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ABSTRACT: Metacognitive monitoring of one’s own understanding
plays a key role in learning. An aspect of metacognitive monitoring can
be measured by comparing a student’s prediction or postdiction of
performance (a judgment made before or after completing the relevant
task) with the student’s actual performance. In this study, we investigated
students’ postdiction accuracies for a series of exams within a two-
semester general chemistry course. The research questions addressed
include (1) How accurate are general chemistry students at postdicting
their exam scores? Are there gender differences in postdiction accuracy?
(2) How do general chemistry students’ postdiction accuracies relate to
their exam performance? (3) How do general chemistry students’
postdiction accuracies and metacognitive monitoring of their exam
performance change over time? Results indicate that most general
chemistry students are not accurate in their exam score postdictions and that, consistent with research conducted in other
domains, higher-performing students make more accurate postdictions than lower-performing students. In addition, although
students who were new to a general chemistry course appeared to improve in their metacognitive monitoring on the second
course exam compared with the first, monitoring did not significantly improve after that initial adjustment. Given the importance
of metacognitive monitoring for student learning of chemistry, these findings suggest that further research and development of
interventions to improve the metacognitive monitoring of introductory chemistry students is warranted.

KEYWORDS: First-Year Undergraduate/General, Chemical Education Research, Testing/Assessment, Student-Centered Learning,
Learning Theories
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■ INTRODUCTION

Metacognitive skills, which involve thinking about one’s own
thinking, are increasingly being recognized for their important
role in learning.1,2 For example, in one study, metacognitive
skillfulness was estimated to account for about 40% of the
variance in learning outcomes.3 Thus, to improve student
learning in a specific content area such as chemistry, it is critical
to understand both students’ metacognitive skillfulness and
instructional methods that could be used to improve it in that
context.
Monitoring is a component of metacognition that involves

assessing one’s current knowledge, understanding, and abilities,
as well as the task at hand and its difficulty.1,4 One measure of
metacognitive monitoring, often employed in cognitive
psychology research, is the accuracy of an individual’s
predictions or postdictions of performance,5−10 where a
postdiction is a judgment made after completing a task. An
individual’s accuracy can be expressed as the difference between
his or her prediction or postdiction and his or her actual
performance on a task. This is also referred to as calibration.11

In this study, we examine the accuracy of general chemistry
students’ exam performance postdictions.
Measuring metacognitive monitoring with pre- and post-

dictions of task performance has been approached in a variety
of ways. Judgments can be made on performance in absolute
terms as described above or relative to others’ performance.12

Generally speaking, people’s abilities to pre- or postdict their
performance on a task is found to be poor, although pre- and
postdiction ability is related to task difficulty.13

Undergraduate students’ metacognitive skillfulness related to
academic tasks has also been investigated. Studies that employ
pre- or postdictions of absolute exam performance have been
carried out in undergraduate educational psychology,7,10,14,15

education,5 cognitive psychology,8 developmental psychology,16

introductory physics,17 and organic chemistry courses;18 high-
school biology19,20 and psychology classrooms;21 and upper-
elementary classrooms.22 Most of these studies conclude that
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many students are well-calibrated when it comes to making
postdictive judgments of exam performance.10,14,19,20 A notable
exception is the study carried out in organic chemistry, in which
the majority of students overestimated their exam perform-
ance.18 All of the studies that explored the relationship between
performance and calibration found that higher-performing
students were better calibrated on exam postdiction judgments
than lower-performing students.5,10,14,15 Studies that included
analyses to determine changes in students’ calibration accuracy
over time indicate that students only became more accurate in
some cases where there was an explicit intervention designed to
improve students’ metacognitive monitoring throughout the
course.5,7,8,10,15

