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Misconceptions about science are often not corrected during study when they are held with high con-
fidence. However, when corrective feedback co-activates a misconception together with the correct
conception, this feedback may surprise the learner and draw attention, especially when the misconcep-

Keywords: tions are held with high confidence. Therefore, high-confidence misconceptions might be more likely
Reading comprehension to be corrected than low-confidence misconceptions. The present study investigates whether this hy-
CMOirsTc:jlfcneC;tions percorrection effect occurs when students read science texts. Effects of two text formats were compared:
Correction Standard texts that presented factual information, and refutation texts that explicitly addressed mis-

conceptions and refuted them before presenting factual information. Eighth grade adolescents (N=114)
took a pre-reading test that included 16 common misconceptions about science concepts, rated their
confidence in correctness of their response to the pre-reading questions, read 16 texts about the science
concepts, and finally took a post-test which included both true/false and open-ended test questions. Anal-
yses of post-test responses show that reading refutation texts causes hypercorrection: Learners more often
corrected high-confidence misconceptions after reading refutation texts than after reading standard texts,
whereas low-confidence misconceptions did not benefit from reading refutation texts. These outcomes
suggest that people are more surprised when they find out a confidently held misconception is incor-
rect, which may encourage them to pay more attention to the feedback and the refutation. Moreover,
correction of high-confidence misconceptions was more apparent on the true/false test responses than
on the open-ended test, suggesting that additional interventions may be needed to improve learners’
accommodation of the correct information.

Adolescence

© 2015 Elsevier Inc. All rights reserved.

1. Introduction 1983), or the nature of light (Mason, Gava, & Boldrin, 2008). Fur-

thermore, learners often cannot accurately monitor whether they

Adolescents in secondary education are increasingly expected
to engage in self-regulated learning in many subjects, and science
is no exception (Alvermann, 2002). Self-regulated learning of science
texts can be challenging, especially when learners are required to
understand novel concepts presented in the texts (Otero, Leon, &
Graesser, 2002; Sinatra & Broughton, 2011). For instance, learners
have difficulty understanding concepts explained in texts, such as
airflow (Braasch, Goldman, & Wiley, 2013), motion (McCloskey,
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correctly understand the information presented in studied texts
(Thiede, Griffin, Wiley, & Redford, 2009). When monitoring of text
learning is inaccurate, self-regulated learning is not likely to be well
adapted to the current level of understanding. Because learners
cannot strategically decide which passages are not yet well learned,
they may stop studying prematurely (Metcalfe & Finn, 2008; Rawson
& Dunlosky, 2013; Son & Metcalfe, 2000; Thiede, Anderson, &
Therriault, 2003).

According to Piaget (1964), learning is a transformative process
that requires modification of existing cognitive schemata through
assimilation and accommodation. When a science text contains in-
formation that extends or deepens existing knowledge, learners need
to assimilate the novel information into their existing cognitive
schema. Alternatively, when the new information is not compatible
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with learners’ cognitive schema, and conflicts with the informa-
tion in their knowledge base, this means that they need to change
the organization of their cognitive schema by accommodating the
novel information (Kendeou & O’Brien, 2014; Piaget, 1964).

One major obstacle to learning from science texts is learners’ mis-
conceptions, which are often based on naive ideas about concepts
that differ from the accepted scientific facts. For instance, Schneps
(1989) reported that many university students hold the miscon-
ception that seasonal changes are caused by fluctuations in the
distance between the Earth and the Sun. Instead, seasonal changes
are caused by the tilted position of the Earth. Such misconcep-
tions about scientific concepts are prevalent and resistant to change,
and can therefore hinder accommodation of accurate knowledge
(Alvermann & Hynd, 1989; Braasch et al., 2013; Hammer, 1996;
Kendeou & van den Broek, 2005).

1.1. Confidence and hypercorrection of misconceptions

Schneps (1989) found that students were very confident in their
misconceptions, suggesting that these are firmly established. The
relation between confidence in misconceptions and correction of
misconceptions seems to be complex. On the one hand, high con-
fidence in prior knowledge negatively impacts learners’ success in
accommodating contrasting information (Pintrich, Marx, & Boyle,
1993). Misconceptions that learners state with high confidence are
resistant to change (Dole & Sinatra, 1998; Ecker, Lewandowsky, &
Tang, 2010). Presumably, high-confidence misconceptions are harder
to correct than the ones that are held with lower confidence, because
high-confidence misconceptions are more strongly represented in
memory (Ecker, Lewandowsky, Swire, & Chang, 2011). On the other
hand, unless learners are given feedback, correction of misconcep-
tions is unlikely (Metcalfe, Butterfield, Habeck, & Stern, 2012); and
contrary to intuition, feedback may help most when learners are
highly confident in a misconception (Butterfield & Metcalfe, 2001;
Cordova, Sinatra, Jones, Taasoobshirazi, & Lombardi, 2014). In par-
ticular, when learners receive explicit feedback that they hold a
misconception, the misconceptions that are held with high confi-
dence are more likely to be corrected than misconceptions that are
held with less confidence, a finding called the hypercorrection effect
(Butterfield & Metcalfe, 2001).

In prior research on hypercorrection, participants answered
general information questions such as: What is the name of the river
that runs through Rome? After giving an answer, they rated their
confidence in the response. When they answered questions incor-
rectly, they received feedback immediately in the form of the correct
answer (Butterfield & Metcalfe, 2001; Metcalfe & Finn, 2012). On
a subsequent test, it appeared that high-confidence errors were more
often corrected than low-confidence errors. Presumably, when people
confidently make an incorrect response, the correcting feedback sur-
prises them and draws attention to the feedback (e.g., Butler, Fazio,
& Marsh, 2011; Metcalfe et al., 2012). People are more surprised
when feedback contradicts their high-confidence misconceptions
than their low-confidence ones, so they might pay extra
attention to the correct information, which in turn leads to the hy-
percorrection effect (Butterfield & Metcalfe, 2006; Metcalfe & Finn,
2011, 2012).

