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Learning by Teaching With Deliberate Errors Promotes

Argumentative Reasoning
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Reasoning and arguing well lies at the core of thinking and constructing knowledge about complex,
controversial issues. Leveraging the techniques of learning by teaching and deliberate erring, the present
study developed and tested a novel intervention—learning by misteaching—to boost argumentative reason-
ing. University students (N =208) were trained on argumentation strategies and studied a dual-position
argumentative text on a controversial topic using one of three learning methods: notetaking, correct teaching,
or misteaching. The notetaking group prepared to be tested and wrote study notes while generating good
arguments about the topic, whereas both teaching groups prepared to teach and wrote a verbatim teaching
script about the topic exactly as how they would orate a lecture while generating good arguments (correct
teaching) or deliberately weak arguments (misteaching) for their intended audience to spot. All students
were then tested on their basic recall of the text and higher order argumentative reasoning in integrating
opposing views to form conclusions about the topic (e.g., weighing arguments and counterarguments, devel-
oping new alternative solutions or compromises). On both tests, students who had taught outperformed their
peers who had written study notes. Importantly, misteaching produced additional gains for argumentative
reasoning over correct teaching, even after controlling for recall performance. Yet, students’ metacognitive
judgments revealed that they were largely unaware of these benefits even after the tests. Overall, these find-
ings demonstrate how learning by teaching and deliberate erring can be strategically combined to improve
higher order outcomes such as argumentative reasoning, while highlighting the counterintuitive benefits of
intentionally making errors in low-stakes contexts.

Educational Impact and Implications Statement

The skill to reason and argue well is vital for 21st-century education and democratic participation but is
challenging to master. This study demonstrates how argumentative reasoning (e.g., weighing and inte-
grating arguments, designing new solutions) can be enhanced via learning by misteaching—a novel
combination of the techniques of learning by teaching and deliberate erring. Students displayed not
only superior recall but also argumentative reasoning when they had taught a controversial issue by writ-
ing a verbatim teaching script than study notes. Crucially, students’ argumentative reasoning further
benefited from teaching incorrectly with deliberately weak arguments they had generated for their
intended audience to spot, relative to teaching correctly with good arguments. This advantage of mis-
teaching held even when controlling for students’ recall of the material, suggesting that it was not merely
driven by better memory per se. Learning by teaching with deliberate errors is a promising way to boost
argumentative reasoning.
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In our increasingly interconnected world where information
abounds, one must be able to think and reason well about complex,
controversial issues. Argumentation—the construction and evaluation

of arguments—has been viewed as the main function of human
reasoning (Mercier, 2016; Mercier & Sperber, 2011) and the core
of thinking since the time of the ancient Greek philosophers
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(Kuhn, 1991). Today, argumentation remains central to meaningful
participation in democratic societies (Asterhan & Schwarz, 2016).
Moreover, argumentation has been associated with better learning
(Andriessen & Baker, 2014; Asterhan & Schwarz, 2007; Chinn,
2006; Tordanou et al., 2019), scientific literacy (Driver et al., 2000;
Kuhn, 1993; J. Osborne, 2010), and epistemic cognition when stu-
dents acquire, construct, and use knowledge (Greene & Yu, 2016;
Greene et al., 2018; Iordanou & Constantinou, 2015; Iordanou
et al., 2016; Kuhn et al., 2013; Ryu & Sandoval, 2012).

Developing students’” argumentative reasoning is thus a crucial edu-
cational goal, as outlined in curricular and policy initiatives such as the
Next Generation Science Standards (NGSS Lead States, 2013) and
Common Core State Standards (National Governors Association
Center for Best Practices & Council of Chief State School Officers,
2010). The present research leverages two potent techniques—
learning by teaching and deliberate erring—to promote argumentative
reasoning.

Argumentative Reasoning

Argumentation involves not only producing arguments but also
responding to them with counterarguments (van Eemeren et al.,
1996, 2014; D. Walton, 2007). Good arguments are able to resist
and defeat opposing arguments to emerge ultimately undefeated
(Pollock, 1987). Hence, whereas students often display a myside
bias in considering only one side of the issue and ignoring counter-
arguments (Perkins, 1985; Perkins et al., 1991; Wolfe & Britt, 2008),
stronger and more cogent argumentation in fact demands integrating
arguments and counterarguments to reach an overall conclusion or
consensus (i.e., integrative argumentation; Nussbaum, 2008b,
2021; Nussbaum & Schraw, 2007). Unlike adversarial discourse
that aims to win through persuasion, integrative argumentation
aligns with deliberative or collaborative discourse that aims to decide
on optimal actions by reconciling different views to achieve a com-
mon goal (Felton et al., 2022; Nussbaum, 2008a, 2021; Rapanta &
Felton, 2022; D. Walton, 2010).

To construct an integrative argument, two kinds of stratagems can
be used: refutational and integrative stratagems (Nussbaum &
Edwards, 2011). Refutational stratagems include refutation when
rebutting a counterargument to explain why it is false or flawed.
By weakening counterarguments instead of ignoring or dismissing
them, refutation yields stronger arguments and better impressions of
the author (Wolfe et al., 2009). However, refutational stratagems are
also considered the least integrative because they mainly emphasize
the counterargument (Nussbaum & Edwards, 2011). Conversely,
integrative stratagems include weighing and design claims.
Weighing is a sophisticated strategy that involves contrasting argu-
ments on both sides and showing that one side surpasses the other
in strength of evidence and/or importance of values when weighing
benefits and costs (Nussbaum, 2021; Nussbaum & Putney, 2020).
Design claims develop a compromise or new alternative solution by
preserving the benefits of an argument while reducing the costs
cited in a counterargument. Thus, weighing and design claims explic-
itly attend to both sides of an issue. Given their particular pertinence
for integrative argumentation, this study focused on students’ use of
integrative stratagems. Indeed, balancing multiple views and search-
ing for ways to integrate them have more broadly been regarded
as forms of wise reasoning when navigating conflicts in life
(Grossmann et al., 2020).

Yet, teaching argumentative reasoning is challenging (Newell
et al.,, 2011). High school and undergraduate students and even
teachers have been observed to engage in weak argumentation,
as characterized by failures to generate two-sided arguments or
justify their positions with evidence (Iordanou et al., 2020;
Jiménez-Aleixandre et al., 2000; Lytzerinou & lordanou, 2020;
Sadler, 2004). Although even young children possess some rudi-
mentary skills in argumentation (Kdymen et al., 2014; Mercier,
2011; Mercier et al., 2014), developing more complex integrative
argumentation skills is not spontaneous (Rapanta et al., 2013) and
requires substantial scaffolding (Andriessen & Baker, 2014). For
instance, explicit instruction and tools such as graphic organizers,
critical questions or prompts, and computer-based systems have
been used to support students’ argumentation (for reviews, see
Ferretti & Graham, 2019; Newell et al., 2011; Noroozi et al.,
2012; Scheuer et al., 2010).

Crucially, for students to productively argue even when equipped
with instruction and tools, they must acquire a deep understanding of
the topic at hand and relate it to their prior knowledge, such that this
new knowledge can be used meaningfully in discourse (Baytelman
et al., 2020; Christodoulou & Diakidoy, 2020; Iordanou et al., 2019;
Murphy et al., 2018). For instance, without understanding agricul-
tural biotechnology and its implications, one would be hard-pressed
to write a high-quality argumentative response on whether it should
be introduced in Africa, even if one were well-versed in integrative
stratagems. Accordingly, to promote deep learning for better argu-
mentative reasoning, generative strategies that encourage students
to make sense of new information by actively organizing and inte-
grating it with their prior knowledge (Fiorella, 2023; Fiorella &
Mayer, 2016; Wittrock, 1974, 1989) could be helpful. In particular,
one such generative strategy is learning by teaching.

Learning by Teaching

Taking on the role of a “tutor” and teaching others benefits stu-
dents’ own learning of the material (Bargh & Schul, 1980; Duran &
Topping, 2017; for recent reviews, see Kobayashi, 2024; Lachner
et al., 2022; Ribosa & Duran, 2022), with unique gains from expect-
ing to teach, actually teaching, and responding to audience or “tutee”
questions (Benware & Deci, 1984; Fiorella & Mayer, 2013, 2014;
Guerrero & Wiley, 2021; Kobayashi, 2022a; Nestojko et al., 2014;
Roscoe & Chi, 2008). Whereas learning by teaching has often been
implemented via peer tutoring (e.g., Roscoe & Chi, 2007, 2008) or
teachable agents in computer-based environments (e.g., Biswas
et al., 2005, 2016; Chin et al., 2010), tutors can benefit from teaching
even without interacting with a real, remote, or fictitious audience
(Lachner et al., 2022). For instance, learning-by-teaching effects
have emerged when orally delivering video-recorded lectures to ficti-
tious others (e.g., Fiorella & Mayer, 2013, 2014; Hoogerheide et al.,
2014, 2016; Koh et al., 2018; Lachner et al., 2020; Wong et al., 2023)
or even when writing verbatim teaching scripts as exact transcripts of
how one would orate a lecture (i.e., silent teaching; K. Y. L. Limetal.,
2021; S. W. H. Lim et al., 2024).

Three main nonmutually exclusive accounts have been proposed
to explain learning-by-teaching effects: (a) the retrieval hypothesis,
(b) the generative hypothesis, and (c) the social presence hypothesis
(see Lachner et al., 2022 for a review). First, the retrieval hypothesis
suggests that tutors engage in retrieval practice when teaching from
memory (Koh et al., 2018; see also Kobayashi, 2022b), thereby
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improving their durable learning of the material (Karpicke, 2017).
Second, the generative hypothesis posits that teaching induces gen-
erative processes such as selecting relevant information, organizing
it into a coherent mental representation, and integrating it with one’s
prior knowledge (Fiorella & Mayer, 2016). As tutors monitor their
comprehension, construct inferences, and integrate ideas during
their teaching explanations, this reflective knowledge-building pro-
cess boosts their learning (Roscoe & Chi, 2007). Third and relatedly,
the social presence hypothesis proposes that teaching triggers greater
physiological arousal and generative processing when tutors per-
ceive their audience—whether actual or imagined—as “real” and
“present” (Hoogerheide et al., 2016, 2019a, 2019b; Jacob et al.,
2020; Lachner et al., 2021; see also Kreijns et al., 2022). For instance,
in anticipating what their audience knows or does not know
(Nickerson, 1999), tutors may adapt their teaching such as generating
more elaborations for less knowledgeable tutees (H. H. Clark &
Brennan, 1991; Wittwer et al., 2010). However, it should also be
noted that simply increasing social presence does not necessarily
improve learning (Jacob et al., 2021), especially when it evokes exces-
sive negative emotional arousal and distraction (Wang et al., 2023) or
when tutors engage in limited knowledge-building even with height-
ened feelings of social presence (Ribosa & Duran, 2023).

Together, these accounts underpin the idea that teaching favors the
tutor’s building of rich mental models of the material for better learn-
ing. According to Kintsch’s (1988, 1994) construction—integration
model, a text can be encoded at the rextbase level (i.e., mentally rep-
resenting its propositional content) and situation model level (i.e., a
global representation of the text that is elaborated from and inte-
grated with one’s prior knowledge). Whereas a text can be recalled
or (superficially) summarized even if only processed at the textbase
level, forming a situation model is crucial for deeper understanding
(Kintsch, 1994). By inducing elaborate processing, teaching could
support the tutor’s construction of a situation model for better
knowledge generalization and learning (Coleman et al., 1997;
Fiorella, 2023). Indeed, teaching has been found to improve not
only the tutor’s basic recall, comprehension, and transfer to new
problems (Lachner et al., 2022) but also more complex outcomes
such as research question generation (S. W. H. Lim et al., 2024;
Wong et al., 2023).

