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Abstract

Misconceptions impair learners’ text comprehension and judgment accuracy, which can
hinder effective regulation processes. Think sheets are worksheets that require learners
to contrast misconceptions with the correct information from a text. This study investi-
gated to what extent completing a think sheet with (n=30) or without (»=32) reflection
prompts compared to solely reading (n=30) benefits university students’ text comprehen-
sion, transfer, judgment accuracy of comprehension and transfer, and adequacy of regula-
tion decisions. Overall, the results showed that completing a think sheet provided little
benefit compared to having students read about the misconceptions and correct informa-
tion, and that there were no significant differences between completing a think sheet with
and without reflection prompts. Nonetheless, an unanticipated advantage of completing
a think sheet was observed concerning comprehension and transfer: When engaging in
reading only, unexpectedly, students with fewer misconceptions before studying achieved
poorer comprehension and transfer performance than students with more misconceptions.
In contrast, when completing a think sheet, this influence of misconceptions did not occur.
Judgment accuracy of comprehension and regulation decision adequacy did not depend on
how many misconceptions students had and/or on the instructional method they received.
Regarding judgment accuracy of transfer, students with more misconceptions before
studying more strongly underestimated their ability to transfer their acquired knowledge,
while there was no effect of the instructional method.

Keywords Judgment accuracy - Misconceptions - Reflection prompts - Regulation
decisions - Text comprehension - Think sheets

Self-regulated learning from text requires students not only to engage in processes that
directly promote understanding but also to accurately judge and regulate their own learning,
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such as by restudying poorly understood content. If students do not accurately judge their
learning, this can lead to inappropriate regulation decisions (e.g., no restudying although
it would be pertinent), impairing further knowledge acquisition (e.g., Rawson et al., 2011;
Thiede et al., 2003). In fact, this intricate relationship between judgments of learning and
regulation processes is central to many models of self-regulated learning (e.g., Nelson &
Narens, 1990; Zimmerman, 2000).

Misconceptions, which are incorrect beliefs that contradict the current state of scientifi-
cally accepted information, can hinder self-regulated learning from text. In particular, it has
been shown that students who have more misconceptions not only tend to achieve poorer
comprehension and transfer performance but also to provide inaccurate judgments of their
comprehension and transfer performance (e.g., Prinz et al., 2018, 2019). Therefore, it is
highly relevant to address misconceptions in instruction. A method to do so are think sheets.

A think sheet is a worksheet that contains central questions about a topic as well as mis-
conceptions concerning these questions. Learners have to provide the correct answers to the
questions on the think sheet with the help of a text that provides the correct information (e.g.,
Dole & Smith, 1989; Prinz et al., 2021). Initial evidence indicates that completing a think
sheet can counteract the detrimental influences of misconceptions on performance and judg-
ment accuracy (Prinz et al., 2021). However, it is unclear whether think sheets also benefit
learners’ regulation decisions following their judgments. Moreover, it is an open question
whether the effects of think sheets can be enhanced when learners are explicitly required
to contrast the misconceptions and correct information. For example, to engage learners
in active comparison, reflection prompts, which are scaffolds to guide learners’ attention
towards specific aspects of the learning content, could be used. Thus, in the present study,
we examined to what extent completing a think sheet with or without reflection prompts
compared to solely reading would support university students’ comprehension, transfer,
judgment accuracy of comprehension and transfer, and adequacy of regulation decisions.

The detrimental effects of misconceptions

Misconceptions occur in many domains and about many topics. One domain in which mis-
conceptions are widespread is statistics. For instance, misconceptions exist with regard to
the statistical concept of covariance (e.g., Huck, 2016). As examples, many students mis-
takenly assume that covariance proves a causal relationship between two variables or that
covariance is a standardized measure that takes on values within a finite range (e.g., Prinz et
al., 2018, 2019, 2021). Statistical misconceptions often have a coherent internal structure,
enabling the continuous derivation of explanations without realizing that they are incorrect.
For example, learners who have the misconception that covariance proves causality might
consistently misinterpret the relationship between two variables by assuming that one vari-
able causally affects the other variable. This feature typically makes the revision of the mis-
conceptions, that is, conceptual change, hard to achieve (e.g., Lewandowsky et al., 2012).
Furthermore, research has shown that statistical misconceptions can have detrimental
effects on performance and judgment accuracy. Specifically, university students with a
higher number of misconceptions about covariance not only achieved poorer text compre-
hension, but also provided more overconfident judgments of their comprehension compared
to students with fewer misconceptions (Prinz et al., 2018, 2019, 2021). A similar influ-
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ence of the misconceptions was also partially found on transfer and judgment accuracy of
transfer (Prinz et al., 2018, 2019; not in Prinz et al., 2021). Presumably, students who have
misconceptions incorporate their false beliefs into the inferences they make while reading
a text, which impairs their comprehension and application of it (e.g., Kendeou & Van den
Broek, 2005; see also Prinz et al., 2019, 2021). Moreover, when making judgments, the
students might rely on the amount of information they can access from memory, without
recognizing that this information is at least partly incorrect, which leads to overconfident
comprehension judgments (e.g., Dunlosky et al., 2005; see also Prinz et al., 2019, 2021).

Think sheets as a method to address misconceptions

Many methods have been developed to improve students’ reading comprehension. For
example, successful interventions include questioning the text, predicting contents, and
summarizing main ideas (e.g., McNamara, D. S. 2007). However, as has recently been
emphasized, it is highly important that the applied interventions align with the readers’ char-
acteristics (e.g., McMaster & Kendeou, 2023). If readers have misconceptions, this needs to
be taken into account. An effective intervention to do so are refutation texts, which are texts
that explicitly state misconceptions before refuting them with the correct information (e.g.,
Danielson et al., 2024). Apart from refutation texts, interventions that consider learners’
misconceptions when acquiring knowledge from reading have been scarcely investigated.
Think sheets represent such a potential alternative intervention. A think sheet is a worksheet
on which central questions about a topic and misconceptions concerning these questions are
listed or entered by the learners. In addition to the think sheet, a text that provides the correct
information is given to the learners. Their task is to extract the correct information from the
text and to use it to write down the correct answers to the questions on the think sheet (Dole
& Smith, 1989; see also Brummer & Macceca, 2013; Fang et al., 2010).

So far, the effectiveness of think sheets appears to have been investigated in only two
studies. Dole and Smith (1989) conducted the first study with fifth-grade students in which
one group was taught a physics unit with standard text-based instruction, whereas another
group worked with think sheets. In their lessons, students in the think-sheet group were first
asked to write down their own preexistent beliefs about questions in a column on a think
sheet. Then, while reading a physics text, they recorded the correct answers to the questions
based on the textual information in the next column. The think sheets contained additional
columns where the students had to check if (a) the text ideas were the same as their preex-
istent ideas, (b) the text ideas added information to their preexistent ideas, (c) the text ideas
conflicted with their preexistent ideas, and (d) whether the text was confusing. The results
showed that the students who worked with think sheets acquired a more scientifically cor-
rect comprehension than the students who learned with the standard instructions.

Prinz et al. (2021) followed up on this study and examined to what extent completing a
think sheet, reading a refutation text, or engaging in standard reading affected university stu-
dents’ performance and judgment accuracy. Specifically, students in the think-sheet group
received a think sheet containing central questions and related misconceptions about cova-
riance as well as a text providing the correct information. Their task was to complete the
think sheet by answering the questions with the correct information from the text. Students
in the refutation-text group received a refutation text to read. For each misconception about
covariance, this text first explicitly stated the misconception, then warned about the fact that
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the misconception is incorrect, and then provided the correct information. Students in the
control group received a standard text providing the correct information about covariance as
well as the central questions and misconceptions to read. The results showed that both meth-
ods, completing the think sheet and reading the refutation text, counteracted the detrimen-
tal impact of pre-existing misconceptions on students’ comprehension and overconfidence
when predicting their comprehension occurring in the control group. Moreover, completing
the think sheet helped students who had more misconceptions in the beginning to transfer
their newly acquired comprehension, although they underestimated their ability to do so. In
line with the Knowledge Revision Components (KReC) framework (Kendeou & O’Brien,
2014), the two methods might have facilitated coactivation and further conceptual-change
processes. More precisely, the KReC framework (Kendeou & O’Brien, 2014) is a theo-
retical model that suggests that the central prerequisite for knowledge revision is that the
misconception and correct information are simultaneously activated in a learner’s memory
(coactivation principle). Once coactivation has occurred, the new correct information can
be integrated into the existing knowledge structures, whereby the misconception should
ideally be transformed and outdated (integration principle). Lastly, as an increasing amount
of correct information becomes integrated in a learner’s knowledge structures, it begins to
dominate the overall network (competing activation principle). When completing a think
sheet in particular, learners are required to extract the correct information from a text and to
set it against the respective misconceptions. In this way, the think sheet in the study by Prinz
et al. (2021) likely evoked coactivation and additional conceptual-change processes, result-
ing in an enhanced comprehension and more careful evaluation of one’s comprehension.
Moreover, completing a think sheet is a generative task, because learners actively have to
make sense of the material by filtering the relevant information from a text, organizing the
information mentally, and integrating it into their existing knowledge structures. Generative
tasks promote deep and transferable learning (e.g., Fiorella & Mayer, 2016). Accordingly,
completing the think sheet might have provided additional benefits for transfer in the study
by Prinz et al. (2021).