1.2. Correcting misconceptions with refutation texts

Whether the hypercorrection effect will also occur when reading
texts about science concepts, instead of learning short answers to
general information questions (which were the materials used in
prior research), is not yet known. When reading science texts, simply
giving feedback that an answer is not correct is usually insuffi-
cient for conceptual change to occur (for a review, refer to Guzzetti,
Snyder, Glass, & Gamas, 1993). In most educational science text

books, standard text formats are used that emphasize and explain
currently accepted scientific explanations of concepts (Tippett, 2010).
When reading standard texts, learners might have difficulties with
noticing the discrepancy between their misconceptions and the pro-
vided explanation for the correct conception. Therefore, standard
text formats may not be effective for correcting misconceptions,
because explanations in the studied text do not undermine the per-
ceived truth of learners’ science misconceptions (Braasch et al., 2013;
Diakidoy, Kendeou, & Ioannides, 2003).

When studying science texts, providing explicit refutations of mis-
conceptions seems to increase the likelihood of correction (Guzzetti
et al.,, 1993). To correct misconceptions, learners need to co-
activate these together with the correct concepts to become aware
that the two conflict with each other (van den Broek & Kendeou,
2008). A special text format, called a refutation text, has been de-
signed to support such co-activation. Refutation texts always contain
two components in addition to a standard text: The statement of
the misconception and explicit refutation of this misconception
(Braasch et al., 2013; Tippett, 2010). When explicitly refuting the
misconception and co-activating it with the correct concept, the in-
consistency between a learner’s misconceptions and the contrasting
information is likely to lead to an experience of cognitive disso-
nance (Guzzetti et al., 1993). Because reading refutation texts
increases awareness of conflicts between a learner’s prior beliefs
and new information, this text format helps the learner to correct
misconceptions.

With this study, we aim to address the question: Does reading
refutation texts also lead to hypercorrection for high-confidence mis-
conceptions? When high-confidence misconceptions are activated
and then refuted in the text, learners might be surprised and more
fully attend to the correct conception than when it is presented using
standard texts (Broughton, Sinatra, & Reynolds, 2010). Hence, a hy-
percorrection effect might occur when learners read refutation texts
on topics for which they hold high-confidence misconceptions. This
study investigates both the processes of ‘outdating’, which is ne-
gating the misconception, and ‘updating’, which is accommodating
the correct alternative in the memory representation (Kendeou,
Smith, & O'Brien, 2013). Moreover, it is important to investigate
whether hypercorrection (if it occurs) would remain after some delay.
In educational settings, learners are typically not tested immedi-
ately after studying texts but after a delay, and hence they need to
retain the studied information in long-term memory. However,
almost all research on hypercorrection has used a delay of only a
few minutes between the presentation of feedback and the final test,
although outcomes from two studies suggest that the hypercor-
rection effect persists after one week (Butler et al., 2011; Butterfield
& Mangels, 2003). We investigated whether reading refutation texts,
containing explicit feedback about how their misconceptions are
incorrect, has beneficial effects on adolescents’ correction (i.e.,
outdating and updating) of high-confidence science misconcep-
tions on a delayed test.

Accordingly, the main purpose of this study was to test the
refutation-causes-hypercorrection (RCH) hypothesis, which pre-
dicts that reading refutation texts leads to enhanced correction of
high-confidence misconceptions in comparison to reading stan-
dard texts; for correction of low-confidence misconceptions reading
refutation texts is hypothesized to have less of an effect (Hypoth-
esis 1). Moreover, consistent with Sanchez and Garcia-Rodicio (2013),
we expected that reading refutation texts would specifically focus
learners on correction of misconceptions, so that text format would
not affect learning of details (Hypothesis 2). In the present study,
we investigated eighth graders’ correction of misconceptions. Half
of the learners studied refutation texts and the other half studied
standard texts. A post-test administered one week after studying
the science texts assessed whether learners outdated their mis-
conceptions and were able to update their misconceptions with the
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correct information. Furthermore, detail questions were asked about
information in the texts that was not directly related to the
misconceptions.

1.3. Monitoring and regulation of correction of misconceptions

The majority of research on effects of refutation texts has focused
on improvement of learners’ performance per se (i.e., cognition). Even
though this focus is important, it is also relevant to investigate how
performance improvements come about. What cognitive and
metacognitive processes during self-regulated study of refutation
science texts result in correction of misconceptions? The current
study is grounded in the framework presented by Nelson and Narens
(1990), which emphasizes the relation between cognition and
metacognition during learning. When studying texts, learners need
to monitor their learning and regulate the learning process to reduce
the discrepancy between intermediate states of learning and their
overall learning goals (Nelson & Narens, 1990; Thiede & Dunlosky,
1999).

In a self-regulated learning setting, performance of a learner is
affected by the accuracy of their monitoring of learning. A learner
who monitors that studied information is not yet sufficiently un-
derstood should decide to continue studying instead of dropping
the materials from further learning. Only when students accurate-
ly monitor their learning can they engage in effective self-regulated
learning (Dunlosky, Hartwig, Rawson, & Lipko, 2011; Dunlosky &
Thiede, 2013; Metcalfe & Finn, 2008). Monitoring of text learning

INDEPENDENT VARIABLES
Between Within
Participants: Participants:
Text Format Confidence in

Misconception
(Refutation
Text vs. (High vs.

