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Abstract

Background: In medical physiology, educators and students face a serious challenge termed misconceptions.
Misconceptions are incorrect ideas that do not match current scientific views. Accordingly, they have shown to
hamper teaching and learning of physiological concepts. Conceptual Change Theory forms the basis of new
teaching and learning practices that may alleviate misconceptions and facilitate critical thinking skills that are
essential in becoming knowledgeable, self-regulated health professionals. In this study, we examined if such an
intervention named refutation texts, could enhance medical students’ cognition and metacognition.

Methods: First-year medical students (N=161) performed a pre-test and post-test on cardiovascular physiology
concepts, including a self-perceived confidence rating. In between, students read either a standard text with an
explanation of the correct answer, or a refutation text which additionally refuted related misconceptions.

Results: In both groups, average performance scores (refutation: + 22.5%, standard: + 22.8%) and overall confidence
ratings (refutation: A0.42 out of 5, standard: A0.35 out of 5) increased significantly (all p <.001), but a significant
effect of the specific refutation element was not found. Initially incorrect answers were corrected less frequently in
cases of high confidence (35.8%) than low confidence (61.4%).

Conclusions: Our results showed that refutation texts significantly increased students’ knowledge, however, the refutation
element did not have a significant additional effect. Furthermore, high confidence in incorrect answers negatively affected
the likelihood of correction. These findings provide implications for teaching practices on concept learning, by showing
that educators should take into account the key role of metacognition, and the nature of misconceptions.
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Background

Physiology plays a central role in understanding human
body functions [1]. It is therefore problematic that many
medical students find it difficult to acquire accurate know-
ledge of physiological concepts [2]. This may be partially
due to the presence of misconceptions [3-5]. Misconcep-
tions can be defined as incorrect ideas that do not match
current scientific views [6]. Over the last 30 years,
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misconceptions in science education have been demon-
strated repeatedly [7—10]. Misconceptions are resistant to
change as they frequently persist even after direct instruc-
tion [11]. In medical education this topic is less well studied
and few didactic strategies have been put forward to ad-
dress misconceptions and promote conceptual change
among students.

The process of shifting from an incorrect scientific un-
derstanding to a correct one is strongly influenced by
what a learner already knows [12]. A learner’s prior
knowledge should therefore always be engaged while try-
ing to understand new information. Sometimes, the to-
be-learned information conflicts with one’s prior know-
ledge. It then requires reorganization of cognitive
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schemas in the brain to accommodate novel information
[13, 14]. When such cognitive conflicts concern concep-
tual knowledge, this reorganization process is referred to
as conceptual change [15]. By contaminating the
learner’s prior knowledge, misconceptions may inhibit
rather than facilitate learning of new information [13,
16, 17].

Teachers may not succeed to alleviate misconceptions
by simply providing the right answer or explanation to a
question [17, 18]. Educational researchers have proposed
that teaching strategies should explicitly undermine, i.e.
refute, learners’ misconceptions [19], for example by
using refutation texts. Refutation texts typically comprise
three components: (1) the common misconception, (2)
the refutation which explicitly debunks the misconcep-
tion, (3) the correct answer [18, 19].

A refutation text for the misconception that blood
slows down at a vessel narrowing states: Many people
think that the velocity of blood decreases when it enters a
constricted section of a vessel, just like cars slow down
when the road narrows, (i.e. misconception) but this no-
tion is false since blood, being a liquid, cannot be com-
pressed (i.e. refutation). The velocity of blood actually
increases because the same blood volume has to pass
through a smaller cross-section in the same time frame
(i.e. correct answer).

The potential of refutation texts to induce conceptual
change has been demonstrated in various science do-
mains including physics [19] and biology [20, 21]. Super-
jority of this instructional approach is presumably based
on the mechanism of coactivation as described in the
Knowledge Revision Components framework [13]. Coac-
tivation of the misconception and correct concept ap-
pears crucial for establishing learners’ awareness of the
existing conflict. Knowing that there is an apparent in-
consistency between prior knowledge and new informa-
tion may lead to an experience of cognitive conflict,
followed by attempts to resolve this issue [22, 23]. In the
case of refutation texts, the cognitive conflict may be in-
duced by reading the common misconception plus a
refutation that debunks this misconception. This conflict
may lead to the reorganization of cognitive schemas in
the brain [13, 14]. Such reorganizations as induced by
refutation texts reflect the process of conceptual change,
ideally resulting in accurate conceptual understanding.

