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Abstract

It has been claimed that deliberately making errors while studying, even when the correct answers are
provided, can enhance memory for the correct answers, a phenomenon termed the derring effect. Such
deliberate erring has been shown to outperform other learning techniques, including copying and
underlining, elaborative studying with concept mapping, and synonym generation. To date, however, the
derring effect has only been demonstrated by a single group of researchers and in a single population of
participants. This paper presents two independent, preregistered replication attempts of the derring effect.
In Experiment 1, participants studied 36 term-definition concepts in a within-subjects, laboratory study.
On error-correction trials, participants were presented with a term-definition concept and were asked to
generate an incorrect definition before correcting it. Error-correction trials were compared to copy trials,
where participants simply copied the term-definition concepts and underlined the key concepts.
Experiment 2 was an online study in which participants studied trivia facts using a similar protocol.
Memory for the studied facts was then tested either immediately (Experiments 1 and 2) or after 2 days
(Experiment 1). Unlike the original demonstrations of the derring effect, cued-recall performance did not
significantly differ between the error-correction and copy conditions, and the Bayes factors provided
moderate support for the null hypothesis in both experiments. We discuss potential explanations for our
findings and consider them in relation to key theories and the broader literature on the role of errors in

learning.

Keywords: Derring effect, error correction, concept learning, deliberate errors, error generation

Public Significance Statement

Four recent papers published in prestigious psychology journals (Journal of Experimental Psychology:
General, Journal of Educational Psychology, and Educational Psychology Review) reported that deliberately
generating errors when studying, even when the correct answers were provided, substantially boosted
subsequent test performance—an effect termed the derring effect (Wong & Lim, 2022a, 2022b, 2023; Yap &
Wong, 2024). For the first time, the current paper reports two preregistered attempts, which were
independent from the original research team, to observe the derring effect. Contrary to expectations, both
experiments failed to replicate the derring effect, which strongly questions whether deliberate erring

should be incorporated into educational practice.
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Erring on the Side of Caution: Two Failures to Replicate the Derring Effect

The question of how learners and educators should approach errors in educational settings has
been one of long-standing debate. Traditionally, psychologists advocated an errorless learning approach,
where learners were strongly discouraged from making errors (e.g., Bandura, 1986; Skinner, 1953, 1958).
This idea was substantiated by zuterference theory (Melton & Irwin, 1940; Postman & Underwood, 1973),
which posits that errors will compete with correct answers during retrieval, thereby impairing recall. More
recent research, on the other hand, has shown that errors can sometimes improve subsequent recall (e.g.,
Kornell et al., 2009; Mera et al., 2022; Metcalfe, 2017), purportedly even when those errors are
deliberately generated (Wong & Lim, 2022a, 2022b, 2023; Yap & Wong, 2024). The present work assesses

the conditions in which deliberate errors help, or harm, learning.
Errorful Learning

The pretesting effect (also called the wnsuccessful retrieval and failed retrieval effect) provides a good
demonstration of how errors can boost memory (Hollins et al., 2023; Kornell et al., 2009; Mera et al.,
2022; Pan & Rivers, 2023; Potts & Shanks, 2014; Richland et al., 2009; Seabrooke et al., 20192, 2019b,
2021a, 2021b, 2021¢; Tanaka et al., 2019; Zawadzka & Hanczakowski, 2019). In the first demonstration
of the pretesting effect, Kornell et al. (2009) had participants study weakly related word pairs (e.g., pond-
frog). On pretest trials, participants guessed the target word from a given cue (e.g., pond-?). Since the words
in each pair were only weakly related and had not been presented previously, participants’ guesses were
usually incorrect. These pretest trials were compared to read-only trials, where participants simply studied
each word pair, without generating a guess, for a period that matched the pretest trials. In a subsequent
cued-recall test, participants recalled significantly more targets from the pretest condition than the read-
only condition, even when any targets that were correctly guessed at encoding were removed. Thus,

pretesting boosted cued-recall performance, even when participants answered those pretests incorrectly.

Other, related effects also suggest that errors can improve memory. Errors made with high
confidence, for example, are more likely to be corrected than those made with low confidence—an effect
termed the hypercorrection effect (Butterfield & Metcalfe, 2001, 20006; although see Griffiths & Higham,

2018). Similarly, in educational settings, asking learners questions about a topic before they are exposed to
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it has been shown to improve memory for that information (for an overview, see Carpenter et al., 2023),
even though the answers that participants generate are usually wrong. In contrast to the pretesting
procedure, participants do not immediately receive corrective feedback, but instead study the material
after the pretest (for a discussion, see Pan & Carpenter, 2023). This prequestion ¢ffect has been observed

using text passages (Pressley et al., 1990) and video presentations (Carpenter & Toftness, 2017).