Standard Text) Low)

would likely be inaccurate when learners hold misconceptions,
because they often perceive this knowledge as correct when, in fact,
it is entirely inaccurate (Van Loon, de Bruin, van Gog, & van
Merriénboer, 2013). When learners do not accurately monitor their
understanding of studied texts, their confidence in the accuracy of
their misconception can lead to premature termination of study (Van
Loon et al., 2013). Even though refutation texts have been demon-
strated to improve learners’ performance (in terms of the cognitive
level from Nelson and Narens’ framework), it is unknown whether
reading refutation texts can improve monitoring accuracy and reg-
ulation (the metacognitive level) when reading texts about
misconceptions. Therefore, a final question of this research is: Could
refutation texts potentially improve learners’ ability to accurately
monitor their understanding of studied texts and help them to make
adaptive restudy selections?

1.4. Research questions and hypotheses

Fig. 1 shows a graphical overview of the present study in rela-
tion to the framework of Nelson and Narens (1990). As shown in
Fig. 1, both text format and subjective confidence in misconcep-
tions are expected to affect learners’ performance (their cognitive
level). Reading refutation texts is hypothesized to lead to en-
hanced correction of high-confidence misconceptions in comparison
to reading standard texts; for correction of low-confidence mis-
conceptions, reading refutation texts is hypothesized to have less
of an effect (Hypothesis 1). We do not expect an effect of text format

METACOGNITION:

- Predictions of
Performance
- Restudy Selections

COGNITION:

Outdating of
Misconceptions

- Updating with

correct information

Learning of details

Fig. 1. Hypotheses and Open-Ended Questions. This diagram depicts the hypothesized effect of Text Format and Confidence in Misconception on cognition, and the open-
ended research questions about effects on metacognition. The box represents the independent variables; ellipses represent dependent variables; solid arrows represent the
hypotheses and open-ended research questions; dashed arrows represent the relation between cognition and metacognition, based on the framework by Nelson and Narens

(1990).
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on learning of details (Hypothesis 2). As depicted in Fig. 1, in ad-
dition to investigating the effects of text format and confidence in
cognition, we address whether reading refutation texts improves
learners’ metacognition. Monitoring accuracy is measured by
relating participants’ predictions of performance (POPs) to their test
performance, regulation is measured with restudy selections. We
address the open questions as to whether reading refutation texts
improves POPs (Question 1) and adaptive restudy selections (Ques-
tion 2) in comparison to reading standard texts.

2. Method
2.1. Participants and design

Participants were 114 eighth-grade pupils (M age = 13.75 years,
SD=.51, 70 females, 44 males) of a secondary school in The Neth-
erlands (all participants followed education at the highest level of
secondary education, with a duration of 6 years). Each participant
was assigned randomly to one text format (refutation, standard).
The experiment consisted of two separate sessions. During the first
session, participants were tested in the computer room of their
school. During the second session, which was one week after the
first session, they were tested with a paper-and-pencil task. In the
first session, 118 pupils participated, however, four participants did
not attend the second session, the remaining participants com-
pleted both sessions; 57 participants read refutation texts and 57
read standard texts.

2.2. Materials

2.2.1. Pre-reading test and confidence ratings

Pre-reading test questions were true/false statements about
common misconceptions. An example of a statement is: “The bright-
est stars are the largest stars.” The statements were addressing
common misconceptions that were identified in a pilot study be-
forehand. In this pilot study, 51 participants in the same age group
as our sample answered true/false statements and then rated con-
fidence on a scale from 0% to 100% (ranging from ‘not sure whether
my response is correct’ to ‘entirely sure that my response is correct’),
with increasing steps of 20%. Participants were divided in two sub-
groups, two versions of the pilot study were used, and participants
in each subgroup answered 20 of the 40 selected pilot statements.
From these pilot data, 16 statements were selected (refer to Appendix
A for the misconceptions addressed in this study). The statements
were selected to ensure that these were common misconceptions
that were often answered incorrectly, and to ensure that the re-
sponses to the statements would show sufficient variability in
accuracy and confidence ratings. For eight of the pre-reading test
questions the correct response was ‘true’, for the other eight the
correct response was ‘false’. In the pre-reading test, participants filled
out a response for each statement (i.e., true or false) and then rated
their confidence for this statement on the confidence scale, ranging
from 0% to 100% (i.e., points on the scale matched 0%, 20%, 40%, 60%,
80%, and 100%). The text topics are independent from each other,
so learners can hold one misconception without having a larger/
smaller chance of holding another misconception. Thus, not
unexpectedly, the internal consistency of across questions was low
(o=.10).

2.2.2. Study phase

The study materials consisted of 16 passages that had the same
topics as the pre-reading test statements. The topics of these pas-
sages, the misconceptions, and the correct information for all topics
are listed in Appendix A. The difference between the two experi-
mental groups was the format of the text. The standard texts
consisted of a passage that explained the correct information

(a contradiction of the common misconception) and details that were
related to the topic of the text. The refutation texts contained, in ad-
dition to the correct information and the passage about details, a
sentence that presented the common misconception and then ex-
plicitly refuted it. In the refutation text, an additional paragraph
introduced the misconception (e.g., “many people believe that a
camel’s hump is filled with water”), refuted it (e.g., “this is not true”),
and then provided the correct information (e.g., “a camel’s hump
consists of fat”). See Appendix B for examples of standard texts and
refutation texts. The mean number of words per text was 108.88;
SD =9.31; range = 93-125 for standard texts; for refutation texts
mean words per text was 126.00; SD=10.27; range =111 to 143.

2.2.3. Predictions of performance and restudy selections

When predicting their test results, participants saw the title of
the text on the screen, accompanied by the question: How many
test questions do you expect to complete correctly about the text
[Title]? These POPs were provided with a mouse-click on a 6-point
scale ranging from 0% to 100% (points on the scale matched 0%, 20%,
40%, 60%, 80%, and 100%).

When making restudy decisions, participants indicated which
texts they would want to restudy by clicking on a grid with an 8x2
array in which each cell was filled by a title of a previously studied
text. The order of the texts in this grid was randomized for every
participant, 0 to 16 texts could be selected.!