To conclude, the two previous studies suggest that think sheets might be an effective
method when it comes to addressing misconceptions. However, some aspects remain
unclear. First, it is unclear whether think sheets cannot only support the accuracy with which
students judge their comprehension but also the adequacy of their regulation decisions such
as about whether they should engage in restudying or not. Ideally, learners should base their
regulation decisions on their judgments of learning. For example, when learners perceive
that they have not yet comprehended the contents well, they should decide to restudy. In
contrast, when learners perceive that they have already comprehended the contents well,
decisions not to restudy seem adequate. Accordingly, the adequacy of regulation decisions is
typically operationalized via the extent to which learners’ restudy decisions match with their
judgments (regardless of the accuracy of those judgments, because learners have no access
to their actual level of understanding; e.g., van de Pol et al., 2020, 2021). Second, in the
study by Dole and Smith (1989), the think sheets contained additional columns that required
the students to contrast their preexistent ideas and the information from the text. However,
it is unclear to what extent such reflection prompts can further enhance the effectiveness of
think sheets in supporting self-regulated learning from text.
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Reflection prompts as a means to foster active comparison

Instructional prompts are scaffolds to stimulate certain activities in learners. For example,
they might induce the recall of information or the execution of certain processes (e.g., Ban-
nert, 2009). Prompts can be designed and implemented in various ways (e.g., via hints,
explicit instructions, or questions), but have the common goal to direct learners’ atten-
tion to specific aspects of the learning process (e.g., Wirth, 2009). Metacognitive prompts
are supposed to induce activities such as planning, monitoring, controlling, evaluating, or
reflecting (e.g., Bannert, 2009). One type of metacognitive prompts are reflection prompts,
which focus learners’ attention on their own understanding or used activities (e.g., Ban-
nert, 2006; Lin & Lehman, 1999). Several studies have shown that knowledge acquisition
and transfer can be enhanced by metacognitive prompts (e.g., Bannert et al., 2015; Ban-
nert & Reimann, 2012; Johnson et al., 2011; Kramarski & Michalsky, 2013) and reflection
prompts in particular (e.g., Bannert, 2006; Davis & Linn, 2000; Lin & Lehman, 1999; Stark
& Krause, 2009). For example, Davis and Linn (2000) examined whether reflection prompts
improve eighth-grade students’ understanding of thermodynamics. Specifically, the students
received prompts to plan ahead (e.g., prompts to think about the activity on which they were
embarking) and to reflect (e.g., prompts to think about what evidence or claims they did
not understand well). The results showed that the prompts helped the students to integrate
their knowledge and develop a coherent understanding. Stark and Krause (2009) examined
the effects of reflection prompts in a statistics e-learning environment. In the environment,
students had to complete tasks and decide whether they wanted to receive support in the
form of worked-out examples (a) immediately or (b) after solving the tasks. Students who
received reflection prompts were required to provide short justifications for their decisions.
The results showed that prompted students performed better both immediately after learning
and on a follow-up test compared to students who received no prompts.

More recently, a few studies applied reflection prompts as a means to facilitate mis-
conception revision (Bascandziev, 2020, 2024; Theobald et al., 2024). Bascandziev (2020,
2024) showed that adults were more successful in correcting their physics misconceptions
through a training with thought experiments when they were prompted to think about the
implications of their responses and how they relate to their previous beliefs. In the study by
Theobald et al. (2024), children had to make predictions when learning about the principles
of water displacement. One group of children additionally received reflection prompts that
required them to think about how their predictions relate to what they had learned. The
results revealed that children in the prediction-with-reflection-prompts group were better in
recognizing incorrect predictions, more likely to make correct predictions after recogniz-
ing incorrect predictions, and faster to revise misconceptions and make correct predictions
during learning. After learning, however, no effects of the prompts on posttest and transfer
test performance were found, potentially because the effects of generating predictions were
already quite strong. Theobald et al. (2024) suggested that the reflection prompts might have
helped revise misconceptions during learning indirectly through the improved recognition
of conflict and directly by supporting knowledge integration processes. Similarly, reflection
prompts within think sheets might be useful to aid learners’ recognition of conflicting infor-
mation on the one hand and knowledge integration on the other hand. However, it is unclear
whether think sheets that contain reflection prompts can facilitate the revision of misconcep-
tions and support performance and judgment accuracy even more effectively.
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Present study

Think sheets are a promising method worth further investigation due to several reasons. On
a theoretical level, with the exploration of think sheets, the principles of the KReC frame-
work (Kendeou & O’Brien, 2014) can be probed. Specifically, it can be explored to what
extent think sheets with and without reflection prompts facilitate coactivation and knowl-
edge integration and thereby self-regulated learning. On a practical level, compared to refu-
tation texts, which currently seem to be the predominantly researched and used method to
address misconceptions, think sheets can be applied without rewriting instructional texts. In
addition, to keep learners motivated, it is beneficial to alternate instructional methods (e.g.,
Smith & Ragan, 2005).

Hence, the first aim of this study was to examine to what extent completing a think sheet
would counteract detrimental influences of misconceptions on comprehension, transfer,
judgment accuracy of comprehension and transfer, and adequacy of regulation decisions.
The second aim of this study was to explore whether these potential compensatory effects
would differ depending on whether students complete a think sheet with or without reflec-
tion prompts. Due to their high prevalence among students (e.g., Prinz et al., 2018, 2019,
2021), we focused on misconceptions about the statistical concept of covariance.

The two prior studies conducted on think sheets revealed that by requiring students to
contrast misconceptions with the correct information, think sheets can support comprehen-
sion and transfer (Dole & Smith, 1989; Prinz et al., 2021). Moreover, reflection prompts
proved useful for revising misconceptions and supporting knowledge acquisition and trans-
fer (e.g., Bannert, 2006; Stark & Krause, 2009; Theobald et al., 2024). However, the effects
of reflection prompts have not yet been examined in the context of think sheets. Accord-
ingly, we hypothesized that, under reading-only conditions, students with more miscon-
ceptions would achieve poorer comprehension and transfer performance, whereas these
negative effects of misconceptions would not occur when completing a think sheet (compre-
hension hypothesis and transfer hypothesis). In addition, we explored whether the assumed
compensatory effects would be more pronounced with a think sheet that contains reflection
prompts than with a think sheet that does not contain reflection prompts.

Previous research indicated that completing a think sheet can also benefit the accuracy
with which students judge their learning (Prinz et al., 2021). Moreover, reflection prompts
are metacognitive prompts that aim at increasing monitoring and evaluation processes
(e.g., Bannert, 2006, 2009). However, their effects on judgment accuracy have not yet been
investigated. Therefore, we assumed that, under reading-only conditions, students with
more misconceptions would exhibit greater inaccuracy in their judgments of comprehen-
sion and transfer, but that these detrimental effects of misconceptions would not emerge
when completing a think sheet (comprehension-judgment hypothesis and transfer-judgment
hypothesis). We also explored whether the expected compensatory effects would be more
pronounced with a think sheet that contains reflection prompts than with a think sheet that
does not contain reflection prompts.

Finally, it has been shown that more accurate judgments often go along with more ade-
quate regulation decisions (e.g., Thiede et al., 2003). Thus, we expected that, under read-
ing-only conditions, students with more misconceptions would show less adequate restudy
decisions, but that this negative impact of misconceptions would not occur when completing
a think sheet (regulation-adequacy hypothesis). Again, we explored whether this compensa-
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tory effect would be more pronounced with a think sheet that contains reflection prompts
than with a think sheet that does not contain reflection prompts.