Similarly, some studies have focused on the benefits of learning from zncorrect worked examples (e.g.,
Grof3e, 2018; Grofie and Renkl, 2007; Pillai et al., 2020). This body of research indicates that engaging
with errors in worked examples can help learners identify misconceptions and refine their problem-
solving strategies. For instance, Gro3e and Renkl (2007) explored how finding and fixing errors in
worked examples can enhance learning outcomes. Their study suggests that when learners are prompted
to analyze incorrect solutions, they develop a better understanding of the underlying concepts and

procedures, which can lead to improved performance in problem-solving tasks.

These examples of errorful learning show that making errors can improve memory, which raises
the question of whether deliberately committing errors would also help learning. Wong and Lim (2022a) set
out to answer this question by having patticipants study unfamiliar term-definition concepts using one of
three learning methods. In an error-cancel condition, participants were asked to copy a term-definition
concept but deliberately generate a conceptually plausible error before striking through it. For example,
when given the term-definition concept “Cocktail party effect is the selective enbancement of attention to filter ont
distractions”, an appropriate response would be “Cocktail party effect is the selective enbancement of attention in
makingsense-of distractions”. An error-correction condition followed the procedure of the error-cancel
condition, except that participants also corrected their error in parentheses (e.g., Cocktail party effect is the
Selective enhancement of attention #wakingsense-sf (o filter out) distractions). Finally, in a copy condition,
participants simply wrote the correct term-definition concept correctly, underlined a key idea within the

concept, and rewrote that key idea in parentheses (e.g., Cocktail party effect is the selective enhancement of attention

to filter out distractions (selective enbancement of attention). In a subsequent cued-recall test of the definitions,
both deliberate error conditions outperformed the errorless copy condition, and the error-correction
method was especially beneficial. Thus, the authors concluded that deliberately generating conceptually

plausible errors during study enhanced subsequent cued recall of the correct answers, an effect termed the
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derring effect.

Subsequent experiments by Wong and Lim (2022a) compared the benefits of derring against
other effective study techniques. In two further experiments, the authors found that the error-correction
condition also improved subsequent cued recall compared to generating synonyms of the definitions and
generating examples of each concept, both of which required participants to elaborate on the definition.
Together, these findings suggest that the derring effect is a robust and noteworthy phenomenon.
Moreover, the derring effect leads to a clear suggestion that, far from avoiding errors in the classroom,

deliberate errors should be encouraged and facilitated.

Three additional sets of studies examined the generalizability of the derring effect. First, Wong
and Lim (2022b) had participants study educational texts in one of three conditions. In the error-
correction condition, participants copied the text while generating incorrect but conceptually plausible
errors for each concept, before striking through the error and correcting it. This condition was compared
to a copy condition, which involved copying the text and underlining the key concepts, and a concept-
map condition, where participants drew diagrams that linked the concepts together. Participants then
completed a free-recall test, where they recalled as many concepts as possible from each educational text,
and an application test, which required them to apply the knowledge learnt from the educational text to
answer questions about a news article on the same topic. Participants from the error-correction condition
outperformed those from the copy and concept-map conditions on both tests. Wong and Lim (2023)
extended these findings to show that deliberate erring promoted far transfer of knowledge to concepts
across different domains. Moreover, Yap and Wong (2024) recently found that, in the domain of
mathematics, deliberate erring improved problem-solving and transfer to new and more difficult
problems. Together, these results suggest that the derring effect is robust, replicable, and general. In turn,

deliberate erring can be regarded as an efficient and effective study technique thus far.

The Present Experiments

Wong and Lim’s (2022a, 2022b, 2023) and Yap and Wong’s (2024) research on generating and
correcting conceptually plausible errors (derring) present a promising technique to improve learning of

both concept-definition terms and information studied in educational passages of text. Moreover, the
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benefits of derring reportedly appear not only in rote memory tests, but also in tests that assess near and
far transfer of knowledge, and during mathematical problem-solving practice. To our knowledge,
however, these findings have not yet been replicated by other researchers. Consequently, in the present
work, we report two attempts to replicate and extend the original derring effect reported in Wong and
Lim (2022a). Experiment 1 was a laboratory experiment that provided a close replication of the original
methodology, while Experiment 2 was an online experiment with a slightly modified procedure. We note
that, in both of our experiments, the participants resided in the UK, while Wong and Lim’s (2022a)
participants were Singapore students. While we did not anticipate a cultural difference that would affect

the magnitude of the derring effect, we note that the samples are not from the same population.