2.2.4. Post-test

The post-test contained three subtests: Open-ended test ques-
tions about misconceptions, true/false statement test questions, and
detail questions. Appendix C presents examples of the test ques-
tions. Sixteen open-ended questions about misconceptions addressed
key aspects of the common misconceptions that were contra-
dicted by the study passages (o.=.59). The true/false test consisted
of the same 16 true/false statements that were used for the pre-
reading test (o.=.66). Further, 16 questions were asked about details
from the studied texts (o.=.50).

2.3. Procedure

The two sessions took about 80 minutes of instructional time;
the second session occurred one week after the first session. All par-
ticipants were tested in groups of 27 to 32 in their classroom, with
different conditions being present in each session to which the stu-
dents were randomly assigned. In both sessions, all tasks were self-
paced, and participants were encouraged to guess when they were
not sure about their answer. Apart from the refutations in the texts
for the refutation group, participants did not receive feedback in any
phase of the experiment.

The first session took place in the computer room of the school.
Before starting the task, the experimenter explained to the partici-
pants that they would take a pre-reading test and then study texts,
and they were shown an example of the confidence scale. Further,
they were instructed that they would need to take a test about the
studied texts the following week, and that the test would contain
both open-ended and multiple-choice questions. Participants were
instructed to use their personal log-in number to start the task.

Once all pre-reading test statements had been answered, there
was a short filler task in which participants completed some ques-
tions about their experience with scientific research. These filler
questions were added to ensure that the study phase did not follow
immediately after completing the pre-reading test. When reading

1 Note that learners’ restudy selections were not honored. We did not include an
intervening restudy trial so as to not inadvertently influence the outcome mea-
sures that were most relevant to our main hypotheses.
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the texts, participants could proceed to the next text with a mouse-
click. After reading the texts, participants again completed short filler
questions, which were four riddles. This filler task was given to
ensure that POPs and restudy selections did not follow immedi-
ately after text study.

In session 2, which took place one week after the first session,
participants were tested with pencil-and-paper tests about their
memory for texts they studied in session 1 with the open-ended
questions as well as the statement test with true/false questions.

2.4. Scoring

Scores on the open-ended questions about the misconception
topic were scored as omission (0 credit), misconception (0 credit),
other error (0 credit), partially correct (.5 credit), or fully correct
(1 credit). For example, for the question concerning why some stars
are brighter than others (which is related to how close they are to
the earth), if the answer stated that the brighter stars are largest,
it was scored as a misconception. If the participants did not provide
any response, it was scored as an omission. If a participant stated,
for example, that star brightness depends on the material a star is
made of, this response was scored as ‘other error’. If the partici-
pant responded that it had something to do with the distance, but
did not explain that the brighter stars are closer to the earth, this
response was scored as partially correct. Comprehension was em-
phasized; therefore, a response was also scored as correct when the
participant responded with a paraphrase of the original text and
spelling errors did not affect scoring. Two raters scored 20.1% (a total
of 367 out of 1824) responses on open-ended questions and inter-
rater agreement was high (Kappa =.88); the scores of the first rater
were used for the analyses.

The detail questions were scored as omission (0 credit), error (0
credit), partially correct (.5 credit), or fully correct (1 credit). Two
raters scored 20% (a total of 365 out of 1824) of all test responses
on detail questions, and agreement was high (Kappa =.93).

3. Results

First, data relevant to evaluating the RCH-hypothesis (Hypoth-
esis 1) and effects of text format on detail learning (Hypothesis 2)
are presented. Next, analyses relevant to evaluating possible effects
of text format on POPs (Question 1) and restudy selections (Ques-
tion 2) are reported. Finally, for completeness, additional statistics

about reading times and correlations between the measured vari-
ables are presented.

3.1. Effects of text format on correction of high- and low-confidence
misconceptions

The RCH hypothesis (Hypothesis 1) predicts that compared to
standard texts, reading refutation texts leads to enhanced correc-
tion of high-confidence misconceptions, whereas there will be less
of an effect of text format on correction of low-confidence miscon-
ceptions. Learners’ confidence in misconceptions (ranging from 0%
to 100% with increasing steps of 20%) was split into low confi-
dence (0% and 20%); medium confidence (40% and 60%); and high
confidence (80% and 100%) categories. Table 1 includes the overall
test performance and the correction of misconceptions for the groups
reading refutation texts and standard texts. As shown in Table 1,
correct performance was higher on the true/false test and the open-
ended test for the group reading refutation texts, and learners reading
refutation texts had fewer misconceptions on the open-ended test.

Performance on the true/false statement test and on the open-
ended test was directly relevant to evaluating the RCH hypothesis
because both tests focused on the correction of misconceptions that
could be related to confidence on the pre-reading test. (The detail
test did not focus on misconceptions and could not involve a break-
down by confidence level, so we analyze that measure separately
below.) Thus, to evaluate the RCH hypothesis, we conducted a general
linear model that involved a 2 between subjects (text format) x 2
within subjects (confidence level: high vs. low) mixed design, which
involved both performance on the true/false test and on the open-
ended test. This analysis allowed for a test of the predicted
interactions between text format and confidence level while taking
into account any correlations among the dependent measures. First,
there were significant main effects of text format, F(1,64)=4.63,
p=.035, n,>=.07 and confidence level, F(3, 192)=32.39, p <.001,
np? =.34. These main effects indicate more correction of miscon-
ceptions after reading refutation texts than after reading standard
texts, and more correction of low-confidence misconceptions than
high-confidence misconceptions.

Fig. 2a illustrates the effects of confidence and text format on cor-
rection of misconceptions on the true/false test. Most importantly,
as evident from inspection of Fig. 2a, the contrasts representing the
interaction between Text Format and Confidence (high vs. low) for
the true/false test was significant, F(1,64) = 19.64, p <.001, n,? = .24.