Method
Participants

To determine the minimum number of required participants, an a priori power analysis
was conducted with G*Power (Faul et al., 2007). We used a power of 90% to reduce the
chance that actual effects would not be detected. Based on previous research (e.g., Prinz
et al., 2021), we expected to find medium effects of completing a think sheet in our study.
The analysis revealed that a sample of 88 participants would be needed (power analysis for
linear multiple regression: R? increase: f220.15, a=0.05, power=90%, number of tested
predictors=2, total number of predictors=5). To account for potential drop out, we col-
lected data from N=99 university students.

Participants were required to study at a German university and to have attended at least
one statistics course that covered the topic of covariance to ensure that they had some prior
knowledge and possibly misconceptions. The data of n="7 participants was excluded because
they completed the study although they had not attended such a statistics course. Hence,
the final sample consisted of N=92 participants who were on average 22.29 (SD=3.64)
years old, with 58% being female and 42% being male (none non-binary). On average, the
participants had studied for 4.26 (SD=2.27) semesters and had attended 1.72 (SD=0.86)
statistics courses that covered covariance. Specifically, 42 participants (46%) had attended
0.5 or 1.0 course, 36 participants (39%) had attended 1.5 or 2.0 courses, 10 participants
(11%) had attended 2.5 or 3.0 courses, and 4 participants (3%) had attended between 3.5
and 5.0 courses. As their major subject, the participants studied educational science (33%),
psychology (20%), economics (20%), politics (10%), cultural studies (3%), philosophy
(3%, informatics (3%), social sciences (2%), sociology (2%), a foreign language (2%), or
medicine (1%). Fifty percent of the participants also studied a minor subject: cognitive sci-
ence (24%), a foreign language (7%), economics (7%), politics (3%), cultural studies (2%),
geography (2%), biology (1%), psychology (1%), material sciences (1%), music (1%), or
medicine (1%).

Participants were recruited via social media, e-mail, and a post on the website of the
institute where the study was conducted. They were informed about who the researchers
were, the study’s focus on self-regulated learning from text, and its estimated duration of
45 min. Participants received course credit (1 experimental hour) or financial reward (8
Euros) for taking part in the study.

Design

The study had an experimental between-subjects design with the participants being ran-
domly assigned to the think-sheet group (n=32), the think-sheet-reflection group (n=30),
or the control group (2=30). In the online study environment, all participants were given a
statistics text that provided the correct information about covariance. Besides, participants
in the think-sheet group received four central questions about covariance and respective
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misconceptions. Their task was to write down the correct answers to the four questions
with the help of the text. Participants in the think-sheet-reflection group received the same
material and task with the addition of reflection prompts. Specifically, after providing the
correct answer to each question, the participants answered four reflection prompts. In addi-
tion to the statistics text, participants in the control group received the four questions with
the respective misconceptions to read, but no additional task.

The number of misconceptions about covariance that participants initially held was
measured and not experimentally manipulated. The dependent variables were comprehen-
sion, transfer, judgment accuracy of comprehension, judgment accuracy of transfer, and
adequacy of regulation decisions.

Materials
Statistics text

The statistics text on covariance was adapted from a widely used German statistics textbook
(Bortz & Schuster, 2010; cf. also Prinz et al., 2018, 2019, 2021). The text described four
aspects of covariance that were tapped by the four central questions (i.e., the magnitude
of covariance is related to the spread of the data points in a scatter plot, zero covariance
implies the absence of a linear relationship, covariance indicates the extent to which two
variables vary together, covariance is a nonstandardized statistic depending on the measur-
ing units of the variables). In addition, the text explained how covariance is calculated. The
text included 539 words (27 sentences) and had a Flesch-Reading-Ease score of 37 (Flesch,
1948), indicating that it was rather difficult to read but appropriate for the sample of univer-
sity students.

Think sheet

The think-sheet group received the think sheet, which was implemented in the online study
environment via four blocks (see Fig. 1 for an example). Each block started with a central
question concerning covariance. Then, a typical misconception concerning the question was
described. Finally, there was a blank space in which the participants were required to fill in

1. Question: How can the magnitude of the covariance between two variables be inferred from a
scatter plot?

Misconception: The greater the slope of the line representing the covariance between two
variables, the higher the covariance.

Correct information from the text:

Fig. 1 Example block of the think sheet
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the correct information concerning the question provided in the text. The four questions and
related misconceptions were the following:

(1) Question: How can the magnitude of the covariance between two variables be inferred
from a scatter plot?; Misconception: The greater the slope of the line representing the
covariance between two variables, the higher the covariance.

(2) Question: What does a covariance of zero between two variables mean?; Misconcep-
tion: A covariance of zero means that there is no relationship between the two variables
at all.

(3) What does covariance indicate about the cause-and-effect relationship between two
variables?; Misconception: Covariance between two variables indicates that one vari-
able causally influences the other variable and thus that there is a causal relationship.

(4) Question: How can the statistical measure of covariance be interpreted?; Misconcep-
tion: Like the correlation coefficient, covariance is a standardized measure that takes on
values within a specific range (-1 to + 1), allowing for direct comparisons of different
covariance values.

Think sheet with reflection prompts

The think-sheet-reflection group received the think sheet with reflection prompts. Spe-
cifically, in addition to the think sheet described previously, a matrix with four reflection
prompts was presented on each block (see Fig. 2 for an example). The prompts contained the
following statements adapted from Dole and Smith (1989): the text information contradicts
the misconception, the text information complements the misconception, the text informa-
tion confirms the misconception, and the text information is confusing. Hence, after reading
a question with the associated misconception and formulating an answer using the correct

1. Question: How can the magnitude of the covariance between two variables be inferred from a
scatter plot?

Misconception: The greater the slope of the line representing the covariance between two
variables, the higher the covariance.

Correct information from the text:

Please select the appropriate answer for each statement:

true false
The text information contradicts the misconception. o o
The text information complements the misconception. o o
The text information confirms the misconception. o o
The text information is confusing. o o

Fig. 2 Example block of the think sheet with reflection prompts
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textual information, the participants had to complete the prompts by indicating whether they
thought each statement was true or false.

Control sheet

The control group received the control sheet, which contained the four central ques-
tions concerning covariance and the respective misconceptions that were also presented
on the think sheet (see Fig. 3 for an example). This was done to keep the amount of
information presented to all participants constant. The control sheet, however, did not
include a blank space where the correct information from the text had to be entered or
prompts.

Measures
Misconceptions before studying

The misconceptions participants held before studying were assessed with a misconcep-
tions test. The test was adopted from previous research and consisted of four questions
assessing the four common misconceptions about covariance that were later addressed
in the learning materials (Prinz et al., 2018, 2019, 2021). As mentioned earlier, the
four misconceptions were that (1) the magnitude of covariance is related to the slope
of the fit line in a scatter plot, (2) zero covariance shows that there is no association
between two variables at all, (3) covariance proves a causal relationship between two
variables, and (4) covariance is a standardized statistic. The questions had a single-
choice format with four response options. One option represented the misconception,
one option represented the correct answer, and the two remaining options represented
incorrect answers (see Fig. 4 for an example). Consequently, participants could record
between 0 and 4 misconceptions. By adding two incorrect response options, we wanted
to reduce the effect of guessing and provide further alternatives that, although not
common misconceptions, could be naive assumptions of students. Accordingly, the
results showed that participants also selected these incorrect response options, but not
with high frequency: 63 participants (69%) had no incorrect knowledge, 24 partici-
pants (26%) gave one incorrect answer, and 5 participants (5%) provided two incor-
rect answers. Furthermore, the instructional materials (i.e., the text and worksheets)
were specifically designed to address the four misconceptions and not other incorrect
assumptions. Thus, to be able to assess the specific effects of the misconceptions and
the effectiveness of the materials in counteracting them, we did not classify all incor-
rect response options as misconceptions, but only the one actually representing the
misconception. The four questions as well as the four response options were displayed
in a randomized order.

1. Question: How can the magnitude of the covariance between two variables be inferred from a
scatter plot?

Misconception: The greater the slope of the line representing the covariance between two
variables, the higher the covariance.

Fig. 3 Example block of the control sheet
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In a study, sports scientists from a university determined the covariance between the height and the
time for a 100-m race of 20 sprinters. In his calculation, sports scientist A quantified time in seconds.
When his colleague, sports scientist B, checked again, he quantified time in milliseconds. Which of
the following statements about the covariances calculated by the two sports scientists is correct?

