’ metacognitive bias was calculated by subtracting

their exam score from their prediction/postdiction so that positive

scores represent overconfidence and negative scores represent

underconfidence (Schraw, 2009).

Bias= Predictioni − Exami

3.3.2 Absolute bias
Calibration is often calculated by squaring the bias scores

(Schraw, 2009). While this allows for the analysis of the magnitude

of the bias, squaring the bias allows for larger deviations to have

greater impact on analyses. For this study, the magnitude of the

difference between metacognitive judgments and performance on

the exam was analyzed using absolute bias. Absolute bias was

calculated using the absolute value of the bias score, such that lower

scores represent more accurate metacognitive judgments.

Ab Bias=
∣

∣Predictioni − Exami

∣

∣

3.3.3 Adjusted bias
To examine the hypothesis that low performing students are

less accurate because the estimation of their proficiency is less

certain, an adjusted bias score was calculated for each student.

Adjusted bias was calculated by dividing the bias score by the

binomial standard error of the exam score.

Adj Bias=
Predictioni − Exami

SEscore

3.3.4 Metacognitive adjustment (MA)
To investigate the extent to which participants adjusted

their metacognitive judgments in response to the experience of

taking the exams, the change in absolute bias was calculated for

participants on each exam by subtracting the absolute bias of the

prediction from the absolute bias of the postdiction. Negative values

indicate that the absolute bias was reduced (i.e., the postdiction was

more accurate than the prediction), while positive values indicate

that the absolute bias increased (i.e., the postdiction was more

accurate than the prediction).

MA= Ab Biaspost − Ab Biaspre

3.3.5 Metacognitive adjustment correctness
(MAC)

To investigate whether participants made correct adjustments

to their metacognitive judgments from before to after exams, a

dichotomous adjustment score was calculated for participants on

each exam. A correct metacognitive adjustment was defined as

either making a postdiction that was closer to the actual exam score

than the prediction or was within five percentage points of the

actual exam score.4

3.3.6 Metacognitive adjustment e�ciency (MAE)
To investigate the extent to which participants made

metacognitive adjustments that were efficient in increasing the

accuracy of their metacognitive calibration, a dichotomous

adjustment efficiency score was calculated for participants on each

exam. A metacognitive adjustment was defined as efficient if either

the postdiction was within five percentage points of the actual

exam score, or if the absolute bias of the postdiction was at least

half of the absolute bias of the prediction.

3.4 Data analysis

All analyses were conducted using SAS Version 9.4. To

examine differences inmetacognitive monitoring accuracy between

ability groups Multivariate Analyses of Variance (MANOVAs)

were conducted for each measure of metacognitive accuracy to

control for Type I error inflation. Following significantMANOVAs,

Analyses of Variance (ANOVAs) were conducted for each exam.

For exams with significant ANOVAs, post-hoc pairwise tests were

conducted to determine the groups that differed using Tukey

adjustments. To examine whether ability groups differ in their

ability to correctly adjust their metacognitive judgments after

taking an exam, Chi-Square tests of independence were conducted

on the monitoring accuracy change and the metacognitive

adjustment efficiency scores. Finally, to explore differences in the

magnitude of the adjustments made, MANOVAs, followed by

ANOVAs, then post-hoc pairwise tests using Tukey adjustments

4 Five percent was selected as the criterion value because there are

typically between 23 and 27 questions on the exams, making each question

worth about five percentage points.
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were conducted on the metacognitive adjustment scores similar to

analyses for metacognitive accuracy as described above.

4 Results

4.1 Context 1

4.1.1 Metacognitive judgment accuracy
4.1.1.1 Bias scores

MANOVAs indicated that differences were found for both

predictions, F(3, 265) = 68.61, p < 0.001,Wilks’ Lambda= 0.56, and

postdictions, F(3, 249) = 31.61, p < 0.001,Wilks’ Lambda= 0.72. To

investigate the differences in overconfidence or underconfidence

based on ability on each exam, follow-up ANOVAswere conducted.

The distribution of bias scores were normally distributed for

each exam, however, Levene’s tests indicated that homogeneity

of variance could not be assumed for prediction bias scores on

any exam (all p < 0.05). Therefore, Welch’s ANOVA results are

reported in Table 1. Results indicate that ability groups differed

in both prediction and postdiction bias for every exam with large

effect sizes.

To examine which groups differed in their metacognitive

bias, post-hoc Tukey adjusted pairwise tests of mean differences

were conducted. Low-ability students demonstrated greater

overconfidence whenmakingmetacognitive judgments both before

and after taking exams than high-ability students (all p < 0.001),

and medium-high ability students (all p < 0.001) for every

exam. In addition, low-ability students demonstrated greater

overconfidence whenmakingmetacognitive judgments both before

and after taking exams than medium-low ability students on

the first and third exams (all p < 0.01). High-ability students

were less overconfident when making metacognitive judgments

before taking exams compared to medium-low ability students on

every exam (all p < 0.001), and less overconfident than medium-

high ability students on the first two exams (all p < 0.001).

Finally, high-ability students were less overconfident when making

metacognitive judgments after taking exams compared to medium-

low ability students (p < 0.001) and medium-high ability students

(p= 0.005) on the second exam.