The cognitive effect of refutation texts on learners’ con-
ceptual understanding depends on a learner’s metacogni-
tion. Metacognition is the process of thinking about one’s
thinking [24], and encompasses an important component
referred to as metacognitive knowledge [25]. Metacognitive
knowledge entails being aware of what you do and do not
know, e.g. when reading refutation texts this could entail
becoming aware of a cognitive conflict [25]. Only students
who can accurately judge, i.e. metacognitively evaluate that
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their understanding of a concept is insufficient may choose
to further study this concept [26, 27]. Building on the im-
portance of metacognition in concept learning, refutation
texts may stimulate students’ conceptual change through
enhancing their metacognitive knowledge [18, 26]. Various
studies in elementary school and higher education support
this hypothesis [20, 28], however, others failed to demon-
strate enhancement of students’ metacognitive knowledge
after reading refutation texts [29]. So, despite the theoretical
link between conceptual change and metacognitive know-
ledge, research investigating the influence of refutation texts
on learners’ metacognitive knowledge remains limited and
so far inconclusive.

In addition to investigating the influence of refutation
texts on students’ conceptual understanding and meta-
cognitive knowledge, it may be of interest to examine
which learner characteristics are most productive for fa-
cilitating conceptual change. Some studies distinguish
between misconceptions held by learners with low-
confidence versus misconceptions held with high-
confidence [29-31]. Of note, in some studies the term
misconception is reserved exclusively for the latter type,
whereas ‘wrong answers’ held with low confidence are
referred to as lack of knowledge. Researchers have sug-
gested that high-confidence misconceptions are hardest
to correct because they are more strongly represented in
memory and they impair the student in accommodation
contrasting information [32, 33]. The hypercorrection ef-
fect, however, contradicts this hypothesis, stating that
corrective feedback induces coactivation which may par-
ticularly surprise learners who are highly confident
about their misconceptions, thereby increasing their at-
tention and enhancing text comprehension [34—36].

In this study, we investigated the cognitive effect,
metacognitive effect and hypercorrection effect in a refu-
tation text intervention. Firstly, we investigated if read-
ing refutation texts improves actual knowledge (i.e.
cognition). Secondly, we studied if reading refutation
texts improves self-perceived knowledge (i.e. metacogni-
tion). Thirdly, we tested if the hypercorrection effect oc-
curred: we hypothesised that high-confidence incorrect
answers would be corrected more frequently than low-
confidence incorrect answers. In summary, we presume
that research on conceptual change interventions in
medical education is needed to improve students’ con-
ceptual understanding. Moreover, equipping students
with accurate knowledge about physiological concepts
may ultimately result in improved clinical reasoning and
decision-making [37, 38].

Methods

Participants and setting

This study was conducted in first-year medical students
at the Leiden University Medical Center. At the start of
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the academic year the student cohort was divided into 24
groups, 12 groups (12—15 students/group, total 161 stu-
dents) were included in this study. The protocol was im-
plemented in a seminar on cardiovascular physiology.
This seminar was part of a compulsory, 8-weeks course
on integrative cardiovascular, respiratory and kidney
physiology at the beginning of the second semester. The
course seminars focus on solving clinically-based scenarios
in small-group sessions led by an expert. This study was
performed during the first course seminar, which focusses
on the concepts of flow, pressure and resistance. These
concepts were introduced and explained in a plenary lec-
ture a few days before the seminar and the students were
instructed to study them prior to the seminar also using a
specified section from a medical physiology textbook [39].

This study protocol was approved by the Leiden Uni-
versity Medical Center Educational Research Review
Board (ERRB), reference number: OEC/ERRB/20171010/
2. Students provided written informed consent to use
their responses for scientific analysis and publication.
They received no additional credit and they were in-
formed that all data would be anonymised and test per-
formance had no effect on their course grade. They
could withdraw their permission at any time.

