Received: 19 July 2019 Revised: 20 December 2019 Accepted: 2 January 2020

DOI: 10.1111/medu.14057

ORIGINAL RESEARCH

Self-monitoring accuracy does not increase throughout
undergraduate medical education

Juliane E. Kimmer?!? | Wolf E. Hautz® | Maren Mirz*

!Inistitute of Health and Nursing Science,
Charité - Universitatsmedizin Berlin, Berlin,
Germany

2Centre for Adaptive Rationality, Max Planck
Institute for Human Development, Berlin,
Germany

3Department of Emergency Medicine,
Inselspital University Hospital, University of
Bern, Bern, Switzerland

NG Progress Test Medicine, Charité -
Universitatsmedizin Berlin, Berlin, Germany

Correspondence

Juliane E. Kdammer, Max Planck Institute for
Human Development, Centre for Adaptive
Rationality, Lentzeallee 94, 14195 Berlin,
Germany.

Email: kaemmer@mpib-berlin.mpg.de

Abstract

Context: Accurate self-assessment of one's performace on a moment-by-moment
basis (ie, accurate self-monitoring) is vital for the self-regulation of practising physi-
cians and indeed for the effective regulation of self-directed learning during medical
education. However, little is currently known about the functioning of self-moni-
toring and its co-development with medical knowledge across medical education.
This study is the first to simultaneously investigate a number of relevant aspects and
measures that have so far been studied separately: different measures of self-moni-
toring for a broad area of medical knowledge across 10 different performance levels.
Methods: This study assessed the self-monitoring accuracy of medical students
(n = 3145) across 10 semesters. Data collected during the administration of the form-
ative Berlin Progress Test Medicine (PTM) were analysed. The PTM comprises 200
multiple-choice questions covering all major medical disciplines and organ systems.
A self-report indicator (ie, confidence) and two behavioural indicators of self-moni-
toring accuracy (ie, response time and the likelihood of changing an initial answer to
a correct rather than an incorrect item) were examined for their development over
semesters.

Results: Analyses of more than 390 000 observations (of approximately 250 stu-
dents per semester) showed that confidence was higher for correctly than for incor-
rectly answered items and that 86% of items answered with high confidence were
indeed correct. Response time and the likelihood of the initial answer being changed
were higher when the initial answer was incorrect than when it was correct. Contrary
to expectations, no differences in self-monitoring accuracy were observed across
semesters.

Conclusions: Convergent evidence from different measures of self-monitoring sug-
gests that medical students self-monitor their knowledge on a question-by-ques-
tion basis well, although not perfectly, and to the same degree as has been found
in studies outside medicine. Despite large differences in performance, no variations
in self-monitoring across semesters (with the exception of the first semester) were

observed.
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1 | INTRODUCTION

Adequate self-assessment is essential for physicians’ self-regulation,
which is why it has been integrated into many models of lifelong
Iearningl'2 and is a focus of medical education.®* For decades, this
has been a cause for concern because numerous studies have found
little to no connection between self-assessment and actual perfor-
mance.® More recent conceptual advances, however, distinguish
between summative self-assessment as a general, context-free as-
sessment of one's own competence in a particular area and self-mon-
itoring as a momentary judgement on the correspondence between
one's own ability and the current problem.®” For example, consider
a junior physician diagnosing an incoming patient with respiratory
problems in the emergency room. Obviously, this situation requires
the application of a variety of professional skills and knowledge; less
obviously, it also requires an adequate evaluation of whether the
available information, knowledge and capabilities suffice for effec-
tively and efficiently treating the patient. In the event of evaluat-
ing these factors as insufficient, the physician needs to recognise
whether he or she should slow down® or consult a colleague,” for
example. This process of assessing one's performance in the very
moment is termed ‘self-monitoring.’® Accurate self-monitoring is
imperative for the provision of safe, efficient and effective health

5912 andis an important guide for self-regulated learning during

care,
and after medical education.”*® However, our understanding of the
functioning of self-monitoring and its development across medical
education is limited. Addressing this research gap was the main goal
of this study.