The view is that the deep learning that teaching affords could aid
the tutor’s argumentative reasoning too. Whether students can reason
well depends on their knowledge of the argumentation topic (Chinn &
Duncan, 2018; Stein & Bernas, 1999; von Aufschnaiter et al., 2008;
Voss & Van Dyke, 2001), besides their need for cognition (i.e., ten-
dencies to engage in and enjoy effortful cognitive activities;
Cacioppo et al., 1983, 1996), epistemological understanding (i.e.,
beliefs about knowing and knowledge; Greene et al., 2018; Mason
& Boscolo, 2004; Mason & Scirica, 2006; Wu & Tsai, 2011), and
competence in reasoning strategies (J. F. Osborne et al., 2016).
More robust topic knowledge positively predicts the quantity, quality,
and diversity of arguments that students construct for better argumen-
tative reasoning (Baytelman et al., 2020), while better recall and
understanding of an argumentative text’s content has been associated
with better critical evaluation of its arguments (Christodoulou &
Diakidoy, 2020; Neuman & Weizman, 2003). Moreover, to the extent
that tutors experience heightened social presence (e.g., Hoogerheide
et al., 2016), they may be poised for stronger integrative argumenta-
tion if they take their audience’s perspective into account.
Perspective taking—reasoning from other viewpoints—prompts

people to distance themselves from their own perspectives, which
could reduce the myside bias during argumentative reasoning
(Beatty & Thompson, 2012; Thompson et al., 2005), particularly
for weak arguments (McCrudden et al., 2017).

Teaching With Good Versus Poor Arguments

Skilled arguers are further able to evaluate argument strength
when mustering their best response on the topic. For instance,
when weighing arguments and counterarguments, one must recog-
nize and reject weaker arguments while accepting better ones.
Likewise, when forming design claims, one must synthesize the
strengths of both sides while mitigating their weaknesses to propose
an in-between position or new alternative solution. To these ends,
understanding what a good argument is (not) could be paramount.
In defeasible reasoning, good arguments are rationally compelling
in that their premises provide support for the conclusion, even if
this conclusion could later be falsified by additional information
(Koons, 2022; Pollock, 1987). Conversely, poor arguments may
appear to be rationally compelling in that their premises are plausi-
ble, but are not actually strong in justifying their conclusion (see
Hahn & Oaksford, 2007 for a discussion of argument strength).

One could posit that teaching with only good arguments enables
tutors’ understanding of how such responses can be applied for strong
argumentation. Indeed, poor arguments can be considered errors,
which have traditionally been viewed as aversive events to be avoided
in learning so that they are not ingrained and repeated in the future
(Ausubel, 1968; Bandura, 1986; Skinner, 1958). But against this
view, errors have been vindicated by burgeoning evidence that they
can in fact benefit learning (Metcalfe, 2017; Wong & Lim, 2019b).
Thus, a counterintuitive proposition is that tutors may actually gain
more from deliberately generating weak arguments as they teach.

Learning From Deliberate Errors

According to Wong and Lim’s (2019b) Prevention—Permission—
Promotion (3P) framework, errors can be observed, allowed, induced,
or guided when not avoided in learning. Of particular interest, recent
studies have shown that guiding students to deliberately err in low-
stakes contexts enhances their learning, even when they already
know the correct answers. This phenomenon has been termed the der-
ring effect, as coined from a portmanteau of the words “deliberate”
and “erring” (Wong & Lim, 2022a, 2022b). For instance, when study-
ing scientific expository texts or term-definition concepts, students
display better recall when they have deliberately committed and cor-
rected errors (e.g., generated conceptually wrong answers) during
open-book study than avoided errors by copying, creating concept
maps, or generating alternative correct responses (Wong & Lim,
2022a, 2022b). Besides boosting recall, deliberate erring improves
higher order knowledge application (Wong & Lim, 2022a) and
even far transfer of learning to different knowledge domains
(Wong, 2023). Moreover, the derring effect has been observed not
only with conceptual errors but also with procedural errors when
deliberately executing incorrect problem-solving procedures in math-
ematics (Yap & Wong, 2024).

Although the mechanisms underlying the derring effect have yet
to be fully specified, several theoretical accounts are conceivable
(Wong, 2023; Wong & Lim, 2022a, 2022b). Broadly, theories of
failure-driven learning propose that encountering errors challenges
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one’s existing mental models and triggers an inquiry process that
may not otherwise occur during errorless learning (A. A. Tawfik
etal., 2015). Likewise, deliberate erring may evoke mental processes
that are not typically invited by the material but that are useful for
learning it (Wong, 2023; Wong & Lim, 2022a; for discussions of
material-appropriate processing, see McDaniel & Butler, 2011;
McDaniel & Einstein, 1989). For instance, considering what not to
do or what something is not when generating errors could enhance
learning of a correct response more than considering what else it
is (Gartmeier et al., 2008; Oser & Spychiger, 2005). It may be that
error generation potentiates encoding of the target response by
more strongly directing attention to subsequent correction for better
learning (Wong & Lim, 2022a, 2022b). Alternatively, exploring
incorrect solutions may ironically weaken and cull those pathways,
thereby increasing the relative retrieval strength of the correct solu-
tions (Kornell et al., 2009). Moreover, contrasting incorrect versus
correct responses may increase students’ awareness of their knowl-
edge gaps and recognition of the problem’s deep features (Loibl
et al., 2017), such that they are more likely to seek to repair or refine
their mental models for better future performance (Chi, 2000;
VanLehn, 1999; VanLehn et al., 2003).

Applied in argumentation, deliberately generating errors in the
form of weak arguments may preempt and expose faulty reasoning,
paradoxically enabling richer mental models of what constitutes
good arguments and why. For instance, when searching one’s
knowledge to produce weak arguments, one must determine the con-
ditions and parameters for success and failure. Whereas considering
why a correct response is correct may involve a more superficial
search that simply cites one’s existing knowledge, confronting the
inadequacies of an error may stimulate a deeper search of one’s
knowledge (Siegler & Chen, 2008) whereby one must also reflect
on the correct response and the conditions that would undermine it
(Heemsoth & Heinze, 2014), toward developing more sophisticated
strategies (Siegler, 2002).

In this way, deliberately generating weak arguments may promote
a richer understanding that includes not only correct (or better)
responses and strategies but also incorrect (or worse) ones for better
argumentative reasoning. For instance, identifying weak arguments
during deliberate erring may prepare students to recognize stronger
ones when weighing the relative merits of the arguments for and
against a topic. Engaging with weak arguments may also provide
opportunities for discovering new solutions or compromises when
creating design claims, which may not be afforded by learning from
good arguments alone (Parviainen & Eriksson, 2006). Indeed, some
evidence suggests that studying cases of failure when solving
ill-structured problems, as opposed to cases of success, improves
students’ argumentation in considering alternative perspectives
(A. Tawfik & Jonassen, 2013). Thus, tutors’ argumentative reasoning
may further benefit from generating weak, rather than good, argu-
ments when teaching an argumentation topic, besides the potential
learning gains from teaching-induced social presence (e.g.,
Hoogerheide et al., 2016) and reflective knowledge-building (e.g.,
Fiorella & Mayer, 2016; Roscoe & Chi, 2007).

The Present Study: Learning by Misteaching

To promote argumentative reasoning, the present study tested a
novel technique—learning by misteaching—that combined learning
by teaching and deliberate erring. Participants were first instructed

on the qualities of good versus poor arguments, then presented with
a dual-position argumentative text on a controversial topic, either
“Will biotech solve Africa’s food problems?” or ““Should we continue
to study sex differences?” Participants engaged in open-book study of
the text using one of three learning methods: notetaking, correct teach-
ing, or misteaching. The notetaking control group prepared to be
tested and wrote study notes about the text, while generating as
many good and plausible arguments of their own about the topic.
Conversely, both teaching groups prepared to teach by writing teach-
ing notes about the topic, then taught “silently” by writing a verbatim
(i.e., word-for-word) teaching script. Crucially, whereas the correct
teaching group generated as many good and plausible arguments
of their own in their teaching script for their intended audience’s
learning, the misteaching group deliberately generated as many
poor yet plausible arguments of their own for their audience to spot.
Subsequently, all participants were trained on argumentation strata-
gems and then tested on their recall and argumentative reasoning of
the text they had studied. Finally, all participants made a metacogni-
tive judgment of their learning method’s effectiveness.

The main hypotheses were: To the extent that teaching others
yields deeper learning than generating egocentric content (e.g.,
Fiorella & Mayer, 2016; Lachner et al., 2022), both teaching groups
would outperform the notetaking group on the recall and argumen-
tative reasoning tests. Furthermore, in line with the derring effect
(Wong & Lim, 2022a, 2022b), misteaching was expected to confer
additional gains over correct teaching. Deliberately generating poor
yet plausible arguments may enable the tutor to better understand the
conditions for successful arguments when weighing different posi-
tions or creating new solutions. Thus, misteaching should be more
helpful than correct teaching for the tutor’s argumentative reasoning,
although not necessarily their basic recall of the text’s content.

Because prior research has found that need for cognition predicts
students’ recall of arguments (Cacioppo et al., 1983), and that epis-
temological understanding predicts argumentation performance
(Greene et al., 2018; Mason & Boscolo, 2004; Mason & Scirica,
2006), both variables were measured alongside participants’ English
language proficiency at the start of the study to ascertain baseline
equivalence of the three learning groups.

In addition, to explore participants’ learning processes and the
characteristics of their study notes and teaching scripts, these were
scored on the number of (a) self-generated arguments, (b) self-other
referential terms such as “me” and “you,” which served as a proxy
for perceived social presence (e.g., Hoogerheide et al., 2016;
Jacob et al., 2020; Lachner et al., 2018; see also Chafe, 1982;
Sindoni, 2013), (c) elaborations (e.g., Jacob et al., 2020; Lachner
et al., 2018), and (d) monitoring statements (e.g., Roscoe, 2014).
The last three variables served as measures of teaching quality
based on the social presence hypothesis (e.g., Hoogerheide et al.,
2016) and generative hypothesis (e.g., Fiorella & Mayer, 2016;
Roscoe & Chi, 2007) of learning by teaching. As per the social pres-
ence hypothesis, teaching with an audience in mind would evoke
heightened social presence, such that both teaching groups should
use more self-other referential terms than the notetaking group, in
turn mediating any advantage of learning by teaching on test perfor-
mance. Additionally, the generative hypothesis predicts that teach-
ing others stimulates generative and metacognitive processing (i.e.,
greater knowledge-building), such that both teaching groups should
produce more elaborations and monitoring statements than the note-
taking group, in turn mediating any advantage of learning by
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teaching on test performance. To examine these hypotheses, explor-
atory analyses tested: (a) whether the learning groups significantly
differed on the three teaching quality measures, (b) whether these
measures correlated with test performance, and if so, (c) whether
these measures mediated the effects of learning method.

Method
Transparency and Openness

This study reports how the sample size was determined, all data
exclusions, all manipulations, and all measures, and it follows the
American Psychological Association Journal Article Reporting
Standards. Materials and data for this study are available in the
online supplemental materials. Data were analyzed using SPSS
Version 26. This study’s design and analyses were not preregistered.

Participants and Design

The participants were 216 students (153 were female) between
the ages of 18 and 36 (M =21.58, SD=2.48) recruited from
both the Psychology Research Participation Program and university-
wide Research Participation Scheme at the National University of
Singapore, who received either course credit or monetary reimburse-
ment for their participation. The students came from a range of majors
and years in college. The outcomes reported below are based on data
from 208 participants; eight participants who failed to adhere to the
experimental instructions were excluded from analyses. A power anal-
ysis (G*Power; Faul et al., 2007) indicated that the present sample size
afforded sufficient sensitivity to detect effects of d > 0.48 for two-
tailed between-subjects pairwise comparisons (i.e., ¢ tests) at 80%
power and o = .05, similar to the effect size of noninteractive teaching
with preparing-to-teach over a nonteaching control (g=0.48)
reported in Kobayashi’s (2019b) meta-analysis, and the moderate
effect sizes of deliberate erring over errorless control methods for
higher order learning outcomes (d = 0.46-0.77) reported in extant
research (Wong, 2023; Wong & Lim, 2022a; Yap & Wong, 2024).

The key independent variable was learning method, whereby par-
ticipants were randomly assigned to one of three learning groups:
notetaking (control condition, n = 70), correct teaching (n = 70), or
misteaching (n = 68). To ascertain that any effects of the learning
methods generalized across argumentation topics, argumentative
text was included as a second between-subjects factor for control pur-
poses, whereby participants were randomly assigned to study a text on
either “biotech” or “sex differences.” The main learning outcomes of
interest were: (a) participants’ recall performance, as assessed by the
number of idea units from the texts that they correctly recalled, and
(b) participants’ argumentative reasoning performance, as assessed by
the number of integrative stratagems that they used at the microlevel,
and their holistic argumentation quality at the macrolevel. All partici-
pants provided their written informed consent. This study was conducted
with ethics approval from the university’s institutional review board.