Table 1
Percentage of overall performance, correction of misconceptions, magnitude of POPs, and selections for restudy.
Refutation Text Group Standard Text Group

Percentage Overall Test Performance
Correct Responses True/False Statement Test 88.49(12) 78.94 (14)
Misconceptions Open-Ended Test 13.04(9) 19.85 (14)
Correct Responses Open-Ended Test 61.4(15) 55.37(15)
Correct Responses Detail Test 20.78 (39) 21.33(40)

Percentage Corrected Misconceptions
High-Confidence Misconceptions Correct on True/False Statement Test 87.84(22) 63.60 (31)
Low-Confidence Misconceptions Correct on True/False Statement Test 91.93(22) 91.89 (24)
High-Confidence Misconceptions Correct on Open-Ended Test 58.28 (32) 48.34(29)
Low-Confidence Misconceptions Correct on Open-Ended Test 76.88 (37) 72.75(39)

Monitoring and Regulation (POP Magnitude and Restudy Selections)
POPs Misconceptions True/False Statement Test 53.88(21) 54.71(19)
POPs Correct Responses True/False Statement Test 60.74 (18) 59.77 (16)
POPs Misconceptions Open-Ended Test 56.54(23) 54.53(17)
POPs Correct Responses Open-Ended Test 62.12(19) 59.89(17)
Restudy Selections Misconceptions True/False Statement Test 32.74(33) 32.41(30)
Restudy Selections Correct Responses True/False Statement Test 17.70 (17) 21.84(18)
Restudy Selections Misconception Open-Ended Test 23.64(28) 29.40 (34)
Restudy Selections Correct Response Open-Ended Test 16.26 (19) 22.37(20)

Note: Standard deviations of the Mean in parentheses.
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Fig. 2. Outdating and Updating of Misconceptions. Correct responses on the true/false statement test (a) and the open-ended test (b) as a function of confidence in the
misconception on the pre-reading test. The error bars indicate the 95% confidence interval.

The univariate tests to follow up the interaction showed that
reading refutation texts had a beneficial effect on correction of
high-confidence misconceptions on the true/false test, F(1,
64)=19.34, p<.001, n,?=.23, whereas text format did not influ-
ence the correction of low-confidence misconceptions, (1, 64) =.044,
p =.835. Fig. 2b shows the effects of confidence and text format on
correction of misconceptions on the open-ended test. Interest-
ingly, as shown in Fig. 2b, text format differentially affected updating
of high-confidence misconceptions on the open-ended test. In con-
trast to the true/false test, for the open-ended test (Fig. 2b), the focal
Text Format by Confidence interaction was not significant,
F(1,64) =0.68, p =.68. Thus, reading refutation texts did not lead to
more updating of high-confidence misconceptions (as measured by
the open-ended test) than reading standard texts.

In sum, these findings partially confirm the RCH-hypothesis and
indicate that the benefit of reading refutation texts on correction
of high-confidence misconceptions is more apparent for outdating
of misconceptions than for updating misconceptions with correct
information. Finally, to evaluate Hypothesis 2, we examined the in-
fluence of text format on performance on the detail test. As predicted,
reading those texts did not lead to extra processing of details from
the texts, t(112)=.203, p=.84.

3.2. POPs and restudy selections

In addition to evaluating the RCH hypothesis, we aimed to address
whether reading refutation text fosters metacognition, by improv-
ing monitoring accuracy (Question 1) and study selections (Question
2) for misconceptions that are not yet corrected through study. Moni-
toring accuracy was measured by relating participants’ POPs to their
test performance. Participants’ POPs ranged from 0% (indicating the
learners are sure they will not be able to provide a correct test re-
sponse) to 100% (confident to provide the correct test response).
Table 1 shows the mean POPs for misconceptions and correct re-
sponses on the true/false test and the open-ended test. Note that,
when monitoring for incorrect test responses is accurate, POPs should

be low in magnitude because learners will not receive credit for their
incorrect test responses. If reading refutation texts improves moni-
toring accuracy for misconceptions that are not yet corrected, POPs
should be more accurate (that is, less overconfident) after reading
refutation texts than after reading standard texts. As shown in Table 1,
the magnitude of the POPs for misconceptions on the true/false and
the open-ended test indicates that learners were overconfident.
Further, there were no large differences between POP magnitudes
for the group reading refutation texts and the group reading stan-
dard texts. Furthermore, if learners’ study selections are more
adaptive after reading refutation texts, they should more often select
the texts for which their misconceptions are not yet corrected. From
Table 1, it appears that both the group reading refutation texts and
the group reading standard texts did not select most of the texts
for which they still held misconceptions for further study, indicat-
ing maladaptive self-regulation.

As per analyses of test performance above, we used a 2 (text
format) x 2 (metacognition measure: accuracy of POPs; restudy se-
lection) GLM for repeated measures that included outcomes for the
true/false test and for the open-ended test. Most importantly, the
main effect of text format was not significant, F(1,79)=0.31, p=.58.
Thus, even though reading refutation texts supported correction of
misconceptions more than reading standard texts, this text format
did not lead to improved monitoring accuracy or to more adaptive
restudy selections.