O The two sports scientists received the same covariance because it does not matter that sports
scientist A used seconds and sports scientist B used milliseconds for the calculation.
(misconception)

O The calculations of both sports scientists yielded no covariance because one cannot calculate
covariance from time data. (incorrect)

O No statement about the two covariances can be made because it is unknown whether the time
and height variables were linear. (incorrect)

O Sports scientist B obtained a higher covariance than sports scientist A because milliseconds
yield bigger numbers than seconds. (correct)

Fig.4 Sample question of the misconceptions test

Comprehension

To assess comprehension of the statistics text, the same four questions of the misconcep-
tions test were used. The four questions and response options were again displayed in a
randomized order to minimize memory effects. The participants received 1 point for each
correct answer. Thus, they could achieve between 0 and 4 points.

Transfer

Based on previous research (Prinz et al., 2018, 2019, 2021), transfer was measured by assess-
ing comprehension of an educational research report on scientific literacy with four ques-
tions. The research report was adapted from PISA (Organisation for Economic Co-operation
and Development, 2006) and described findings involving the covariance between aspects
of scientific literacy (e.g., familiarity with environmental issues) and academic achievement
in science. Specifically, the educational research report presented information that learners
with misconceptions about covariance were likely to misunderstand. The text comprised
663 words and had a Flesch-Reading-Ease score of 26 (Flesch, 1948). The four transfer
questions addressed the same four aspects about covariance as the comprehension ques-
tions. However, the questions were modified and embedded in different cover stories to
prevent memory and fatigue effects from repeated exposure to the same questions. The
participants received 1 point for each correct answer. Thus, they could achieve between 0
and 4 points.

Judgment accuracy

As common in research on judgment accuracy in the context of self-regulated learning from
text (e.g., Braumann et al., 2024; Thiede et al., 2012; see also Prinz et al., 2020), after study-
ing, the participants predicted how many of the upcoming test questions (0 to 4) they would
presumably answer correctly. They made their predictions separately for the comprehension
and transfer questions. Beforehand, the participants were informed that the comprehension
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questions would tap their understanding of the presented information, whereas the transfer
questions would require them to apply their acquired understanding.

Judgment accuracy was operationalized as bias, which is the signed difference between
a participant’s judged and actual number of correct answers (e.g., Golke et al., 2022; Maki
et al., 2005; Schraw, 2009). Thus, judgment accuracy ranged from —4.00 to +4.00. A posi-
tive value indicated overconfidence, a negative value underconfidence, and a value of zero
a perfectly accurate judgment.

Regulation decision adequacy

In line with the majority of previous research conducted on regulation decisions in the con-
text of self-regulated learning from text (e.g., Thiede et al., 2003, 2012; van de Pol et al.,
2019), after providing their judgments, the participants indicated whether they would like to
restudy the materials to improve their understanding (“yes” or “no”).

Regulation decision adequacy was operationalized in absolute terms by relating par-
ticipants’ restudy decisions to their comprehension judgments based on the approach by
van de Pol et al. (2020, 2021). Table 1 shows how the scores were allocated. Lower judg-
ments (indicating that a learner perceives their understanding as limited) accompanied by
decisions to restudy as well as higher judgments (indicating that a learner perceives their
understanding as good) accompanied by decisions not to restudy resulted in higher regula-
tion decision adequacy (i.e., higher values). In contrast, higher judgments (indicating that
a learner perceives their understanding as good) accompanied by decisions to restudy as
well as lower judgments (indicating that a learner perceives their understanding as limited)
accompanied by decisions not to restudy resulted in lower regulation decision adequacy
(i.e., lower values). Regulation decision adequacy ranged from 0 to 1, with higher values
indicating greater regulation decision adequacy.

Procedure

Participants took part in the study online on their own computers at home during the
COVID-19 pandemic in spring 2021. In the introduction of the study, the conditions of
participation and general instructions were provided. Then, the participants completed
the misconceptions test. Next, they received the statistics text and further learning mate-

Table 1 Coding of regulation Restudy decision Comprehension Regulation-decision-
decision adequacy (0=no, 1=yes) judgment adequacy score
(0to4)

1 0 1.00

1 1 0.75

1 2 0.50

1 3 0.25

1 4 0.00

0 0 0.00

0 1 0.25

0 2 0.50

0 3 0.75

0 4 1.00
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rial depending on their condition. Specifically, participants in the think-sheet group
received the think sheet. They were asked to answer the central questions using the cor-
rect information from the statistics text. Participants in the think-sheet-reflection group
were presented with the think sheet that additionally contained reflection prompts. They
had to answer the central questions using the correct information from the statistics
text and complete the prompts. Participants in the control group were provided with
the control sheet. Their task was to read the materials. All participants were instructed
to study the provided materials thoroughly and told that they would later be tested on
the content. They had 15 min for studying. Thereafter, the participants made their judg-
ments of comprehension and transfer. To do so, they were informed about the nature of
the questions, the question format, and the number of questions. Then, the participants
made their restudy decisions. They were told that, due to time constraints, they would
not actually restudy. Following that, the participants answered the comprehension ques-
tions. Thereafter, they read the educational research report for 8 min and answered the
transfer questions. Finally, the participants completed demographic questions. The study
took approximately 45 min.

Analysis

To examine our hypotheses, we conducted multiple regression analyses with number of
misconceptions as the predictor variable and instructional method as the multicategori-
cal moderator variable following the approach by Hayes (2018). Indicator coding was
used to generate two grouping variables (i.e., think sheet/control and think sheet reflec-
tion/control) coding the received instructional method, with the control group being the
reference group. The predictor variable number of misconceptions was mean centered.
Therefore, the regression coefficients for the grouping variables (i.e., the regression
coefficients for the variables think sheet/control and think sheet reflection/control in the
Tables estimate the difference in the dependent variable between the control group and
the think-sheet or the think-sheet-reflection group at an average number of misconcep-
tions (without mean centering, the regression coefficients would provide the effects when
the number of misconceptions is zero). In each regression model, the number of miscon-
ceptions, the two grouping variables, and two interaction terms between the number of
misconceptions and the grouping variables were entered. An overall interaction between
the number of misconceptions and instructional method was indicated by a significant
change in R? (i.e., AR?) when the interaction terms were included in the regression model
compared with when they were not. In this case, we further probed the conditional effects
and individual interactions.

Results
Table 2 presents the descriptive statistics and intercorrelations among the study variables.

Moreover, Table 3 shows the descriptive statistics for the three groups separately. For all
analyses, an alpha level of 0.05 was used.

@ Springer



17 Page 14 of 31 A. Prinz-Weif3, E. R6hm

Table 2 Descriptive statistics and intercorrelations among the variables

Measure 1 2 3 4 5 6 7 8

1. No. of misconceptions before ~ —

studying

2. Comprehension —-.05 -

3. Transfer .07 .60%** -

4. Judgment accuracy of —.13 —.67%  —.17 -

comprehension

5. Judgment accuracy of transfer ——.24*  —.45%%  —77¥*  40%*  —

6. Regulation decision adequacy — —.05 27* 38** .07 —-22*% -

7. No. of statistics courses on -.12 .02 .07 -.13 —-.15 .00 -

covariance

8. No. of semesters .14 .06 .08 -19 -3 —.15 35%*%  —
M 1.86 2.75 2.62 -0.05 -047 .63 1.72 426
SD 1.04 1.06 1.10 1.02 1.06 24 086  2.27

#p<.05. **p<.001

Table 3 Means and standard deviations of the variables in the three groups

Think-sheet group Think-sheet-reflection group Control

(n=32) (n=30) group
(n=30)
Variable M SO M SO M SD
No. of misconceptions before studying 1.78 1.18 1.80 1.06 2.00 0.87
Comprehension 2.97 0.90 2.87 1.07 2.40 1.13
Transfer 2.75 0.95 2.67 1.16 2.43 1.19
Judgment accuracy of comprehension  -0.19 0.82 -0.10 1.03 0.13 1.96
Judgment accuracy of transfer -0.53 1.05 -0.43 1.04 -0.43 1.14
Restudy decision adequacy .65 26 .63 25 .60 22
No. of statistics courses on covariance  1.75 0.80 1.42 0.76 1.98 0.94
No. of semesters 4.17 2.25 4.04 2.28 4.56 2.33

Preliminary analyses

Across groups, participants held 1.86 (SD=1.04) misconceptions before studying. Only
11% had no misconceptions, and 65% held at least two misconceptions. This shows that the
misconceptions about covariance were quite prevalent among the participants.