Materials

Preexperiment Questionnaire

To assess baseline equivalence of the three learning groups, a pre-
experiment questionnaire measured their need for cognition, episte-
mological understanding, and English language proficiency (e.g.,

Wong & Lim, 2019a). Participants completed the questionnaire
online before attending the experiment.

Need for Cognition Scale. The 18-item short form of the Need
for Cognition Scale (Cacioppo et al., 1984) measured participants’
need for cognition on a 5-point scale (1 = extremely uncharacteristic
to 5 = extremely characteristic). A sample item was: “I would prefer
complex to simple problems.” Participants’ mean need for cognition
score was computed. The scale had high internal consistency in this
study, Cronbach’s o. = .86.

Epistemological Understanding Scale. The 15-item
Epistemological Understanding Scale (Kuhn et al., 2000) was admin-
istered as a measure of participants’ levels of epistemological under-
standing (absolutist, multiplist, or evaluativist). A sample item was:
“Robin believes one book’s explanation of how the brain works versus
Chris believes another book’s explanation of how the brain works.”
After being shown each pair of contrasting statements, participants
were asked to indicate if “only one could be right” (absolutist answers,
scored as one point) or if “both could have some rightness.” If partic-
ipants selected the latter, they were then asked to indicate whether “one
could not be more right than the other” (multiplist answers, scored as
two points) or “one could be more right” (evaluativist answers, scored
as three points). The maximum possible score was 45. The scale had
acceptable internal consistency in this study, Cronbach’s oo = .76.

English Proficiency Test. Participants’ English language profi-
ciency was assessed through 10 questions adapted from the Verbal
Reasoning section of the Graduate Record Examinations. The max-
imum possible score was 10.

Argumentation Training

To introduce all participants to argumentation, they were pre-
sented with a training handout on arguments and counterarguments
(available in the online supplemental materials). Specifically, the
handout explained the qualities of three types of arguments:
(a) good and plausible arguments that are plausible and strong in
supporting their conclusion, (b) poor yet plausible arguments that
are plausible but not strong in supporting their conclusion, and
(c) poor and implausible arguments that are neither plausible nor
strong in supporting their conclusion. Each type of argument was
illustrated with examples using the training topic of “Should candy
be banned from school?” (see Table 1), which was not related to either
of the argumentative texts on “biotech” and “sex differences.”

For instance, the argument that “candy should be banned from
school because it has high calories” is poor yet plausible—whereas
itis plausible that candy does have high calories, this argument is not
strong in supporting the conclusion that candy should be banned
from school just on this basis. Indeed, not all high-calorie foods
are unhealthy; some high-calorie foods such as meat and milk can
be healthy for children. Conversely, the argument that “candy should
be banned from school because children don’t have the right to eat
what they want” is poor and implausible—it is neither plausible
nor strong in supporting its conclusion but is based solely on a
personal opinion without any relevant or sound evidence."

"It should be noted that the conceptual difference between “poor” and
“implausible” could have been more clearly defined during training, but
differentiating between them was not essential because the main goal was
for participants to generate either good arguments in the notetaking and cor-
rect teaching conditions or flawed arguments in the misteaching condition.
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Table 1
Training Examples of Good Versus Poor Arguments on the Topic of “Should Candy Be Banned From School?”
Argument “For” “Against”
Good and plausible ~ Yes, candy should be banned from school because it makes No, candy should not be banned from school because it is an

children overly active and hurts concentration. For example,
children who eat sweets have been shown to be easily distracted

and get out of their seats more.
Poor yet plausible
calories. Food with high calories is unhealthy.

Poor and implausible Yes, candy should be banned from school because children don’t

have the right to eat what they want.

Yes, candy should be banned from school because it has high

effective incentive to motivate children to study. For example,
children are shown to be more satisfied and ready to learn after
immediate incentives are given.

No, candy should not be banned from school because adults eat
candy themselves. It is unfair to treat children and adults
differently.

No, candy should not be banned from school because I like candy.

Prestudying Questionnaire

A prestudying questionnaire assessed participants’ prior attitude and
familiarity toward their randomly assigned argumentation topic, as
well as the personal importance of the topic to them (adapted from
Kobayashi, 2010; Wong & Lim, 2019a). Participants were presented
with a 55-word introductory paragraph on the topic of their argumen-
tative text, either “biotech” or “sex differences” (available in the online
supplemental materials). After reading the introductory paragraph,
participants rated their prior attitude toward the topic on four items:
(a) “Agricultural biotechnology should be introduced in Africa”/*“Sex
differences should continue to be studied,” (b) “African society will
greatly benefit from agricultural biotechnology”/*“Society will greatly
benefit from the study of sex differences,” (c) “The introduction of agri-
cultural biotechnology will bring a lot of problems to African society”/
“The study of sex differences will bring a lot of problems to society,”
and (d) “Agricultural biotechnology is unsuitable for Africa™/
“The study of sex differences is unsuitable for society.” All ratings
were made on a 7-point scale (1 = strongly disagree to 7 = strongly
agree). Participants’ prior attitude scores were computed as their
mean rating across all four items; negative items were reverse-scored
such that higher scores indicated more positive attitudes. The prior atti-
tude measure had acceptable internal consistency, Cronbach’s o. = .72.

Participants indicated their familiarity with their argumentation
topic on two items: (a) “How familiar are you with (agricultural bio-
technology/the study of sex differences)?,” and (b) “How familiar
are you with the controversy over the (introduction of agricultural
biotechnology in Africa/study of sex differences in society)?”
Both items were rated on a 7-point scale (1 = not familiar at all to
7 = extremely familiar). Participants’ familiarity scores were com-
puted as their mean rating across both items. The prior familiarity
measure had acceptable internal consistency, Cronbach’s o= .76.

In addition, participants rated the personal importance of their
argumentation topic on a 7-point scale (1 = not important at all to
7 = extremely important): “How personally important is the (intro-
duction of agricultural biotechnology in Africa/study of sex differ-
ences in society) to you?”

Argumentative Texts

The argumentative texts were two dual-position passages on the
topics of “biotech” and “sex differences” (available in the online
supplemental materials). Both texts were adapted from the
“Taking Sides” McGraw-Hill Contemporary Learning Series
(Moseley, 2007; Paul, 2002), which has been used in higher educa-
tion and educational psychology research (e.g., Agarwal, 2019).

Each text was organized in two columns that presented arguments
for versus against the topic, with four paragraphs describing each
opposing side. Both texts contained arguments of varying qualities,
thus affording room for participants to engage in integrative argu-
mentation at test (e.g., weighing the relative merits of the arguments
vs. counterarguments). The “biotech” text (612 words) presented the
debate on the introduction of agricultural biotechnology in Africa
and had a Flesch-Kincaid grade level of 14; the “sex differences”
text (606 words) presented the debate on the study of sex differences
in society and had a Flesch-Kincaid grade level of 17.

Judgments of Higher Order Learning (JOL+)

As a metacomprehension monitoring intervention to guide all par-
ticipants toward the higher order learning outcome of integrative argu-
mentation, a series of JOL+ questions was presented (adapted from
Wong & Lim, 2019a). The JOL+ questions directed students’ atten-
tion toward the critical processes required for integrative argumenta-
tion (e.g., addressing counterarguments, weighing arguments and
counterarguments, creating compromises or novel alternative solu-
tions to reconcile opposing sides of an issue). Specifically, all partic-
ipants were asked to respond to these JOL+ questions when learning
their argumentative text: (a) “How difficult do you think it is to argue
the case for/against (introducing agricultural biotechnology in Africa/
continuing to study sex differences)?” (0 = definitely not difficult to
100 = definitely difficult), (b) “How confident do you think you are
in arguing the case for/against (introducing agricultural biotechnology
in Africa/continuing to study sex differences)?” (0 = definitely not
confident to 100 = definitely confident), and (c) “If you are asked to
argue for/against (introducing agricultural biotechnology in Africa/
continuing to study sex differences), how well do you think you can
(i) address the counterclaims to your claims, (ii) argue that one
claim is weaker than another claim, (iii) comment on the benefits
and costs of a claim, or the benefits and costs of one claim compared
to another, and (iv) create novel solutions to resolve the arguments on
both sides of the issue?” (each item rated 0 = definitely not well to
100 = definitely well). All JOL+ ratings were made on an 11-point
scale (i.e., 0, 10, 20, ..., 100). For each participant, their mean rating
across all JOL+ questions was computed.

Poststudying Questionnaire

A four-item poststudying questionnaire was administered after par-
ticipants had studied the argumentative text. Specifically, participants
rated how interesting and understandable the text was on a 7-point
scale (1 =not at all to 7= extremely). They also reported how
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much information in the text they knew prior to reading it (i.e., prior
knowledge quantity; 1 = not very much to 7 = very much), and how
well they knew the subject matter in the text prior to reading it (i.e.,
prior knowledge quality; 1 = not very well to 7 = very well).

Integrative Argumentation Training

To ensure that all participants understood what was required of
them in integrative argumentation, they were trained on this critical
learning outcome. The integrative argumentation training materials
(available in the online supplemental materials) were adapted from
training protocols by Nussbaum (2008b), Nussbaum and Schraw
(2007), and Wong and Lim (2019a). First, participants were presented
with a handout that introduced and explained the strategies of refuta-
tion, weighing, and design claims. Each strategy was illustrated using
the training topic of “Should candy be banned from school?”
Participants were also shown a written sample of how all three strate-
gies could be used in combination to form an integrative conclusion.

Next, participants practiced using the three strategies to write an
integrative argumentation response on the topic of ““Should the univer-
sity lease personal parking spaces?,” which was not related to either of
the argumentative texts on “biotech” and “sex differences.” To scaf-
fold participants’ response formulation, they were provided with an
argumentation vee diagram (AVD; adapted from Novak & Gowin,
1984; Nussbaum, 2008b) that contained arguments for and against
the topic. Shaped like a “V,” the AVD is a graphic organizer that is
intended to reduce cognitive load by facilitating the organization of
arguments and counterarguments. Using the AVD with instruction
on argumentation strategies has been found to enhance students’ inte-
grative argumentation (Nussbaum, 2008b). Figure 1 shows a sample
completed AVD on the topic of “Should candy be banned from
school?,” with arguments for and against banning candy organized
side by side to facilitate comparisons between both sides.

To further guide participants’ use of the argumentation strategies,
five “critical questions” (Nussbaum & Edwards, 2011; D. N. Walton,
1996) were included below the AVD: (a) “Are any of the arguments
not as important as others?,” (b) “Are any of the arguments unlikely?,”
(c) “Is there a creative solution to any problem raised?,” (d) “Is the
creative solution practical? (Consider costs.),” and (e) “For any argu-
ment, can you think of any examples to the contrary or other likely
explanations?” Supplementing the AVD with critical questions
has been found to support students’ production of integrated argu-
ments (Nussbaum & Edwards, 2011; Nussbaum & Putney, 2020;
Nussbaum et al., 2019).

After participants had practiced formulating an integrative argu-
mentation response, they were shown a handout with three sample
answers ranging from low to high quality. Each sample answer
was accompanied by an explanation of its strengths and/or weak-
nesses. Participants also received a “Criteria for a Good Argument”
handout (adapted from Nussbaum & Schraw, 2007) that explained
the qualities of good argumentation such as stating a clear position,
providing supporting reasons, using counterargumentation, integrat-
ing arguments and counterarguments, and organizing one’s answer.

Recall and Argumentative Reasoning Tests

During the recall and argumentative reasoning tests, all partici-
pants were provided with a blank AVD as a planning aid (available
in the online supplemental materials).

Procedure

Figure 2 depicts a flowchart of the procedure. Before attending
the experiment, all participants completed the online preexperi-
ment questionnaire. Upon arriving for the experiment, participants
underwent three experimental phases: practice, studying, and test.
Participants were run in groups of up to eight per session in a lab
setting and completed the experiment individually. To ensure
that all participants understood what was required of them, the exper-
imenter verbally reinforced all training and task instructions during
the experiment. The total experimental duration was approximately
90 min.