3.3. Additional analyses

For completeness, additional statistics about reading times and
correlations between the measured variables are presented. Mean
reading times per text were 36.1 (SD =19.5) seconds for standard
texts, and 38.8 (SD = 19.0) seconds for refutation texts, t(112)=1.150,
p=.253. In addition, Table 2 includes the correlations (separately
for each group) between pre-test misconceptions, confidence in mis-
conceptions, reading times, POP magnitudes, restudy selections, and
performance on the true/false test, open-ended test, and detail test.
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Table 2
Correlations between the measured variables broken down by group.
Group Reading Refutation Texts
Group Misconceptions Confidence in  Text Magnitude Restudy True/False Open-Ended Detail Test
Reading at pre-test Misconception reading of POPs Selections Test Test Performance
Standard time Performance Performance
Texts Misconceptions at pre-test - -.060 132 -.265* 174 -.003 -.055 104
Confidence in Misconceptions -.024 - -178 458 -.329* -121 .081 .034
Text reading time -.050 -124 - 113 197 297 314 .362*
Magnitude of POPs -177 361* -.057 - -241 198 219 .209
Restudy Selections 172 .063 162 -.060 - 105 .035 -101
True/False Test Performance -251 135 .378** .344** -.239 - .678** 470
Open-Ended Test -324* 230 279* 317 -101 767 - .613**
Performance
Detail Test Performance -325* -.036 .288* .243* -014 444 .583** -

Note: Correlations between the number of misconceptions at the pre-test, confidence ratings for misconceptions, reading times, magnitude of the POPs, percentage of restudy
selections, and performance on the three test types (true/false statement test, open-ended test, detail test).

*p<.05; *p<.01.

4. Discussion

With this experimental study, we investigated whether reading
refutation texts, containing explicit feedback about incorrectness
of a misconception, has beneficial effects on adolescents’ correc-
tion (outdating and updating) of high-confidence science
misconceptions on a delayed test. In particular, we evaluated the
Refutation-Causes-Hypercorrection (RCH) hypothesis, which pre-
dicts that reading refutation texts will lead to enhanced correction
of high-confidence misconceptions in comparison to reading stan-
dard texts, and that there will be less of an effect of text format on
correction of low-confidence misconceptions (Hypothesis 1). More-
over, we hypothesized that reading refutation texts would specifically
focus learners on correction of misconceptions, and that text format
would not affect learning of details (Hypothesis 2). An additional
aim was to investigate whether reading refutation texts fostered
metacognition by improving monitoring accuracy (Question 1) and
regulation of study (Question 2). We discuss the findings regard-
ing each of these hypotheses and questions in turn.

A key question is whether hypercorrection will occur when in-
correct knowledge is refuted in a text. In line with hypercorrection
research (Butterfield & Metcalfe, 2001, 2006; Metcalfe et al., 2012;
Metcalfe & Finn, 2011), we expected that the explicit feedback in
the refutation texts would surprise learners and capture their at-
tention, especially when these refutations contradict high-confidence
misconceptions (given that such refutations would presumably be
the most surprising).

The findings provided mixed support for the RCH-hypothesis (Hy-
pothesis 1). Reading refutation texts led to more correction of high-
confidence errors than reading standard texts when learners were
tested with the true/false test. In contrast, when learners were asked
to respond to open-ended questions, reading refutation texts did
not lead to hypercorrection of high-confidence misconceptions. As
hypothesized, for the low-confidence misconceptions reading ref-
utation texts did not support correction more than reading standard
texts, neither on the true/false test nor on the open-ended test. Fur-
thermore, reading refutation texts focused learners specifically on
correction of misconceptions, and not on learning of details (con-
firming Hypothesis 2).

A relatively unique feature of the present research was that it
included both true/false and open-ended tests, which allowed us
to explore both outdating and updating. Importantly, correcting a
misconception involves both outdating of the misconception (which
happens when a misconception becomes less accessible in memory
because it has lost activation in the memory representation; Kendeou
et al,, 2013; Zwaan & Radvansky, 1998), and updating of the memory
representation by the incorporation of correct information (encoding

and accommodating novel information in memory, Kendeou et al.,
2013; Rapp & Kendeou, 2007). Comparing the effect of text format
on responses to true/false statements and responses on the open-
ended test allowed us to investigate both outdating and updating
of misconceptions. When responding to the statements, learners
were merely asked to indicate whether a stated fact was true or false,
whereas when responding to the open-ended questions, learners
were required to explain the correct information. Critically, reading
refutation texts did not support correction of misconceptions on the
true/false test and the open-ended test in the same manner. This
indicates that correction is more apparent for outdating of mis-
conceptions than for updating.

Interestingly, the correlation between outdating and updating
misconceptions indicates a strong relation (as shown in Table 2, a
strong correlation occurred between scores on the true/false test
and the open-ended test), whereas (as just discussed) the effect of
reading refutation texts had a stronger effect on outdating the high-
confidence misconceptions on the true/false test than on updating
the high-confidence misconceptions with correct information on
the open-ended test. This might imply that outdating the miscon-
ception was more successful than updating the memory
representation. Indeed, a follow-up analysis indicates that even when
learners provided correct true/false test responses for initially in-
correct misconceptions, they often failed to show that they
accommodated the novel information into their prior knowledge
when responding to open-ended questions. Both high-confidence
misconceptions and low confidence-misconceptions were more often
corrected on the true/false test than on the open-ended test (for
high-confidence misconception t(111)=8.98, p <.001, r? = .42; for
low-confidence misconceptions t(67) = 4.28, p <.001, 1?=.21). These
findings suggest that learners processed the refutations in the text
in a shallow fashion (Kendeou & van den Broek, 2005) and focused
more on outdating than on updating. Future research should further
investigate how to help learners to update. Perhaps providing learn-
ers with a more detailed explanation about the correct information
might lead to deeper processing and more successful updating
(Kendeou, Walsh, Smith, & O’Brien, 2014).