In research on self-monitoring, study participants usually en-
counter a knowledge task (ranging from very specific medical knowl-
edge [eg, Pusic et al*] to general knowledge questions [eg, Eva and
Regehr9]) they are required to complete. Self-monitoring is then as-
sessed using either measures of conscious awareness of one's per-
formance, such as confidence ratings, or behavioural indicators as
measures of, instead, unconscious processing, such as response time
and response changing. Reflecting a relatively good level of self-mon-
itoring, these studies found that participants were more confident in
their correct than in their incorrect answers, %4417 to0k more
time to answer an initially incorrectly answered item, flagged incor-
rect items for future consideration or deferred from answering them
altogether.®®7181? Despite this convergent evidence from different
studies using very different materials, measures and study popula-
tions, confidence and behavioural indicators have never been simul-
taneously assessed in a clinical context. The current study fills this
gap in a low-stakes context.

According to the Dunning-Kruger framework, the expertise
needed to perform well in a given situation is the same as that re-
quired to judge performance; thus, poor performers lack the nec-
essary expertise not only to perform well, but also to recognise the
gaps in their knowledge or ability.?° Likewise, on the intra-individual
level, low competence in a given domain leads to lower self-monitor-
ing accuracy in that domain.>?? Given that students’ medical knowl-

2

edge increases tremendously during medical education,?? we expect

that levels of self-monitoring accuracy will increase each semester.
Indeed, the three existing studies of self-monitoring that involved
students from more than one semester showed that self-monitor-
ing accuracy (operationalised as the relationship between confi-
dence and performance) increases over time in training.n'i‘f"23 These
studies are, however, limited to the evaluation of self-monitoring
accuracy in limited areas, such as dyspnoea or pharmacology, or to
a single measure of self-monitoring. Both limitations are addressed
in the study presented here. Furthermore, a study of diagnostic de-
cision making by Friedman and colleagues found that, somewhat
counter-intuitively, the calibration of confidence to performance
took a U-shaped form in a comparison of final-year students, res-
idents and consultants in internal medicine.’> Thus, more training
does not necessarily imply better self-monitoring. Consequently, a
cross-sectional study of self-monitoring across the whole spectrum
of undergraduate education will be likely to inform such education.

Going beyond previous studies,®1011:1416.18.23 this study is the
first to simultaneously investigate a number of relevant aspects
that have so far been studied separately: specifically, it combines
the assessment of a self-reported measure of self-monitoring (ie,
confidence) with the assessment of two behavioural indicators of
self-monitoring (ie, response time and response changing) in med-
ical students of all semesters (and thus 10 different performance
levels) concerning their knowledge of all major medical disci-
plines and organs. By doing this, we aim to gain a more compre-
hensive picture of the co-development of medical knowledge and

self-monitoring.

2 | METHODS
2.1 | Setting

The medical degree course at Charité University Hospital Berlin
comprises 10 semesters plus two semesters of electives. At the be-
ginning of each of the 10 semesters, all students are requested to
sit the Berlin Progress Test Medicine (PTM).?2%4 The test is adminis-
tered online by an adjunct service provider, which is not involved in
regular student grading. Although it is compulsory to take partin the
test once per semester (no participation is sanctioned by no admis-
sion to further courses), it is sufficient to log in only; there is no need
to answer all or any of the questions. The test is formative, with no
pass/fail decision. Students can return to any item and change their
answers at any time as they take the test.

The test comprises the same 200 multiple-choice items for stu-
dents of all semesters. Each item comprises an item stem and 3-6
response options with one single best answer. Items are drawn from
a database of approximately 5000 questions according to a fixed
blueprint that ensures that each test covers all major medical disci-
plines and organ systems.?* Students have 3 hours to complete the
test within a 3-week time window.

For each answer given, students additionally indicate their confi-

dence level (as: | am very sure, | am fairly sure, or | am guessing). In the
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feedback students receive, items rated with fairly sure or very sure
score 1 point if correct and -1 point if incorrect, whereas any items

rated as guessed score O points.

2.2 | Participants

All medical students (n = 4644; 62.4% women; mean age: 25.1 years)
enrolled at the Charité University Hospital Berlin were eligible for

the present study.

2.3 | Measures

Self-monitoring accuracy was assessed using the following meas-
ures. First, we established mean confidence in correct and incorrect
answers. For this, confidence ratings were interval-scaled numeri-

cally, following previous studies,'¢*”

so that a rating of | am guess-
ing = 0, a rating of | am fairly sure = 0.66, and a rating of | am very
sure = 1. By subtracting the mean confidence for correct answers
from the mean confidence for incorrect answers, we obtained self-
monitoring indices (delta) within persons.®**82% Second, we exam-
ined the proportion of correct answers amongst all answers at each
confidence level. We compared the respective proportions with the
overall chance level, which was 22.5%. Third, we calculated mean
response times (in seconds) for initially correct versus incorrect an-
swers, and fourth, we compared the mean percentage of response
changes for initially correct versus incorrect answers. For the last
two indicators of self-monitoring, we based our calculations on the
initial responses because they best capture whether participants
were aware of whether their (initial) answer was correct or not (cf.
McConnell et al'®).