Practice Phase

Participants were told that they would be studying an argumenta-
tive text and generating their own arguments on the topic. All partic-
ipants were then trained on argumentation—they received a handout
that introduced arguments and counterarguments using the sample
topic of “Should candy be banned from school?,” and that explained
and provided examples of arguments that are good and plausible, or
poor yet plausible, or poor and implausible. Participants were then
given 5 min to practice using their randomly assigned learning
method to generate “for” and “against” arguments on the topic of
“Should candy be banned from school?” Specifically, the notetaking
and correct teaching groups practiced generating good and plausible
arguments (i.e., errorless learning), whereas the misteaching group
practiced generating poor yet plausible arguments (i.e., deliberate
erring). After the 5-min period, all participants received concise ver-
bal feedback within a couple of sentences on whether their generated
arguments fulfilled the given criteria and, if not, how they could
modify their arguments appropriately with reference to the training
examples (see Table 1).

Studying Phase

After the practice phase, participants were presented with an intro-
ductory paragraph on their randomly assigned argumentative text
(either “biotech” or “sex differences”). They then completed the pre-
studying questionnaire.

Next, participants began a 25-min studying period—all partici-
pants were first given 2 min to read their respective argumentative
text, then studied the text using their randomly assigned learning
method for 23 min. Thus, the total studying duration was exactly
matched across all three learning conditions. The modality of study-
ing (written format) was held constant across all methods to distill
the unique effects of teaching and deliberate erring.

Notetaking participants were told that they would later be tested on
the text content, and were given 15 min to write study notes about
the topic in preparation for the test, while generating as many good
and plausible “for” and “against” arguments of their own about
the topic. The specific nature of the test was not divulged. After the
15-min period, the text was collected back and participants answered
the JOL+ questions as a metacomprehension monitoring interven-
tion. Then, they were given 8 min to refine and revise their study
notes, as well as their self-generated arguments, to their best abilities.

In contrast, correct teaching participants were told that they would
later be asked to teach the text content to their peers, and were given
15 min to write teaching notes in preparation to teach while generat-
ing as many good and plausible “for” and ‘“against” arguments of
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Figure 1

Sample Completed AVD With Critical Questions on “Should Candy Be Banned From

School?”
ARGUMENTS

Candy should be banned from
school because it makes
children overly active and
hurts concentration.

It is also unhealthy, and
schools should not promote
consumption of food products
that are high in sugar content.

QUESTION

Should candy be
banned from
school?

COUNTERARGUMENTS

Candy should not be banned
as it can be given as
immediate incentives. Giving
children immediate incentives
can make them more satisfied
and ready to learn.

CRITICAL QUESTIONS
Consider the above arguments, and answer each of the following questions:

Questions Circle Yes or No Which Argument?
Are any of the arguments not as No It is more important to promote good
important as others? learning than eating habits in school.

. There is little evidence that candy
9

Are any of the arguments unlikely? No makes children overly active.
Is there a creative solution to any No Stationery can be given as immediate

problem raised?

incentives instead of candy.

Is the creative solution practical?
(Consider costs.)

Stationery is relatively inexpensive
No | and can be enjoyed longer than
candy.

For any argument, can you think of
any examples to the contrary or
other likely explanations?

Some food products like fruits have
No | high sugar content but are healthy and
should not be banned from school.

INTEGRATE
Which side is stronger, and why?
Is there a compromise or creative solution?

Candy should not be banned from school. The benefits of candy as immediate incentives outweigh
the potential costs of children becoming overly active, for which there is little evidence. But since
too much candy can be unhealthy, it should only be given in moderation. Alternatively, stationery

can be given as rewards instead.

Note. AVD = argumentation vee diagram. The sample completed AVD was created based on materials
used by Nussbaum and Edwards (2011) and Wong and Lim (2019a).

their own about the topic that their peers would be asked to learn.
The specific nature of the teaching was not divulged. After the
15-min period, the text was collected back and participants answered
the JOL+ questions. Then, they were given 8 min to teach “silently”
with reference to their teaching notes. Specifically, they wrote a
verbatim (i.e., word-for-word) teaching script on the text as how
they would exactly deliver a lecture about the topic when orally
teaching their peers (K. Y. L. Lim et al., 2021; S. W. H. Lim
et al., 2024), while including as many good and plausible “for”
and “against” arguments of their own about the topic. They were
also provided with a brief lecture opening as a sample of a verbatim
teaching script:

Good day, everyone! In this lecture, we will learn about the controversy
over whether [agricultural biotechnology should be introduced in

Africa/scientists should continue to study sex differences in society].
I will be sharing some good and plausible arguments on this topic. As
I teach, please learn these arguments. Let’s begin ....

Likewise, misteaching participants were told that they would later
be asked to teach the text content to their peers, and were given
15 min to write teaching notes in preparation to teach. However, par-
ticipants were asked to deliberately err by generating as many poor
yet plausible “for” and “against” arguments of their own about the
topic that their peers would be asked to spot. As in the correct teach-
ing condition, the exact nature of the teaching was not disclosed.
After the 15-min period, the text was collected back and participants
answered the JOL+ questions. They were then given 8 min to write a
verbatim teaching script with reference to their teaching notes, while
intentionally including as many poor yet plausible “for” and
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Figure 2
Flowchart of Experimental Procedure

Pre-Experiment Questionnaire
* Need for Cognition Scale
¢ Epistemological Understanding Scale
¢ English proficiency test

o

Notetaking

w
<
[
Q
g
14
o

plausible arguments

“Should candy be banned from school?”

Argumentation Training
Correct Teaching

Practice generating good and  Practice generating good and  Practice generating poor yet

plausible arguments

Misteaching

plausible arguments

o

“Will biotech solve Africa’s food problems?” OR
“Should we continue to study sex differences?”

Pre-Studying Questionnaire

¢ Prior attitude toward topic
* Prior familiarity with topic
* Personal importance of topic

Study Argumentative Text (25 min)

11}
2 Notetaking Correct Teaching Misteaching
u ¢ Read text (2 min) ¢ Read text (2 min) ¢ Read text (2 min)
o ¢ Prepare to be tested: Write ¢ Prepare to teach: Write * Prepare to teach: Write
(ZD study notes, generate own teaching notes, generate teaching notes, generate
= good and plausible own good and plausible own poor yet plausible
fa) arguments (15 min) arguments (15 min) arguments (15 min)
E e JOL+ questions ¢ JOL+ questions ¢ JOL+ questions
) ¢ Refine study notes and * Write teaching script with * Write teaching script with
own good and plausible own good and plausible own poor yet plausible
arguments (8 min) arguments (8 min) arguments (8 min)
Post-Studying Questionnaire

* Text interestingness

¢ Text understandability

* Prior knowledge quantity

* Prior knowledge quality

“Should the university lease personal parking spaces?”
w Integrative Argumentation Training
2 Practice writing an integrative conclusion using argumentation stratagems
E “Will biotech solve Africa’s food problems?” OR
- “Should we continue to study sex differences?”
m Recall and Argumentative Reasoning Tests (20 min)
= Recall arguments from studied text topic and write an integrative conclusion
Metacognitive Judgment of Learning Method’s Effectiveness
Note.  JOL+ = judgments of higher order learning.

“against” arguments of their own about the topic. Participants were
not required to refute their own poor arguments. A brief lecture
opening was provided as a sample of a verbatim teaching script:

Good day, everyone! In this lecture, we will learn about the controversy
over whether [agricultural biotechnology should be introduced in
Africa/scientists should continue to study sex differences in society].
I will be intentionally sharing some poor yet plausible arguments on
this topic. As I teach, please spot these flawed arguments. Let’s begin ...

Because the learning benefits of teaching have been attributed, at
least in part, to retrieval practice when teaching unaided from mem-
ory (Koh et al., 2018), participants in both teaching groups were
allowed to refer to their teaching notes when writing their teaching

script, just as how notetaking participants could access their study
notes when refining them. This procedure dissociated teaching
from retrieval-based learning, ensuring that any observed learning
benefits of teaching in the present study could not be due to retrieval
practice. Across all three conditions, participants completed the
studying phase independently without feedback on their responses.
At the end of the 25-min studying period, all participants completed
the poststudying questionnaire.

Test Phase

After the studying phase, participants were told that they would be
writing an integrative response on the argumentative topic they had
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studied and that they would first be trained on using argumentation
stratagems.” Participants received a training handout that explained
and illustrated how refutation, weighing, and design claims could be
used to formulate an integrative conclusion on the topic of “Should
candy be banned from school?” Next, participants were given 5 min
to practice using the argumentation stratagems to write an integrative
conclusion on the topic of “Should the university lease personal park-
ing spaces?” To guide participants’ responses, they were provided
with an AVD with critical questions and “for” and “against” argu-
ments on the topic. After completing their practice responses, partic-
ipants were shown the “Criteria for a Good Argument” handout, as
well as a handout with three sample integrative conclusions and
accompanying explanations of their strengths and/or weaknesses.
After the training, participants began the recall and argumentative
reasoning tests. They were first asked to recall the “for” and “against”
arguments on the topic that they had studied (either “Will biotech
solve Africa’s food problems?” or “Should we continue to study
sex differences?”), and to write them down on a blank AVD that
was provided as a planning device. Then, participants applied the
argumentation stratagems they had learned during training to write
an integrative conclusion on the topic (see sample responses in
Appendix A). They were reminded to include as much information
as possible and to incorporate all stratagems taught for strong argu-
mentation (full instructions are available in the online supplemental
materials). Participants were given 20 min to complete both tests
without reference to the argumentative text, although they were
allowed to access the “Criteria for a Good Argument” handout.
They were also told that if they finished before the time was up,
they should spend the remaining time reviewing their response.
After completing the tests, participants rated the effectiveness of
their learning method for their test performance on a 7-point scale
(1=not at all to 7= extremely). Finally, participants provided
their demographic information and were debriefed and thanked.

Scoring Procedure
Interrater Reliability

Two raters independently scored 70 of the 208 (33%) scripts.
Interrater reliability was high for all scored variables, all absolute
agreement intraclass correlations (ICCs)> .90 based on a two-way
random-effects model (see Table 2). Discrepancies between both raters
were reviewed and resolved to yield 100% agreement. Given the high
interrater agreement, the remaining responses were scored by one rater.

Recall Performance

Participants’ recall test performance was scored by awarding one
point for each idea unit from the argumentative text that they cor-
rectly recalled. For scoring purposes, each text was decomposed
into 64 idea units (available in the online supplemental materials).
A sample idea unit in the “biotech” text was “A biotech fix would
be costly for the farmer”; a sample idea unit in the “sex differences”
text was “Genders need not be understood through dichotomous
opposition.” Both verbatim restatements and paraphrases that pre-
served the meaning of the idea units were considered correct. As
an example, for the idea unit, “A biotech fix would be costly for
the farmer,” an acceptable paraphrased response was “Biotech
would be expensive for farmers,” whereas an inadequate response
was “Biotech is costly.”

Table 2
Interrater Reliability
Variable 1CcC 95% CI

Recall performance .96 [0.83, 0.99]
Argumentative reasoning

Integrative argumentation performance .90 [0.84, 0.94]

Holistic argumentation quality 92 [0.87, 0.95]
Self-generated arguments .96 [0.94, 0.98]
Self-other referential terms .999 [0.998, 0.999]
Elaborations .90 [0.81, 0.94]
Monitoring statements 1.00

Note. There was perfect interrater absolute agreement in scoring the number of
monitoring statements. ICC = intraclass correlation; CI = confidence interval.

Argumentative Reasoning

Integrative Argumentation Performance. Based on extant
scoring procedures (e.g., Nussbaum & Edwards, 2011; Nussbaum
et al., 2019; Wong & Lim, 2019a), participants’ integrative argu-
mentation performance was scored by awarding one point for each
instance that they used an integrative stratagem (i.e., weighing or
design claim) in their test responses. Table 3 provides descriptions
and examples of integrative stratagems.

Holistic Argumentation Quality. In addition, the overall quality
of participants’ argumentative reasoning on the test was scored using a
7-point holistic scoring rubric (available in Appendix B). The rubric
was based on those used by Anmarkrud et al. (2014), Reznitskaya
et al. (2009), and Nussbaum and Schraw (2007). Aligning with the
“Criteria for a Good Argument” handout that participants received,
the holistic scoring scale reflected how developed participants’ integra-
tive conclusions were based on the clarity of position, elaboration and
support of arguments with reasons, discussion of alternative perspec-
tives and counterarguments, and overall essay organization.

