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Abstract

In reviewing the Cameron and Khanna project, we find much to be commended. The large
diverse sample of researchers and the collection of widespread student misconceptions will
help focus students and instructors in the introductory course on teaching and learning the
science of psychology. The recommendations we make provide a guide for looking beyond
student belief and recognizing factors potentially contributing to and supporting miscon-
ceptions. Because teaching psychological science in the introductory psychology course is
challenging, it is likely that misconceptions result from misinterpretations of the evidence.
Investigating how textbooks and instructors’ perceptions of claims perpetuate misconcep-
tions would be an important contribution toward improving the teaching of psychology.
Assessing student misconceptions about psychological science would document the preva-
lence of science misconceptions, would permit the investigation of change in knowledge
and scientific attitudes with the introductory psychology course, and would provide a basis
for studying links between misconceptions about psychology and misunderstanding (or
lack of appreciation) of the very nature of science.

Keywords Introductory psychology - Misconceptions - Refutation - Teaching

Although getting into students’ heads is a messy task, given our understanding of learning,
it is a necessary mess to explore. If students’ initial ideas contradict new claims, the learner
could develop concepts that are very different from those intended (Bransford et al., 2000).
Understanding students’ prior conceptions, therefore, is critical for teaching and learning.
Cameron and Khanna’s program to identify lingering student misconceptions following
the introductory psychology course provides an important contribution to our exploration
of students’ mistaken beliefs. In this comment, we will describe what we appreciated in
the multi-site project outlined. While commending the project’s breadth, however, we will
note the need to explore more fully some of the issues only sampled. Understanding the
conceptual ecology generating and maintaining the array of student misconceptions (see
Strike & Posner, 1992) may answer the additional questions of why students believe these
claims, why beliefs persist, and how to develop a habit of inquiry in students that may
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alter the tendency to believe false claims. We recommend going beyond measuring student
misconceptions about psychology to also measure student misconceptions of science and
instructor and text support for both science and psychology misconceptions.

To Be Commended

Cameron, Khanna, and collaborators (C&K from here on) are to be commended above all
for bringing together a diverse group of scholar-practitioners to study an important concept
in learning. Science is by nature dependent on community. A diversity of voices in open
discussion permits the sharing and checking of assumptions in the pursuit of knowledge
(Oreskes, 2019). A diverse team with specialists across subdisciplines is also key to iden-
tifying misconceptions and the alternative conceptions based on scientific consensus. Per-
sisting in the face of the logistical challenges and IRB delays is worthwhile.

Increasing the participating sites also increases the participant sample and its diver-
sity. Researching in this area ourselves, we have long struggled with sample size. Size is
not only important for generalizing claims, but for being able to ask critical questions. As
C&K recognize, assessing whether there is any change in students’ misconceptions follow-
ing the course requires longitudinal samples. Ideally, these longitudinal assessments would
involve multiple testings, permitting some insight into whether the change is temporary
and superficial or enduring and deep (see Zengilowski et al., 2021). There are also benefits
to the diversity of samples. As C&K found, students differ in their beliefs in misconcep-
tions and in the strength of those beliefs. We find differences across misconceptions and
across cohorts of students (Taylor & Kowalski, 2012). Other researchers note differences
across countries (Dekker et al., 2012; Hughes et al., 2013a). Large and diverse samples
provide researchers with the opportunity to explore these differences.

In addition to size and diversity, the C&K project is commendable for gathering an
array of popular student misconceptions. The set is useful for both researchers investi-
gating student misconceptions and instructors surveying students to identify topics to
address in class. Claims more frequently and confidently professed may require more
attention. But because no single fix will likely be appropriate for all misconceptions
(Chi, 2008; Zengilowski et al., 2021), researching differences will be useful. Some mis-
conceptions may be addressed with refutation, whereas others, particularly those with
personal and social consequences, may require more engagement. Elaborate engagement,
such as that outlined by C&K and Bernstein (2017), will realistically need to be reserved
for a critical few.