4.1.1.2 Absolute bias scores

Shapiro-Wilk tests and examination of the q-q plots indicated

that the absolute bias scores were not distributed normally. While

MANOVA and ANOVA tests are robust to mild deviations from

normality, absolute bias scores were transformed by taking the

square root of the scores to be conservative. The transformed

scores were found to follow normal distributions. MANOVAs on

the transformed scores indicated that differences were found for

both predictions, F(3, 265) = 77.00, p < 0.001, Wilks’ Lambda =

0.53, and postdictions, F(3, 249) = 53.74, p < 0.001, Wilks’ Lambda

= 0.61. Levene’s tests indicated that homogeneity of variance could

be assumed for absolute bias scores for all exams except for the

postdictions for exam 3 (p= 0.026). Results from aWelch’s ANOVA

was similar for this exam; therefore, ANOVAs are reported in

Table 2. The results indicate that ability groups differed in absolute

bias for predictions and postdictions on every exam with large

effect sizes.

To examine which groups differed on absolute bias, post-hoc

Tukey adjusted pairwise tests of mean differences were conducted.

The predictions and postdictionsmade by low-ability students were

less accurate than those made by than high-ability and medium-

high ability students on every exam (all p< 0.001), and less accurate

thanmedium-low ability students on the first and third exams (both

p < 0.001), but not the second exam (p > 0.11). For high-ability

students, both the predictions and postdictions made were more

accurate than those made by medium-low ability students on every

exam (all p< 0.02) andmedium-high ability students on the second

and third exams (all p < 0.01).

4.1.1.3 Adjusted bias scores

MANOVAs on the transformed scores indicated that

differences were found for both predictions, F(3, 265) = 61.96, p <

0.001,Wilks’ Lambda= 0.59, and postdictions, F(3, 249) = 28.40, p<

0.001, Wilks’ Lambda = 0.75. Shapiro-Wilk tests and examination

of the q-q plots indicated that the adjusted bias scores were not

distributed normally for most exams. Therefore Kruskal-Wallis

tests are reported in Table 3. The results indicate that ability groups

differed in absolute bias for predictions and postdictions on every

exam with large effect sizes.

To examine which groups differed on absolute bias, post-hoc

pairwise comparisons were analyzed using the Dwass, Steel and

Critchlow-Flinger method. The results indicate that low-ability

students were more overconfident than high-ability and medium-

high ability students (all p < 0.001) on every exam even when

correcting for prediction uncertainty. Low-ability students were

also more overconfident than medium-low ability students before

every exam (all p< 0.04), and after the first and third exams (all p<

0.03) even when correcting for prediction uncertainty. High-ability

students were less overconfident than medium-low ability students

on every exam (all p< 0.014), andmedium-high ability students on

the first and second exams (all p < 0.03).

4.1.2 Changes in metacognitive judgments
To examine whether ability groups differ in their ability to

correctly adjust their metacognitive judgments after taking an

exam, Chi-Square tests of independence were conducted on the

monitoring accuracy change scores. The percentage of students

who made correct monitoring accuracy changes within each ability

group can be found in Table 4. The results indicate that there was

no difference between the ability groups in making monitoring

accuracy changes on the any of the three exams (all p > 0.08).

To examine differences in the effectiveness of the students’

metacognitive adjustments, differences in the magnitude of the

metacognitive adjustments were examined. A MANOVA on the

metacognitive adjustments indicated that differences were found

for metacognitive adjustments, F(3, 242) = 12.65, p < 0.001, Wilks’

Lambda= 0.86. The distribution of the metacognitive adjustments

were relatively normally distributed for each exam and Levene’s

tests indicated that homogeneity of variance could be assumed

for all exams (all p > 0.06). Therefore, ANOVAs were conducted

on the metacognitive adjustment scores for each exam and the

results are found in Table 5. The results indicate that ability groups

differed in their metacognitive adjustments on all exams. Post-

hoc Tukey adjusted pairwise tests of mean differences indicated
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TABLE 1 Welch’s ANOVA results and descriptive statistics of bias by ability group.

Low Low-mid High-mid High Welch’s ANOVA

M SD M SD M SD M SD F df η
2
p

Predictions

Exam 1 17.26 15.28 8.03 11.25 5.65 10.94 −2.34 7.38 40.48∗∗ 3, 157.3 0.27

Exam 2 28.71 15.32 23.50 11.73 13.51 13.84 4.77 9.58 61.43∗∗ 3, 158.4 0.35

Exam 3 18.08 16.59 11.01 13.61 4.53 12.65 0.32 9.36 23.56∗∗ 3, 150.6 0.20

Postdictions

Exam 1 12.56 16.79 1.22 13.03 1.46 12.29 −2.00 8.15 11.04∗∗ 3, 144.1 0.12

Exam 2 22.51 17.71 19.51 12.44 10.43 13.18 2.89 11.12 34.10∗∗ 3, 154.2 0.25

Exam 3 13.50 17.34 6.54 13.12 2.84 11.81 0.62 8.32 14.34∗∗ 3, 145.9 0.16

∗∗p < 0.001.

TABLE 2 ANOVA results and descriptive statistics of absolute bias by ability group.

Low Low-mid High-mid High ANOVA

M SD M SD M SD M SD F df η
2
p

Predictions

Exam 1 19.59 12.10 10.63 8.80 9.82 7.36 5.93 4.94 29.23∗∗ 3, 299 0.23

Exam 2 28.98 14.79 23.51 11.71 16.06 10.72 8.59 6.34 44.60∗∗ 3, 295 0.31

Exam 3 21.40 11.92 14.85 9.20 10.91 7.75 5.53 5.49 26.59∗∗ 3, 279 0.22

Postdictions

Exam 1 17.12 12.02 9.64 8.77 10.01 7.18 5.80 6.03 21.60∗∗ 3, 281 0.19

Exam 2 24.80 14.27 20.34 11.01 14.40 8.59 8.79 7.33 32.11∗∗ 3, 286 0.25

Exam 3 18.43 11.87 11.85 8.55 9.37 7.65 6.52 5.15 18.85∗∗ 3, 274 0.17

∗∗p < 0.001.