This study was the first to investigate hypercorrection in ado-
lescent learners when reading complex science texts, in contrast to
research on hypercorrection using short general information ques-
tions (Metcalfe & Finn, 2012). Even though the present study shows
that feedback provided through refutations supported correction
of high-confidence misconceptions, we did not replicate the clas-
sical hypercorrection effect; namely, in the present research, the high-
confidence errors were less likely to be corrected than were low-
confidence errors (cf. Ecker et al., 2010; Pintrich et al., 1993). In
contrast, in prior hypercorrection studies (Butterfield & Metcalfe,
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2001, 2006; Fazio & Marsh, 2009; Metcalfe et al., 2012; Metcalfe &
Finn, 2011), high-confidence errors are corrected more often than
are low confidence errors. The difference between the current find-
ings and the prior hypercorrection research could possibly be
explained by differences in the feedback format. In the present ex-
periment, learners received delayed feedback about the correctness
of pre-reading test responses through reading of the expository
science texts, whereas in prior hypercorrection studies, learners re-
ceived direct feedback in the form of short sentences containing the
correct answer. Further, in prior hypercorrection studies, learners
only received detailed feedback about the correct response when
they made an error, in contrast to the present study where readers
read texts about all topics, whether they held misconceptions about
these topics or not. Therefore, in the current study, learners’ atten-
tion might not have been captured as much by the feedback as it
was in the original hypercorrection studies. Future research should
shed more light on the effects of different kinds (and amount) of
feedback on hypercorrection of high-confidence errors.

The majority of research on refutation texts focused on improve-
ment of performance and it was not known whether or how the
reading of refutation texts affects metacognition. Thus, we also ad-
dressed whether reading refutation texts would improve monitoring
accuracy (Question 1) and restudy selections (Question 2). Our find-
ings show that reading refutation texts did not have any beneficial
effect on monitoring accuracy: Participants were highly overcon-
fident when predicting performance for misconceptions that they
would provide on the test. Learners base their monitoring of learn-
ing on retrieval of accessible information from long-term memory
(Rhodes & Tauber, 2011). Possibly, because learners could retrieve
misconceptions from memory, the accessibility of information was
not predictive of correct test performance (Koriat, 1998). This might
have led to maladaptive regulation; when selecting texts for restudy,
they prematurely discarded most of the texts about which they still
held misconceptions.

Results bring novel insight into the way misconceptions are dis-
pelled when reading science texts. Overall, our findings confirm that
reading refutation texts is a powerful method to improve correc-
tion of misconceptions. Importantly, individual differences in
confidence in misconceptions affect correction, and the findings in-
dicate that when learners are confident in the correctness of their
misconceptions, they will need support to correct them. Further-
more, from this research it can be concluded that, when aiming to
investigate and foster learners’ correction of science misconcep-
tions, it is important to take into account that results depend on
the assessment method. Typically, conceptual change has been mea-
sured with multiple-choice tests; and even though these tests are
suitable to measure outdating, only using multiple-choice mea-
sures might not provide detailed insight into learners’ actual level
of conceptual change taking place. To accurately investigate learn-
ers’ correction of misconceptions, assessment should also include
whether students have accommodated the novel information. We
made use of open-ended questions to interpret and evaluate stu-
dents’ updating processes, and from our findings, it appears that
updating is difficult to achieve even if outdating occurs. Because the
updating task is also the most important task when applying knowl-
edge in real life situations, we endorse that research on refutation
texts should extend its assessment of correction from only inves-
tigating the easier task of outdating to also the additional process
of updating.

Using multiple science texts provided insights into correction of
misconceptions across texts, making the findings relevant for the
educational setting where students are typically required to study
various texts. Further, testing students after a delay improves the
applicability of these findings in the educational context, where a
focus is on comprehension and retention of knowledge over time,
rather than on immediate testing.

4.1. Limitations and future directions

The results suggest that reading refutation texts surprised learn-
ers and drew their attention when they held misconceptions with
high confidence. Note that even though we expected that the feed-
back about the misconceptions in the refutation text draws learners’
attention because the inconsistency surprises them (based on re-
search by Broughton et al., 2010; Butterfield & Mangels, 2003;
Butterfield & Metcalfe, 2006; Cordova et al., 2014; Fazio & Marsh,
2009; Metcalfe et al., 2012), a limitation of the present study is that
we did not measure learners’ surprise. Thus, our account remains
speculative. Future research could investigate the level of learn-
ers’ surprise when reading refutation texts about misconceptions,
such as by asking them to rate their surprise after reading each text
(cf. Cordova et al., 2014) or perhaps measuring their pupil dilation
using eye tracking technology to measure their arousal while reading
the refutation.

Even though reading times did not differ for the group reading
refutation texts and the group reading standard texts, the refuta-
tion texts were somewhat longer than the standard texts. A general
limitation of the present study is that we do not have insight in the
differences in reading processes between the two groups. For future
research, it would be interesting to investigate the on-line reading
processes (cf. Ariasi & Mason, 2011, 2014). Furthermore, we only
measured off-line monitoring in which learners predicted their per-
formance after studying the texts. This type of monitoring is
important in the process of self-regulated learning, because it gives
learners input for their restudy decisions (Metcalfe & Finn, 2008;
Thiede & Dunlosky, 1999). A limitation of only using a measure of
off-line monitoring is that it does not provide fine-grained mea-
sures about the metacognitive processes occurring during reading.
For future research, it would be interesting to combine measures
of off-line monitoring with measures of on-line monitoring, such
as using think-aloud methods or investigating sentence-by-sentence
reading times (cf. Kendeou & van den Broek, 2005).

Even though we consider using multiple texts a strength of this
research, note that internal consistency between the texts was low.
This low consistency was not altogether unexpected because the
text topics were unrelated to each other, so variance in perfor-
mance on the questions across the 16 texts need not be high (e.g.,
an individual may understand one topic and perform relatively well
yet not understand another topic and perform poorly). Such vari-
ability across texts within an individual is desirable for estimating
within-participant judgment accuracy, but it also is a potential limit
of this study. Accordingly, to test generalizability of this research,
we recommend replication by other researchers using a new set of
texts. Additionally, in the present study, all learners followed ed-
ucation of the highest level (out of four levels) of Dutch secondary
education. For future research on correction of misconceptions, it
would be interesting to sample participants with a wider range of
cognitive abilities.