Experiment 1

In Experiment 1, participants studied a series of term-definition concepts, as in Wong and Lim
(2022a), in one of two study conditions: error-correction and copy. In the error-correction condition,
participants were asked to copy each term-definition concept and generate a conceptually plausible error,
before striking through it and correcting it. In the copy condition, participants simply copied each term-
definition concept, underlined a key idea within it, and rewrote that key idea in parentheses. In Wong and
Lim (2022a), the error-correction and copy conditions were the most and least effective study conditions,
respectively. Unlike Wong and Lim (2022a), we did not include an error-cancel condition, because this
condition produced intermediate memory performance and we aimed to replicate the largest effect.!
Participants completed an immediate cued-recall test for half of the term-definition concepts within each
study condition. This test provided the first opportunity to independently replicate the derring effect.
Two days later, memory for the remaining term-definition concepts was assessed in a second cued-recall

test, to assess the longevity of the derring effect.

Following Wong and Lim (2022a), we expected to replicate the derring effect in the immediate
test. That is, we predicted that participants would show better cued recall of definitions in the error-

correction condition than the copy condition. We did not have strong predictions with respect to the

!'In both the current experiment and Wong and Lim’s (2022a) experiments, the experimental conditions were
blocked, thereby minimizing the potential for trial-by-trial influences between conditions.
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delayed test, but there are effects in which effortful learning techniques are more potent with delayed
testing (e.g., the retrieval practice effect; Roediger & Karpicke, 2000). Thus, there was reason to anticipate

that the benefits of deliberate erring might be exaggerated with delay.

Method

Transparency and Openness

Both experiments were preregistered. All preregistrations, materials, data, analytic code, and
supplementary materials for the experiments are available on the OSE (Mera et al., 2024). Ethical
approval was granted from the University of Southampton Faculty of Environmental and Life Sciences
Ethics Committee (72129). We report the rationale for the sample sizes and all data exclusions,

manipulations, and measures.

Participants

Forty-six students from the University of Southampton participated in the experiment (36 females,
nine males, one who indicated “other”, M = 20.30 years, SD = 7.73 years). We opted for this sample size
to provide sufficient power to replicate the smallest effect comparing error-correction to errorless
learning reported in Wong and Lim (2022a; 4= 0.43 for a two-tailed pairwise comparison) with 80%
power and an alpha of .05 (G*Power 3.1; Faul et al., 2007). One participant was excluded because English
was not their first language. The remaining 45 participants reported English as their first language and

received course credit or cash compensation for their participation.

Design

The experiment had a 2 (learning condition: error-correction vs. copy) X 2 (retention interval:
immediate vs. delayed test) within-subjects design. The primary dependent variable was the number of

correctly recalled definitions on each cued-recall test.

Materials

Forty biology and neuroscience term-definitions were extracted from Wong and Lim (2022a).

The concepts were presented in a term-definition “A-is-B” sentence format, with the key term presented


https://osf.io/j4unw/?view_only=85fb30253d354f4493236461d005cbb5
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in bold font. Four concepts were selected for practice purposes; the remaining 36 concepts were
randomly allocated to one of two 18-item lists. The pairing of learning conditions (error-correction or
copy method) and item lists, the pairing of retention intervals (immediate or delayed) and item lists, and
the order in which participants completed the learning conditions, were counterbalanced. Participants

completed the experiment in an individual laboratory cubicle.

Procedure

The procedure was similar to Wong and Lim’s (2022a) Experiment 1. All participants provided
informed consent and were told that they would study scientific term-definition concepts for a later test.
They then provided their age, gender, and first language, before progtressing to the four main phases of

the experiment: practice, study, immediate test, and delayed test.

Practice Phase. Participants completed a practice phase to familiarize themselves with the error-
correction and copy conditions. They were given correct and incorrect example responses for each

condition, before practicing each with two different term-definition concepts.

In the error-correction condition, participants were instructed to write each concept such that it
contained a conceptual error in its definition (i.e., an error in understanding or interpreting a concept’s
definition), before striking through and correcting the error. They were encouraged to generate plausible,
conceptual errors that were factually incorrect but still believable (e.g., Proprioception is information about
the position and movement of the eyes (body) that is sent fo the brain). In the copy condition, participants were asked
to write each concept exactly as it was presented and then identify and underline a key idea in each
concept, before writing that idea again in parentheses (e.g., Inattentional blindness is the failure to perceive

non-attended stimuli that seem so obvious as to be impossible to miss (failure to perceive non-attended stimmuli)). Upon

completion, the experimenter checked that the practice exercises had been completed correctly and

discussed any issues with the participants before allowing them to move on to the study phase.

Study Phase. In each learning condition, participants were presented with a printed study list
sheet containing 18 term-definition concepts. They were given 2 min to initially read the list before using

the error-correction or copy method to study the list for a further 22 min. The learning conditions were
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blocked, with the order of conditions counterbalanced across participants. Participants were told to

continue reviewing the materials if they finished early.