Procedure

In our study, half of the groups were assigned to the
Refutation text intervention, and the other half re-
ceived a Standard text control intervention. Allocation
to these two experimental groups was arbitrarily ex-
cept for the aim to have a similar male-to-female ra-
tio (30:70) in all groups. The study was performed in
a classroom setting at the beginning of a seminar. All
students performed a pre-test, followed by either a
Refutation text or Standard text intervention, and a
subsequent post-test with near-transfer questions.
Both tests were given on paper and consisted of four
multiple-choice multi-tier questions (6). All questions
were about cardiovascular physiology topics regarding
flow, pressure and resistance. In between the pre-test
and post-test, each student received either refutation
texts or standard texts (see Additional file 1: Appen-
dix A for examples). The standard texts gave, for
each question of the pre-test, the right answer plus
an explanation (average 177 words/text). Students had
four minutes to answer each question on the pre-test
and post-test, and also four minutes for reading each
refutation or standard text. The study was teacher-
paced, meaning that students had to wait for the next
question or text if they finished earlier, resulting in a
total time of 48 min. The refutation texts groups
followed a similar procedure, except that the texts
contained an additional sentence (i.e. refutation elem-
ent) that presented a common misconception with an
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explicit refutation of that misconception, before pro-
viding the correct answer with the explanation (aver-
age 226 words/text). During the tests, students
received a summary sheet with all the relevant factual
knowledge to reduce the number of incorrect answers
merely due to lack of factual knowledge.

Materials

The questions and explanations were designed by a
physiology teacher (P.S.) with longstanding experience in
cardiovascular research and teaching, and designing and
reviewing exam questions. Each question consisted of
three tiers, i.e. an answer tier, an explanation tier, and a
confidence tier (see Additional file 1: Appendix B for ex-
amples). In the answer tier, students were asked to pro-
vide a binary Yes/No or an ‘Increase/Decrease/No
change’ answer. In the explanation tier students could
choose one of the suggested explanations that best sup-
ported their reasoning underlying their answer. Except
for the right explanation, all other explanations were de-
signed to reflect possible misconceptions that students
may hold. After the explanation tier, students had to an-
swer the confidence tier: ‘How sure are you that your
answer to the previous question was correct?. Confi-
dence was self-reported using a 5-pt Likert scale: 1: Very
unsure (complete guess), 2: Fairly unsure, 3: In doubt, 4:
Fairly sure, 5: Very sure (almost 100%). All questions
were designed on the ‘apply’ and ‘analyse’ levels of
Bloom’s taxonomy, and focused on examining students’
conceptual knowledge [40].

Data analyses

IBM SPSS Statistics Version 23.0 (IBM Corp., Armonk,
New York, USA) and GraphPad Prism Version 7.02
(GraphPad Software, La Jolla, California, USA) were
used for all data analyses and visualizations. Descriptive
statistics are provided as means and standard errors of
the mean, unless otherwise mentioned. Only answers
that consisted of a correct initial answer and a correct
explanation were marked correct. Dependent samples t-
tests were performed, for Refutation text and Standard
text groups separately, to determine whether there was a
difference in pre-test versus post-test scores.

An analysis of covariance (ANCOVA) was used to de-
termine whether the post-test means, adjusted for pre-
test scores, differed between groups. To determine the
effects of response accuracy (incorrect or correct answer,
i.e. cognitive effect), stage (pre- or post-intervention)
and group (standard or refutation text), and their inter-
actions with confidence (i.e. metacognitive effect), we
used a multiple linear regression (MLR) model with
dummy variables. We used effects coding to avoid multi-
collinearity. Consequently the coding for the dummy
variables for response (R), stage (S) and group (G) was
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as follows: incorrect answer R = -1, correct answer R =+ 1,
pre-test S = -1, post-test S = + 1, standard text G = -1, refu-
tation text G = + 1. The MLR model was: Y = By + Br.R +
Bs.s + BGG + BRs.R.S + BRG.R.G + BRSG.R.S.G.

This model was applied to the individually corrected
confidence scores (Y): a student’s average confidence
score was subtracted from their confidence scores on
each question to remove the between-students variability
in average confidence scores.