Although we did not find previous studies that explored
gender differences in accuracy of students’ course exam
postdictions, some previous work has explored differences in
male and female postdiction accuracies on informal knowledge
tests. In particular, Beyer23 and Beyer & Bowden24 found that,
while there were no significant differences between male and
female undergraduate students in postdiction accuracy on
“neutral” tasks (e.g., tests of common knowledge) or “feminine-
gender-typed” tasks (e.g., trivia from movies and TV shows
with primarily female audiences), females significantly under-
estimated their performance and exhibited poorer calibration
relative to males on “masculine-gender-typed” tasks (e.g.,
football, basketball, and baseball trivia). In studies that asked
undergraduate students to rate their performance relative to
that of other students, Kruger and Dunning did not find any
gender differences in postdiction accuracy on tests of humor,
logical reasoning, or English grammar.12

In the context of general chemistry courses, monitoring
research has primarily focused on students’ abilities to judge
their performance on problems outside of exam situations. For
example, in two studies, investigators asked students to report
their confidence in their abilities to solve particular chemistry
problems, but the students did not actually work the problems
presented to them.25,26 Another study examined the relation-
ship between students’ confidence judgments regarding
individual stoichiometry questions and their performance on
these questions.27 In one study that did investigate students’
judgments of performance on general chemistry exams,
students were asked to judge how they performed on exams
relative to the average student in the class (without any
knowledge of the class average or other students’ exam
scores).28 Such relative judgments are fundamentally different
tasks compared with the absolute judgments of individual
performance examined here.
In this study, we examine general chemistry students’ abilities

to monitor their examination performance. We investigate
students’ judgments of their own performance on exams within
a two-semester general chemistry course. Our research
questions are as follows: (1) How accurate are general
chemistry students at postdicting their exam scores? Are
there gender differences in postdiction accuracy? (2) How do
general chemistry students’ postdiction accuracies relate to their
exam performance? (3) How do general chemistry students’
postdiction accuracies and metacognitive monitoring of their
exam performance change over time?

■ METHODS
We collected data from students enrolled in a two-semester
general chemistry sequence (General Chemistry I and General
Chemistry II) for science and engineering majors at a large,

public university. Although each course included multiple
sections and instructors (Table 1), common exams were
administered to all students. The instructors for the spring
General Chemistry II course were a subset of the instructors for
the fall General Chemistry I course. For each semester-long
course, five multiple-choice exams were administered at three-
week intervals, including one comprehensive final exam. The
first four exams were not comprehensive. Example exam
questions are shown in Box 1. Students in both fall and spring
semesters had the option to use their final exam percentage as a
replacement for one previous exam percentage in the
calculation of their final course grade.

All exams included the postdiction question, “What
percentage score do you expect to earn on this exam? (A)
100%−90%, (B) 89%−80%, (C) 79%−70%, (D) 69%−60%,
(E) < 60%.” This question appeared as the last or second-to-last
question on each exam,29 such that each student was asked to
make a judgment of his or her own score on the exam
immediately after taking the exam. We collected students’
answers to all exam questions via optical mark recognition (i.e.,
Scantron) forms. Each student who answered a postdiction
question received credit amounting to 1−2% of the total points
for the exam regardless of whether his or her postdiction was
accurate. No interventions intended to improve students’
metacognitive monitoring of exam performance were imple-
mented in these courses. Students who were missing a

Table 1. Summary of Course Characteristics

Semester Sections Instructors Students Enrolleda Students in Study

Fall 5 4 1075 925
Spring 3 2 696 491

aTotal enrollment at the end of each course.
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postdiction response or exam score for any exam were excluded
from the study, resulting in the final cohorts indicated in Table
1. In addition, we performed separate analyses for the students
who took both the General Chemistry I course in the fall and
the General Chemistry II course the following spring (Fall and
Spring, N = 343), and those who took the General Chemistry II
course in the spring, but not the General Chemistry I course in
the fall (Spring Only, N = 148). The Spring Only students took
the General Chemistry I course in a different semester or at a
different institution, or were exempt from the first-semester
course because they had Advanced Placement credit or tested
out of the course.