After each learning condition, participants provided: (a) a global judgment of learning (JOL) on
an 11-point scale ranging from 0% to 100% to predict how much of the material from the study list they
would remember later; (b) a rating for how interesting the study list was on a scale ranging from 1 (no# at
all) to 7 (extremel); () a rating for how understandable the study list was on a scale ranging from 1 (nof at
all) to 7 (extremely); and (d) a rating for how well they knew the concepts in the list prior to studying them

on a scale ranging from 1 (not at all) to 7 (very well).

Test Phase. Participants completed two cued-recall tests. Half of the items from each learning
condition were tested immediately, while the other half were tested 2 days later, for a total of 18 questions
per test. In these tests, the terms from the study phase were presented individually on a computer and
participants were asked to type the correct definition in as much detail as they could remember. Response
time was not limited and participants could omit answers. The concepts were tested in blocks by study
lists (either the first or the second half of the list in each encoding condition, as per the counterbalancing
condition) corresponding to the order in which the lists had been presented during the study phase. The
terms within each block were presented in a fixed randomized order. Finally, participants rated how
effective each of the two learning methods was on a scale ranging from 1 (nof at all) to 7 (extremely), after
both the immediate and delayed test. All participants were debriefed and thanked for their participation

after the delayed test.

Differences Between the Present Study and Wong and Lim (2022a, Experiment 1)

There were some minor differences between the present study and Wong and Lim’s (2022a)
Experiment 1, which we detail here because this is a replication study. First, memory for half of the items
was tested after 2 days, unlike in Wong and Lim (2022a) where memory for all items was tested
immediately. While this change may affect the size of the derring effect in the delayed test, we did not
anticipate that it would substantially affect the size of the effect in the immediate test. Second, whereas
the original study compared three learning conditions (error-cancel, error-correction, and copy), our study

compared only two (error-correction and copy, the most and least effective learning conditions in Wong
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and Lim, 2022a, respectively). Third, our participants studied 18 term-definition concepts with each
learning condition, compared to 10 in Wong and Lim’s (2022a) Experiment 1. We made this change
because we had only two conditions and we had both an immediate and delayed test. Lastly, participants
in our study were given 2 min to initially study each item list, compared to 1 min in the original study, and
22 min to subsequently study the item list in each learning condition, compared to 12 min in the original
study. We gave participants this additional time because there were more term-definition concepts to

study.

Results

Data Analysis

All analyses were conducted in RStudio (R Core Team, 2023). Bayes Factors (BF), which allow us
to estimate the empirical evidence in favor of the alternative (H1) and null (HO) hypotheses, were
calculated using version 0.9.12-4.7 of the BayesFactor package (Morey & Rouder, 2023). We interpreted the
Bayes factors according to the evidence categories proposed by Jeffreys (1961) and their corresponding

interpretations by Lee and Wagenmakers (2013).

Scoring

Participants’ responses were scored as correct if they maintained the meaning of the definition.
For each response, a score of no credit (0), partial credit (.5), or full credit (1) was assigned, depending on
how well the response demonstrated the essential elements of the concept.? There was a maximum
possible score of nine for each learning condition per test, but the total score out of nine was converted

to percent cotrect prior to analyses (i.e., [total score]/9 X 100).

2 Wong and Lim (2022a) awarded their participants’ answers with either full credit (1) or no credit (0),
whereas we awarded partial credit (.5) for some answers. We opted for partial credit to better reflect participants’
recall accuracy. To check if this affected our results, we reanalyzed the data, replacing the partial credit scores (.5)
with both full credit (1) and with no credit (0), and found no statistical differences in the pattern of results. Thus,

partial credit scoring was maintained for all analyses.
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The first two authors individually evaluated 14 of the 45 participants' set of responses. The
agreement between them was high, with an intraclass correlation (ICC) value of .91, 95% CI [.89, .93,
determined using a two-way random-effects model. Any inconsistencies between the scorers were
examined and discussed until they achieved complete agreement on all responses. Considering the high

level of interrater reliability observed, the remaining set of responses were scored by only the first author.

Preliminary Checks

Table 1 shows participants’ mean (and standard deviation) questionnaire ratings and JOLs.
Participants had low prior knowledge of the concepts, with no significant differences between learning
conditions, #(44) = 0.88, p = .38, 4 = 0.14, BFio = 0.23. Furthermore, no significant differences were
found across learning conditions regarding participants’ ratings of the level of interest, A(44) = 1.16, p =
.25,d=10.19, BFip = 0.30, or perceived level of understandability, A44) = 0.53, p = .60, 4= 0.08, BFio =

0.18, of the concepts.