To test the hypercorrection hypothesis, we determined
the fraction of initial misconceptions that were changed
to a correct answer after intervention and the fraction of
initial lack of knowledge that was changed to a correct
answer. A hypercorrection effect is found if the fraction
corrected misconceptions is higher than the fraction cor-
rected lack of knowledge. Therefore, outcomes were
made dichotomous: a confidence score below or equal
to 3 was defined as low and a confidence score above 3
as high. This cut-off was chosen because students select-
ing “3” were still essentially unsure (‘in doubt’) about be-
ing correct. We used Hasan’s decision matrix to label
the answers (see Fig. 1). According to this matrix incor-
rect answers given with high confidence are considered
misconceptions, incorrect answers given with low confi-
dence are considered a lack of knowledge [41]. Correct
answers held with low confidence were labelled lucky
guesses and correct answers with high confidence were
labelled correct knowledge. In these terms, misconcep-
tions and lucky guesses are considered low metacogni-
tion and correct knowledge and lack of knowledge high
metacognition. Furthermore, a cognitive effect was la-
belled positive when one changed an incorrect answer to
a correct answer. A metacognitive effect was labelled
positive when one changed from low metacognition to
high metacognition.

Results
Table 1 presents the overall performance and average con-
fidence scores on the pre-test and post-test in both

Cognition

Low High

High

Misconception
Low metacognition

Correct knowledge
High metacognition

Confidence

Lucky guess

Low metacognition

3
3 Lack of knowledge

High metacognition

Fig. 1 Hasan's decision matrix (adjusted)
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groups. After reading Refutation texts, the overall test per-
formance score increased significantly from 36.3% + 0.03
to 58.8% + 0.03 (t(79)= 6976, p <0.001). For the Standard
text group a significant increase from 34.3% +0.03 to
57.1% + 0.03 was found (tgg) = 7198, p < 0.001). There was
no significant difference in post-test performance between
the group reading Refutation texts and the group reading
Standard texts (F(j,644) = 0.095, p = 0.758). The overall con-
fidences scores increased significantly from 3.10 + 0.06 to
3.52£0.08 in the Refutation text group (o) = 6154, p <
0.001). For the Standard text group a significant increase
from 3.23 £ 0.06 to 3.58 + 0.05 was found (tgo) = 6101, p <
0.001). Additionally, there was also no significant differ-
ence in post-test confidence scores between the groups
(F(1,160) = 0.003, p = 0.954).

Figure 2 shows the relationship between students’ per-
formance and confidence scores on individual questions.
For each student, confidence scores per question were
corrected for their average confidence to remove
between-student variability in average confidence (i.e.
confidence*, see Methods). In the refutation text group,
the difference in confidence scores between incorrect
and correct answers increased from A0.419 points pre-
intervention to A0.643 points post-intervention. The
standard text group showed a similar increase from
A0.382 to A0.695 points. A complete overview of the
numbers of incorrect and correct answers and related
confidence and confidence* in both groups, at both
stages is shown in Table 2.

Multiple linear regression analysis was used to deter-
mine main and interactive effects of response, stage and
group on confidence*, see Table 3. Response and stage
were significant predictors. The significant interaction
effect between response and stage indicates that the dif-
ference in confidence* between incorrect and correct an-
swers (ie. the response effect) was significantly higher
post-intervention than pre-intervention. This interaction
effect, however, was not significantly different between
the groups, as indicated by the lack of significance for
the response-stage-group interaction term.

Figure 3 displays all changes, from pre- to post-
intervention, in performance and confidence for the
refutation and standard text groups. Both groups showed

Table 1 Percentage correct of overall test performance and
average confidence rating

Refutation text (n = 80) Standard text (n=81)

Overall test performance (%)

Pre test 36.3 £ 0.03 343+ 003

Post test 588 = 0.03 57.1 £ 003
Average confidence rating (max 5)

Pre test 3.10 £ 0.06 323+ 006

Post test 3.52 £ 008 3.58 £ 0.05
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comparable changes. A positive cognitive effect was indi-
cated if initially incorrect answers (i.e. misconception or
lack of knowledge) were changed to correct answers (i.e.
lucky guess or correct knowledge). A positive metacogni-
tive effect was indicated if initially low metacognitive ac-
curacy (i.e. misconception or lucky guess) changed to
high metacognitive accuracy (i.e. lack of knowledge or
correct knowledge). In the refutation text group, an
overall positive cognitive effect was measured in 31.9%
of cases compared to a negative cognitive effect of 9.4%.
The positive metacognitive effect was 23.8% compared
to a negative metacognitive effect of 21.3%. In the

standard text group, the overall positive and negative
cognitive effects were 32.5 and 9.0%, and the metacogni-
tive effects were 25.0 and 20.5% respectively.