Further Exploration

Seeking to understand the persistence of student misconceptions is important if instructors
are to have any hope of revising belief in false claims (Kendeou et al., 2014). However,
understanding the task of overcoming misconceptions requires recognizing the context in
which it occurs. Rarely is the process of learning that of adding an isolated piece of infor-
mation to an empty space. Rather, the learner is learning within a conceptual ecology (e.g.,
Strike & Posner, 1992). Information is understood (sometimes incorrectly) in terms of
prior knowledge, but also in terms of the learner’s motivation, epistemology, existing meta-
phors, and past experiences. This broad view of learning reveals why the deficit model of
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learning (filling empty spaces) is flawed. Aspects of students’ past and present are likely
contributing to and supporting the misconception. Instructors need to be aware of what
and how students are thinking to promote belief revision. Attention to students’ conceptual
ecology would connect the multiple goals of the C&K project, i.e., assessing misconcep-
tions, teaching critical thinking, understanding sources of misconceptions, and proposing
strategies to reduce false beliefs. We address some of these connections and suggest strate-
gies for reinforcing those connections.

Assessing Misconceptions

As discussed throughout the literature (see Zengilowski et al., 2021), assessment of mis-
conceptions is challenging. Among assessment issues are problems in language, format,
and prevalence. Generally, misconceptions are considered to be false beliefs held by more
than 50% of respondents (see Brown, 1983). Yet responses vary with how the question is
asked (Hughes et al., 2013a; Taylor & Kowalski, 2012). For example, when presented with
a statement, respondents are more likely to respond “true” to familiar statements (often the
result of the mere exposure effect). Adding a “don’t know” option or taking confidence
into account allows for a more precise assessment of belief (Gardner & Dalsing, 1986).
C&K reflect on some of these challenges when they recognize that endorsement of claims
varied across items and that responses may result from ambiguous wording or from the
complexity of many psychological claims, e.g., claims that are not completely true or false
and those that contain “grains of truth.” In noting that they are attending to wording items
carefully and going beyond true/false assessment, C&K are likely addressing some of these
issues in their revised assessment. We also believe that some of these assessment issues
can be addressed with a format that takes the definition of misconception and the context
of belief into account.

Before assessing misconceptions, it is best to define what is meant by the concept of
“misconception” (Hughes et al., 2013b). Although the measurement of misconceptions
often involves presenting and assessing whether a false claim is believed to be true, defini-
tions of misconceptions are more likely to reflect the nature of the misconception as it con-
trasts with the scientifically supported claims, e.g., “a belief that conflicts with currently
accepted scientific explanations” (Tippett, 2010, p. 953) and “notions that are in sharp
contrast to accepted scientific understanding” (Sinatra et al., 2014, p. 132). These defini-
tions of misconceptions reflect the context of belief in that the false claim exists in relation
to the contrasting scientific claim and that the two are differentiated by their support. In
our view, these definitions are appropriate for misconception in psychological science. We
also believe that misconceptions can be differentiated from myths. Myths more generally
suggest a metaphysical component or a lack of contrast with clear scientific evidence (see
Maddox, n.d.).

One way to assess misconceptions in context is to present the contesting claims together.
An example is the forced choice format described by Bensley and Lilienfeld (2020). They
provide guidelines for developing measures of unsubstantiated claims that include *
clearly identify each claim that is unsubstantiated and its alternative which is substantiated,
based on high-quality scientific evidence” (p. 199). In their own work, they use an A/B for-
mat that contrasts the scientifically supported with the unsupported alternative. Using this
format, we found a lower rate of endorsement when we presented items in contrast pairs
versus single T/F claims (Taylor & Kowalski, 2012). The following is an example item:
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Which statement about the effect of sugar on behavior is most true?

(A) Too much sugar, such as from eating candy and sugary snacks, causes hyperactivity in
children.

(B) Sugar has a limited effect on behavior, similar to any carbohydrate, such as potatoes
or pretzels.