[ 3145 students participated ]

2.4 | Data analyses

For each of the four dependent variables (mean confidence for ac-
curate and inaccurate responses, proportion of correct responses per
confidence level, response time and percentage of responses changed),
we ran mixed-design analyses of variance (ANOVAs) with semester
as a between-subjects factor. Additionally, in the first ANOVA, the
accuracy of the final answer served as a within-subject variable and
confidence as a dependent variable (mean confidence score for cor-
rectly answered questions versus mean confidence score for incor-
rectly answered questions). In the second ANOVA, confidence level
(ie, | am guessing, | am fairly sure, | am very sure) served as a within-sub-
ject variable and the final percentage correct per confidence level as
a dependent variable. Planned comparisons between confidence lev-
els were conducted. In the third and fourth ANOVAs, initial accuracy
served as a within-subject variable, and response time and percentage
of responses changed as dependent variables, respectively. We con-
ducted two separate ANOVAs with response time and percentage of
responses changed as dependent variables instead of conducting one
multivariate ANOVA (MANOVA) in order to obtain results that could
be compared with findings in previous research in which these vari-
ables had been studied in a univariate context'®2> and because fur-
ther explorations of the data revealed that these two measures were

poorly correlated (median intra-individual lob = -0.004).

3 | RESULTS
3.1 | Participants

A total of 3145 students from semesters 1-10 sat the PTM in April
2018 (Figure 1); data for 174 students (5.6%) were excluded as a

data

J 174 excluded for incomplete time/semester )

)

A 4

2971 students with complete
data

Outlier criteria:

| L

( Too few items: 436 (14.7%) students
> excluded for answering too few items
compared with their peers (<1 SD)

2498 students with high test-
taking effort

I Too long: 3.9% of items removed for time
taken of >2 min

~

A

A 4

2498 participants
(394 032 items)

FIGURE 1 Flowchart of the study
data-cleaning procedure. Abbreviation:
SD, standard deviation
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TABLE 1 Descriptive statistics by semester
Items answered Correct answers Very sure Fairly sure Guessed Confidence
Students, (including guesses), n  (including guesses), %  answers, % answers, % answers, % score
Semester n Mean = SD Mean = SD Mean +SD Mean = SD Mean = SD Mean = SD
1 262 162.62 + 60.07 41.89 +10.32 11.58 +10.73 28.39 +16.82 60.03 + 23.79 0.28 +0.38
2 275 114.58 +72.34 57.29 + 16.47 23.28 +16.82 31.64 + 18.04 45.08 + 28.32 0.33+0.41
3 256 129.63 £ 67.14 56.35+15.70 25.95+17.28 34.28 +17.42 39.77 +24.72 0.41 +£0.42
4 253 134.22 + 60.78 59.37 £ 13.95 30.02 +18.31 33.75 £ 16.32 36.22 +24.14 0.47 £0.42
5 250 154.16 + 51.95 62.64 +12.25 31.45 £ 17.95 34.21+12.86 34.33 £ 19.83 0.51+£0.42
6 232 161.39 +46.83 65.14 + 10.53 37.62 +19.78 35.52 + 15.82 26.86 +17.26 0.59 £ 0.41
7 220 167.39 + 44.66 64.54 +11.39 34.88+18.86 36.48 +15.15 28.63 +17.32 0.57 £0.41
8 268 175.20 + 37.29 67.45 + 10.39 40.25 + 20.74 34.88 +15.15 24.87 £ 16.25 0.62 +0.40
9 271 177.75 + 36.54 67.50 £ 9.49 40.89 +20.12 36.24 +15.79 22.87 £15.51 0.64 +0.39
10 248 180.81 + 32.09 71.25 +9.04 45.75 + 20.60 36.39 +16.34 17.86 + 12.83 0.70 £ 0.36

Abbreviation: SD, standard deviation.

result of missing details (no semester indicated or time not recorded
for technical reasons).