Table 1

Mean Questionnaire Scores and Metacognitive Judgments in Experiment 1

Error-correction Copy

Variable M D M D
Prior knowledge of concepts 2.73 0.99 2.89 1.23
Concept interestingness 4.16 1.45 4.42 1.36
Concept understandability 4.71 1.47 4.82 1.42
JOL (%) 42.22 18.94 45.56 19.60
Method effectiveness

Immediate 3.69 1.40 4.36 1.57

Delay 3.18 1.28 3.67 1.52

Note. N = 45. JOL = Judgment of Learning.

Cued-Recall Performance

Figure 1 shows the mean percent correct, per learning condition, in each cued-recall test. A 2
(learning condition: error-correction, copy) X 2 (retention interval: immediate test, delayed test) within-
subject Analysis of Variance (ANOVA) revealed no significant main effect of learning condition, F(1, 44)
=.01, p =93, ng <.01, BFio= 0.16, with participants performing similarly in the error-correction (M =

38.27%, SD = 22.65%) and copy condition (M = 38.09%, SD = 25.91%). There was a significant main
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effect of retention interval, F(1, 44) = 28.18, p < .001, r]f] = .06, BFio> 100, with participants performing
better in the immediate test (M = 44.26%, SD = 25.42%) than the delayed test (M = 32.10%, SD =
21.52%). Finally, there was no significant interaction between learning condition and retention interval,
F(1, 44) = 0.08, p = .78, 775 <.01, BFio= 0.24. Thus, Experiment 1 did not replicate the derring effect,
and the Bayes factors for both the main effect of learning condition and the interaction indicated

moderate evidence for the null.
Figure 1
Mean Percent Correct in Each Cued-Recall Test of Excperiment 1

100
90( [MError-correction [CJCopy
80
70
60
50
40
30
20
10
0

Mean percent correct

Immediate Delayed
Test

Note. Exror bars represent difference-adjusted, within-subject 95% confidence intervals (Baguley, 2012).
Metacognitive Judgments

Table 1 shows participants’ mean (and standard deviation) JOLs per learning condition and their
perceived effectiveness of the learning methods. Participants’ JOLs for the two methods did not
significantly differ, A(44) = 1.28, p = .21, 4= 0.17, BFio= 0.35. Thus, participants’ predictions about the
effectiveness of the study methods aligned with their actual performance on the cued-recall test, in the
sense that cued-recall performance did not differ between the study conditions. Furthermore, a two-way

within-subject ANOVA involving the learning condition (copy, error-correction) and retention interval
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(immediate, delay) factors was conducted to analyze participants’ perceived effectiveness of the learning
methods. The analysis revealed a significant main effect of learning condition, F(1, 44) = 4.42, p = .04,
77; = .04, BFio = 10.02, with participants perceiving the copy method (M = 4.01, §D = 1.58) to be more
effective than the error-correction method (M = 3.43, D = 1.306). There was also a significant main
effect of retention interval, F(1, 44) = 21.41, p <.001, r]f] = .04, BFip = 14.80, with participants judging
the effectiveness of the two methods higher after the immediate test (M = 4.02, §D = 1.51) than the
delayed test (M = 3.42, D = 1.42). No significant interaction was observed between the learning

condition and retention interval factors, F(1, 44) = 0.60, p = .44, nf, <.01, BFip= 0.30.
Error Type Analysis

Following Wong and Lim (2022a), we investigated the types of errors that participants made in
the immediate and delayed test for each learning condition. Four participants were excluded from this
analysis because they did not make any errors in at least one condition of one test. The remaining 41
participants’ errors were split into four categories: (a) commission errors—inadequate or incorrect responses
that were different from participants' deliberate errors in the study phase; (b) omission errors—no response
at test; () confusions— responses that provided the definition of a different concept term; and (d)
intrusions—responses that repeated the same deliberate errors that participants made during the study
phase (only possible in the error-correction condition). Table 2 shows the mean proportion and standard

deviation of each error type.

Table 2

The Distribution of Errors at Test Across the Commission, Omission, Confusion, and Intrusion Categories in Experiment
1

Immediate test Delayed test
Error- Copy Errot- Copy
correction correction
Error category M SD M SD M SD M SD
Commission 24 .24 27 22 .34 .19 .29 .29
Omission .65 33 .61 .29 .60 24 .68 .28
Confusion .10 21 A2 22 .05 .14 .04 .07
Intrusion .01 .04 — - .01 .04 — —

Notze. Intrusion errors were not applicable to the errorless copy condition. N = 41.
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Most incorrect responses on both the immediate and delayed tests were omission errors.
Furthermore, only 1% of incorrect responses were intrusion errors. This result suggests that committing
errors deliberately during learning did not cause significant interference. Importantly, the rate of intrusion
errors was not significantly different between the immediate and delayed tests, #40) = 0.22, p = .82, d =

0.05, BFp = 0.17.