Assessment of students’ understanding of support for contrasting claims provides
information on whether the student both accepts the correct claim and rejects the incor-
rect claim. The format also avoids the problem with true/false questions that are not
entirely false by focusing attention on those claims that are clearly supported by scien-
tific consensus. In addition to addressing measurement issues, assessing student’s under-
standing of claims that differ in support ties with the APA’s student learning outcomes
for the teaching of psychology, improving students’ knowledge of psychological concep-
tions and improving students’ scientific thinking (e.g., 2.4 Examine how psychological
science can be used to counter unsubstantiated statements, opinions, or beliefs, Ameri-
can Psychological Association, 2021). By assessing and then teaching contrasting claims
through refutation or argumentation (e.g., Lombardi et al., 2013), IP would be simul-
taneously teaching the correct claim (content) and how claims can be differentiated by
evidence (scientific justification).

It is important to recognize that a student’s ability to differentiate claims based on evi-
dence will likely depend on their understanding of “evidence” and how claims relate to evi-
dence (see Sinatra & Hofer, 2016). As C&K noted, providing students with scientifically
supported claims is unlikely to change misconceptions if students consider personal experi-
ence more valuable than empirical evidence. Unfortunately, students struggle with scien-
tific literacy (i.e., scientific knowledge, epistemology, and values). How evidence differs
from explanation and understanding the implications of uncertainty and the ongoing nature
of science are challenging concepts for students and the public in general (Flemming et al.,
2020; Kuhn, 2001; Kuhn & Modrek, 2018). People also have difficulty developing a scien-
tific attitude, i.e., caring about evidence and being willing to change one’s mind based on
new evidence (Mclntyre, 2019). Assessing student misconceptions about science and their
scientific attitudes would document the prevalence of science misconceptions, would per-
mit the investigation of change in knowledge and attitudes with the IP course, and would
provide a basis for studying links between misconceptions about psychology and misun-
derstanding (or lack of appreciation) of the very nature of science.

We recommend using the A/B format to contrast misconceptions with empirically
supported claims, including only items that are explicitly refuted by empirical evidence,
and including items that address misconceptions of science and knowledge. Presenting
conflicting claims and directing instruction at evaluating claims would link assessment,
instruction, and critical thinking.

Instructors as Sources of Support for Misconceptions

Given our emphasis on contrasting supported and unsupported claims, we clearly agree
with C&K that targeting and refuting misconceptions with supported claims is impor-
tant in the reduction of misconceptions (see Kendeou et al., 2014). C&K’s assessment
of whether instructors addressed claims allowed them to suggest a modest correlation
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between addressing and reduction. We believe attention to whether and how miscon-
ceptions are addressed is important in understanding the role of targeting in the class-
room, but it is also important in understanding the role instructors play in potentially
supporting misconceptions.

Although misconceptions researchers assume that instructors hope that at the end of
their courses students will reject false claims (Bensley & Lilienfeld, 2020), it is not clear
whether or how instruction addresses misconceptions in the IP classroom. In an early study
of misconceptions, McKeachie (1960) asked instructors whether they disagreed with the
keyed response and whether they would be unhappy if their students missed the ques-
tion. Many of the items showing little student improvement were those instructors rated
as unimportant. Similar studies suggest that misconceptions are unlikely to change when
instructors do not see them as important (see Lamal, 1979).

An additional concern is the possibility that claims are addressed in class but inappro-
priately. For example, overemphasizing the misconception can result in a familiarity back-
fire effect or a continuing influence effect (Lewandowsky et al., 2012). Assessing sources
of misconceptions is tricky; however, research consistently finds students reporting classes
and instructors as sources of their incorrect beliefs (Landau & Bavaria, 2003; Richmond
et al., 2023; Taylor & Kowalski, 2004). It may be that instructors are supporting student
misconceptions because they are unaware of the scientifically supported claim, because
they do not know how to refute a particular claim, or because they know but do not accept
the scientific evidence.

The relatively little research on instructors’ knowledge of psychological misconceptions
suggests that psychologists hold fewer of these misconceptions compared with academics
outside of social science and students (Gardner & Hund, 1983) (good thing!). Assessing
students and teachers in Spain, Varea et al. (2022) found psychology teachers held fewer
misconceptions compared with lower-level students but continued to report a belief in
some misconceptions.