There was a significant difference between the three groups concerning the number
of attended statistics courses that covered covariance, F(2, 89)=3.48, p=.035, n2:.07
(medium effect). However, it should be noted that in each of the three groups, the major-
ity of the participants had attended between 1.0 and 2.0 courses: control group: 24 par-
ticipants (80%), think-sheet group: 25 participants (78%), think-sheet-reflection group: 26
participants (87%). Hence, the somewhat higher average number of courses attended in the
control and think-sheet groups compared to the think-sheet-reflection group likely stems
from a few participants who had attended more courses (control group: 4 participants had
attended between 3.0 and 5.0 courses, think-sheet group: 7 participants had attended 3.0
courses, think-sheet-reflection group: 2 participants had attended 3.0 and 4.0 courses). In
addition, the number of misconceptions about covariance, as a more specific measure of
prior knowledge, did not significantly differ between the groups, F(2, 89)=0.41, p=.668,
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1?=.01 (small effect). The three groups did also not significantly differ from each other
with regard to the number of semesters, F(2, 79)=0.37, p=.694, n>=.01 (small effect). The
number of attended statistics courses on covariance and the number of semesters did not sig-
nificantly correlate with the number of misconceptions about covariance (predictor) or any
of the dependent variables, all ps>.05. Therefore, they were not considered as covariates.
Note that the results of the main analyses remained the same (although the exact numbers
differed) when the number of attended statistics courses on covariance and the number of
semesters were included as covariates.

Quality of completed think sheets
Answers to the central questions

As a treatment check, we examined the participants’ answers to the four questions on the
think sheet. First, the results showed that there were very few missing answers (i.e., two
empty response fields and two answers indicating no knowledge out of a total of 248 partici-
pant responses) and no nonsensical answers. Hence, the participants put in effort to complete
the think sheet. Second, an answer was assigned 1 point when it was correct and complete
and 0 points when it was incorrect or incomplete. Hence, the participants could achieve a
maximum of 4 points. The results showed that 30 of the 32 participants in the think-sheet
group and 28 of the 30 participants in the think-sheet-reflection group scored at least two
points (18 and 21 participants achieved the maximum score of 4 points, respectively). This
outcome indicates that the participants completed the think sheet thoroughly. Note also
that the results of the main analyses were the same when the four participants (two in each
group) who scored below 2 points were excluded from the sample.

Furthermore, we examined whether the quality with which the think sheet was com-
pleted played a role for the effectiveness of the think sheet. To do so, we conducted mod-
eration analyses on the outcome variables with the number of points on the think sheet as
the predictor variable and instructional method (think-sheet group vs. think-sheet-reflection
group) as the moderator variable. There were significant positive main effects of the num-
ber of points concerning comprehension, 5=0.55, SE=0.10, #(59)=5.31, p<.001, trans-
fer, b=0.32, SE=0.13, #(59)=2.48, p=.016, and regulation decision adequacy, »=0.08,
SE=0.03, #59)=2.50, p=.015. Thus, when participants completed the think sheet more
accurately (i.e., gave more complete and correct answers), their comprehension, transfer
performance, and regulation decision adequacy were higher. Note that concerning judgment
accuracy of comprehension, the negative main effect just failed to reach significance, b =
-0.23, SE=0.12, #59) = -2.00, p=.050, and suggested that when participants completed the
think sheet more accurately, they tended to be less overconfident in their comprehension. No
significant interaction effects appeared, indicating that the effects did not differ between the
think-sheet and think-sheet-reflection groups.

Answers to the reflection prompts
We further examined the participants’ answers to the reflection prompts in the think-sheet-

reflection group (see Table 4). Ideally, the participants should have indicated that the state-
ment “the text information contradicts the misconception” is true and, conversely, that the
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Table 4 Percentage of agreement (i.e., “True”) to the reflection prompts per misconception

Miscon-  Misconception Miscon- Miscon-

ceptionl 2 ception 3 ception 4*
The text information contradicts the misconception 80% (24) 60% (18) 67% (20)  83% (24)
The text information completes the misconception 27% (8)  53% (16) 38% (11)  24% (7)
The text information confirms the misconception 3% (1) 30% (9) 20% (6) 7% (2)
The text information is confusing 17% (5) 7% (2) 7% (2) 21% (6)

Note. Misconception 1: the magnitude of covariance is related to the slope of the fit line in a scatter
plot, Misconception 2: zero covariance shows that there is no association between two variables at all,
Misconception 3: covariance proves a causal relationship between two variables, Misconception 4:
covariance is a standardized statistic

# One participant did not complete the reflection prompts for Misconception 4. Therefore, concerning this
misconception, the answers of only 29 participants could be analyzed

statement “the text information confirms the misconception” is false, because this would
indicate that they recognized the conflict between the information provided in the text and
the misconceptions. The results showed that these assumptions held largely true, especially
for misconceptions 1 (i.e., the magnitude of covariance is related to the slope of the fit line in
a scatter plot) and 4 (i.e., covariance is a standardized statistic). For misconceptions 2 (i.e.,
zero covariance shows that there is no association between two variables at all) and 3 (i.e.,
covariance proves a causal relationship between two variables), this was the case to a lesser
extent. One explanation could be that the participants rather perceived that the text informa-
tion complemented these misconceptions, as indicated by a relatively high agreement to
the respective statement for these misconceptions. Interestingly, for misconceptions 1 and
4, the percentage of participants who stated that the text information was confusing was
higher than for misconceptions 2 and 3, potentially reflecting that the participants perceived
stronger cognitive conflict with regard to these misconceptions.

Furthermore, we examined whether participants’ answers to the reflection prompts
played a role for the effectiveness of the think sheet with reflection prompts. First, we cal-
culated how often participants agreed to each statement across the four misconceptions (i.e.,
sum score from 0 to 4 for each statement). Then, we examined to what extent the outcome
variables were related to the agreement scores. None of the correlations was significant
(»>.099). Hence, more frequent agreement (e.g., to the statement “The text information
contradicts the misconception”) or less frequent agreement (e.g., to the statement “The text
information confirms the misconception”) to the statements of the reflection prompts did not
affect the outcome variables.

Reduction of misconceptions in the groups

To examine to what extent the instructional methods reduced misconceptions, we performed
a mixed ANOVA with instructional method (think sheet vs. think sheet with reflection
prompts vs. control) as the between-subjects variable and time of misconceptions assess-
ment (misconceptions test before studying vs. comprehension test) as the within-subject
variable (see Fig. 5). To do so, we determined how many misconceptions the participants
held not only before studying but also at the comprehension test. The ANOVA showed that
there was a significant main effect of time of misconceptions assessment, F(1, 89)=34.79,
p<.001, n?=.28 (large effect). The main effect of instructional method failed to reach sig-
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nificance, F(2, 89)=2.87, p=.062, *=.06 (medium effect). Finally, there was no significant
interaction effect between instructional method and time of misconceptions assessment,
F(2, 89)=0.59, p=.559, n?=.01 (small effect). This finding suggests that the number of
misconceptions significantly decreased in a similar way with all three instructional methods.

Comprehension

The analysis on comprehension showed a significant overall interaction between number
of misconceptions before studying and instructional method, AR*>=.10, F(2, 86)=5.03,
p=.009. Unexpectedly, in the control group, the number of misconceptions had a signifi-
cant positive effect on comprehension, b=0.55, SE=0.21, #(86)=2.57, p=.012. In contrast,
the number of misconceptions had no significant effect in the think-sheet group, b = -0.12,
SE=0.15, #(86) = -0.79, p=.430, and the think-sheet-reflection group, » = -0.30, SE=0.17,
#(86)=-1.72, p=.090. Figure 6 provides a graphical representation of the conditional effects.

As can be seen in Table 5, the interactions between number of misconceptions before
studying and think sheet/control and think sheet reflection/control were significant. Hence,
the effect of the number of misconceptions on comprehension differed significantly between
the control group and the think-sheet and think-sheet-reflection groups.

We further examined whether the impact of the number of misconceptions before study-
ing on comprehension differed between the think-sheet group and the think-sheet-reflection
group. To this end, the think-sheet group was coded as the reference group and the analy-
sis was run again. The results showed that the interaction between number of misconcep-
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Table 5 Multiple regression analysis on comprehension

Predictor variable b SE #(86) p
Constant 232 019 1259 <.001
No. of misconceptions before studying 055 021 257 012
Think sheet/control 0.64 026 2.49 015
Think sheet reflection/control 0.53 026 2.03 .046
No. of misconceptions before studying x think sheet/control -0.67 026 -2.55 .013

No. of misconceptions before studying x think sheet reflection/control ~ -0.84 0.28  -3.07  .003
Note. R*>=.16, F(5, 86)=3.16, p=.012

Fig. 7 Effect of misconceptions on 4.00 Control group
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tions before studying and think sheet reflection/think sheet was not significant, b = -0.18,
SE=0.23, 1(86) =-0.78, p=.441.