To conduct the calibration analyses, we coded each student’s
actual exam scores and exam postdictions using the categories
that were available as answer choices to the postdiction
questions. We converted each exam score category and
corresponding postdiction to a numerical value on a 4-point
scale as follows: 100%−90% = 4, 89%−80% = 3, 79%−70% = 2,
69%−60% = 1, <60% = 0. Finally, we determined the
postdiction calibration for each student on each exam by
calculating the difference between his or her postdiction
category and his or her exam score category (eq 1).

= −postdiction calibration postdiction category exam score category
(1)

Figure 1. Bubble plots of student exam postdiction score category versus exam score category for each exam in the fall semester (N = 925). Bubble
size is proportional to the number of students with a given exam score category and postdiction. In each case, the dashed diagonal line indicates
perfect calibration. Overall percentages of overpostdicting, underpostdicting, and perfectly accurate students are included on the right side of each
panel. The percentages of perfectly calibrated students in each exam score category are included at the top of the corresponding columns (italicized).
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A student with positive postdiction calibration postdicted
that his or her exam score would be higher than it actually was
(overpostdicted), whereas a student with negative postdiction
calibration postdicted that his or her exam score would be
lower than it actually was (underpostdicted). A student with
postdiction calibration of zero accurately postdicted the score
category into which his or her actual exam score would fall
(perfectly calibrated). We used the absolute value of the
postdiction calibration (|calibration|) for each student to
determine the average magnitudes of calibration for groups of
students. To characterize students’ postdiction accuracies in the
context of our research questions, we employed the
complementary measures of |calibration| and the percentage
of students who were perfectly calibrated (% accurate).
To examine relationships between calibration and exam

performance, we also established two performance groups of

students. One group of consistently “high-performing stu-
dents,” or those who earned exam scores greater than 1/2
standard deviation above the exam mean on every exam, and
one group of consistently “low-performing students,” or those
who earned exam scores lower than 1/2 standard deviation
below the exam mean on every exam. These performance
groups did not encompass all students in the course, as many
students did not consistently score within a single performance
group for all exams in a given course.
For both the fall and spring semesters, we calculated

descriptive statistics for student exam scores, postdictions,
calibration, and the percentage of accurate postdictions for the
student groups of interest. We used independent samples t tests
to test for significant differences in exam score means of
different student groups, except for a case in which the
homogeneity of variance assumption was violated for which we

Figure 2. Bubble plots of student exam postdiction category versus exam score category for each exam in the spring semester (N = 491). Bubble size
is proportional to the number of students with a given exam score category and postdiction. In each case, the dashed diagonal line indicates perfect
calibration. Overall percentages of overpostdicting, underpostdicting, and perfectly accurate students are included on the right side of each panel.
The percentages of perfectly calibrated students in each exam score category are included at the top of the corresponding columns (italicized).
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used nonparametric Mann−Whitney U tests (two-tailed).
Additionally, we performed Mann−Whitney U tests to
compare the |calibration| and exam score category distributions
for different groups. We determined the appropriate effect sizes,
with Cohen’s d effect sizes corresponding to t tests and r effect
sizes corresponding to Mann−Whitney U and Wilcoxon signed
rank tests. The r effect sizes were calculated according to eq 2,
where Z is the Mann−Whitney U or Wilcoxon signed rank test
Z-score (Z) and N is the sample size.30,31

=r
Z
N (2)

Effect sizes of 0.1, 0.3, and 0.5 are considered to be small,
medium, and large, respectively.32

In addition, we utilized Fisher’s exact to test for the
significance of differences in percent accurate postdictions.33

We applied the Bonferroni adjustment to correct for multiple
comparisons in each semester, resulting in an α level of 0.01.34

We performed all statistical analyses using SPSS version 20.0
software (SPSS, Inc., Chicago, IL).