Several studies in a variety of countries report a high prevalence of education-related
misconceptions among in-service teachers (e.g., Dekker et al., 2012; Ferrero et al., 2016).
Some misconceptions may reflect a rejection of the supported claim (Lombardi & Sinatra,
2013). Many others may result from inappropriate generalizations from findings in cogni-
tion and behavior (Grospietsch & Mayer, 2019). Ferrero et al. (2016) suggests teacher edu-
cation programs do not always teach student teachers how to interpret research findings.
This lack of instruction on the empirical foundation of claims contrasts with courses, work-
shops, and books that offer a wide range of pseudoscientific theories and methods about
how to improve learning, such as Brain Gym® (Hyatt, 2007). Teachers may also promote
misconceptions because they believe the claims are actually based on science (or “neuro-
science”). Dekker et al. (2012) reported that 49% of the teachers they surveyed endorsed
15 of the assessed “neuromyths.” Yet, these false beliefs were frequently predicted by
higher levels of general knowledge and interest in neuroscience. These findings suggest
that knowledge may not prevent the belief in false claims if one does not know how claims
are related to and limited by evidence.

Given the challenges of teaching the IP course, the likelihood that misconceptions in
psychology are taught or result from misinterpretation of the evidence is high. As Halonen
et al. (2021) note, IP is a course attracting a large and diverse set of students, attempting to
cover a wide swath of content, by instructors who may not be well informed on all claims
across the field. The result may be courses taught by instructors who are limited in their
knowledge of the empirical evidence for claims in at least some of the areas addressed by
the introductory course.
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If instructors of psychology are expected to reject unsupported claims in the field (see
American Psychological Association, 2023), assessing instructor perceptions of those
claims would be an important step in identifying and eliminating sources of continued sup-
port for student misconceptions and improving the teaching of psychology. However, as
C&K discuss, misconceptions-teaching is not always easy and requires instructors who
are willing and able to exert the effort. Their description of teaching cognitive psychology
shows the challenges even when teaching upper division students in one’s area of expertise.
Misconceptions-teaching is likely even more difficult for instructors with limited knowl-
edge of the unsupported claims and of how the evidence justifies and supports the claims.
Even as one of the contributors to the APS Teaching examples on Reinventing Psychology
(Bernstein et al., 2018), PK has only had limited success in implementing the format and
managing discussions of why right is right and wrong is wrong. A forum for instructors to
share their success and failures with misconceptions teaching would be welcome.

Text Sources and Support of Misconception

The above discussion suggests that one reason why student misconceptions persist is that
they are not clearly refuted by instructors. Given that instruction is often closely tied to text
reading, C&K correctly allude to the persistence and perpetuation of misconceptions by
textbooks. As Morawski (1992) has noted, textbooks are key transmitters of psychological
knowledge to psychology students and psychologists. Instructors may rely on their texts as
authority, particularly in areas where their knowledge is limited or less than current. APA’s
Ethical Code 7.03 states, “When engaged in teaching or training, psychologists present
psychological information accurately” (p. 10, Habarth et al., 2011). Therefore, it is impera-
tive to examine textbook accuracy and currency in terms of how they may be contributing
to and maintaining students’ psychological misconceptions.

IP textbooks appear likely to promote or perpetuate misconceptions, sometimes by
ignoring them, sometimes by providing incorrect interpretations, or sometimes by failing
to update knowledge. Despite the “replication crisis” (Open Science Collaboration, 2015)
having demonstrated a concerning mismatch between claims and data, many of the studies
that have failed reproduction continue to be covered in both depth and breadth in IP texts.
What has always been sits in textbooks and lectures, “like grand historical monuments”
(Tavris, 2014, p. 1), resulting in textbooks that are encyclopedic (see Weiten & Wight,
1992) and likely misrepresenting the science.

Although we are unaware of any systematic attempt to identify how introductory psy-
chology texts address the common claims studied by misconceptions researchers, there are
studies of how the learning styles claim is addressed in education and educational psychol-
ogy texts (Cuevas, 2015; Wininger et al., 2019). The studies find few texts directly promote
the claim, yet the texts rarely provide a clear discussion of the claim and of its lack of
empirical support.