Responses that received lower holistic scores between 1 and 4
tended to be poorly organized and were differentiated based on
whether they contained a clear position on the issue, the number
of reasons presented to support the position, and whether they men-
tioned alternative perspectives. For example, responses that did not
contain a position received a score of 1, whereas those that contained
a position supported by at least four distinct reasons and that men-
tioned (but did not discuss) alternative perspectives could qualify
for a score of 4. Responses that received higher holistic scores
between 5 and 7 were further differentiated based on the extent
that they were well-organized and developed in discussing alterna-
tive perspectives for strong integrative argumentation.

Process Measures

To explore participants’ learning processes and the characteristics
of their studying phase responses, their study notes and teaching

2 Although it was technically possible to combine the argumentation and
integrative argumentation trainings during the practice phase, they were con-
ducted as separate segments to avoid imposing excessive cognitive load in
this relatively complex task (e.g., if participants had to simultaneously
learn how to generate arguments and integrate them). Whether training out-
comes are optimized when students learn integrative argumentation strata-
gems as a follow-up to or prerequisite for generating good versus poor
arguments is an open question that future work can address by directly
manipulating the sequence of both trainings.
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Table 3

Descriptions and Examples of Integrative Stratagems

Sample responses

Integrative
stratagem Description “Biotech” “Sex differences”
Weighing Contrasting the relative merits ~ “Although biotech is costly, the initial investment ~ “The advantages of continuing the study of sex

of an argument or
counterargument

Design claims Developing an in-between
position that combines the
merits of both sides

Suggesting alternative
solutions

outlay will be outweighed by the long-term
economic benefits. By increasing yield, the
economy as a whole has an opportunity to
strengthen and diversify itself. The increase in
agricultural productive capacity could open up
secondary markets in value-added production,
creating more profitable livelihoods for locals.”

“Biotech can be implemented to boost yield, while
tackling the structural issue of converting the crops
into profits. The idea of traditional farm
cooperatives can be synergized with modern
biotech methods. By pooling their resources,
farmers can benefit from economies of scale to
spread out the cost of biotech, gain marketing and
distribution advantages, and reap greater profits.”

“Biotech companies can be encouraged to start their
own farms instead. It would be in the interest of
such profit-driven firms to ensure that the crops
produced reach the market, and to leverage on
their intellectual property to increase food
production. They will then need to enlist the help
of local farmers to work on their plantations and
pay them a fair wage. This will increase the overall
food production in Africa and alleviate the poverty
of resource-poor farmers.”

differences are greater than the social and political
repercussions, which can be mitigated by
anti-discriminatory policies and regulation. The
study of sex differences will benefit us more in the
long-run because life-saving medical knowledge
from such studies can help produce effective
healthcare treatments for both sexes.”

“We can come to a compromise by acknowledging the
presence of sex differences, while adopting a
triangulation approach in future research that
considers biological, sociocultural, and political
factors to study sex differences in a more nuanced
and holistic way.”

“To address gender inequality and create real social
change, we should focus our efforts on how
scientific knowledge is used. Instead of trying to
stop all research on sex differences, we should call
out the distortion or misuse of such data to advance
harmful causes, oppress others, or propagate any
forms of hate speech towards any groups in society.”

scripts were scored on the number of (a) self-generated arguments,
(b) self-other referential terms, (c) elaborations, and (d) monitoring
statements. The last three variables served as measures of partici-
pants’ teaching quality.

Self-generated arguments were participants’ own arguments
expressing a main idea that had not been put forth in the text. One
point was awarded for each novel argument, which could be
expressed either in a single or multiple sentences. A sample self-
generated argument for the “biotech” text was:

Some genetically modified food may cause allergic reactions that are not
in the present literature that we know about. In the worst-case scenario,
some of these adverse effects may be deadly and hence biotech agricul-
tural products may have serious ethical implications.

A sample self-generated argument for the “sex differences” text was:
“We should continue to study sex differences as such differences
may give rise to different medical conditions that may also require
different forms of treatment.”

Self-other referential terms included words such as “I,” “me,”
“you,” “us,” “let’s,” “our,” “ourselves,” “we,” “your,” and “your-
self.” The number of instances that participants used such terms
served as a proxy for perceived social presence (e.g., Hoogerheide
et al., 2016; Jacob et al., 2020, 2021; Lachner et al., 2018;
K. Y. L. Lim et al., 2021).

Elaborations were statements on the text’s arguments and counter-
arguments that participants related to their prior knowledge, such
as generating personal examples, analogies, and inferences that
were not explicitly stated in the text (e.g., Fiorella & Kuhlmann,
2020; Jacob et al., 2020, 2021; Lachner et al., 2018, 2020; K. Y. L.
Lim et al., 2021). Monitoring statements were instances where

9 <

participants monitored understanding, evaluated correctness, or indi-
cated content that was worth paying attention to based on importance
or interest (e.g., Fiorella & Kuhlmann, 2020; Lachner et al., 2020;
Roscoe, 2014). Together, elaborations and monitoring statements
have been considered elements of reflective knowledge-building
that promote tutors’ learning (Roscoe & Chi, 2007). Sample elabora-
tions and monitoring statements are presented in Table 4.

Results
Preliminary Analyses

One-way between-subjects analyses of variance (ANOVAs) were
conducted to ascertain that the three learning groups did not differ in
their responses on the preexperiment questionnaire, prestudying
questionnaire, JOL+ questions, and poststudying questionnaire.
Table 5 shows the means and standard deviations.

Preexperiment Questionnaire

At baseline, the three learning groups did not significantly differ
in their mean need for cognition scores, F(2, 205) = 0.06, p = .94,
n?=.001, levels of epistemological understanding, F(2, 205)=
1.09, p= .34, n2 = .01, and English proficiency scores, F(2, 205) =
1.70, p= .19, n2 =.02. Thus, these variables were not considered in
subsequent analyses.

Prestudying Questionnaire

Likewise, across learning conditions, participants did not signifi-
cantly differ in their prior attitude toward the argumentation topic,
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Table 4
Sample Elaborations and Monitoring Statements

Statement type

Sample responses

“For instance, crops can be genetically modified to provide them with resistance against certain kinds of diseases.”

“For example, there are more male political leaders than female political leaders in the world today.”

“Contrary to the common belief that agricultural biotechnology is akin to introducing a foreign concept to an indigenous

“It’s just like studying the difference between young people and the aged, the difference between two animals, the difference

Elaborations
Examples
Analogies
group...”
between two fruits.”
Inferences

“Agricultural biotechnology can solve challenges to crop production such as diseases, pests, and weeds, so this can save costs

buying pesticides and costs of removing the weeds or disease-ridden crops [emphasis added].”
“Research has shown that the stereotype of women is generally more positive compared to men, which would therefore not be
harmful to the feminist movement [emphasis added].”

Monitoring statements
Monitoring understanding “As you know...”

“I don’t really understand the logic.”

“Is this true?”

“... is scientifically proven, I think.”

“It is important to know this.”

“This is interesting.”

Evaluating correctness

Directing attention

F(2,205)=0.53,p=.59, n2 = .01, prior familiarity with the topic,
F(2,205) = 0.06, p = .95, > = .001, and perceived personal impor-
tance of the topic, F(2, 205) =0.02, p = .98, n2 <.001.

JOL+ Questions

The JOL+ questions were administered as a metacomprehension
monitoring intervention to guide all participants toward the higher
order learning outcome of argumentative reasoning. Nevertheless,
for completeness, it was ascertained that the learning groups did not
significantly differ in their mean JOL+ ratings, F(2, 205) = 1.45,
p=.24,1"=0L

Poststudying Questionnaire

Participants across all conditions reported relatively low prior
knowledge of the argumentative texts’ content, with no significant

Table 5
Means and Standard Deviations for Preexperiment, Prestudying,
and Poststudying Questionnaires and JOL+ Questions

Correct
Notetaking teaching Misteaching
Variable M SD M SD M SD

Preexperiment questionnaire
Need for cognition 305 063 3.06 052 3.08 0.56

Epistemological 3344 444 3441 4.61 3343 454
understanding
English proficiency 356 1.82 359 194 3.09 1.54

Prestudying questionnaire
Prior attitude toward topic 5.11 092 496 075 501 097
Prior familiarity with topic ~ 2.48 1.11 241 122 244 1.08
Personal importance of topic  3.43  1.63 337 1.57 338 1.68
13.51 4238 12.67

JOL+ 46.41 1557 44.83

Poststudying questionnaire

Text interestingness 437 130 430 141 3.62 1.57
Text understandability 450 1.27 457 138 399 143

Prior knowledge quantity 263 148 271 148 225 1.29
Prior knowledge quality 260 146 236 139 221 1.20

Note. N =208. JOL+ = judgments of higher order learning.

differences in their prior knowledge quantity, F(2, 205)=2.09,
p=.13, W = .02, and quality, F(2, 205) = 1.48, p = .23, n* = .01.
An unexpected finding was that after the studying phase, the learn-
ing groups differed in their perceptions of the text’s interestingness,
F(2, 205)=5.84, p=.003, 1’ =.05, and understandability,
F(2,205) =3.79, p = .02, 1* = .04. Specifically, the misteaching
group rated the text as less interesting and understandable than
the notetaking group, p =.002 and .03, d =—0.52 and —0.38,
and the correct teaching group, p =.005 and .01, d = —0.46 and
—0.41, respectively. The notetaking and correct teaching groups
did not significantly differ in how interesting or understandable
they perceived the text to be, p =.77 and .76, d =—0.05 and
0.05, respectively.

Main Analyses
Recall Performance

To analyze participants’ recall performance, a 3 (learning method)
X 2 (argumentation topic) between-subjects ANOVA was con-
ducted with the total idea units that participants recalled from the
argumentative text as the dependent variable. As predicted, there
was a learning-by-teaching effect on recall performance, F(2, 202) =
397, p=.02, ng = .04. Specifically, the correct teaching (M = 5.64,
SD =4.98) and misteaching (M = 5.82, SD = 4.07) groups outper-
formed the notetaking group (M =4.17, SD=2.95), p=.026 and
.01, d = 0.36 and 0.46, respectively. Both teaching groups did not sig-
nificantly differ in their recall performance, p = .72, d = 0.04. Thus,
teaching the argumentative text—whether “correctly” with good and
plausible arguments or deliberately “incorrectly” with poor yet plausi-
ble arguments—improved recall of the material, relative to writing
study notes while generating good and plausible arguments
(Figure 3A).

Overall, participants recalled more idea units from the “biotech”
(M =6.32, SD=4.26) than “sex differences” (M =4.11, SD =
3.71) text, F(1, 202)=16.85, p <.001, nﬁ =.08. Nevertheless,
the Learning Method x Argumentation Topic interaction was non-
significant, F(2, 202)=0.08, p = .93, nﬁ =.001, indicating that
the learning-by-teaching advantage held reliably across topics.
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Argumentative Reasoning

Participants’ integrative conclusions in their test responses con-
tained an average of 238.68 words (SD = 96.79). There was no sig-
nificant difference in the word count of participants’ integrative
conclusions across the notetaking (M =238.13, SD=111.15),
correct teaching (M = 245.43, SD = 87.32), and misteaching (M =
23231, SD = 90.99) conditions, F(2, 205) = 0.32, p = .73, = .003.

Integrative Argumentation Performance. A 3 (learning
method) x 2 (argumentation topic) between-subjects ANOVA
was conducted to analyze the number of integrative stratagems
that participants used at test. As with their recall performance,
there was a significant learning-by-teaching effect on their integra-
tive argumentation performance, F(2, 202)=22.00, p <.001,
nﬁ: .18. The correct teaching (M =2.14, SD =1.03) and mis-
teaching (M =2.85, SD = 1.68) groups successfully used more
integrative stratagems than the notetaking group (M =141,
SD =1.16), p=.001 and p <.001, d=0.67 and 1.00, respec-
tively. Importantly, the misteaching group outperformed the cor-
rect teaching group, p =.001, d=0.51. Thus, teaching others

Figure 3
Performance on Recall and Argumentative Reasoning Tests
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Note. (A) The mean number of idea units recalled on the recall test. (B)
and (C) The mean argumentative reasoning test scores, as assessed by the
number of integrative stratagems used at the microlevel and holistic argu-
mentation quality at the macrolevel, respectively. Error bars indicate stan-
dard errors.

benefited the tutor’s integrative argumentation performance more
than writing study notes for their own learning, with an additional
benefit from deliberately incorrect teaching than correct teaching
(Figure 3B).