TABLE 3 Kruskal-Wallis results and descriptive statistics of adjusted bias by ability group.

Low Low-mid High-mid High Kruskal-Wallis

M SD M SD M SD M SD χ
2 (3) p η

2
p

Predictions

Exam 1 1.59 1.48 0.74 1.07 0.50 1.23 −1.65 3.42 91.48 <0.0001 0.26

Exam 2 2.89 1.81 2.14 1.09 1.23 1.32 0.17 2.14 101.87 <0.0001 0.28

Exam 3 1.68 1.55 0.99 1.30 0.35 1.36 −0.28 1.66 25.59 <0.0001 0.19

Postdictions

Exam 1 1.16 1.60 0.07 1.29 0.01 1.44 −1.14 2.84 52.04 <0.0001 0.16

Exam 2 2.27 1.96 1.78 1.15 0.95 1.26 −0.19 3.15 72.52 <0.0001 0.17

Exam 3 1.25 1.61 0.57 1.26 0.18 1.35 −0.21 1.50 17.08 0.0007 0.12

that low-ability students made larger metacognitive adjustments

than high-ability students on all exams (all p < 0.02), and larger

metacognitive adjustments than medium high-ability students on

the third exam (p= 0.02). In addition,medium-low-ability students

made larger metacognitive adjustments the first and third exam

than high-ability students (both p < 0.01).

To examine the effectiveness of the metacognitive adjustments

made by the different ability groups, Chi-Square tests of

independence were conducted on the metacognitive adjustment

efficiency scores (Table 4). The results indicate differences in

metacognitive adjustment efficiency between ability groups on all

three exams (all p < 0.05). To identify whether high-ability and

low-ability groups differed in metacognitive adjustment efficiency,

three pair-wise Chi-Square tests of independence were conducted

to compare the high-ability group to the low ability group for each

exam. Because three Chi-Square tests were conducted, a Bonferroni

correction wasmade to the critical alpha level such that α= 0.016 to

avoid type I error inflation. The results indicate that students in the
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TABLE 4 Chi square tests of independence results and descriptive statistics of monitoring accuracy and metacognitive adjustment e�ciency by ability

group.

Low Low-mid High-mid High χ
2 (3) p

Monitoring accuracy change

Exam 1 63.2 58.0 52.2 72.2 6.67 0.08

Exam 2 60.6 61.1 61.1 53.3 1.39 0.71

Exam 3 52.5 67.1 64.3 60.0 3.27 0.35

Metacognitive adjustment e�ciency

Exam 1 26.5 40.6 37.3 64.6 23.59 <0.0001

Exam 2 12.1 19.4 22.2 37.7 14.13 0.003

Exam 3 25.4 41.1 40.0 50.0 8.19 0.04

TABLE 5 ANOVA results and descriptive statistics of metacognitive adjustments by ability group.

Low Low-mid High-mid High ANOVA

M (SD) N M (SD) N M (SD) N M (SD) N F df η
2
p

Predictions

Exam 1 −4.7

(12.0)

68 −6.0

(8.5)

69 −3.9

(9.0)

67 0.4 (6.2) 79 6.99∗∗ 3, 282 0.07

Exam 2 −6.0

(10.6)

66 −4.5

(9.1)

72 −2.9

(7.4)

72 −1.5

(7.5)

77 3.46∗ 3, 283 0.04

Exam 3 −6.1

(10.6)

59 −4.6

(9.2)

73 −1.6

(7.3)

70 0.4 (7.0) 70 7.72∗∗ 3, 268 0.07

∗p < 0.05, ∗∗p < 0.01.

TABLE 6 ANOVA results and descriptive statistics of bias by ability group.

Low Low-mid High-mid High ANOVA

M SD M SD M SD M SD F df η
2
p

Predictions

Exam 1 23.02 11.59 12.96 11.07 10.54 10.86 0.30 8.92 50.75∗∗ 3, 264 0.37

Exam 2 23.01 15.44 18.43 14.20 13.69 13.85 6.05 10.26 18.51∗∗ 3, 260 0.18

Exam 3 7.55 13.60 −1.20 10.68 −0.55 13.05 −1.46 9.49 8.33∗∗ 3, 251 0.09

Postdictions

Exam 1 15.37 13.21 11.04 12.57 9.08 11.17 0.80 7.91 17.95∗∗ 3, 245 0.18

Exam 2 14.56 14.39 10.61 17.11 6.73 14.74 2.36 11.09 8.06∗∗ 3, 236 0.09

Exam 3 8.42 11.08 0.32 12.12 −0.26 13.69 0.47 9.59 7.61∗∗ 3, 241 0.09

∗∗p < 0.001.

high-ability group were more likely to adjust their metacognitive

judgments so that they were either within five percentage points

of their actual performance or reduce their Miscalibration by at

least 50% compared to students in the low-ability group (all p <

0.006) on every exam. Correlation analyses indicated a significant

positive correlation between metacognitive adjustments and exam

score on all exams (r = 0.14, 0.31, 0.24 respectively), indicating

that lower performing students made larger negative metacognitive

adjustments. This can also be seen in the significant negative

correlation was also observed between the magnitude of the

metacognitive adjustment and exam score on all exams (r =−0.24,

−0.27,−0.24 respectively).

To examine why the high-ability group differed in making

efficient adjustments to their metacognitive judgments, the

percentage of individuals who did not make changes to their

metacognitive judgments was compared. Three Chi-square

tests of independence indicated that high-ability students

were not less likely than the other groups to make changes

in their metacognitive judgments after taking every exam

(all p > 0.23).
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4.2 Context 2

4.2.1 Metacognitive judgment accuracy
4.2.1.1 Bias scores

MANOVAs indicated that differences were found for both

predictions, F(3, 245) = 47.82, p < 0.001,Wilks’ Lambda= 0.63, and

postdictions, F(3, 210) = 18.59, p < 0.001,Wilks’ Lambda= 0.79. To

investigate the differences in overconfidence or underconfidence

based on ability on each exam, follow-up ANOVAswere conducted.