In reviews of IP texts, there is evidence for general errors, errors of omission, and “aca-
demic folklore” (Todd & Motris, 1992). Thomas (2007) examined errors in psychology
textbooks and found the repetition of scientific urban legends along with errors of inter-
pretation and misquoting. Steuer and Ham (2008) further detailed common errors in psy-
chology texts, including coverage of the history of psychology, conditioning concepts,
recovered memories, and diversity issues. Texts often represent psychological science as
being more consistent, of higher quality, and more generalizable than it really is. Ferguson
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et al. (2018) reviewed 24 of the more popular IP textbooks and provided evidence for fac-
tual reporting of errors across textbooks, for failing to inform students of the controversial
nature of some research fields, and for the inclusion of anecdotes as evidence. Assuming
that at least some students read some of the text (Clump et al., 2004), student errors may be
derived from the texts.

Beyond specific errors in presentation, researchers have attended to the problematic pres-
entation of “classic myths” in psychology. Publications by Griggs and colleagues (Bartels &
Griggs, 2019; Griggs, 2015; Griggs et al., 2020) examined textbook presentations of vari-
ous controversies in social psychology, including studies of conformity, obedience, and the
Stanford Prison Experiment. They found little textbook coverage of published critiques,
including archival records, providing evidence that the way these studies continue to be pre-
sented in textbooks is misleading (Le Texier, 2019; Perry, 2013). Conclusions often misin-
terpret the data or continue misinterpretations in the original papers, or present only partial
data, leaving textbook readers with a false sense of the validity of these studies and/or their
conclusions, as commonly taught.

Other research (see Griggs & Ransdell, 1987) indicates that rather than addressing false
claims, texts may perpetuate misconceptions by ignoring them. Texts may also fail to refute
misconceptions in a way that would alter prior knowledge (Lewandowsky et al., 2020).
Findings that refutations matter (cf., Ferrero et al., 2020; Kowalski & Taylor, 2009; Menz
et al., 2021) have contributed to recommendations for the inclusion of refutations in intro-
ductory texts (Tippett, 2010). The ideal would involve an inclusion of supported claims and
how they are supported, as well as the elimination of unsupported claims. Refutation of
classic studies would engage students in a discussion of the original claims and replace the
claims with a scientifically justified alternative. Exposing the flaws and shortcomings of
many “classic” studies would not only correct students’ views about the studies but would
also work to show students that psychology has the capacity to be a self-correcting science
(Bartels & Griggs, 2019).

Finally, in addition to their presentation of science-based claims, texts also need to be
reviewed for how they present science itself. As noted previously, how students think about
evidence and claims is part of the conceptual ecology that contributes to their acceptance
of claims. Some researchers have pointed out the limited discussion of the nature of sci-
ence in introductory texts (cf., Amsel et al., 2011; O’Donohue & Willis, 2018). This limi-
tation is particularly troubling given the emphasis of the IP class on psychology as a sci-
ence when coupled with students’ difficulties in understanding the nature of science.

In Conclusion

We appreciate the opportunity to comment on the C&K paper. It, obviously, got us think-
ing. The size of the project, despite the accompanying challenges, is its strength. The large
diverse sample of student misconceptions will help focus students and instructors in the
introductory course on the science of psychology and how to think about it. The recom-
mendations we make should be seen as guides for how to take a broad perspective of stu-
dent learning and unlearning in psychological science.

Not included in this discussion of a broader perspective are the numerous other sources,
both within the individual and outside of the classroom, that support students’ inaccurate
beliefs and contribute to belief persistence. Media, social media and internet influencers,
and peers have been shown to promote many claims that contradict scientific findings
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(Allcott et al., 2019) and students, as young adults in general, are often exposed to these
claims (Herrero-Diz et al., 2020). These sources likely repeat the unsupported claims in
volumes, overwhelming the supported claims. So, as we commend getting into students’
heads to assess prior beliefs and end-of-course misconceptions, we suggest going beyond
those beliefs to explore support for those beliefs. It may be messy, but if we are going
to guide students in learning psychological science, we are going to have to explore and
address the mess. At this point, we wish everyone luck!
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