In sum, the results were not in line with the comprehension hypothesis, because rather
than students with more misconceptions before studying, those with fewer misconceptions
profited from completing a think sheet. Specifically, in the control group, students who had
fewer misconceptions achieved poorer comprehension compared with students who had
more misconceptions. However, this effect did not occur in the think-sheet and think-sheet-
reflection groups.

Transfer

In the analysis on transfer, the overall interaction between number of misconceptions before
studying and instructional method failed to reach significance, AR*=.06, F(2, 86)=2.57,
p=.082. However, as in the analysis on comprehension, unexpectedly, the number of
misconceptions had a significant positive effect on transfer in the control group, 5=0.55,
SE=0.23, 1(86)=2.36, p=.021. In contrast, the number of misconceptions had no signifi-
cant effect in the think-sheet group, b = -0.06, SE=0.17, #86) = -0.38, p=.702, and the
think-sheet-reflection group, b =-0.03, SE=0.19, #(86) = -0.16, p=.873. Figure 7 provides
a graphical representation of the conditional effects.

As can be seen in Table 6, the interaction between number of misconceptions before
studying and think sheet/control was significant, and the interaction between number of
misconceptions before studying and think sheet reflection/control reached a p value of .057.
Hence, there was a significant difference in the effect of the number of misconceptions on
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Table 6 Multiple regression analysis on transfer

Predictor variable b SE t(86) p
Constant 236 020 11.73  <.001
No. of misconceptions before studying 0.55 023 236 .021
Think sheet/control 039 028 1.40 .166
Think sheet reflection/control 0.31 0.28  1.09 277
No. of misconceptions before studying x think sheet/control -0.61 028 -2.14 .035

No. of misconceptions before studying x think sheet reflection/control ~ -0.58  0.30  -1.93  .057
Note. R*=.08, F(5, 86)=1.43, p=.223

Table 7 Multiple regression analysis on judgment accuracy of comprehension

Predictor variable b SE t86) p

Constant 0.17 0.19 0.91 363
No. of misconceptions before studying -0.27  0.22 -1.26 211
Think sheet/control -0.38  0.26 -1.45 150
Think sheet reflection/control -0.27  0.26 -1.01 314
No. of misconceptions before studying x think sheet/control 0.04 0.27 0.13 .894

No. of misconceptions before studying x think sheet reflection/control 0.35 0.28 1.24 220
Note. R*>=.06, F(5, 86)=1.15, p=.340

comprehension between the control group and the think-sheet group, and a tendency for a
difference between the control group and the think-sheet-reflection group.

We further examined whether the impact of the number of misconceptions before study-
ing on transfer differed between the think-sheet group and the think-sheet-reflection group.
The results showed that the interaction between the number of misconceptions before study-
ing and think sheet reflection/think sheet was not significant, 5=0.03, SE=0.25, #(86)=0.13,
p=.896.

In sum, the results were not in accordance with the transfer hypothesis, because, again,
rather than students who had more misconceptions before studying, those who had fewer
misconceptions profited from completing a think sheet. That is, in the control condition,
students who had fewer misconceptions achieved poorer transfer performance than students
who had more misconceptions. However, this effect did not occur in the think-sheet or the
think-sheet-reflection group.

Judgment accuracy of comprehension

The analysis on judgment accuracy of comprehension showed that there was no significant
overall interaction between number of misconceptions before studying and instructional
method, AR?=.02, F(2, 86)=1.11, p=.335. Moreover, the individual interactions were not
significant (see Table 7; see also Fig. 8). There was also no significant interaction between
number of misconceptions before studying and think sheet reflection/think sheet, 5=0.31,
SE=0.24, #(86)=1.32, p=.190. Running the regression without the interaction terms
yielded no significant main effects. Overall, the results appeared to be not in line with the
comprehension-judgment hypothesis.
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Fig. 8 Effect of misconceptions on 4.00 Control group
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Table 8 Multiple regression analysis on judgment accuracy of transfer

Predictor variable b SE t86) p

Constant -0.37  0.19 -1.90  .061
No. of misconceptions before studying -0.46  0.22 -2.03  .045
Think sheet/control -0.18  0.27 -0.68 498
Think sheet reflection/control -0.07  0.27 -0.25  .802
No. of misconceptions before studying x think sheet/control 0.19 0.28 0.67 .503

No. of misconceptions before studying x think sheet reflection/control 0.38 0.29 1.30 198
Note. R*=.08, F(5, 86)=1.47, p=.207
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Judgment accuracy of transfer

The analysis on judgment accuracy of transfer also revealed no significant overall inter-
action between number of misconceptions before studying and instructional method,
AR?= .02, F(2, 86)=0.86, p=.427. Moreover, the individual interactions were not signifi-
cant (see Table 8; see also Fig. 9). There was also no significant interaction between number
of misconceptions before studying and think sheet reflection/think sheet, 5=0.19, SE=0.24,
#(86)=0.78, p=.435. Running the regression without the interaction terms yielded a signifi-
cant negative main effect of number of misconceptions, b = -0.25, SE=0.11, #88) = -2.34,
p=.022. This means that, in general, learners who had more misconceptions before studying
more strongly underestimated their transfer performance. Overall, the results were not in
accordance with the transfer-judgment hypothesis.
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Table 9 Multiple regression analysis on regulation decision adequacy

Predictor variable b SE #(86) p
Constant 0.60 0.05 13.07 <.001
No. of misconceptions before studying 0.00 0.05 0.00 1.00
Think sheet/control 0.05 0.06 0.78 435
Think sheet reflection/control 0.02 0.07 0.34 736
No. of misconceptions before studying x think sheet/control 0.02 0.07 0.28 780

No. of misconceptions before studying x think sheet reflection/control ~ -0.05  0.07  -0.78  .437
Note. R*=.03, F(5, 86)=0.47, p=.799
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Regulation decision adequacy

The analysis on regulation decision adequacy showed no significant overall interaction
between number of misconceptions before studying and instructional method, AR?=.02,
F(2, 86)=0.80, p=.453. Moreover, the individual interactions were not significant (see
Table 9; see also Fig. 10). There was also no significant interaction between number of mis-
conceptions before studying and think sheet reflection/think sheet, b =-0.07 SE=0.06, #86)
=-1.25, p=.216. Running the regression without the interaction terms yielded no significant
main effects. To conclude, the results did not support the regulation-adequacy hypothesis.

Discussion

The goal of the present study was to investigate the effectiveness of think sheets with and
without the addition of reflection prompts as a method to revise statistical misconceptions
and support self-regulated learning from text. Overall, the results showed that for students
with more misconceptions before studying, completing a think sheet with or without reflec-
tion prompts provided no significant benefit compared to solely reading about the miscon-
ceptions and correct information. Furthermore, no differences emerged between completing
a think sheet with and without reflection prompts. Unexpectedly, regarding comprehen-
sion and transfer, the results showed that in the reading-only condition, students with fewer
misconceptions before studying performed worse than those with more misconceptions —
an effect that did not occur with think sheets. Judgment accuracy of comprehension and
regulation decision adequacy were unaffected by the number of misconceptions and/or the
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instructional method used. Regarding judgment accuracy of transfer, students with more
misconceptions before studying more strongly underestimated their transfer ability, regard-
less of the instructional method.

Reduction of misconceptions

As was expected based on prior research (e.g., Prinz et al., 2018, 2019, 2021; Huck, 2016),
there was quite a high prevalence of misconceptions about the statistical concept of covari-
ance among the students. This reinforces that instructional methods are needed to address
these misconceptions. Accordingly, a notable finding for instruction is that the number of
misconceptions students held decreased when they completed a think sheet without reflec-
tion prompts, completed a think sheet with reflection prompts, or only read about the mis-
conceptions and correct information but did not complete a think sheet. It can therefore
be assumed that all three methods effectively elicited some conceptual-change processes.
This result coincides with the finding of Prinz et al. (2021) that completing a think sheet,
reading a refutation text, and just reading about the misconceptions and correct information
were comparably effective in reducing misconceptions. In the present study and the study
by Prinz et al. (2021), the applied instructional methods shared a common element: They
presented students with both the misconceptions and the correct information (instead of
only the correct information). Apparently and in line with the KReC framework (Kendeou
& O’Brien, 2014), when learners are explicitly confronted with both the misconceptions
and the respective correct information, the two become coactivated in learners’ memories,
enabling the experience of cognitive conflict and further conceptual-change processes (cf.
Kendeou & O’Brien, 2014).