■ RESULTS AND DISCUSSION

Postdiction Accuracy

Figures 1 and 2 present bubble plots of postdiction category
versus exam score category for each exam in fall and spring,
respectively. The size of each bubble corresponds to the
number of students who fell into a specific combination of
exam score category and postdiction category. Bubbles that fall
on the dashed diagonal lines in the plots represent students
who were perfectly calibrated.
In each case, a minority of students fall along the line of

perfect calibration, with the percentage of students accurately
postdicting their exam score category ranging from 9.1% to
31.4% (also see Table 2). Figure 1A shows that for Fall Exam 1,
only 9.1% of students were perfectly calibrated, whereas the
vast majority of students (89.3%) overpostdicted. In fact, more
students made overpostdictions than under- or accurate
postdictions for all exams analyzed.
The mean absolute calibration (|calibration|) for each exam

(Table 2) indicates how close students’ postdictions were to
their actual performance categories on average. Throughout the
two-semester general chemistry course, the accuracy of
students’ postdictions was low, averaging one to two exam
score categories away from their actual performance. (Changes
in postdiction accuracy over time are discussed later.) We also

note that for the comprehensive final exams for both semesters,
larger percentages of students overpostdicted, and mean
|calibration| was less accurate than in all other cases except
for Fall Exam 1. In addition to the more comprehensive nature
of the final exams (which increased the difficulty), student
postdictions may have been more optimistic than usual since
many students hoped to obtain a higher score on their final
exam to replace a previous low exam score. Finally, as discussed
in more detail later, the lower the exam mean, the less accurate
students’ mean |calibration| tended to be.
We also compared percent accurate postdictions and mean

|calibration| for male and female students on each exam.
Although female students had consistently higher rates of
percent accurate postdictions compared with male students,
none of the differences are statistically significant (Supporting
Information Table S1). With respect to mean |calibration|,
female students were significantly more accurate on average
than male students for three of the five fall-semester exams
(exam 2, exam 4, and the final exam), with small effect sizes of
about 0.1, while in the spring semester, there were no
significant differences in mean |calibration| between male and
female students (Supporting Information Table S1). There
were no significant performance differences between males and
females for any of the exams across the two-semester general
chemistry sequence (Supporting Information Table S2).
These findings regarding general chemistry students’

postdiction accuracy are consistent with the results of the
previously mentioned exam calibration study conducted in
organic chemistry courses, where about 60% of students
overestimated their exam scores.18 The exam calibration
accuracy results from the studies in chemistry courses differ
substantially from results of exam calibration studies conducted
in undergraduate psychology courses,7,8,10,14,16 in which
students were generally found to be well-calibrated. Likely
explanations include differences in the nature of the exams, the
courses, and the student populations.35 Differences in the
nature of tasks are known to influence judgment accuracy,35,36

and thus, it is likely that the differences between chemistry and
psychology courses and exams influence students’ abilities to
make accurate exam postdictions. For example, questions on
the general chemistry exams often required multistep problem
solving that was quantitative in nature. This differs from
example exam questions reported for the psychology course
calibration studies, which consisted of questions that required
recall and application of declarative knowledge.10,14 In addition,
some of the student populations studied in the psychology

Table 2. Performance and Calibration Statistics for Fall and Spring Semesters

Exam Mean exam score %,a M Mean score categorya Mean postdiction categorya Mean |calibration|a % accurate postdictions

Fall (N = 925)
Exam 1 64.29 (15.25) 1.12 (1.12) 2.95 (0.87) 1.86 (1.03) 9.1
Exam 2 65.82 (13.86) 1.23 (1.13) 2.47 (0.94) 1.37 (1.01) 19.8
Exam 3 73.37 (13.70) 1.95 (1.22) 2.36 (1.10) 0.96 (0.84) 21.0
Exam 4 61.49 (15.54) 1.04 (1.15) 2.23 (1.16) 1.34 (1.05) 23.1
Final 57.06 (15.86) 0.76 (1.00) 2.15 (1.12) 1.45 (1.05) 18.8
Spring (N = 491)
Exam 1 62.16 (13.82) 1.01 (1.14) 2.23 (1.04) 1.40 (1.04) 22.0
Exam 2 67.11 (15.88) 1.51 (1.25) 2.24 (1.10) 1.08 (0.94) 29.5
Exam 3 63.92 (15.45) 1.25 (1.22) 2.10 (1.13) 1.12 (0.99) 29.9
Exam 4 68.63 (12.26) 1.54 (1.10) 2.12 (1.14) 1.01 (0.89) 31.4
Final 60.15 (15.59) 0.92 (1.08) 2.24 (1.01) 1.43 (1.03) 16.1