The distribution of bias scores were normally distributed for

each exam, however, Levene’s tests indicated that homogeneity

of variance could not be assumed for prediction bias scores on

the second exam (p = 0.04). Results from Welch’s ANOVAs

were similar for all exams; therefore, ANOVA results are reported

in Table 6. Results indicate that ability groups differed in both

prediction and postdiction bias for every exam.

To examine which groups differed in their metacognitive

bias, post-hoc Tukey adjusted pairwise tests of mean differences

were conducted. Low-ability students demonstrated greater

overconfidence whenmakingmetacognitive judgments both before

and after taking exams than high-ability students (all p < 0.001),

and medium-high ability students (all p < 0.02) for every exam. In

addition, low-ability students demonstrated greater overconfidence

when making metacognitive judgments before taking exams than

medium-low ability students on the first and third exams (all p <

0.001) and after taking the third exam (p = 0.001). High-ability

students were less overconfident when making metacognitive

judgments before and after taking the first and second exams

compared to medium-low ability students (all p < 0.01), and less

overconfident thanmedium-high ability students on the first exams

(all p < 0.004).

4.2.1.2 Absolute bias scores

Shapiro-Wilk tests and examination of the q-q plots indicated

that the absolute bias scores were not distributed normally. While

MANOVA and ANOVA tests are robust to mild deviations from

normality, absolute bias scores were transformed by taking the

square root of the scores to be conservative. The transformed

scores were found to follow normal distributions. MANOVAs on

the transformed scores indicated that differences were found for

both predictions, F(3, 245) = 49.50, p < 0.001, Wilks’ Lambda =

0.62, and postdictions, F(3, 210) = 27.50, p< 0.001,Wilks’ Lambda=

0.72. Levene’s tests indicated that homogeneity of variance could be

assumed for absolute bias scores for all exams except for predictions

on the first and second exams (both p< 0.05). Results fromWelch’s

ANOVAs were similar for all exams; therefore, ANOVA results are

reported in Table 7. The results indicate that ability groups differed

in absolute bias for predictions and postdictions on every exam.

To examine which groups differed on absolute bias, post-hoc

Tukey adjusted pairwise tests of mean differences were conducted.

Predictions and postdictions made by low-ability students were less

accurate than those made by than high-ability students on every

exam (all p < 0.01), and less accurate than medium-high ability

students on the first exam (both p < 0.04). In addition, predictions

made by low-ability students were less accurate than those made

by medium-high ability students on the second and third exams

(both p < 0.001), and medium-low ability students on the first

and third exams (both p < 0.001). For high-ability students, both

the predictions and postdictions made on the first and second

exams were more accurate than those made by medium-high

ability students (all p < 0.04), and medium-low ability students (all

p < 0.001).

4.2.1.3 Adjusted bias scores

MANOVAs on the transformed scores indicated that

differences were found for both predictions, F(3, 245) = 33.74,

p < 0.001, Wilks’ Lambda = 0.71, and postdictions, F(3, 210) =

16.85, p < 0.001, Wilks’ Lambda = 0.81. Shapiro-Wilk tests and

examination of the q-q plots indicated that the adjusted bias

scores were not distributed normally for most exams. Therefore

Kruskal-Wallis tests are reported in Table 8. The results indicate

that ability groups differed in absolute bias for predictions and

postdictions on every exam.

To examine which groups differed on absolute bias, post-

hoc pairwise comparisons were analyzed using the Dwass, Steel

and Critchlow-Flinger method. The results indicate that low-

ability students were more overconfident than high-ability students

(all p < 0.002) on every exam even when correcting for

prediction uncertainty.

4.2.2 Changes in metacognitive judgments
To examine whether ability groups differ in their ability to

correctly adjust their metacognitive judgments after taking an

exam, Chi-Square tests of independence were conducted on the

monitoring accuracy change scores. The percentage of students

who made correct monitoring accuracy changes within each ability

group can be found in Table 9. The results indicate that there

was a difference between the ability groups in making monitoring

accuracy changes on the first exam (p= 0.05), but not on the second

and third exams (both p > 0.35).

To examine differences in the effectiveness of the students’

metacognitive adjustments, differences in the magnitude of

metacognitive adjustments were examined. A MANOVA indicated

that differences were found for prediction adjustment magnitude,

F(3, 206) = 6.38, p < 0.001, Wilks’ Lambda = 0.91. The

distribution of the metacognitive adjustments were relatively

normally distributed for each exam, however Levene’s tests

indicated that homogeneity of variance could not be assumed for

the first exam. A Welch’s ANOVAs was conducted for exam one,

but since the results were similar, ANOVAs are reported in Table 10.

Results indicate that ability groups differed in their metacognitive

adjustments on the second exam, but not for the first and third

exams. Post-hoc Tukey adjusted pairwise tests indicated that low-

ability students made larger metacognitive adjustments on the

first two exams than high-ability students (both p < 0.006) and

medium-high ability students on the first exam (p < 0.001).

To examine the effectiveness of the metacognitive adjustments

made by the different ability groups, Chi-Square tests of

independence were conducted on the metacognitive adjustment

efficiency scores. The percentage of students who made efficient

metacognitive adjustments within each ability group can be found

in Table 9. The results indicate that there was a difference in

metacognitive adjustment efficiency between ability groups on the

first exam (p < 0.001), but not on the second and third exams

(both p > 0.10). The results from the first exam indicates that
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TABLE 7 Welch’s ANOVA results and descriptive statistics of absolute bias by ability group.