4.2. Conclusions

This study adds to the growing literature on the hypercorrection
effect and the effect of refutations on correcting misconceptions (e.g.,
Braasch et al., 2013; Mason et al., 2008; Metcalfe et al., 2012). Find-
ings show that misconceptions about science are often not corrected
when learners hold these with high confidence, but that reading ref-
utation text does lead to more corrections of the high-confidence
misconceptions as compared to reading standard texts. When learn-
ers experience cognitive dissonance, because misconceptions are co-
activated with the correct information, this clearly helps them to outdate
the misconceptions that are held with high confidence. However, pro-
viding learners with refutation texts does not seem sufficient for the
updating process; that is, co-activation was not sufficient to support
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the learners to accommodate the novel, contrasting information in their
pre-existing knowledge base. Further, reading refutation texts was not
sufficient to improve the self-regulated learning process for the mis-
conceptions that were not corrected through extra study. Thus, in terms
of Nelson and Narens (1990), these findings seem to imply that reading
refutation texts has more effect on the cognitive level than on the
metacognitive level.

Importantly, these findings have implications for classroom prac-
tice, by showing that explicit refutation of the misconception
supports correction of misconceptions that are strongly held. Such
corrections were evident one week after the students’ misconcep-
tions were refuted. Refutation texts are a powerful tool to help
students outdate misconceptions, but additional interventions may
be needed to improve learners’ accommodation of the contrast-
ing, correct information.
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Appendix A: Misconceptions Addressed in this Study

Misconception Correct Information

1. The largest part of the Sahara 1. The largest part of the Sahara

consists of sand

consists of rocks

2. Most male animals are stronger 2. Most female animals are
than the females stronger than the males

3. Columbus discovered North 3. The Vikings made settlements
America long before Columbus

discovered America

4. Bees always die after stinging 4. Bees can stay alive after stinging

5. Bats are blind 5. Bats can see (and catch prey by

using vision)

6. Seasons are caused by the earth 6. Seasons are caused by the tilted
being closer to the sun in summer position of the earth (and the
than in winter sun is even further away from

the earth in summer)

7. Dragonflies can sting 7. Dragonflies can’t sting

8. Spanish peppers originally come 8. Spanish peppers originally
from Spain come from Mexico

9. A camel stores water in its humps 9. A camel stores fat in its humps

10. Objects float in water because they 10. Objects float in water because

are lighter than water they have buoyancy and can
move water

11. You get a cold from exposure to 11. You get a cold from a virus

cold temperatures

12. Eskimos have 20 different words 12. Eskimos don’t have more

for snow words for snow than we do

13. Afalling star is a star 13. A falling star is not a star

14. The brightest stars are the largest 14. The brightest stars are closer to

stars the Earth

15. It takes years to digest swallowed 15. Chewing gum does not remain

chewing gum in the body, so there is no need
for digestion

16. When in a heavy thunderstorm, it 16. When in a heavy

is safest to lay down flat on the
ground

thunderstorm, it is safest to get
into a squatted position

Appendix B: Examples of Standard Texts and Refutation Texts
Refutation Text Star Brightness

In ancient times, the scientist Hipparchus defined the bright-
ness of stars with numbers. Nowadays, scientists use the term
‘Magnitude’ to define the brightness of stars.

Not all stars are at the same distance to the Earth, some stars are
closer to us, and some are further away. A lot of people think that the
brightest stars are the largest stars, but this is not necessarily true. The
brightest stars are closer to Earth than stars that are less bright.

The star that’s nearest to the Earth is the Sun. The Sun is an
average size star. It is 190 times bigger than Earth, and the dis-
tance from Earth to the Sun is approximately 150 million kilometers.

Standard Text Star Brightness

In ancient times, the scientist Hipparchus defined the bright-
ness of stars with numbers. Nowadays, scientists use the term
‘Magnitude’ to define the brightness of stars.

Not all stars are at the same distance to the Earth, some stars
are closer to us, and some are further away. The brightest stars are
closer to Earth than stars that are less bright.

The star that’s nearest to the Earth is the Sun. The Sun is an
average size star. It is 190 times bigger than Earth, and the dis-
tance from Earth to the Sun is approximately 150 million kilometers.

Refutation Text Stinging Bees

Bees have stingers that are strongly barbed. When they sting,
the venom is secreted from the venom gland into the skin. Only
female bees have stingers.

A lot of people think that bees always die after stinging. In most
cases, this is not true. When bees sting, they most often sting insects
or other animals that, just like insects, have an external skeleton
made out of chitin. It protects these animals and gives them sta-
bility. Despite the barbs, bees can retract their stingers from these
animals.

Only when stinging animals with a thick, flexible skin, bees most
of the time get stuck and lose their stinger after stinging. This causes
them to lose part of their rear body, leaving a big wound, which most
of the time causes their death.

Standard Text Stinging Bees

Bees have stingers that are strongly barbed. When they sting,
the venom is secreted from the venom gland into the skin. Only
female bees have stingers.

When bees sting, they most often sting insects or other animals
that, just like insects, have an external skeleton made out of chitin.
It protects these animals and gives them stability. Despite the barbs,
bees can retract their stingers from these animals.

Only when stinging animals with a thick, flexible skin, bees most
of the time get stuck and lose their stinger after stinging. This causes
them to lose part of their rear body, leaving a big wound, which most
of the time causes their death.

Appendix C: Examples of Post-Test Questions
Open-Ended Questions about Misconceptions
a) Why are some stars brighter than other stars? (Correct re-
sponse: The brighter stars are closer to the Earth.)
b) What happens when a bee stings another insect? (Correct re-
sponse: The bee can retract its stinger and will survive.)
True/False Statement Questions
a) The brighter stars are closer to the Earth than stars that are
less bright. (True)
b) A bee always dies after stinging. (False)
Detail Test Questions
a) Which term is used by scientists to define the brightness of

stars? (Correct response: Magnitude.)
b) Which bees have stingers? (Correct response: Female bees.)
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