Overall, participants used more integrative stratagems for the “bio-
tech” (M = 2.32, SD = 1.59) than “sex differences” (M = 1.94, SD =
1.24) text, F(1, 202)=5.51, p=.02, nﬁ =.03. However, the
Learning Method x Argumentation Topic interaction was nonsignif-
icant, F(2,202)=1.41, p=.25, nf, = .01, indicating that the advan-
tage of misteaching persisted across both topics.

At the same time, participants’ integrative argumentation perfor-
mance significantly and positively correlated with their recall perfor-
mance, r(206)=.15, p=.03. Hence, an arising question was
whether the teaching groups’ better argumentative reasoning was
simply driven by their better recall of the material. To address this
question, participants’ recall performance was added as a covariate
in a 3 (learning method) x 2 (argumentation topic) analysis of
covariance (ANCOVA) with their integrative argumentation perfor-
mance as the dependent variable. To first check the homogeneity of
slopes assumption, interactions between the covariate and indepen-
dent variables were entered into the model, alongside the main
effects. None of the interactions were significant, all ps > .05, indi-
cating that the homogeneity of slopes assumption had been met. The
interaction terms were then removed from the model, which was
reestimated. The ANCOVA revealed that the benefit of misteaching
persisted even after controlling for the total idea units that partici-
pants recalled, F(2, 201) =20.41, p <.001, nﬁ =.17. Controlling
for participants’ recall performance, the misteaching group
(Magjusica = 2.86) used significantly more integrative stratagems
than the correct teaching (M,gjuseea =2.14) and notetaking
(Mgjustea = 1.42) groups, p=.001 and p <.001, respectively. In
addition, the correct teaching group outperformed the notetaking
group, p = .002. This suggests that the teaching groups’ better inte-
grative argumentation performance was not merely due to better
recall per se.

Holistic Argumentation Quality. Similarly, a 3 (learning
method) x 2 (argumentation topic) between-subjects ANOVA was
conducted to analyze participants’ holistic argumentation quality
scores. Once again, there was a significant learning-by-teaching
effect, F(2,202) = 16.73,p < .001, ng =.14. Both the correct teach-
ing (M =3.33, SD = 0.97) and misteaching (M = 3.90, SD = 1.44)
groups displayed higher overall argumentation quality than the note-
taking group (M =2.77, SD =0.98), p=.004 and p <.001, d=
0.57 and 0.92, respectively. Moreover, echoing participants’ integra-
tive argumentation performance, the misteaching group outper-
formed the correct teaching group, p=.004, d=0.47. Thus,
students’ holistic argumentation quality benefited more from writing
a verbatim teaching script than study notes about an argumentative
text, with an additional benefit from deliberately incorrect than cor-
rect teaching (Figure 3C).

Overall, participants’ holistic argumentation quality did not differ
across the “biotech” (M =3.36, SD = 1.19) and “sex differences”
(M =3.30, SD = 1.28) texts, F(1, 202) =0.36, p = .55, ng =.002.
Neither was there a Learning Method x Argumentation Topic inter-
action, F(2,202)=1.43, p= .24, n§ =.01l.

Participants’ holistic argumentation quality was significantly and
positively associated with their integrative argumentation performance,
r(206) = .59, p < .001, but not their recall performance, 7(206) = .10,
p =.15. Hence, at the microlevel, using more integrative stratagems,
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but not recalling more idea units from the argumentative text, was
linked to higher overall quality of participants’ argumentative reason-
ing at the macrolevel in their clarity of position, elaboration and support
of arguments with reasons, discussion of alternative perspectives and
counterarguments, and overall essay organization.

Metacognitive Judgments

In contrast to their test performance, participants’ metacognitive
ratings after the tests revealed that they inaccurately judged the effec-
tiveness of the learning methods. Participants’ effectiveness ratings
did not significantly differ across the notetaking (M =4.16, SD =
1.34), correct teaching (M =4.23, SD = 1.22), and misteaching
(M =3.84, SD=1.31) conditions, F(2, 205)=1.79, p=.17,
W =.02. Thus, participants failed to recognize that (mis)teaching
had helped their learning, even after having just experienced its ben-
efits for their test performance.

Process Measures

To examine the characteristics and quality of participants’ study-
ing phase responses, the number of self-generated arguments, self-
other referential terms, elaborations, and monitoring statements
in their study notes and teaching scripts were analyzed. Table 6
displays the means and standard deviations. Overall, participants
produced few self-other referential terms, elaborations, and monitor-
ing statements.

Self-Generated Arguments

Across learning groups, there was no significant difference in the
number of arguments that participants generated during the studying
phase, F(2, 205)=1.02, p = .36, n2: .01. This suggests that the
learning-by-teaching and derring effects observed are not due to
participants generating more or fewer arguments of their own.

Teaching Quality

Social Presence. As a proxy for perceived social presence, the
number of self-other referential terms in participants’ study notes
and teaching scripts was analyzed, revealing a significant difference
across learning groups, F(2, 205) =6.14, p =.003, 1 =.06. The
correct teaching and misteaching groups used more self-other refer-
ential terms than the notetaking group, p =.002 and .004, d = 0.56
and 0.49, respectively. Both teaching groups did not significantly
differ, p = .85, d = —0.03. Thus, writing a correct or an incorrect

Table 6

verbatim teaching script triggered greater perceived social presence
than writing study notes.

Elaborations. Likewise, the learning groups differed in the
number of elaborations in their studying phase responses,
F(2,205)=6.25, p=.002, n* = .06. The correct teaching and mis-
teaching groups generated more elaborations than the notetaking
group, p =.002 and .004, d =0.60 and 0.47, respectively. Both
teaching groups did not significantly differ in their number of elab-
orations, p = .76, d = —0.05. Hence, writing a correct or an incorrect
verbatim teaching script induced more generative processing than
writing study notes.

Monitoring Statements. The notetaking group did not produce
any metacognitive monitoring statements in their study notes; mon-
itoring statement scores were nonnormally distributed with skew-
ness of 3.44 (SE =0.17) and kurtosis of 12.89 (SE = 0.34). Thus,
nonparametric bootstrapping with 10,000 samples was applied to
robustly estimate the standard errors and 95% bias-corrected and
accelerated confidence intervals (BCa CI) for the mean differences
between the learning groups. The correct teaching and misteaching
groups generated more monitoring statements than the notetaking
group, Migference = 0.21 and 0.24, bootstrap SE = 0.06 and 0.07,
95% BCa CI [0.10, 0.34] and [0.12, 0.37], respectively. Both teach-
ing groups did not differ in their number of monitoring statements,
M gigference = 0.02, bootstrap SE = 0.09, 95% BCa CI [—0.16, 0.21].

Teaching Quality and Test Performance

Correlations. To explore whether the teaching quality mea-
sures were associated with test performance, correlational analyses
were run. The number of elaborations and monitoring statements
in participants’ study notes and teaching scripts positively correlated
with their holistic argumentation quality at test, 7(206) = .21 and .14,
p =.002 and .048, respectively. However, social presence was not
significantly associated with holistic argumentation quality,
r(206) = .03, p = .67. Neither were there any significant correlations
between the three teaching quality measures—social presence, elab-
orations, and monitoring statements—and recall performance,
r(206) = —.12, .05, and —.04, p = .09, .49, and .57, respectively,
nor integrative argumentation performance, r(206)=—.01, .02,
and .10, p = .85, .73, and .14, respectively.

Mediation Analyses. Accordingly, regression analyses were
conducted to test whether elaborations and monitoring statements
(i.e., reflective knowledge-building; Roscoe & Chi, 2007) operating
in parallel mediated the teaching groups’ superior holistic argumen-
tation quality over the notetaking group, as would be predicted by
the generative hypothesis of learning by teaching (Fiorella &

Means and Standard Deviations for Number of Self-Generated Arguments, Self-Other
Referential Terms, Elaborations, and Monitoring Statements

Notetaking Correct teaching Misteaching

Variable M SD M SD M SD
Self-generated arguments 3.40 1.39 3.13 1.65 3.53 1.97
Teaching quality
Self-other referential terms .77 3.25 3.61 3.36 3.50 3.82

(perceived social presence)

Elaborations 0.70 1.05 1.36 1.13 1.29 1.43
Monitoring statements 0.00 0.00 0.21 0.54 0.24 0.55
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Mayer, 2016). Following guidelines from Hayes and Preacher
(2014), a percentile bootstrap estimation approach with 10,000
samples was used in Model 4 of Hayes’ (2013) PROCESS macro.
The multicategorical predictor learning method was dummy coded
with notetaking as the reference group. In mediation analyses with
a multicategorical predictor, evidence that at least one relative indi-
rect effect differs from zero supports the conclusion that a mediator
variable mediates the effect of the predictor on the outcome (Hayes
& Preacher, 2014).

Figure 4 depicts the results of the parallel mediation analyses.
‘With elaborations as a mediator, the relative indirect effects of learn-
ing method on holistic argumentation quality were significant for
both correct teaching versus notetaking, 0.09, 95% CI [0.003,
0.22], and misteaching versus notetaking, 0.08, 95% CI [0.001,
0.21]. However, with monitoring statements as a mediator, there
were no significant relative indirect effects of learning method on
holistic argumentation quality for both correct teaching versus note-
taking, 0.03,95% CI [—0.07, 0.11], and misteaching versus notetak-
ing, 0.03, 95% CI [—0.06, 0.13]. Thus, although writing verbatim
teaching scripts induced more reflective knowledge-building—
elaborations and monitoring statements—than writing study notes,
only the number of elaborations mediated the benefit of learning
by teaching for students’ holistic argumentation quality.

Discussion

Without argument and critique, the construction of reliable knowl-
edge that survives scrutiny would be impossible (J. Osborne, 2010).
To promote students’ argumentative reasoning, the present study
tested a novel intervention—Ilearning by misteaching—that combined
the potent techniques of teaching others and deliberate erring. The
results provided evidence for both the learning-by-teaching and der-
ring effects.

Relative to writing study notes in preparation for a test, preparing
to teach others an argumentative text and then actually teaching by
writing a verbatim teaching script improved not only students’ recall
of the material but also their argumentative reasoning. Specifically,
students who had taught were later more successful in integrating
arguments and counterarguments about the topic, such as weighing
arguments on both sides and forming design claims that developed a
compromise or new alternative solution. Besides their use of integra-
tive stratagems at the microlevel, students’ holistic argumentation
quality at the macrolevel benefited more from writing teaching
scripts than study notes. These benefits occurred whether students
taught correctly with good arguments or incorrectly with deliber-
ately weak arguments they had generated. Together, these findings
extend learning-by-teaching effects to the complex, higher order out-
come of argumentative reasoning, beyond extant studies’ predomi-
nant focus on tutors’ basic recall and comprehension (e.g., Fiorella
& Mayer, 2013, 2014; Hoogerheide et al., 2019b; Jacob et al.,
2020; K. Y. L. Lim et al., 2021) or transfer (e.g., Hoogerheide
et al., 2014, 2016, 2019a; Lachner et al., 2018).

Crucially, deliberately incorrect teaching produced further gains
over correct teaching for the tutor’s argumentative reasoning. This
advantage was not driven by better memory of the text content per
se, persisting even when the tutor’s recall performance was con-
trolled for. Indeed, both correct teaching and misteaching groups
did not significantly differ in their superior recall over the notetaking
group. At the same time, this finding should not be taken to mean

that deliberate erring cannot enhance memory. Extant studies on
the derring effect have consistently shown that deliberately generat-
ing conceptual errors improves recall of scientific texts and concepts
more than errorless learning (Wong, 2023; Wong & Lim, 2022a,
2022b). Rather, based on transfer-appropriate processing, perfor-
mance is enhanced when the processing stimulated during initial
acquisition is appropriate for the processing demands of the criterial
test (Morris et al., 1977). Hence, the nature of deliberate erring in this
study—intentionally generating poor yet plausible arguments—
likely oriented students toward the cognitive processes needed spe-
cifically for successful argumentative reasoning, without necessarily
conferring additional recall gains.