The hypercorrection hypothesis was tested by compar-
ing the percentages of low versus high confidence incor-
rect answers that were changed to correct answers post-
intervention. For the Refutation text group, 35.8% of the
initially incorrect answers that were rated with high con-
fidence (i.e. misconceptions) changed to correct know-
ledge after intervention. In contrast, initially incorrect
answers rated with low confidence (i.e. lack of know-
ledge) were corrected to the right conception in 61.0%

Table 2 Number of incorrect and correct answers and related confidence and confidence” scores (mean + SD) in both groups, at

both stages

Response (R) Stage (5) Group (G) N Confidence Confidence”
Incorrect answer Pre test Standard text 214 (16.6%) 313+ 084 -0.13 £ 0.59
Refutation text 197 (15.3%) 292 + 089 -0.16 + 0.68
Post test Standard text 141 (10.9%) 314 £ 083 —040 + 069
Refutation text 131 (10.2%) 311+ 096 —0.38 + 061
Correct answer Pre test Standard text 113 (8.8%) 342 + 099 025 +0.82
Refutation text 116 (9.0%) 340 £ 091 026 +0.77
Post test Standard text 189 (14.7%) 391 +£094 030 +0.82
Refutation text 187 (14.5%) 3.80 £ 097 027 £ 074
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Table 3 Predictors of Confidence”

Parameter B Significance
Threshold 0.001 0.955
Response 0.267 0.000
Stage —0.055 0.008
Group -0.003 0.880
Response x Stage 0.067 0.001
Response x Group —-0.002 0.930
Stage x Group 0.00003 0.998
Response x Stage x Group -0.011 0.585

Response; incorrect answer (—1), correct answer (+ 1). Stage; pre-test (— 1),
post-test (+ 1). Group; standard text (- 1), refutation text (+ 1)

of cases. Similar findings were obtained in the Standard
text group: the percentage of misconceptions that was
corrected was 40.3% versus 66.0% of the lack of know-
ledge answers. Thus, these data do not support the
hypercorrection hypothesis for either group. Rather, stu-
dents with lack of knowledge more frequently corrected
their answers than students with misconceptions.

Discussion

With this study we investigated if reading refutation
texts benefits conceptual understanding in medical stu-
dents. Based on previous research we expected refuta-
tion texts to have a positive effect on students’
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conceptual understanding (i.e. cognition) plus associated
awareness of their understanding (i.e. metacognition).
Additionally, based on the hypercorrection hypothesis
we suggested that an increase in conceptual understand-
ing would be present in students with high-confidence
misconceptions in particular.

In summary, we found that reading refutation texts im-
proved students’ cognition and metacognition but these
effects were not significantly greater than the effects of
reading standard texts. Furthermore, we could not find
support for the hypercorrection hypothesis as students’
misconceptions were actually found harder to correct than
correcting a lack of knowledge. Here, we elaborate on
these findings and propose that instructional methods for
concept learning should take into account the key role of
metacognition, and the nature of misconceptions.

Since the cognitive and metacognitive improvements
were found in both groups they could not be attrib-
uted to the refutation element, contrasting previous
studies in higher education [19, 20]. Instead, the in-
crease in both groups could be due to the answer
and explanation elements that were present in both
texts. According to the Knowledge Revision Compo-
nents framework [13], co-activation of learners’ prior
knowledge and new information may result in aware-
ness of a possible cognitive conflict. Learners attempt
to resolve this issue, leading to enhanced conceptual
understanding. In our case, co-activation could have
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been induced by the answer or explanation element
rather than the refutation element per se. Notably,
many different misconceptions may be present among
learners whereas the refutation element only ad-
dressed one of the supposedly most common miscon-
ceptions. Consequently, other possible alternative
conceptions may have been left unaddressed, thereby
limiting co-activation.