We imposed two outlier criteria on the remaining 2971 students
to filter out participants with low test-taking effort because high
variations in test-taking effort can impair the evaluation of formative
assessments.?¢28 First, we excluded 436 students (14.7%) who an-
swered substantially fewer questions than their peers with medium
or high levels of confidence (ie, for whom the number of questions
answered [excluding guesses] was more than 1 standard deviation
[SD] below the respective mean for students of that semester).
Second, because students undertook the test without supervision,
they theoretically had opportunities to consult others, look things up
or take breaks. As the average time available for each question was
54 seconds (180 minutes for 200 items), we excluded all items with a
response time longer than 2 minutes (3.9% of all items) in an attempt
to filter out such behaviours. Our final sample consisted of 2498 stu-
dents, with approximately 250 students per semester (Table 1, for
raw data see reference 29), and a total of 394 032 observations. It
should be noted that the pattern of our results did not change when
all data were included.

3.2 | Test performance

With the exception of semester 1, during which participants an-
swered an exceptionally high number of items (and reported many
guesses), the number of questions answered in total, answered cor-
rectly, and answered with medium/high confidence increased by se-

mester, as did average confidence (Table 1).
3.3 | Accuracy of self-monitoring: Confidence
We ran a first mixed-design ANOVA with mean confidence for cor-

rect versus incorrect answers (including guesses) as a repeated meas-

ure withi-subjects and semester as a between-subjects measure.

Students were, on average, more confident in correct (mean + SD:
0.64 + 0.19) than in incorrect answers (mean * SD: 0.39 + 0.22)
(Fi1, 2504) = 13 378.260, P < .001, ;13 =0.841) (Table 2). We also found
that the absolute level of confidence increased with semester, re-
gardless of performance (F(9, 2504) = 77.943, P < .001, 'Iﬁ = 0.217),
primarily as a result of an increase from semester 1 to semester 2
(0.10, 95% confidence interval [CI] 0.05-0.15) as was revealed by a
Bonferroni-adjusted post hoc analysis (P < .001). Moreover, there
was a small interaction effect between self-monitoring and semester
(Fio, 2504 = 15:439, P <.001, ;15 =0.052) (Table 2).

We ran a second mixed-design ANOVA with the proportion of
correct answers (Figure 2A) out of all answered items per confi-
dence level (Figure 2B) as a repeated measure and semester as a be-
tween-subjects measure. It revealed a main effect of the confidence
level (Fi,. 4504 = 9865.396, P < .001, :15 = 0.804). On average, re-
sponses rated as very sure were more likely to be correct (mean + SD:
85.72 + 12.06) than responses rated as fairly sure (mean + SD:
61.05 + 15.37), which were more likely to be correct than responses
rated as guessed (mean = SD: 40.52 + 16.28) (Bonferroni-adjusted
P < .001). The ANOVA also revealed a medium effect of semester
(F(9y 2402) = 20.971, P < .001, '1,3 = 0.073), primarily due to an increase
in the proportion of correct answers from semester 1 to semester 2
as revealed by Bonferroni-adjusted post hoc analysis (difference:
9.32%, 95% Cl 6.12-12.52%; P < .001), without any further changes
in later semesters. No interaction was revealed (F g 4504 = 1.551,
P =.064).

3.4 | Accuracy of self-monitoring: Response
time and response changing

In a third mixed-design ANOVA with response time as a dependent
variable and a fourth ANOVA with the percentage of changed re-
sponses as a dependent variable, we entered initial accuracy as a re-
peated measure and semester as a between-subjects measure. The
third ANOVA revealed a main effect of accuracy (F(i, 2519) = 501.558,
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TABLE 2 Self-monitoring accuracy by semester