Despite the benefits of teaching and deliberate erring, these went
largely unappreciated in students’ metacognitive judgments. Even
after having just experienced the techniques’ effects on their test per-
formance, the three learning groups did not differ in their percep-
tions of how effective the techniques had been. This suggests that
test experience alone is not necessarily sufficient to promote accurate
knowledge about learning techniques, as observed in extant studies
on learning by teaching (e.g., Fiorella & Mayer, 2013, 2014) and
deliberate erring (Wong, 2023; Wong & Lim, 2022a, 2022b; Yap
& Wong, 2024).

Theoretical Explanations for Learning by Misteaching

It is likely that teaching and deliberate erring each evoke distinct
processes that uniquely contribute to the benefits of learning by mis-
teaching, although this does not negate the possibility that they may
also interact synergistically such that misteaching as a whole is
greater than the sum of its parts. The present paradigm renders
some candidate mechanisms less plausible while offering supporting
evidence for others. First, the learning-by-teaching benefit observed
here cannot be attributed to retrieval practice when tutors teach from
memory (Koh et al., 2018), since all students accessed the argumen-
tative text when writing their notes, and then accessed their notes
when refining them or writing a teaching script. Moreover, whereas
students may choose to invest more time studying when they expect
to teach than take a test (Tauber et al., 2022), studying time was
equated across all conditions, as was the studying modality (written
format).

Rather, students are more likely to engage in beneficial generative
processes when preparing to teach and actually teaching (Fiorella &
Mayer, 2016). In taking on the role of a teacher, students may enact
behaviors that they perceive as defined by this role. For instance,
when bearing an intended audience in mind and anticipating their
audience’s learning needs, tutors may select relevant information,
organize it, and integrate it with their prior knowledge when teaching
(Bargh & Schul, 1980; Fiorella & Mayer, 2016), while monitoring
their own understanding to repair knowledge gaps (Roscoe & Chi,
2007). Conversely, egocentric generative activities such as writing
study notes for one’s own learning may not trigger such processes
or do so to lesser degrees, particularly when students adopt a
knowledge-telling bias in summarizing the material with little elab-
oration (Roscoe & Chi, 2007).

Indeed, both teaching groups in this study used more self-other
referential terms than the notetaking group, implicating higher social
presence in perceiving their audience as “real” (e.g., Hoogerheide
et al., 2016). However, higher social presence was not associated
with better recall and argumentative reasoning test performance,
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Figure 4
Results of Parallel Mediation Analyses
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Note. Parallel mediation model with two mediators (elaborations and monitoring statements), learning
method as the multicategorical predictor (dummy coded with notetaking as the reference group), and holistic
argumentation quality as the outcome. Unstandardized regression coefficients are presented for each path.
The a path coefficients represent differences on the mediators between each teaching group and the notetak-
ing group. The b path coefficients represent effects of each mediator on holistic argumentation quality, con-
trolling for learning method and the other mediator. The ¢’ path coefficients represent the relative direct
effects of correct teaching and misteaching on holistic argumentation quality, relative to notetaking, control-
ling for both mediators. The ¢ path coefficients represent the relative total effects of correct teaching and
misteaching on holistic argumentation quality, relative to notetaking. Values in brackets represent the
95% confidence intervals for the regression coefficients using a percentile bootstrap estimation approach

with 10,000 samples.
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thus offering limited evidence for the social presence hypothesis of
learning by teaching (e.g., Jacob et al., 2021; Lachner et al., 2018).

On the other hand, the present data lend some support to the gen-
erative hypothesis of learning by teaching (Fiorella & Mayer, 2016).
Both teaching groups produced more elaborations and monitoring
statements than the notetaking group, indicating that teaching stim-
ulates generative and metacognitive processes that have collectively
been considered reflective knowledge-building (Roscoe & Chi,
2007). In turn, these knowledge-building processes may support
tutors’ construction of a more elaborate situation model of the
topic (Kintsch, 1988) that aids their argumentative reasoning.
Indeed, the mediation analyses in this study found that the teaching
groups’ greater number of elaborations mediated their superior holis-
tic argumentation quality over the notetaking group (e.g., Fiorella &
Kuhlmann, 2020; Lachner et al., 2018). Although metacognitive
monitoring is also an important element of knowledge-building, it
is possible that it was not a significant mediator here because partic-
ipants produced rather few monitoring statements on overall
(Fiorella & Kuhlmann, 2020).

Besides the knowledge-building processes that teaching induces,
deliberately erring by producing weak arguments may better prepare
tutors to use integrative stratagems for a further boost in their
argumentative reasoning. As the present data show, the advantage
of misteaching over correct teaching cannot be attributed to

increased levels of the same processes associated with learning by
teaching—social presence, elaboration, and metacognitive monitor-
ing—since both teaching groups did not significantly differ on these
counts. Rather, deliberately generating poor yet plausible arguments,
as opposed to good arguments, may prompt tutors to consider why
some arguments fail to carry the day. When intentionally seeking out
and preempting such flawed reasoning, tutors may build a richer
understanding of what a good argument is (not) and avoid pitfalls
for better argumentation (e.g., Gartmeier et al., 2008; Oser &
Spychiger, 2005), as when rejecting weaker arguments in favor of
stronger ones when weighing both sides of an issue, and developing
design claims that mitigate the weaknesses of both sides while
synthesizing their merits. This view also aligns with findings from
refutation text research that students revise their misconceptions
and learn concepts better by studying texts that explain why a
wrong idea is wrong, as opposed to texts that explain why a right
idea is right (e.g., Broughton et al., 2010; Hynd & Alvermann,
1986; for reviews, see Schroeder & Kucera, 2022; Tippett, 2010;
Zengilowski et al., 2021). Presumably, when incorrect and correct
information are coactivated and integrated into a mental network
or representation (Kendeou, 2024; Kendeou & O’Brien, 2014), stu-
dents are more likely to experience cognitive conflict that could trig-
ger additional processing for deeper learning and conceptual change
(Kendeou et al., 2019; Limon, 2001).
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More broadly, the misteaching advantage converges with theories
of failure-driven learning that highlight how encountering and
reflecting on errors may catalyze learning (A. A. Tawfik et al.,
2015). For instance, Piaget’s (1952) theory of cognitive develop-
ment suggests that learning is driven by a state of cognitive
disequilibrium when students are confronted with obstacles or con-
tradictions that push them to restore equilibrium by assimilating new
knowledge or accommodating it by modifying their existing sche-
mas. Likewise, VanLehn’s (1999) theory of impasse-driven learning
posits that encountering an impasse (e.g., making an error) motivates
students to resolve it by constructing a better understanding of the
material. By extension, such principles could apply to deliberate err-
ing too during misteaching. Future research is needed to probe these
processes more deeply.

Educational Implications

Adding to the nascent evidence for the benefits of writing verba-
tim teaching scripts (K. Y. L. Lim et al., 2021; S. W. H. Lim et al.,
2024), this work demonstrates how learning by teaching can be
implemented efficiently and accessibly to enhance not only basic
recall but also higher order argumentative reasoning. Unlike deliver-
ing video-recorded lectures, writing teaching scripts eliminates
practical barriers such as the need for technical equipment. Thus,
teachers could viably use this activity as a type of assignment to
boost their students’ learning. For instance, a recent field experiment
in aresearch and statistical methods course had undergraduates study
statistical concepts by writing verbatim teaching scripts or study
notes in a take-home open-book assignment (S. W. H. Lim et al.,
2024). On a high-stakes final exam 1 month later, the students
were more successful in generating higher order research questions
that created new knowledge about the concepts for which they had
written teaching scripts than study notes and in applying those
concepts to design a study that tested a given hypothesis. These
findings illustrate how writing verbatim teaching scripts can be fea-
sibly applied in real-world classrooms to improve meaningful
learning.

By extension, students could be encouraged to write verbatim
teaching scripts for better argumentative reasoning, along with
receiving instruction on argumentation strategies. For instance,
when learning about a topic, students could be asked to teach the
topic to their peers by writing a teaching script exactly as how
they would orate a lecture, then form an integrative conclusion
after being trained on argumentation strategies.

Importantly, students reap additional gains from teaching incor-
rectly with deliberately weak arguments they have generated. That
misteaching yields better argumentative reasoning than correct
teaching points to the counterintuitive benefits of actively promoting
errors in learning (Wong & Lim, 2019b). Understandably, when the
stakes are high, unintentionally erring by producing poor arguments
could backfire by incurring reputational costs that deter people from
engaging fully in argumentation or even from venturing to put forth
arguments at all (Mercier et al., 2017). But when the stakes are low
during practice and the goal is precisely to make errors for others to
spot, then deliberately producing flawed arguments in fact enhances
learning.

In particular, this research provides the first evidence for the utility
of fusing learning by teaching and deliberate erring via the novel
technique of learning by misteaching. Students need not be

compelled to use effective learning techniques one at a time in iso-
lation, but can productively combine them to optimize learning
gains. This approach resonates with growing interest and calls to
examine how different learning techniques can fruitfully comple-
ment each other (Roelle et al., 2023), beyond pitting them against
each other in “horse race studies” (Renkl, 2015; Salomon, 2002).

Moreover, learning by misteaching illuminates new prospects for
exploring how deliberate erring can be viably implemented in vari-
ous ways to achieve diverse learning goals. In extant deliberate err-
ing studies, students typically write each sentence in a given text
such that it contains a deliberate conceptual error they have gener-
ated. This form of deliberate conceptual erring has been found to
improve recall, application, and far transfer of the text content
(Wong, 2023; Wong & Lim, 2022a, 2022b). Alternatively, for better
procedural transfer and problem-solving in domains such as mathe-
matics, students could deliberately err by intentionally executing
incorrect procedures when solving practice problems (Yap &
Wong, 2024). In comparison, this study shows how deliberate errors
can be integrated in a written teaching script through generat-
ing flawed arguments to ultimately achieve better argumentative
reasoning.

The key implication is that the nature of students’ deliberate
errors can be flexibly adapted to strategically target their learning
goals. Whereas this study focused on argumentative reasoning, learn-
ing by misteaching can plausibly be applied to boost other valued
educational outcomes too. For instance, since writing correct teaching
scripts about to-be-learned concepts improves students’ ability to ask
good research questions about those concepts (S. W. H. Lim et al.,
2024), it could be fruitful to test whether writing deliberately incorrect
teaching scripts yields additional gains. By probing the generalizabil-
ity of learning-by-misteaching benefits across diverse domains and
outcomes, we would achieve a deeper understanding of this tech-
nique’s utility and how it can be effectively applied.

Yet, the students in this study were unaware that (mis)teaching
had benefited them, even after experiencing its effects on their
test performance. Such inaccurate metacognitive knowledge could
prevent students from choosing to use techniques that actually
help them more (Metcalfe & Finn, 2008). To address this problem,
teachers could guide their students to update their metacognitive
knowledge with instruction on how learning and memory work
(McCabe, 2011), while supporting their students’ commitment,
planning, and monitoring to use effective learning techniques
(Bernacki et al., 2020; McDaniel & Einstein, 2020).

Limitations and Future Directions

Here, students engaged in solitary reasoning when studying and
formulating a response about an argumentation topic. But argumen-
tation can also occur collaboratively as a social process or dialogue
when students work together to construct and critique arguments
(e.g., Casado-Ledesma et al., 2021; A.-M. Clark et al., 2003;
Mateos et al., 2018; for a review, see Nussbaum, 2008a). Hence,
an interesting future prospect is to test the dynamic effects of learn-
ing by misteaching in collaborative argumentation. Teaching-based
activities inherently bear potential for interactions with one’s audi-
ence that could enhance the tutor and tutee’s learning (Kobayashi,
2019a; Roscoe, 2014; Roscoe & Chi, 2008). For instance, after writ-
ing a verbatim teaching script with deliberately weak arguments, stu-
dents could exchange their scripts with their peers to spot and discuss



This document is copyrighted by the Ame

is not to be disseminated broadly.

This article is intended solely for the personal use of the individual user

18 WONG

each other’s deliberate errors. Although first-hand deliberate erring
yields better learning than spotting and correcting others’ deliberate
errors (Wong, 2023; Yap & Wong, 2024), both approaches could
have synergistic effects when implemented together. When interact-
ing with friendly critics, students gain opportunities to exchange
ideas, coconstruct new arguments that integrate different views, reflect
on gaps in their understanding, and revise or refine their mental mod-
els for deeper learning and conceptual change (Amigues, 1988; Keil,
2006; Leitdo, 2000). Thus, group dialogues could create shared dis-
course norms (Kuhn et al., 2013) while boosting students’ argumen-
tation skills (Larrain et al., 2021) and content knowledge-building
(Chinn, 2006; Felton et al., 2015), such that they become even better
individual reasoners (Mercier et al., 2017).