Another not mutually exclusive explanation for why misconceptions were reduced with
all three methods could be that the misconceptions were not strongly endorsed by the stu-
dents. Although participants were required to have attended at least one statistics course
that covered covariance, they might not have possessed a very deep understanding of the
topic. Thus, the students might not have heavily challenged the textual information, mak-
ing conceptual change relatively easy to achieve. For more strongly held misconceptions, a
different picture might emerge. Specifically, in this case, there might be more resistance to
conceptual change, and completing a think sheet might turn out as a more effective method.
This interpretation is in line with the findings by van Loon et al. (2015). They showed that
students corrected misconceptions held with low confidence to a similar degree by reading
refutation texts and standard texts. In contrast, students more frequently corrected miscon-
ceptions held with high confidence after reading refutation texts than after reading standard
texts.

Comprehension and transfer

Concerning comprehension and transfer, the results did not show the expected interaction
effect that students with more misconceptions before studying would perform worse than
students with fewer misconceptions when solely reading about the misconceptions and cor-
rect information but not when completing a think sheet with or without reflection prompts.
Rather, the results indicated that students with more misconceptions did not profit more
from completing a think sheet than from reading alone. This finding contradicts the study
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by Prinz et al. (2021), which showed that compared to reading only, completing a think
sheet benefited the comprehension and transfer performance of students with more miscon-
ceptions. It should be noted, though, that in the present study, the reading-only condition
yielded quite strong effects for students who had a higher number of misconceptions before
studying. That is, unexpectedly, students with more misconceptions who only read about the
misconceptions and correct information achieved quite high performance levels, which may
have constrained the potential to observe distinct effects resulting from the instructional
methods. Nonetheless, there was room for improvement in the think-sheet conditions, and
the comprehension and transfer performance of students with more misconceptions could
have been more strongly supported, as would be expected based on theory. According to the
KReC framework (Kendeou & O’Brien, 2014), effective knowledge revision requires the
coactivation of misconceptions and correct information in learners’ memories, after which
the integration of the new correct information into existing knowledge structures can take
place. In this study, think sheets may not have sufficiently supported these processes of
knowledge revision, particularly integration. As noted previously, all three methods likely
promoted the coactivation of the misconceptions and correct information. However, com-
pleting a think sheet only to a limited extent may have fostered deeper cognitive engage-
ment necessary for the effective integration of the new information. Thus, completing a
think sheet may not have yielded the anticipated cognitive benefits in this study. This out-
come calls into question the assumed effectiveness of think sheets and highlights the need
for further exploration of the mechanisms influencing their impact. For example, learners’
cognitive load might play a role for the effectiveness of think sheets. Potentially, when think
sheets induce high cognitive load because they are complex and require too much informa-
tion processing at once, this could hinder learners’ ability to integrate the new information
effectively. Investigating such boundary conditions could help expand and refine existing
theories such as the KReC framework (Kendeou & O’Brien, 2014). For example, it would
allow researchers to pose and systematically test theoretical assumptions about how (e.g.,
think sheets, reading only) and under what conditions (e.g., level of cognitive load) pro-
cesses such as coactivation and integration can be most effectively achieved.

As indicated above and contrary to expectations, the results showed that in the read-
ing-only condition, students who had more misconceptions before studying achieved bet-
ter comprehension and transfer performance than those who had fewer misconceptions.
This means that students whose knowledge was contaminated with misconceptions profited
from reading about the misconceptions and correct information, whereas students who had
largely correct prior knowledge were disadvantaged by this method. Research has shown
that people are more likely to believe in information when they perceive that many other
people believe in it, too (e.g., Lewandowsky et al., 2012). Accordingly, the way the mis-
conceptions were introduced in the instructional materials (i.e., concerning the think and
control sheet), namely, as typical false beliefs that learners have about these aspects of
covariance, may have contributed to this effect. Specifically, when students who had largely
correct knowledge in the beginning were exposed to the misconceptions and correct infor-
mation but without any further task, they might have concluded that, because the miscon-
ceptions are widespread, there must be something to them or at least become confused.
Consequently, their comprehension and transfer performance were impaired. In contrast,
when students completed a think sheet, this effect did not occur, and comprehension and
transfer performance were not affected by misconceptions. Presumably, when students who
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had largely correct knowledge in the beginning were not only exposed to the misconcep-
tions and correct information but also had to engage in the generative task of completing
a think sheet, they were better able to recognize the incorrectness of the misconceptions
and acquire the correct information. In turn, their comprehension and transfer performance
were not impaired. To conclude, the present study suggests that when learners have some
misconceptions, all three methods are adequate to facilitate their comprehension and knowl-
edge transfer. However, when learners have no or almost no misconceptions, completing a
think sheet seems more beneficial than solely reading about the misconceptions and correct
information.

One might argue that the results could also be explained by students with fewer miscon-
ceptions in the control group having more other incorrect prior knowledge (i.e., other than
the misconceptions), which in turn led to poorer learning outcomes. However, this potential
explanation is not supported, as there was no significant association between the number of
misconceptions and the number of incorrect responses in the misconceptions test for this
group (Spearman’s r=—20, p=.297). Hence, students with fewer misconceptions did not
have more other incorrect prior knowledge. In addition, it should be noted that other incor-
rect prior knowledge than the misconceptions was not very common among the students
(22 participants gave no incorrect responses, seven participants gave one incorrect response,
and one participant gave two incorrect responses). Instead, they mainly held the misconcep-
tions or the correct knowledge.

It is striking that prior research found the reverse effect of misconceptions when students
engaged in reading only. That is, students who had more misconceptions before studying,
rather than fewer misconceptions, tended to achieve poorer comprehension and transfer
performance when reading about the correct information (Prinz et al., 2018, 2019) or when
reading about the correct information and the misconceptions (Prinz et al., 2021). In the
present study, we implemented a strong control group that did not differ with regard to the
amount of information received but only with regard to the learning task. Specifically, we
provided participants in the control group not only with the correct information but also
with the misconceptions. It remains unclear how the students would have performed if they
had read only about the correct information and not about the misconceptions. Potentially,
in this case, no performance detriment for students with fewer misconceptions would have
occurred (cf. Prinz et al., 2018, 2019). Further research is needed that clarifies the condi-
tions under which misconceptions have a negative or positive influence on learning when
students are provided with both the correct information and the misconceptions to explain
the contradictory results of the study by Prinz et al. (2021) and the present study. Nonethe-
less, it is important to emphasize that think sheets proved beneficial on both occasions: They
compensated either for the negative (Prinz et al., 2021) or the positive (present study) influ-
ence of misconceptions on learning. In other words, compared to reading only, completing
a think sheet was beneficial either for those who had more (Prinz et al., 2021) or those who
had fewer misconceptions (present study) before studying. However, given the conflict-
ing findings between the two studies, no definitive conclusions can be drawn about the
role of think sheets in addressing statistical misconceptions. As indicated previously, more
research is needed to explore the conditions under which think sheets are most beneficial.
This implies that no clear guidelines for educators regarding the implementation of think
sheets can yet be derived. At this stage of research, it seems most advisable for educators to
consider think sheets as one potential tool when working on topics where misconceptions
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exist, adapting their use based on students’ needs and further emerging evidence. Educators
should also monitor and evaluate the impact of think sheets in their classrooms, adjusting
their use depending on student outcomes.

Although, prior research showed that reflection prompts can promote knowledge acqui-
sition and transfer (e.g., Bannert, 2006; Lin & Lehman, 1999), the think sheet with reflec-
tion prompts was not superior to the think sheet without reflection prompts with regard to
comprehension and transfer in the present study. There are several potential explanations
for why the reflection prompts did not produce additional benefits. One explanation is that
answering the prompts did not induce further cognitive processes than those already elicited
by completing the think sheet. More precisely, by requiring students to extract the correct
information from the text and to set it against the respective misconceptions, completing
the think sheet likely evoked coactivation and some further conceptual-change processes
(e.g., Prinz et al., 2021). Answering the reflection prompts required students to contrast the
misconceptions and the correct information, which might again have stimulated coactiva-
tion and some further conceptual-change processes. However, because these processes had
already been elicited when answering the think sheet, the effects of answering the reflection
prompts might have been too small to lead to a further advantage.

Another explanation is related to how the prompts were implemented. First, when com-
pleting the prompts for each block, the students ideally should have indicated that the state-
ment “the text information contradicts the misconception” is true and, conversely, that the
statement “the text information confirms the misconception” is false. However, the students
might have perceived always giving the same answer to the prompts as odd. As a result, the
prompts might have been confusing to some extent, preventing an added value. Second, the
prompts were specific statements that provided clear instructions about what to think. Previ-
ous research showed that generic prompts asking students to “stop and think” elicited more
productive reflection and led to a more coherent understanding than directed prompts that
gave students clear hints about what to think (Davis, 2003). Therefore, generic prompts that,
for example, ask students about their thoughts concerning the relation of the misconceptions
and correct information might yield more favorable effects. At the same time, such prompts
would prevent the problem that statements that always require the same answer can confuse
participants.