We conducted three two-way within-subjects ANOVAs to examine the effects of learning
condition (error-correction, copy) and retention interval (immediate, delay) on the proportion of all other
error types (commissions, omissions, and confusions). There was no significant main effect of learning
condition on the proportion of commission errors, F(1, 40) = 0.13, p = .72, 775 <.01, BF;p = 0.18, with
participants producing a similar proportion of commission errors in the error-correction (M = .29, SD =
.22) and copy (M = .28, §D = .26) conditions. There was, however, a significant main effect of retention
interval, F(1, 40) = 4.72, p = .04, n; = .02, BFp = 1.14. Specifically, participants made more commission
errors in the delayed test (M = .32, §D = .24) than in the immediate test (M = .26, §D = .23). There was

no significant interaction between these variables, F(1, 40) = 2.22, p = .14, n5 = .01, BF;y = 0.54.

Regarding omission errors, there were no significant main effects of learning condition, F(1, 40)
=0.31, p = .58, 175 <.01, BFi = 0.19, or retention interval, F(1, 40) = 0.10, p = .75, né <.01, BFyp =
0.17. Participants generated a similar proportion of omission errors in the error-correction (M = .62, D
= .28) and copy (M = .64, SD = .29) condition, and in the immediate (M = .63, SD = .31) and delayed (M
= .64, §D = .20) test. Finally, no significant interaction between the variables was observed, F(1, 40) =

3.89, p=.06,n5 = .01, BFip = 1.14.

Regarding confusion errors, there was no significant main effect of learning condition, F(1, 40) =
0.04, p = .85, n; <.01, BFyp = 0.17, with participants generating a similar proportion of confusion errors
in the error-correction (M = .07, SD = .18) and copy (M = .08, §D = .17) conditions. There was,
however, a significant main effect of retention interval, F{(1, 40) = 10.35, p = .003, ng = .04, BF;y = 19.31.

Participants made more confusion errors in the immediate test (M = .11, §D = .21) than in the delayed
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test (M = .04, §D = .11). Finally, there was no significant interaction between the variables, F(1, 40) =

1.06, p = .31,n3 < .01, BF;p = 0.32.
Discussion

The present study aimed to replicate and extend the derring effect first reported by Wong and
Lim (2022a). Both studies compared the effectiveness of deliberately generating and correcting errors
when studying term-definition concepts to simply copying and underlining such concepts. Wong and Lim
(2022a) originally found that the error-correction condition led to better subsequent performance on an
immediate cued-recall test than the copy condition. We, by contrast, observed no benefit of error-

correction over copying in either an immediate or delayed cued-recall test.

We consider our null memory results to be meaningful for several reasons. First, the Bayes
factors revealed moderate evidence for the null hypothesis for both the main effect of learning condition
and the interaction between learning condition and retention interval. Second, as expected, participants
performed better in the immediate test than the delayed test, which is consistent with normal memory
deterioration over time (Ebbinghaus, 1885/1964). This result suggests that our experiment had
appropriate methodology to replicate other established memory effects in the literature. Finally, cued-
recall performance was not obviously subject to either ceiling or floor effects. Hence, there was ample
opportunity to detect a derring effect, and other aspects of memory (decay over time) followed a typical
pattern. Yet, derring did not confer a memory advantage, even in the immediate test, where Wong and

Lim (2022a, 2022b, 2023) and Yap and Wong (2024) consistently observed such benefits.

Our experiment had power equal to 80% to replicate the smallest effect comparing error-
correction to errorless learning reported in Wong and Lim (2022a; 4 = 0.43), which is the conventional
power level used in modern psychological research. Nevertheless, some critics might argue that this level
of power is insufficient for a replication study. However, if our experiment was underpowered, the Bayes
factors would have likely been anecdotal rather than moderate, with the former indicating equal or
almost-equal odds for both the null and the alternative hypotheses (Rosenfeld & Olson, 2021;
Schonbrodt & Wagenmakers, 2018). Consequently, we do not believe that low power is a legitimate

concern.
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Aside from memory performance, several other aspects of the data warrant elaboration. Notably,
errors in the cued-recall tests were most likely to be omission errors (i.e. where participants provided no
answer). This pattern contrasts with Wong and Lim’s (2022a) study, where participants’ incorrect test
responses were mostly commission errors. These findings could indicate a more cautious and
conservative response pattern among our sample. One possibility, therefore, is that our participants were
more reluctant to respond during the test unless they were confident about the correct answer, thereby

limiting their ability to gain credit for partial knowledge.