Mean % SD confidence Mean £ SD time (in s) Mean % SD response changes, %

if final answer was ... if initial answer was ... if initial answer was ...
Semester Correct Incorrect Delta® Correct Incorrect Delta® Correct Incorrect Delta®
1 041+£0.19 0.22+0.18 -0.18+0.09 32.67+12.68 32.13+14.73 -0.53+590 1.15+1.19 3.86+297 270+2.54
2 0.54+0.21 0.30+0.23 -0.24+0.12 39.85+1490 42.25+1891 272+9.87 090+1.24 293+284 203+261
3 0.60+0.18 0.35+0.22 -0.25+0.11 37.50+14.03 40.20+18.65 2.79+8.39 0.80+1.10 285+266 2.05%242
4 0.63+0.18 0.37+0.23 -0.26+0.12 36.53+13.24 38.88+17.03 234+783 091+116 298+256 2.08+2.33
5 0.64+0.16 0.37+0.20 -0.27+0.10 35.88+11.34 38.11+13.92 230+6.87 0.91+0.88 3.33+£250 242+222
6 0.71+0.14 0.43+0.19 -0.27+0.10 34.87+10.52 39.49+13.25 4.63+6.08 1.03+1.03 3.15+230 2.11+2.09
7 0.69+0.14 0.42+0.19 -0.27+0.10 34.38+9.21 38.31+1199 393+£6.09 0.97+1.00 3.26+242 229+216
8 0.72+0.14 045+0.20 -0.27+0.11 33.92+940 37.63+11.51 3.71+548 0.98+0.97 3.02+223 204+1.92
9 0.73+0.13 0.47+0.20 -0.26+0.11 33.06+894 37.03+11.04 396+555 0.97+095 3.26+258 229+232
10 0.77+0.12 0.52+0.19 -0.25+0.11 33.31+£8.29 38.37+10.51 506+548 1.05+091 312255 2.07 +2.30
Mean 0.64+0.19 0.39+0.22 -0.25+0.11 35.17+11.66 38.23+1470 3.06+7.08 1.00+1.05 3.17+2.59 2.21+231

Abbreviation: SD, standard deviation.

2Calculated by subtracting the mean value for correct answers from the mean value for incorrect answers.

| am guessing | am fairly sure | am very sure

100-

Proportion of correct answers, %
N (4 ~
(4] o (4]
1 1 1

>
i

1 ' [ ' ' [ ' ' ' 1 1 ' ' 1 [ ' ' ' [ 1 [ [ [ [ 1 ' ' [ ' 1

| am guessing | am fairly sure | am very sure

100 - E[e&]

2]
&
]
T 7.
] 75
g
67
@ 63 = 65
s 57| % 56 58 | 57
5 50~ T =
46

-qé 43 42 42 44
2 33 35
o 257 29 27
3
-

0-.
B 1 1 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10 1 2 3 4 5 6 7 8 9 10

Semester

FIGURE 2 Self-monitoring accuracy by semester. A, proportion of correct answers by confidence level and semester (+1 standard
deviation), relative to the chance level of 22.5%. B, mean number of items answered by confidence level and semester
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P < .001, 'I,f = 0.166), with students taking longer to respond when
their initial answer was incorrect (mean + SD: 38.23 + 14.70 sec-
onds) than when it was correct (mean = SD: 35.23 + 11.71) (Table 2).
It further revealed a small effect of semester (F(9, 2519) = 8.549,
P > .001, '73 = 0.030), due to an increase in response times from se-
mester 1 to 2 (8.49, 95% Cl 4.92-12.06) as revealed by a Bonferroni-
adjusted post hoc analysis (P < .001). Lastly, the ANOVA revealed a
small interaction effect of semester and accuracy on response time
(Fi5, 2519) = 13.362, P <.001, 113 =0.046).

The fourth ANOVA revealed that students were more likely
to change their response when the initial answer was incorrect
(mean * SD: 3.17 + 2.59%) than when it was correct (mean + SD:
1.00 + 1.05%) (Fy 5504 = 2551.615, P < .001, rl‘f = 0.503) (Table 2).
In half of the cases in which students changed their response, they
changed it to the correct option (mean + SD: 2.04 + 1.81%). In the
other half, they were equally likely to switch from the correct to
an incorrect option or from one incorrect option to another. There
was again a small effect of semester (Fg 5, = 6.3237, P < .001,
'15 =0.022) and a small interaction effect of semester and accuracy
on change of response (Fg ;5,4 = 17.443, P <.001, ;13 =0.059).

4 | DISCUSSION

Do medical students finish their degrees with an adequate level of
self-monitoring accuracy? Do different measures of self-monitoring
reflect the same underlying construct? How do final-year students
compare with novice students? Extending previous findings!!1&2°
to a broader area of medical knowledge and encompassing more
performance levels across the whole spectrum of undergraduate
medical education, our analyses of low-stakes test data provide evi-
dence for relatively good self-monitoring accuracy from semester 2
onwards. In fact, contrary to our expectations, self-monitoring ac-
curacy did not vary across the 10 semesters of medical education
except that semester 1 stood out in all analyses (ie, students in se-
mester 1 answered an exceptionally high number of items, reported
the most guesses, took least time per item and changed their initial
answers most often), probably because first-semester students may
not have known what to expect or how to use a progress test.