aValues for one standard deviation are included in parentheses.
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courses were upper-level educational psychology students,10,14

and the psychology courses in two studies emphasized the
importance of making accurate judgments and how those
judgments relate to metacognition throughout the courses.10,15

Relationships between Student Exam Postdiction Accuracy
and Performance

In Figures 1 and 2, the percentages of perfectly calibrated
students in each exam score category are included at the top of
the corresponding columns. We observe that larger percentages
of higher performing students tended to be perfectly accurate in
their postdictions compared with lower performing students for
every exam across the two semesters. To further explore the
relationships between postdiction accuracy and exam perform-
ance, we compared the exam scores of students who were
relatively well calibrated (calibration = 0, ±1) with those who
were not well calibrated (calibration = ±2, ±3, ±4) (Table 3).
(Supporting Information Table S3 shows the sample sizes for
each group of students.) Mann−Whitney U tests indicate that
the exam score distributions in the two groups are statistically
different for every exam, with medium-to-large effect sizes for
most exams (Table 3),32 providing further evidence that
students who were better calibrated tended to earn higher exam
scores than those who were less accurately calibrated. In
addition, we compared the distributions of |calibrations| of the
consistently high-performing and low-performing student
groups for each exam (Supporting Information Tables S4 and
S5). The distributions differ significantly, with high performers
achieving lower mean |calibration| than low performers for all
exams, with medium-to-large effect sizes for most exams
(Supporting Information Table S5). In the fall semester, the
average mean |calibration| across all exams was 0.68 for high
performers and 1.62 for low performers; in the spring semester,
it was 0.65 for high performers and 1.45 for low performers
(Supporting Information Table S4). These findings regarding
postidiction accuracy and performance are consistent with
previous exam calibration studies5,10,14,15 and models of
metacognition, which predict that students who are more
proficient at monitoring their understanding while studying
would make more accurate judgments regarding what they
should focus on to enhance their understanding (exercising
better metacognitive control), potentially leading to better
exam performance. Being better prepared for exams would also

allow students to judge their exam performance more
accurately.

Changes in Postdiction Accuracy and Metacognitive
Monitoring Over Time

We also explored changes in students’ exam postdiction
accuracies and whether students’ metacognitive monitoring
changed over time. Previous studies have examined changes in
postdiction accuracy across one-semester education and
psychology courses.5,7,8,10,15 Hacker et al. compared the R2

values for the best fit regression lines for actual score versus
postdicted score data for each exam, and asserted that an
increase in R2 values over time indicated improved postdiction
accuracy over time.5 However, we concur with the critique by
Nietfeld et al. that “...accounting for increasing amounts of
variance does not necessarily mean that the relationship is in
the expected direction” (p 23).14 Thus, it is unclear that the
results of the Hacker et al. study regarding changes in
postdiction accuracy over time are valid. Other studies
compared students’ mean |calibration| for exams or quizzes
over time for one-semester psychology courses to examine
changes in postdiction accuracy.5,7,8,15

For our study, in examining trends in mean |calibration| over
time (Table 2), we observed that when exam means increase,
mean |calibration| improves (values decrease). Since a large
proportion of students overpostdicted on each exam, higher
exam means may be associated with more accurate postdictions
regardless of whether students are more accurately monitoring
their performance. While Nietfeld et. al noted similar changes
in postdiction accuracy with changing exam difficulty, the range
of exam means (76−81%) was narrower compared the range in
our study (57−73%), and they did not adjust for changes in
exam means over time.14