Given these different results, it would be useful to compare the quality of participants’ responses,
both at encoding and retrieval, in our study and in Wong and Lim’s (2022a) experiments. However, Wong
and Lim’s (2022a) data are not publicly available, nor were they available upon request. Thus, we can only

speculate as to the potential differences in participants’ responses.

Finally, participants' JOLs—their predictions of how much material they would remember—also
did not significantly differ between the error-correction and copy conditions. These predictions aligned
with participants’ objective recall performance. These findings differ from Experiment 1 in Wong and
Lim (2022a), where participants incorrectly predicted that their performance would be better in the copy
condition than in the error-correction condition. However, the results are more consistent with
Experiments 2 and 3 of Wong and Lim (2022a), where participants predicted no significant differences in
performance between the learning conditions employed in those experiments. Furthermore, when
participants judged the effectiveness of the study methods after each test, they judged the copy method as
the more effective learning method, whereas in Wong and Lim (2022a) both methods were perceived as
equally effective. This preference for the copy method in our study might be due to its straightforward
nature, where participants simply copied the term-definition concepts and underlined and rewrote the key
ideas within them, potentially leading to a perception of better comprehension and retention of the
material. In general, learning conditions that allow for fluent processing are often perceived by learners as
being more effective than conditions that induce “desirable difficulties” (Bjork & Bjork, 2011). This
pattern has also been observed in related work, including studies on the pretesting effect (Huelser &
Metcalfe, 2012; Yang et al., 2017), the retrieval practice effect (Kornell & Son, 2009), and fluent versus

disfluent lecture styles (Carpenter et al., 2013). Yet, conditions that present challenges during learning
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often boost long-term retention (Bjork & Bjork, 2011). Our results are thus in line with the often-seen

metacognitive illusion that fluent study conditions feel, but are not objectively, superior for learning.

Experiment 2

There are several potential reasons why we failed to replicate the derring effect in Experiment 1,
but we reserve elaborating on these reasons until the General Discussion. Before drawing strong
conclusions from a single null result, we felt it prudent to conduct an additional replication attempt to
further explore the boundary conditions of the derring effect. In Experiment 2, we therefore once again
pitted the error-correction and copy conditions against each other, this time in an online experiment. We
note that there were some procedural differences (noted below) between this study and Wong and Lim’s

(20222) experiments. As such, this study should be treated as a conceptual, rather than direct, replication.

We suspected that the biology and neuroscience materials were quite challenging for our
Psychology student participants in Experiment 1. This suspicion was supported by the low prior
knowledge that participants reported for the materials. One likely consequence of having low prior
knowledge of the materials is that participants may have struggled to generate conceptually plausible
errors. Since generating such errors is the key component of the error-correction condition, it might
explain why the error-correction condition did not boost cued-recall performance in Experiment 1.3 In
Experiment 2, we therefore changed the materials to trivia facts that we selected so that it would be
straightforward for participants to generate plausible errors, even if they did not have prior knowledge of
the trivia fact. For example, given the fact “T'he sunfish can produce more eggs than any other known vertebrate”,

participants should have easily been able to generate another vertebrate.

We also drew inspiration from studies on the pretesting effect, where having participants
generate erroneous guesses during learning (when the correct answers are not provided to them)

produces robust improvements in cued recall for related word pairs (e.g., Grimaldi & Karpicke, 2012;

3To test this possibility, we conducted a multiple linear regression with learning condition, retention interval, and
prior knowledge as predictors and cued recall performance as the dependent variable. The model explained
approximately 14% of the variance, F(7, 172) = 4.01, p <.001. Only the main effect of retention interval (4 =12.75,
p = .01) was significant (see Table S1).
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Kornell et al., 2009; Seabrooke et al., 2021) and trivia questions (Kornell, 2014), relative to a study-only
control condition (see Mera et al., 2022, for a review). In these experiments, word pairs and trivia
questions are usually presented on separate, experimenter-paced trials, to ensure that exposure to each
item is comparable. We adopted this approach in Experiment 2, such that the trivia questions in each
learning condition were presented on a trial-by-trial basis, meaning that each trivia question was presented

individually, one after the other, rather than presenting them all together in a combined list.

Thus, participants initially studied a series of trivia questions, with a keyword (representing the
answer to the question) presented in bold font. Each trivia fact was also presented a second time, but
with the keyword missing. On error-correction trials, participants were encouraged to generate a plausible
error for the keyword before copying the correct keyword. On copy trials, participants simply copied the
correct keyword twice. The key question was whether the error-correction condition would lead to better

performance than the copy condition on a subsequent cued-recall test.