With regards to self-monitoring accuracy, we found that medi-
cal students were more confident in their correct answers than in
their incorrect answers, replicating previous findings.23. Second,
the percentage of correct answers per confidence level, which
offers a more fine-grained evaluation of self-monitoring accuracy
than average confidence levels, showed that only approximately
86% of items answered with a high level of confidence were indeed
correct. This degree of overconfidence is comparable with that re-
ported in numerous previous studies (for reviews, see Berner and
Graber'? and Fischhoff et al®®) and thus does not seem to be spe-
cific to the medical domain. Accordingly, 14% of answers for which
respondents rated themselves as being very sure were incorrect.
Such errors may prove dangerous in practice because highly con-

fident physicians request fewer diagnostic tests, which potentially

results in more diagnostic errors.?! Hence, these are the items that
most urgently require students’ attention. Within the context of
a progress test, feedback could be provided on these items in the
form of the correct answers accompanied by further explanations.
Moreover, students with high proportions of such items could be
flagged and approached individually within the framework of a
mentoring system.

Approximately 61% of answers for which respondents rated
themselves as being fairly sure were indeed correct, in line with pre-
vious quantifications of that rating.!®'” Informing students about
their performance levels here might boost their confidence and
self-esteem, and reduce the tendency to request additional and un-
necessary tests.

The accuracy level of guesses was much better than would be
expected by chance. This may be a side-effect of the confidence
scale used. As there was no rating category for | am fairly unsure,
the gap between the categories | am guessing and | am fairly sure
was quite large.’®'” Respondents who were neither confident nor
unconfident in their answer may thus have chosen the I am guessing
category, thereby increasing the overall level of accuracy in this
category.

Concerning the behavioural indicators response time and re-
sponse changing, we found that, in line with previous studies,®'®
students took more time to think about a question and changed
their response more often when their initial answer was incorrect
(although the total proportion of changes was very small), thus pro-
viding convergent evidence for self-monitoring accuracy within one
study. These findings further strengthen the validity of the assump-
tion that the latent variable ‘self-monitoring’ can be operationalised
through both behavioural (eg, response time) and self-reported (eg,
confidence) measures.

This study can be regarded as a baseline study of a sample of
students who had no experience in the explicit assessment of their
self-monitoring accuracy. Although the students who participated
in this study had experience in filling in the progress test (except for
those in the first semester), they had never been prompted to indi-
cate their level of confidence and had not received any feedback on
their self-monitoring accuracy before. Future longitudinal studies
need to test whether the provision of early detailed feedback not
only on performance but also on self-monitoring accuracy helps
students choose appropriate learning goals and activities, and ul-
timately leads to improvements in performance and self-monitor-
ing au:curacy.”'33 We expect that providing students with external
guidance in the form of feedback*2%333% or cue prompts®? will
improve their self-monitoring accuracy and thus contribute to their
achieving expert performance in the long run.®® In particular, the
cue utilisation framework proposed by de Bruin and colleagues®?3¢
may be used in developing research and education that identify the
cues students can use to adequately guide their self-monitoring. A
formative progress test (preferably in combination with a mentor-
ing system) offers the potential to provide specific, timely feedback
on the full range of knowledge tested and cues relevant for accu-

rate self-monitoring.
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4.1 | Limitations

This study has several limitations. First, as a cross-sectional study, it
does not allow for longitudinal conclusions. Second, it is not advis-
able to generalise the present findings to clinical settings and do-
mains of competence beyond declarative knowledge.®2! Third, the
possibility of ‘opting out’ of the progress test (ie, by deferring an ex-
ceptionally high number of answers, used by approximately 17% of
students) may mean that our sample is a non-random sample of the
larger student population, namely, that it includes students who put
greater effort into test taking. The relationship between test-taking

motivation and self-monitoring remains a subject for future study.

5 | CONCLUSIONS

This study found that medical students across all semesters of study
have relatively good levels of self-monitoring accuracy but that there
is still room for improvement. We hope that an easy and early inter-
vention, such as one that provides students with feedback on their
self-monitoring accuracy, will promote the development of self-
monitoring accuracy during undergraduate medical training, identify
potentially dangerous knowledge gaps, help students to set appro-

priate learning goals and ultimately improve medical care.
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