Specifically focusing on the pairs of exams for which mean
|calibration| improved from one exam to the next (Table 2), we
developed a method to determine whether it was likely that
students’ improvements in mean |calibration| were due to
increases in exam means. In Table 4, we compare each exam
with the one immediately following it. For each exam pair, we
calculated the effect sizes (eq 2) for the change in |calibration|
(r|calibration|) and the change in exam score category (rexam). For
the cases in which students’ mean |calibration| improved from
one exam to the next, we calculated the ratio r|calibration|/rexam. If
the magnitude of the effect size of students’ decrease in

Table 3. Comparison of Exam Scores of Students Who Were Well Calibrated and Those Who Were Not

Mean exam scorea

Exam Students with calibration = 0, ±1 Students with calibration = ±2, ±3, ±4 U statisticb Effect size (r)c

Fall (N = 925)
Exam 1 75.26 (12.89) 57.76 (12.58) 30226 0.59
Exam 2 71.51 (12.77) 57.51 (10.88) 39075 0.53
Exam 3 75.58 (12.74) 65.93 (12.23) 67522 0.30
Exam 4 65.31 (16.56) 55.70 (11.72) 64515 0.32
Final 60.49 (17.78) 52.91 (11.95) 76490 0.24
Spring (N = 491)
Exam 1 67.07 (14.29) 56.32 (10.61) 17758 0.41
Exam 2 70.57 (15.29) 58.63 (14.03) 15620 0.36
Exam 3 67.20 (15.40) 56.54 (12.86) 13526 0.35
Exam 4 70.59 (11.56) 62.97 (12.51) 14372 0.26
Final 64.41 (16.78) 55.24 (12.08) 15208 0.27

aValues for one standard deviation are included in parentheses. bMann−Whitney U tests compare exam score distributions; population information
can be found in Supporting Information Table S3. cp-values < 0.0001.
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|calibration| is larger than the magnitude of the effect size of the
increase in mean exam score category, then the ratio
r|calibration|/rexam would be greater than 1, indicating that the
improvement in students’ calibration accuracy may not be fully
explained by a higher exam mean.
As seen in Table 4, the only pair of consecutive exams for

which students’ mean |calibration| improves and r|calibration|/rexam
is greater than 1 is for Fall Exams 1 and 2, with
r|calibration|/rexam = 3.41. This suggests that students may have
improved their metacognitive monitoring of their exam
performance on Fall Exam 2 relative to Exam 1. For the
other three pairs of exams for which students’ mean |calibration|
improved over time, the r|calibration|/rexam ratios are less than 1,
indicating that the effect sizes for the change in mean exam
score categories increased to a greater extent than the
corresponding effect sizes of the change in mean |calibration|.
This suggests that students’ metacognitive monitoring of their
performance may not have improved across those exams. For
the four other pairs of exams, exam means decreased from one
exam to the next and students’ mean calibration accuracy
decreased, but with a smaller effect size than the mean exam
score category decrease in each case.
Thus, the only time for which this analysis indicates that

students’ metacognitive monitoring of their exam performance
may have improved is for Fall Exam 2 relative to Exam 1. Of
course, Fall Exam 1 is unique in that it is the first exam of the
general chemistry course, and also the first college-level
chemistry exam for many of the students. Therefore, Exam 1
provided students with a new, particularly relevant experience
to consider in their future judgments of their general chemistry
exam performance. In addition, students’ mean |calibration| on
Exam 1 of 1.86 (an average of almost two exam score categories
away from their actual exam score categories) was especially
poor. Therefore, students may have adjusted their postdictions
between Fall Exams 1 and 2 more than between any other pair
of exams in part due to the experience of being miscalibrated by
such a large margin for their Exam 1 performance. Previous
studies in the psychology laboratory indicate that relevant
experience alters the factors people use to make judgments of
difficulty.37,38