As indicated by an increase in accurate metacognitive
judgements, co-activation seemed to be established to some
extent in both groups, although, the absolute metacognitive
outcomes remained relatively poor. These relatively poor
metacognition scores align with findings from Thiede and
colleagues reporting an average correlation of 0.27 between
one’s actual performance and one’s self-perceived perform-
ance across 57 studies [42]. Since metacognition plays an
important role in conceptual change processes, we suggest
educators and researchers should pay more attention to the
metacognitive component of learning [43]. This also relates
to the view of the medical education community that stu-
dents are expected to engage in their education as self-
regulated learners [43, 44]. Self-regulated learning is an um-
brella term that covers the cognitive, metacognitive, behav-
ioural, motivational, and affective aspects of learning (for a
review see Panadero, 2017) [45]. According to theory and
practice, important metacognitive skills to facilitate self-
regulated learning include planning, monitoring and evaluat-
ing. Optimizing these skills will contribute to effective learn-
ing, independent learning, and lifelong learning [46—48].
This comes with an important task for the medical educator
as explicit teaching of these metacognitive skills inevitable;
‘learning how to learn cannot be left to students. It must be
taught.” [49-51].

The lack of additional benefit of the refutation element
may be further explained by the nature of our miscon-
ceptions. As described by Chi, one can distinguish three
types of knowledge representation: single ideas, mental
models and categories [52]. Faulty ideas are suggested to
be refuted more easily compared to flawed mental
models or complex concepts such as physiological con-
cepts. Regarding the latter, learners must generate infer-
ences by connecting and understanding cause-effect
relations [53, 54]. For our physiological misconceptions,
refutation texts alone may not have been sufficient to
achieve coherent concept representation. Additional
educational approaches including diagramming, concept
maps, problem-based learning and peer instruction may
be needed to establish conceptual change for abstract
scientific concepts [9, 55-57].

Contrary to the hypercorrection hypothesis, our find-
ings showed that incorrect low confidence answers (i.e.
lack of knowledge) were corrected more frequently than
incorrect high confidence answers (i.e. misconceptions),
after the interventions. This finding suggests that
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misconceptions are harder to correct than lack of know-
ledge which resonates with Conceptual Change Theory
[15]. Again, the nature of misconceptions may play an
important role in the ease with which conceptual change
can be achieved. Interestingly, a previous study by van
Loon et al. showed results similar to our study and sug-
gested that the absence of the hypercorrection effect
may also be clarified by the feedback format [29]. Both
van Loon et al, and our study provided feedback
(through text reading) to students on all questions,
whether they held a misconception or not. Contrastingly,
previous hypercorrection studies only provided feedback
to learners when they made an error which might cause
attentional bias towards the misconceptions [29]. Due to
the contextual and protocol variations, it remains diffi-
cult to compare and generalise results across studies.
Therefore, future studies in the specific context of medi-
cine are needed to advance conceptual change research
in medical education.

This research has limitations that need be considered
when interpreting its results. Conceptual change is a
gradual process, therefore, a longitudinal design includ-
ing long-term outcomes may provide additional insights
in students’ learning processes. Furthermore, our study
was conducted in a real-life seminar setting and there-
fore comprised a limited number of questions. Addition-
ally, we used a multi-tier approach with multiple choice
answers [6]. Regarding students’ cognition, we cannot
know if there were other alternative conceptions that
were not explicitly stated in the assessment format. Re-
garding students’ metacognition, we cannot identify the
metacognitive processes that occurred during reading as
we only measured their confidence after reading. Future
research may include open-ended questions or thinking
aloud procedures to provide more information on stu-
dents’ level of conceptual understanding and metacogni-
tive processes.

Conclusions

This study was the first to investigate the effect of
refutation texts on conceptual understanding in med-
ical students. Reading refutation texts did not signifi-
cantly improve students’ cognition and metacognition
beyond reading standard texts. Importantly, we found
that misconceptions on cardiovascular physiology
were robust and the accuracy of metacognitive judge-
ments among medical students was relatively low.
These findings have implications for classroom prac-
tice, by addressing the critical role of metacognition
and the nature of misconceptions in physiological
concept learning. Future studies should take into ac-
count these cognitive and metacognitive facets in-
volved in students’ learning processes in order to
develop effective teaching practices.
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