Low Low-mid High-mid High Welch’s ANOVA

M SD M SD M SD M SD F df η
2
p

Predictions

Exam 1 23.47 10.63 14.11 9.54 12.22 8.89 6.57 5.99 48.49∗∗ 3, 146.1 0.31

Exam 2 23.48 14.70 20.86 10.24 15.95 11.13 9.39 7.27 23.38∗∗ 3, 143.7 0.19

Exam 3 12.78 8.76 8.02 7.08 10.05 8.25 7.30 6.18 6.20∗∗ 3, 139.0 0.07

Postdictions

Exam 1 17.23 10.62 13.24 10.18 12.02 7.86 5.60 5.60 22.19∗∗ 3, 245 0.21

Exam 2 17.04 11.28 16.89 10.81 12.91 9.70 8.70 7.19 10.18∗∗ 3, 236 0.11

Exam 3 11.30 8.07 8.92 8.12 10.93 8.13 7.19 6.30 4.41∗ 3, 241 0.05

∗p < 0.005, ∗∗p < 0.001.

TABLE 8 Kruskal-Wallis results and descriptive statistics of adjusted bias by ability group.

Low Low-mid High-mid High Kruskal-Wallis

M SD M SD M SD M SD χ
2 (3) p η

2
p

Predictions

Exam 1 2.11 1.06 1.23 1.04 1.04 1.10 −1.67 4.34 93.60 <0.0001 0.27

Exam 2 2.13 1.47 1.66 1.29 1.26 1.28 0.45 1.61 41.36 <0.0001 0.16

Exam 3 0.69 1.30 −0.19 1.17 −0.79 3.70 −1.88 4.97 25.59 <0.0001 0.08

Postdictions

Exam 1 1.40 1.22 1.05 1.22 0.88 1.27 −0.95 3.06 50.15 <0.0001 0.19

Exam 2 1.35 1.37 0.96 1.56 0.60 1.40 0.00 1.92 23.12 <0.0001 0.09

Exam 3 0.78 1.07 −0.01 1.35 −0.44 2.59 −0.94 3.70 17.08 0.0007 0.06

TABLE 9 Chi square tests of independence results and descriptive statistics of monitoring accuracy and metacognitive adjustment e�ciency by ability

group.

Low Low-mid High-mid High χ
2 (3) p

Monitoring accuracy change

Exam 1 70.0 56.7 51.6 71.4 7.71 0.05

Exam 2 72.9 65.5 62.3 58.7 2.88 0.41

Exam 3 45.8 60.3 49.2 57.1 3.29 0.35

Metacognitive adjustment e�ciency

Exam 1 25.0 28.3 23.4 63.5 29.96 <0.001

Exam 2 27.1 29.1 27.9 34.9 1.11 0.77

Exam 3 30.5 43.1 34.9 50.8 6.19 0.10

TABLE 10 ANOVA results and descriptive statistics of metacognitive adjustments by ability group.

Low Low-mid High-mid High ANOVA

M SD M SD M SD M SD F df η
2
p

Predictions

Exam 1 −5.69 8.92 −0.73 8.47 −0.41 5.72 −1.12 4.81 7.33∗ 3, 243 0.08

Exam 2 −5.58 8.01 −3.28 9.96 −2.12 8.63 −0.55 6.40 3.95∗ 3, 234 0.05

Exam 3 −1.31 7.86 0.42 7.37 0.76 6.22 0.19 4.63 1.14 3, 239 0.01

∗p ≤ 0.01.

Frontiers in Education 10 frontiersin.org

https://doi.org/10.3389/feduc.2024.1389592
https://www.frontiersin.org/journals/education
https://www.frontiersin.org


Morphew 10.3389/feduc.2024.1389592

students in the high-ability group were about 2.5 times more

likely to adjust their metacognitive judgments so that they were

either within five percentage points of their actual performance

or reduce their miscalibration by at least 50% compared to other

ability groups. Correlation analyses indicated a significant positive

correlation between metacognitive adjustments and exam score on

the first two exams (r = 0.33, 0.30, 0.04 respectively), indicating

that lower performing students made larger negative metacognitive

adjustments. This can also be seen in the significant negative

correlation was also observed between the magnitude of the

metacognitive adjustment and exam score on the first two exams

(r =−0.34,−0.21,−0.12 respectively).

To examine why the high-ability group differed in making

correct and efficient adjustments to their metacognitive judgments

on the first exam but not on the second and third exams, the

percentage of individuals who did not make changes to their

metacognitive judgments was compared. Three Chi-square tests of

independence indicated that high-ability students were less likely

than the other groups to make changes in their metacognitive

judgments after taking the first exam (p = 0.01), but not for the

second and third exams (both p > 0.51).

4.3 Context 3

4.3.1 Metacognitive judgment accuracy
4.3.1.1 Bias scores

The distribution of the bias scores were normally distributed

for each exam. MANOVAs indicated that differences were found

for both predictions, F(3, 894) = 215.88, p < 0.001,Wilks’ Lambda=

0.58, and postdictions, F(3, 631) = 59.89, p < 0.001, Wilks’ Lambda

= 0.78. Levene’s tests indicated that homogeneity of variance could

not be assumed for all bias scores (all p < 0.005). Therefore,

Welch’s ANOVAs were conducted on the bias scores for each exam.

The means, standard deviations, and ANOVA results are found in

Table 11. The results indicate that ability groups differed in both

prediction and postdiction bias for every exam.