If it was the case in the fall that students’ postdiction accuracy
improved in part because experience with the first general
chemistry exam informed their future judgments of exam
performance, then we would expect to see a similar pattern in
the spring for the students who did not take the corresponding
first-semester general chemistry course at the same institution
in the fall (Spring Only, N = 148) to a greater extent than for

the students who had the experience of the preceding fall
course (Fall and Spring, N = 343). Spring Only students took a
first-semester general chemistry course at another institution,
took the course in a different semester, or tested out of the
course, and therefore, while these students had taken general
chemistry exams before, most had no previous experience with
the spring instructors’ course and assessment styles or with
making exam postdictions. As expected, Spring Only students’
mean |calibration| improved from Spring Exam 1 to Spring
Exam 2 with r|calibration|/rexam = 1.16, while r|calibration|/rexam = 0.69
for the students who had completed the fall course (Supporting
Information Tables S7−S10). The Spring Only students’
improvement in postdiction accuracy that may be attributed
to enhanced metacognitive monitoring is also smaller than that
described earlier for all students in the fall cohort
(r|calibration|/rexam = 3.41) for which many students were new to
college-level chemistry.
We also conducted these analyses for high- and low-

performing student groups (Supporting Information Table
S6) and for students who took both semesters of general
chemistry consecutively (Supporting Information Table S10).
In terms of changes in postdiction accuracy and metacognitive
monitoring over time, the patterns observed for these
subgroups are similar to those of the larger groups. Results
indicate that both high- and low-performing students improved
in postdiction accuracy and monitoring of their exam
performance for Fall Exam 2 relative to Exam 1.
Unlike mean |calibration|, which varied inversely with exam

mean, the percentage of students who were perfectly calibrated
increased across each semester’s exams until the final exam
(Table 2). The only statistically significant pairwise increases in
percent accurate students from one exam to the next (Fisher’s
exact p < 0.01) were from the first exam to the second exam in
each semester.
Adjusting for changes in exam difficulty over time, our

findings are generally consistent with previous work indicating
that−without an intervention intended to improve student
monitoring−students’ calibration accuracy did not change
much across multiple exams.5,7,8,10,15 However, it appears that
the students in our study, including both high and low
performers, may have improved in metacognitive monitoring of
their performance on Exam 2 relative to Exam 1 in general
chemistry courses that were new to them.

■ LIMITATIONS
A limitation of this study was that student postdictions were
collected using optical mark recognition (i.e., Scantron) forms
with only five possible answer choices rather than an open-
ended format. This method was chosen to facilitate data
collection from larger numbers of students than have been
included in previous postdiction calibration studies (more than
1000 students compared with less than 100 students in
previous studies), but it also reduced the sensitivity for
detecting differences in students’ postdictions as well as the
precision of the calibration results relative to an open-ended
postdiction format. In addition, the postdiction categories we
chose were not equal in range. In particular, the <60%
postdiction answer choice spanned a 60-point range, whereas
the additional four categories spanned only 10-point ranges.
Given that the exam means ranged from 57−73%, it may have
been preferable to select consistently wider ranges for the
postdiction answer choices (e.g., a 20-point range for each). Of
course, this would have also had the effect of making it easier

Table 4. Effect Sizes (r) for Changes in Exam Score Category
(rexam) and |Calibration| (r|calibration|)

Exam pair rexam r|calibration| r|calibration|/rexam

Fall (N = 925)
Exam 1/Exam 2 0.11 0.38 3.41
Exam 2/Exam 3 0.53 0.34 0.64
Exam 3/Exam 4 0.72 0.32 a

Exam 4/Final 0.36 0.11 a

Spring (N = 491)
Exam 1/Exam 2 0.35 0.27 0.78
Exam 2/Exam 3 0.25 0.04 a

Exam 3/Exam 4 0.33 0.10 0.31
Exam 4/Final 0.57 0.34 a

aOnly calculated for pairs of exams where mean |calibration| improved.
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for higher-performing students to be better calibrated. Even
though our selection of postdiction answer choices in this study
theoretically made it easier for lower-performing students to be
better calibrated, results illustrated that they were nevertheless
significantly less accurate than higher-performing students.
Finally, to the extent that postdictions are random guesses not
informed by other information, people who perform closer to
the middle of a performance scale have a better chance of more
accurate |calibration| than those who perform closer to the
extremes of the scale.