A final explanation is that the prompts exerted effects during learning, but that these
effects did not necessarily translate into superior comprehension and transfer performance.
This assumption is supported by the study by Theobald et al. (2024). They found that chil-
dren who received reflection prompts when making predictions were better able to recog-
nize incorrect predictions, more likely to subsequently make correct predictions, and faster
to improve their performance during learning. However, no effects of the prompts on post-
test and transfer test performance after learning occurred. Similarly, in the present study, it
might have been the case that the reflection prompts supported the students in monitoring
and recognizing conflict as well as in integrating correct information more quickly while
studying. Yet, effects while studying were not assessed. Finally, it needs to be emphasized
that although think sheets with and without reflection prompts showed similar effects, the
results support the KReC framework (Kendeou & O’Brien, 2014), which emphasizes the
importance of coactivation and further conceptual-change processes for enhancing learning
(see, e.g., also van den Broek & Kendeou, 2008).
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Judgment accuracy and regulation decision adequacy

The accuracy of students’ judgments of comprehension did not depend on how many
misconceptions they had and/or on the instructional method they received. In previ-
ous research, under standard-reading conditions, students with more misconceptions
before studying overestimated their comprehension more strongly than students with
fewer misconceptions (e.g., Prinz et al., 2018, 2019, 2021). In the present study, this
detrimental influence of misconceptions when reading only did not emerge, potentially
constraining the observation of a compensatory effect of completing a think sheet. It
appeared that, in general, the students were quite accurate in judging their comprehen-
sion. Hence, it seems that all instructional methods were beneficial to support students’
judgment accuracy of their comprehension. Prinz et al. (2021) suggested that coactiva-
tion represents an important precondition not only for achieving correct comprehension
but also for achieving high judgment accuracy. Specifically, in the context of coactiva-
tion and further conceptual-change processes, learners might inevitably monitor and
evaluate their understanding more carefully (Prinz et al., 2021). As previously indi-
cated, all three methods in the present study might have induced coactivation and some
further conceptual-change processes, as misconceptions were effectively reduced with
all of them. In turn, the students’ monitoring and evaluation of their comprehension
might have been supported with all three methods to a similar extent.

Concerning judgment accuracy of transfer, Prinz et al. (2021) found that when com-
pleting a think sheet, misconceptions tended to have a negative effect. That is, students
who had more misconceptions before studying more strongly underestimated their ability
to transfer their acquired comprehension. In the present study, a negative effect of mis-
conceptions occurred not only when completing a think sheet, but in general. Specifically,
there was a significant negative main effect of misconceptions, indicating that students who
had a higher number of misconceptions before studying more strongly underestimated their
transfer performance. Given these results, it appears that, concerning transfer in particular,
underconfidence is an issue. A potential explanation is that students consider transferring
their comprehension to be more difficult than achieving it, but overrate the difference in
difficulty between the two tasks (cf. Prinz et al., 2021). For students who have more miscon-
ceptions before studying, this tendency to underestimate their transfer performance might
be especially pronounced.

With regard to regulation decision adequacy, no effects of misconceptions and/or the
instructional method emerged. Previous research showed that more accurate judgments
of one’s comprehension can lead to more adequate regulation decisions (e.g., Rawson
et al., 2011; Thiede et al., 2003). In the present study, all three instructional methods
supported students in accurately judging their comprehension. In turn, their regulation
decisions might have been promoted independently of the received method as well.
Overall, students’ regulation decisions were of medium adequacy with room for further
improvement. Therefore, additional means to help students make adequate decisions
about their further learning would be beneficial. For example, prompts that ask students
to think about why or why not they should engage in restudy activities could be imple-
mented within think sheets.
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Limitations and future directions

First, as indicated previously, we did not assess effects of completing a think sheet and
answering reflection prompts on processes during learning. For example, engaging with
reflection prompts might facilitate conflict monitoring and faster knowledge integration
while studying. Therefore, further research should shed light on these “online” learning
processes, for example, by means of response times or pupil dilation responses (cf. Theo-
bald et al., 2024).

Second, think sheets and prompts can be implemented in various ways. For instance,
rather than providing misconceptions on a think sheet, which is a more passive approach
to activate potential misconceptions, learners can be asked to enter their own preexistent
beliefs (cf. Dole & Smith, 1989). This approach requires learners to deliberately activate
their prior beliefs before being confronted with the correct information, which may be even
more effective for inducing coactivation and conceptual-change processes through think
sheets. In addition, as stated before, compared to specific reflection prompts that guide
learners towards very specific cognitive activities, generic reflection prompts that allow for
varying thought processes might yield greater effects. Thus, future studies should compare
the effectiveness of specific and generic reflection prompts within think sheets. Examining
the role of design features such as the activation of prior beliefs and the specificity of reflec-
tion prompts can provide deeper insights into the conditions under which think sheets and
reflection prompts are more or less effective. This, in turn, would help refine and expand the
theoretical bases that underpin their use (e.g., Bannert, 2009; Kendeou & O’Brien, 2014).

Third, we examined how thoroughly the participants completed the think sheets and
reflection prompts. The results suggested that the participants approached the tasks seriously
and completed them with high engagement. In addition, the results showed that the qual-
ity with which the think sheets were completed (i.e., more correct and complete answers)
played a role for their effectiveness. Hence, helping students to complete think sheets with
the correct and complete information could increase positive effects of this instructional
method. Thus, further research might add feedback to think sheets and examine its impact.

Fourth, it cannot be excluded that social desirability played a role for participants’
responses, potentially biasing the results. For example, participants might have indicated
that they would like to restudy just because they felt obligated to do so when taking part in
a study. To mitigate this possibility, the instructions explicitly asked participants whether
they would like to restudy in order to improve their comprehension and better prepare for
the upcoming test questions. Even so, participants might have made their decisions due to
other reasons. Similar limitations might apply to the judgments. For instance, participants
might have provided lower judgments than they would have in real-life situations to avoid
appearing presumptuous. Conducting field studies in more natural classroom environments
may help to reduce these issues. Moreover, when responding to the reflection prompts, par-
ticipants might have based their answers on what they thought the task would require. For
example, they might have indicated that the statement “The text information contradicts the
misconception” is true simply because they presumed that the text would provide the correct
information, without thoroughly grasping how it contradicted the misconception. However,
it should be noted that the agreement rates regarding the statements were not absolute (i.e.,
not 100% or 0%; see Table 4). For instance, the agreement with the statement “The text
information contradicts the misconception” ranged from 60% to 83% for the four miscon-
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ceptions. This suggests that participants did not merely choose responses they believed were
expected (e.g., “true”), but at least to some extent considered how the textual information
aligned with the misconceptions. Nonetheless, future studies could include misconceptions
that are not refuted by the text or include correct beliefs that are confirmed by the text to
assess how participants respond in these cases and identify potential response biases.

Fifth, there were significant group differences concerning the number of attended sta-
tistics courses that covered covariance. However, the majority of participants in all three
groups had attended between one and two such courses, with only a few participants having
attended more or fewer. Moreover, aside from the number of statistics courses on covari-
ance, no other a priori differences were observed concerning relevant variables, such as the
number of misconceptions about covariance or the number of semesters. While we can-
not entirely rule out the possibility of initial group differences in unmeasured variables,
such as attitude towards statistics, the random assignment of participants to groups makes it
unlikely that such differences existed and systematically influenced the results.

Finally, it would be interesting to examine to what extent the results of the present study
can be transferred to other domains, misconceptions, and age groups. For example, in this
study, we did not assess the confidence with which the misconceptions were endorsed by
the students, and the results may vary for misconceptions held with different degrees of
confidence. Presumably, compared with low-confidence misconceptions, high-confidence
misconceptions might be more resistant to change and more strongly impair learning. In this
case, the instructional method of completing a think sheet might prove more beneficial (cf.
van Loon et al., 2015). Moreover, school students usually need more instructional guidance
compared with university students who are typically better able to judge and regulate their
own learning (Prinz et al., 2020). For this reason, younger school students might profit from
think sheets and reflection prompts more strongly than older university students. Hence, it
would be insightful to explore whether different age groups benefit from think sheets and
reflection prompts differently.
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