Post-hoc Tukey adjusted pairwise tests of mean differences

indicated that low-ability students demonstrated greater

overconfidence when making metacognitive judgments both

before and after taking exams than high-ability students (all p <

0.001), medium-high ability students (all p < 0.001), and medium-

low ability students (all p < 0.001) for every exam. High-ability

students were less overconfident when making metacognitive

judgments before taking exams compared to medium-low ability

students (all p < 0.001), and medium-high ability students (all p <

0.005) for every exam. In addition, high-ability students were less

overconfident when making metacognitive judgments after taking

exams compared to medium-low ability students on every exam

(all p < 0.005).

4.3.1.2 Absolute bias scores

The distribution of the absolute bias scores were not normally

distributed, therefore, they were transformed using a square

root transformation, resulting in relatively normal distributions.

MANOVAs indicated that differences were found for both

predictions, F(3, 894) = 206.60, p < 0.001, Wilks’ Lambda = 0.59,

and postdictions, F(3, 631) = 74.85, p < 0.001, Wilks’ Lambda =

0.74. Levene’s tests indicated that homogeneity of variance could

not be assumed for the absolute bias of predictions on every exam

(all p < 0.001), and the absolute bias of postdictions on the first

and final exams (p < 0.005). Therefore, six Welch’s ANOVAs were

conducted on the transformed absolute bias scores. The means,

standard deviations, and Welch’s ANOVA results are found in

Table 12. The results indicate that ability groups differed in absolute

bias for both predictions and postdictions on every exam.

Post-hoc Tukey adjusted pairwise tests of mean differences

indicated that both the predictions and postdictions made by low-

ability students were less accurate on every exam than those made

by than high-ability students (all p < 0.001), medium-high ability

students (all p < 0.001), and medium-low ability students (all

p < 0.001) for every exam. For high-ability students, both the

predictions and postdictions made were more accurate than those

made by medium-low ability students (all p < 0.001) for every

exam. In addition, predictions made by high-ability students were

more accurate than thosemade bymedium-high ability students on

the first and third exams (all p < 0.01), while the postdictions were

more accurate on the first and second exams (all p < 0.03).

4.3.1.3 Adjusted bias scores

Shapiro-Wilk tests and examination of the q-q plots indicated

that the adjusted bias scores were not distributed normally;

therefore, Kruskal-Wallis tests are reported in Table 13. The results

indicate that ability groups differed in absolute bias for predictions

and postdictions on every exam.

To examine which groups differed on absolute bias, post-hoc

pairwise comparisons were analyzed using the Dwass, Steel and

Critchlow-Flinger method. The results indicate that low-ability

students were more overconfident than high-ability students and

medium-high ability students on ever exam (all p < 0.001),

and high ability students were less overconfident than medium-

low ability students on every exam even when correcting for

prediction uncertainty.

4.3.2 Changes in metacognitive judgments
To examine whether ability groups differ in their ability

to correctly adjust their metacognitive judgments after taking

an exam, Chi-Square tests of independence were conducted

on monitoring accuracy change and metacognitive adjustment

efficiency scores. The percentage of students who made correct

monitoring accuracy changes and efficient metacognitive

adjustments within each ability group can be found in Table 14.

The results indicate that low-ability students were more likely to

reduce or maintain their monitoring accuracy on exam 1 (p <

0.001), but not on the other two exams (p > 0.10). However, high

ability students were more likely to adjust their metacognitive

judgments so that they were either within five percentage points of

their actual performance or reduce their miscalibration by at least

50% compared to students in the low-ability group (all p < 0.005)

on every exam (all p < 0.004).

To examine why the high-ability group differed in making

correct and efficient adjustments to their metacognitive judgments,

the percentage of individuals who did not make changes to

their metacognitive judgments was compared. Three Chi-square

tests of independence indicated that high-ability students were
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TABLE 11 Welch’s ANOVA results and descriptive statistics of bias by ability group.

Low Low-mid High-mid High Welch’s ANOVA

M SD M SD M SD M SD F df η
2
p

Predictions

Exam 1 17.01 14.11 8.84 11.56 4.39 9.63 −0.98 8.33 84.95∗∗ 3, 529.3 0.23

Exam 2 14.24 13.80 5.05 11.24 1.12 9.10 −2.35 8.73 86.57∗∗ 3, 516.7 0.24

Exam 3 14.28 13.23 7.70 10.20 3.89 8.56 −0.21 7.84 79.93∗∗ 3, 518.3 0.22

Postdictions

Exam 1 11.17 13.79 5.62 11.77 2.50 10.36 −0.01 8.85 32.81∗∗ 3, 419.9 0.12

Exam 2 10.21 13.53 2.50 10.65 0.80 9.07 −1.82 7.16 46.69∗∗ 3, 484.6 0.16

Exam 3 7.82 14.15 2.99 10.55 0.73 9.44 −0.54 8.50 19.47∗∗ 3, 454.9 0.08

∗∗p < 0.001.

TABLE 12 Welch’s ANOVA results and descriptive statistics of absolute bias by ability group.

Low Low-mid High-mid High Welch’s ANOVA

M SD M SD M SD M SD F df η
2
p

Predictions

Exam 1 18.99 11.30 11.45 8.97 8.33 6.51 6.03 5.81 102.31∗∗ 3, 533.6 0.25

Exam 2 16.46 11.05 9.68 7.62 7.23 5.62 6.19 6.58 67.25∗∗ 3, 521.2 0.20

Exam 3 16.44 10.41 10.52 7.25 7.58 5.53 6.03 4.99 75.62∗∗ 3, 523.3 0.21

Postdictions

Exam 1 14.63 10.02 10.26 8.04 8.38 6.56 6.61 5.86 33.98∗∗ 3, 424.2 0.12

Exam 2 13.46 10.29 8.66 6.65 7.29 5.42 5.58 4.83 36.63∗∗ 3, 493.8 0.12

Exam 3 12.92 9.70 8.56 6.83 7.30 6.01 6.45 5.54 27.35∗∗ 3, 460.1 0.10

∗∗p < 0.0001.