■ CONCLUSIONS AND IMPLICATIONS
In this study, we explored aspects of first- and second-semester
general chemistry students’ metacognitive monitoring of their
exam performance by measuring their postdiction accuracies
over time. In addition, we determined how postdiction accuracy
relates to exam performance. First, we found that a large
proportion of students in both semesters of general chemistry
were miscalibrated in that they consistently overpostdicted their
exam scores. Considering Exams 2−4, during which students’
postdiction accuracies were the most accurate and most stable,
the average mean |calibrations| were 1.2 in the fall and 1.1 in the
spring, which indicates an average miscalibration of more than
one exam score category. The extent to which students were
miscalibrated is particularly striking because, unlike predictions
of performance made without knowledge of the test questions,
students made their postdictions immediately after completing
each exam while the exam was still in their possession. Our
results differ from previous findings in the context of
psychology course exam postdiction accuracies, where students
were typically found to be well calibrated, but are consistent
with a study carried out in organic chemistry courses.18 We
attribute this to course and exam characteristics that are more
similar for general and organic chemistry, but differ
substantially between chemistry and psychology courses.
Second, we found that general chemistry students who

earned higher exam scores also tended to be more accurately
calibrated, which is consistent with the findings from previous
studies in other courses as well as models of metacogni-
tion.5,10,14,15

Finally, although we observed improvements in students’
postdiction accuracy between some pairs of exams, in all cases
the improvements in calibration were seen for cases where the
exam mean also increased. Thus, we realized that this could be
due to students’ tendency to overpostdict as opposed to
improvements in their metacognitive monitoring of their exam
performance. We developed a method to determine whether
improvements in mean |calibration| from one exam to the next
were likely due to improvements in students’ metacognitive
monitoring. Results indicated that, although students who were
new to a general chemistry course appeared to improve in their
metacognitive monitoring on the second course exam
compared with the first, monitoring did not significantly
improve after that initial adjustment. Thus, our results are
generally consistent with postdiction studies in other domains
in which monitoring did not change much without a specific
intervention targeted at improving students’ monitoring of their
exam performance.5,7,8,10,15 Notably, Bol et al. employed an
intervention in which students practiced making pre- and
postdictions on quizzes and no significant differences were
observed in calibration accuracy on the final exam between
intervention and control groups.5 Interventions that have led to
improvements in monitoring exam performance have included

offering extra credit for more accurate judgments,7 and having
students complete self-reflection questionnaires that included
topics such as how well concepts were understood, identifying
strengths/weaknesses in content knowledge, and confidence
ratings regarding ability to answer content questions.19

Overall, our results show that general chemistry students’
perceptions of their own performance do not typically match
their actual performance, especially for lower-performing
students, and that in the absence of any intervention to
improve monitoring, student monitoring of exam performance
does not improve much across a year-long general chemistry
course. Given the importance of metacognitive monitoring for
student learning of chemistry, these findings suggest that
further research and development of interventions to improve
the metacognitive monitoring of introductory chemistry
students is warranted. Increasing chemistry instructors’
awareness of both the importance of metacognitive monitoring
and the possibility that their students are miscalibrated may
encourage them to test their students’ calibration accuracy, and
design and implement interventions intended to improve
student monitoring. Another direction for future research in
this area is the exploration of the strategies and reasoning
chemistry students use in making judgments of their perform-
ance.
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