Future work could also probe the scope of learning-by-misteaching
benefits for argumentative reasoning more broadly, beyond this
study’s focus on integrative stratagems and holistic argumentation
quality. For instance, students could be asked to evaluate individual
arguments by rating their strength (e.g., McCrudden et al., 2017)
and (re)appraising their plausibility (e.g., Lombardi et al., 2013,
2018). In addition, whereas participants in this study engaged with
a single dual-position text, more complex tasks could involve navigat-
ing and integrating multiple texts that contain corroborating and con-
flicting information (e.g., Anmarkrud et al., 2014; for reviews, see
Barzilai et al., 2018; Britt & Rouet, 2020). Students’ skillful and accu-
rate use of multiple sources and evidence could then be assessed (e.g.,
Brante & Strgmsg, 2018; Du & List, 2021; Iordanou & Constantinou,
2015), while examining their justificatory standards when evaluating
knowledge claims and evidence (e.g., List, 2024; List et al., 2022;
Lombardi et al., 2016).

Furthermore, there is merit in considering how the implementa-
tion of misteaching can be optimized for potentially greater gains.
The misteaching group was not required to refute their deliberately
poor arguments when teaching since these were intended for their
audience to spot. However, generating errors may enhance encoding
of their subsequent correction (Kornell et al., 2009; Potts & Shanks,
2014; Potts et al., 2019), such that correcting one’s deliberate errors
yields additional learning benefits over leaving them uncorrected
(Wong & Lim, 2022b). Hence, it may be fruitful to test whether
tutors profit further from refuting their poor arguments after teaching
(e.g., via individual reflection and/or group dialogues).

Relatedly, participants’ teaching quality was relatively low; their
teaching scripts contained few self-other referential terms, elabora-
tions, and monitoring statements on overall. This likely occurred
because the present study examined students’ spontaneous teaching
explanations—whereas participants were trained on argumentation,
they were not explicitly guided or prompted to generate higher qual-
ity teaching explanations (e.g., Fiorella & Kuhlmann, 2020). Indeed,
some learning-by-teaching studies have found that tutors may not
spontaneously produce high-quality explanations (Jacob et al.,
2021; Lachner et al., 2021; Roscoe & Chi, 2007). For instance,
tutors’ feelings of social presence can fluctuate during their teaching,
and they may offer few elaborations even when they have their
intended audience in mind (Ribosa & Duran, 2023). Consequently,
lower teaching quality may constrain the tutor’s learning (Roscoe,
2014; Roscoe & Chi, 2007). It would thus be worth exploring how
students’ teaching quality can be boosted through training or scaffold-
ing for more robust learning.

In addition, an unexpected but intriguing finding was that after the
intervention, the misteaching group rated the argumentative text as

less interesting and understandable than the notetaking and correct
teaching groups. On one hand, participants’ ratings may in part reflect
their subjective emotional and/or cognitive experience during learn-
ing. Generating errors can be experienced as less fluent than errorless
learning, which could lead people to perceive the material as more dif-
ficult to learn (Potts & Shanks, 2014; Yang et al., 2017). On the other
hand, if the misteaching group implicitly adopted an evaluation goal
while reading the argumentative text to generate flawed arguments,
they could have developed more critical or conservative evaluations
of the text’s argumentative content and quality (Diakidoy et al.,
2017). Future work ought to disentangle such possibilities.

Although this study focused on student tutors’ learning, the find-
ings also raise questions for teachers and what it means to teach
effectively. Teachers typically strive to teach correctly with accurate
content—imparting wrong information that goes uncorrected could
be costly for students’ learning and can be perceived unfavorably as
an indicator of poor content knowledge (Kearney et al., 1991).
Unsurprisingly, teachers may thus experience anxiety about appear-
ing incompetent when they make mistakes, becoming trapped in try-
ing to maintain a “persona of perfectionism” that could lead to
burnout and exit from the profession (Hargreaves & Tucker,
1991). In tackling such issues, new possibilities arise from the
approach of deliberately making errors in one’s teaching for students
to spot as part of the intentional learning design. Research on incor-
rect worked examples has shown that having students identify and
explain errors in incorrect examples can yield better learning than
studying correct examples only (e.g., Booth et al., 2013; Durkin &
Rittle-Johnson, 2012; Grofle & Renkl, 2007). Hence, teachers may
be reassured that having students spot and correct deliberate errors
does not harm their learning (Wong, 2023).

Still, much less is known about the emotional effects of deliberate
erring on the teacher’s part. Besides benefiting teachers’ learning,
might deliberate erring also enable them to reframe errors as mean-
ingful teachable moments rather than debilitating events? If so,
teachers may be empowered to embrace errors and take risks to
enhance their professional practice (Phelps, 2000).

Conclusion

The skill to reason and argue well is vital for 21st-century educa-
tion and democratic participation. Leveraging the techniques of
learning by teaching and deliberate erring, this study unveiled
their joint advantage for argumentative reasoning. Students displayed
not only superior recall but also argumentative reasoning when they
had taught the material by writing a verbatim teaching script, relative
to writing study notes for their own learning. Moreover, teaching incor-
rectly with deliberately weak arguments than correctly with good argu-
ments further enhanced argumentative reasoning. Whereas learning
techniques have often been studied parallel to each other and errors
have traditionally been regarded as events to be avoided in learning,
the present data attest that it is worth rethinking these approaches.
‘When potent learning techniques join forces and errors are strategically
sought out than avoided, students and teachers have much more to gain
than previously imagined.
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Appendix A

Sample Argumentative Reasoning Test Responses

“Will Biotech Solve Africa’s Food Problems?”’

“The Against arguments are stronger. While using biotechnology
promises potentially huge returns that will benefit 75% of the
African population, the start-up costs of innovating, acquiring and
adapting these technologies are costly. Considering how Africa
relies mostly on foreign aid and has preexisting debts, it is unlikely
that Africa is able to finance biotechnology sustainably.

Indeed, biotechnology could be implemented using a bottom-up
approach where farmers, women and people living in rural areas
are involved in the decision-making process. However, as their edu-
cation level tends to be low and it is likely that their knowledge in
technology is not high, the additional financial resources needed
to educate them will put an additional strain on limited financial
resources. In contrast, the natural method of fallowing does not
require start-up costs nor education costs. While the returns are
much lower and slower as compared to what biotechnology promises
to deliver, keeping costs low is preferred given Africa’s financial
circumstances.

Lastly, in the event that Africa is able to finance biotechnology, it
will reap high yield productivity that can elevate many out of the
poverty cycle. However, despite reaping high yields, most of the
profits are not distributed within Africa itself. Instead, foreign mar-
keting and distributing companies are the ones pocketing most of the
profits. This is because they have the bargaining power to suppress
supply costs that are paid to African farmers while having the market
power to overcharge prices that consumers have to pay for the even-
tual product in supermarkets.

In conclusion, the For arguments are too optimistic without pro-
viding actual solutions or avenues for which biotechnology can be
financed. Without any sustainable means of financing biotechnol-
ogy, the mass implementation of biotechnology will only further
entrench Africa in debt and poverty before any returns could be real-
ized. However, the biotechnology program could still be progres-
sively implemented, albeit on a smaller scale. In collaboration
with international banks or tech companies, Africa could look to
pilot the biotechnology program in a few farms to test out the
results. As such, profits could be used to fund the roll-out of the bio-
technology program in other farms and accumulatively, Africa
would have adequate self-financing capability to finance the entire
biotechnology program few years down the road without incurring
any debts.”

“Should We Continue to Study Sex Differences?”’

“The arguments supporting sex difference research are more rele-
vant than those opposing its continuation. As the arguments show,
most of the opponents of such research use sensationalized evidence
that completely misrepresents empirical data that have been found
through scientific inquiries into the biological differences between
sexes. Although the opponents do have a relevant point that much

of current gender discrimination against women stems from a
focus on differences between sexes, this does not mean that research
into this field should not be conducted at all. Instead, it should be
supplemented with sociological research as well as understandings
of how researchers and participants also likely possess some form
of bias ingrained through societal norms and expectations of differ-
ent genders. Hence, it is a weak argument on the opponents’ side to
argue for a complete stop in sex difference research on the grounds
that its only purpose is division of genders, as this is a very reductive
argument of the actual research conducted.

In addition, sex difference research does not only perpetuate the
understanding purely of differences between sexes. Instead, it can
also find overlaps and similarities between male and female sexes
biologically, and can even center around how societal norms and
generational traditions have impacted the development and division
between sexes. It can be a useful tool in research into gender identity
and how it interplays with the traditional understanding of biological
sex, which could help to improve the process of gender reassignment
surgery and hormone therapy, as well as advance research into the
field of gender dysmorphia and gender identity. Although many
opponents argue that such research would further demean women
and perpetuate an understanding that women are biologically infe-
rior to men, this is a result of oversimplification and misrepresenta-
tion of empirical data, and should be rectified through the avoidance
of headline sensationalization of research findings in this field as is
often done by both sides of the argument.

One point of contestation on the side of proponents of the argu-
ment is that there is no negative conception of women, and
women are viewed even more positively than men. I would argue
that this evidence is shaky as the study was only conducted on col-
lege students in the United States and Canada, which is an extremely
small sample size not indicative of a general population and hence
cannot be generalized. However, although the claim made should
not have been drawn from the provided evidence, I believe that fur-
ther analysis into the topic can provide the proponents of sex differ-
ence research better findings to come to that conclusion.

Scientific research should not be completely halted in this field.
Although there are many possible negative implications of the find-
ings of such research, they stem from controllable and avoidable sit-
uations such as accurate representation of findings and appropriate
usage of empirical data. In conclusion, there needs to be an integra-
tion of social science into this field of research to avoid some of the
valid points made by the opponents of such research that gender and
sex differences are not a purely biological issue as it has been
informed by much of our societal understandings of sex and gender.
However, the argument cannot be extrapolated to advocate a com-
plete cessation of such research. There needs to be a good middle
ground found to understand how society’s definitions of gender
and sex have informed gender roles and stereotypes, and how they
factor into research bias.”

(Appendices continue)
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Appendix B

Holistic Scoring Rubric for Argumentative Reasoning Test

Score Description

7 Highly developed position
* The essay states a clear position on the issue, supporting reasons, opposing reasons, elaborations, and rebuttals
* There is consistent discussion of opposing perspective(s)
* The essay is well organized and focused, no irrelevant information is included, repetition is low
6 Well-developed position
* The essay states a clear position on the issue supported by elaborated reasons
* There is consistent discussion of opposing perspective(s)
* The essay is generally well organized and focused
5 Between the standards for 4 and 6
* The essay states a clear position on the issue supported by elaborated reasons
* There is some consideration of alternative perspective(s) but they are not well developed—there is little or no attempt at reconciling the alternative
perspective(s) in own argumentation
* The essay may contain irrelevant and/or repetitive information
4 Partially developed position
* The essay contains a position on the issue supported by four or more distinct or elaborated reasons, which are often presented in a list-like fashion
* Alternative perspective(s) may be mentioned but are not discussed
* The essay may contain inconsistencies, irrelevant information, and/or problems with organization and clarity
3 Between the standards for 2 and 4
* The essay contains a position on the issue supported by four or more distinct or elaborated reasons, which are often presented in a list-like fashion;
alternative perspective(s) are not mentioned or discussed OR
* The essay contains a position on the issue supported by fewer than four reasons; alternative perspective(s) may be mentioned but are not discussed
* The essay contains a lot of irrelevant and/or repetitive and/or inconsistent information
2 Minimally developed position
* The essay contains a position on the issue supported by fewer than four reasons
* Alternative perspective(s) are not mentioned or discussed
* The reasons are not elaborated, or are unrelated to or inconsistent with the position, or are incoherent
1 Undeveloped position
* The essay responds to the topic in some way but does not contain a position on the issue
* Alternative perspective(s) are not mentioned or discussed
* The essay may contain irrelevant information

lisseminated broadly.

cal Association or one of its allied publishers.

Note. The holistic scoring rubric was developed based on rubrics used by Anmarkrud et al. (2014), Reznitskaya et al. (2009), and Nussbaum and Schraw
(2007).
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