TABLE 13 Kruskal-Wallis results and descriptive statistics of adjusted bias by ability group.

Low Low-mid High-mid High Kruskal-Wallis

M SD M SD M SD M SD χ
2 (3) p η

2
p

Predictions

Exam 1 1.55 1.38 0.74 1.72 0.18 2.16 −0.76 3.00 191.22 <0.0001 0.13

Exam 2 1.30 1.28 0.43 1.30 −0.15 1.74 −1.70 3.58 235.00 <0.0001 0.20

Exam 3 1.32 1.25 0.74 1.04 0.29 1.32 −0.93 3.27 185.22 <0.0001 0.15

Postdictions

Exam 1 0.98 1.39 0.43 1.52 −0.18 2.95 −0.99 3.33 76.33 <0.0001 0.08

Exam 2 0.93 1.27 0.19 1.17 −0.14 1.47 −1.51 3.51 142.20 <0.0001 0.15

Exam 3 0.72 1.36 0.27 1.08 −0.07 1.43 −0.92 3.26 60.17 0.0007 0.08

less likely than the other groups to make changes in their

metacognitive judgments after taking every exam (all p < 0.003).

Correlation analyses indicated a significant positive correlation

between metacognitive adjustments and exam score on all exams

(r = 0.41, 0.19, 0.29 respectively), indicating that lower performing

students made larger negative metacognitive adjustments. This can

also be seen in the significant negative correlation was also observed

between the magnitude of the metacognitive adjustment and exam

score on all exams (r =−0.38,−0.26,−0.33 respectively).

The distribution for the magnitude of the metacognitive

adjustments were normally distributed for each exam. AMANOVA

indicated that different ability groups differences were found for

prediction adjustment magnitude, F(3, 610) = 34.03, p < 0.001,

Wilks’ Lambda = 0.86. Levene’s tests indicated that homogeneity
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TABLE 14 Chi square tests of independence results and descriptive statistics of monitoring accuracy and metacognitive adjustment e�ciency by ability

group.

Low Low-mid High-mid High χ
2 (3) p

Monitoring accuracy change

Exam 1 69.1 52.5 52.2 56.0 14.89 0.001

Exam 2 62.0 53.2 59.0 64.2 6.31 0.10

Exam 3 62.0 65.0 60.6 55.7 3.92 0.27

Metacognitive adjustment e�ciency

Exam 1 28.8 32.2 38.3 47.5 16.92 <0.001

Exam 2 33.3 34.7 44.9 57.1 33.03 <0.001

Exam 3 32.5 47.3 45.3 48.1 13.11 0.004

of variance could not be assumed for all exams, so Welch’s

ANOVAs were conducted. The means, standard deviations, and

Welch’s ANOVA results are found in Table 15. Results indicate

that ability groups differed in the magnitude of their metacognitive

adjustments on all exams. Post-hoc Tukey adjusted pairwise tests

indicated that low-ability students made larger metacognitive

adjustments than high ability students (all p< 0.006) and medium-

high ability students on all exams (p < 0.001), however medium-

low ability students only made larger adjustments than high ability

students on exam 3 (p= 0.001).

5 Discussion

The results suggest that differences in metacognitive accuracy

are likely to have a psychological rather than statistical cause.

Across all three contexts, low-performing students were more

overconfident across all exams when predicting their exam grades

than high-performing students. While predictions made before

taking the exam might reflect perceptions of the material that

might show up on an exam, this overconfidence remained for

judgments made after completing the exam. The Dunning-Kruger

pattern was found for both bias scores and absolute bias scores

with similar effect sizes for both measures. This suggests that

this difference is related to differences in metacognition rather

than simply the fact that high-performing students have less room

to overpredict.

In contrast to the “noise plus bias” account, which suggests

that the effect of ability group on absolute bias should decrease

as the task difficulty increases (Burson et al., 2006), the opposite

was observed in context 1, and the pattern was not observed

in the other contexts. However, the effect of exam difficulty

on the magnitude of the effect size is difficult to examine

with this data set since students are likely to use performance

on prior exams when making predictions about future exam

performance (Foster et al., 2017). Also, given the limited number

of exams, there was no discernable pattern across both experiments

in the relationship between effect size and exam difficulty.

Future research should investigate this relationship in a more

controlled study.

In contrast to the “above-average effect” account the

asymmetric pattern of judgement accuracy remains when

examining absolute bias and when controlling for asymmetric

standard errors of test scores with adjusted bias. Finally, in contrast

to the “signal extraction” account the asymmetry of metacognitive

accuracy did not reliably decrease across the semester for any

measure and remained after taking exams. It may be that three

or four exams may not be enough to see an effect, however other

studies have also failed to detect improvement in metacognitive

accuracy even with as many as 13 exams (e.g., Foster et al., 2017;

Miller and Geraci, 2011b; Nietfeld et al., 2005; Simons, 2013).

While the evidence is clear that low-performing students are

less accurate at metacognitive monitoring compared to high-

performing students, the evidence for the subjective awareness of

low-performing students is less clear. Across all three contexts,

between half and three-fourths of all students made correct

metacognitive adjustments after taking the exam. Contrary to

expectations from the “unskilled and unaware” account, low-

performing students made correct metacognitive adjustments

as frequently as high-performing students across all exams

and reliably made greater adjustments than high-performing

students. This suggests that low-performing students were at

least aware of the inaccuracy, and overconfidence, of their

initial predictions after having the experience of taking the

exams. However, the greater magnitude in the metacognitive

adjustments appears to be due to the large initial inaccuracy for

these students. Higher-performing students, conversely, appeared

to be aware of their initial accuracy or underconfidence of

their predictions.

While the ability of low-performing students to correctly

adjust their metacognitive judgements might suggest metacognitive

awareness, only one-fourth to one-third of the low-performing

students were consistently able to make efficient metacognitive

adjustments. Low-performing students had difficulties making

sufficient metacognitive adjustments even though they had a

stronger signal that their original prediction was not correct. The

metacognitive adjustments made by low-performing students only

reduced metacognitive inaccuracy by <20% on average across all

three contexts. Most low-performing students were not able to

efficiently reduce their miscalibration across all three contexts. This

inefficiency likely stems from both the initial overconfidence of
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TABLE 15 Welch’s ANOVA results and descriptive statistics of metacognitive adjustments by ability group.

Low Low-mid High-mid High Welch’s ANOVA

M SD M SD M SD M SD F df η
2
p

Predictions

Exam 1 −4.29 8.42 −0.53 6.08 0.27 4.80 0.63 3.76 18.97∗∗ 3, 408.9 0.10

Exam 2 −2.78 7.38 −0.71 5.82 −0.16 4.52 −0.11 4.22 7.89∗∗ 3, 478.8 0.04

Exam 3 −3.14 8.46 −1.98 7.65 −0.41 5.17 −0.43 4.39 12.13∗∗ 3, 435.0 0.04

∗∗p < 0.001.

low-performing students, and not making sufficient adjustments

to their predictions after taking the exams. These results suggest

that the improvements in metacognitive judgements may be due

to updated knowledge about task difficulty rather than improved

metacognitive ability.

The under correction of overconfidence exhibited by the

predictions made by low-performing students may stem from a

desire to maintain a positive self-image or a desire for positive

outcomes (Serra and DeMarree, 2016; Simons, 2013). Individuals

also make metacognitive judgments using information-based cues

such as prior knowledge and test characteristics, and heuristic-

based cues such and fluency and familiarity (Dinsmore and

Parkinson, 2013; Koriat, 1997). Another source of interference

for making efficient metacognitive adjustments is the nature of

the test itself. Because course exams were multiple-choice exams

that were constructed so that the distractors included common

incorrect answers, students who have a strong misconceptions

are likely to find their answer among the distractors on the

test, possibly increasing their confidence. Students may make

metacognitive judgments after the exam by thinking about

the number of questions where their answer did not appear.

This method for making postdicitions could inflate students’

overconfidence, making them less likely to make efficient

metacognitive adjustments. Future research should attempt to

replicate these results using open-ended exam questions to

investigate the robustness of these findings.

While this study examined the relationship between student

performance and metacognition, it is important to note that there

are individual differences that predict metacognitive accuracy

beyond performance (e.g., Morphew, 2021). Many cognitive

constructs have been found to correlate with metacognitive

abilities, such as epistemological beliefs (Muis and Franco,

2010), entity and incremental mindsets (Hong et al., 1995),

and achievement goal orientations (Bipp et al., 2012). In

addition, female students tend to be less confident than

male students with the same performance level (Ariel et al.,

2018). As such, future research should examine individual

trajectories in metacognitive awareness using the measures

proposed in this study. In addition, future research should

examine explicit instruction in metacognition and other

executive skills that often serve as a “hidden curriculum”

for students (Dawson and Guare, 2009), especially given the

importance of metacognitive monitoring during studying for

exams (Nelson, 1996; Zhang et al., 2023).

5.1 Limitations

The three contexts presented in this study furthers our

understanding of metacognitive monitoring and awareness in self-

regulated learning contexts. However, as with all research, there are

limitations in the methods and design that need to be kept in mind

when interpreting the findings. For ethical reasons students were

not required to make predictions and postdictions for every exam,

which could potentially impact the results of the metacognitive

adjustment analyses. It may be that low-performing students who

scored lower than expected were less likely to make metacognitive

judgments after taking the exam because they performed worse

than expected on the exam. If students opted to not make

predictions for this reason, this could potentially be an indicator

of metacognitive awareness.

Another limitation of the methodology used in this study

is that the course exams were created by instructors teaching

the physics courses and were not part of the research study.

While this situated the study within authentic contexts, thus

providing ecological validity, this set up did not allow for the

control of exam difficulty. Although students tend not to use

prior exam performance when predicting future exam scores

(Foster et al., 2017), it is useful for exam difficulty to be relatively

constant when attempting to measure changes in metacognitive

monitoring accuracy. An additional limitation inherent to the in-

situ nature of the experimental design was that we were only

able to collect test level judgements to minimize the potential

for measures of metacognition impacting cognitive performance

(e.g., Double and Birney, 2019). Future research should consider

engaging students in making item-level judgments of learning and

confidence judgments, in order investigate overconfidence at a

more fine-grained level.

The multiple-choice design of the questions was another

limitation of this study. These questions were written such that

the most common incorrect answers are usually included as

distractors, which may have reduced metacognitive adjustments

made by low-performing students. With these limitations in

mind, future research should attempt to examine changes in

metacognitive monitoring using course exams that are designed

to be consistent in difficulty and length across a semester.

This would allow studies to examine whether low-performing

students are able to use prior exam information when making

predictions over the course of a semester. Future research

would also benefit from examining the effect that the type of
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exam question (i.e., open-ended, multiple-choice, etc.) has on

metacognitive calibration.
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