Method

Participants

Forty-eight participants were recruited through Prolific and paid £6 per hour. Two participants
were excluded for failing to follow experimental instructions.* The remaining sample (IN = 46) had
sufficient power (81%) to detect the smallest reported effect size in Wong and Lim (2022a; 4 = 0.43). The
sample consisted of 28 females and 18 males, who were aged between 19 and 60 years (M = 38.93 years,

SD = 12.68 years). All participants spoke English as their first language and were located in the UK.

Design

A within-subjects design was used to compare cued-recall performance between the error-
correction and copy learning conditions. The primary dependent variable was the number of correctly

recalled answers in the cued-recall test.

*The excluded participants provided no response to over 50% of test trials, against the instruction to provide a ‘best
guess’. The results of the experiment were comparable regardless of whether these participants were excluded or
not.


http://www.prolific.com/
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Materials

The experiment was programmed using JsPsych (version 6.3.1; de Leeuw, 2015) and hosted on a
JATOS server (Lange et al., 2015). Device restrictions were applied on Prolific, which suggested that
participants access the experiment through a computer. Ninety-six trivia questions and their associated
answers were selected from Fastrich et al. (2018). Each question was reworded to be a trivia fact
consisting of one short sentence with the answer included in bold (e.g., Josgph Priestley discovered oxygen in
1774). Six trivia facts were allocated to the practice task. The remaining facts were randomly allocated to
the two learning conditions such that there were 45 facts in each condition for each participant. The

learning conditions were blocked and their order counterbalanced between participants.
Procedure

Participants completed an encoding phase, distractor task, and test. Before the experiment,
participants were screened through Prolific to ensure they were between 18 and 60 years old and English
was their native language. Participants first read an information sheet, provided informed consent, and
confirmed their age and English fluency. They were also asked to confirm that they would not use
additional memory aids to boost their performance. This ‘cheat check’ was repeated at the end of the
experiment. No participants admitted using additional memory aids. In addition, participants answered
three simple attention checks during the experiment, which aimed to exclude participants that were not
paying attention to the task (i.e., failing two or more of three attention checks). Here, participants viewed
a4 X 4 grid, with each cell containing a different letter. Their task was to identify the letter in red, while

all the others were presented in black. No participant was excluded based on this critetion.

Encoding Phase. Participants completed the two learning conditions in a blocked,
counterbalanced fashion. Each condition began with instructions on how to use the specified learning
method, followed by a short practice opportunity. In the copy condition, a trivia fact was presented at the
top of the screen with the answer written in bold (e.g., The sunfish can produce more eggs than any other known
vertebrate). The trivia fact was also presented beneath, but with the answer missing (e.g., The ____ can
produce more eggs than any other known vertebrate). Participants had 12 s to copy the correct answer (e.g., sunfish)

into an onscreen textbox. The textbox was then cleared and participants had 6 s to copy it again. In the


http://www.jatos.org/
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error-correction method, trivia facts were presented as in the copy condition, but participants had 12 s to
first generate a plausible error (e.g., carp) before correcting themselves by copying the correct answer (e.g.,
sunfish) for 6 s. For each condition, participants completed three practice trials followed by 45 main trials.
The trials were presented in a fresh random order for each participant and they were separated by 500 ms
intervals. After each block, participants provided a global JOL on an 11-point scale ranging from 0% to
100%, predicting what proportion of the facts they would remember at test. Participants then rated their

familiarity with the facts on a 5-point scale, ranging from 1 (Noz at all familiar) to 5 (Extremely familiar).

Distractor Task. The distractor task lasted approximately 2.5 min and involved a continuous
performance task occurring in two blocks. In each block, 128 colorful triangles were presented, each
shown for 450 ms, pointing up, down, left, or right. In the first block, participants were required to press
the spacebar whenever the triangle pointed upwards. In the second block, participants had to press the
spacebar whenever the triangle was both red and pointing upwards. Each block began with 32 practice

trials, each shown for 550 ms.

Test Phase. Participants completed a cued-recall test. Each trivia fact was presented individually,
in a random order, with the answer missing. Participants were asked to type the missing word into an
onscreen textbox in a self-paced manner. Participants could omit answers, although they were instructed
to provide a best guess if they could not recall the correct answer. No feedback was provided during this
phase. The main test was preceded by a practice test with the six trivia facts from the practice encoding
phase. Upon completion of the cued-recall test, participants were asked to rate how effective they found

each of the learning methods for learning the trivia facts on a scale from 1 (INo# at all) to 7 (Extremely).

Results

Scoring
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Participants’ test responses were classified as correct (1) or incorrect (0) according to whether
they matched the correct associated answer. Minor spelling errors, for which the meaning was clear (e.g.,

‘dalmtian’ instead of ‘dalmatian’) were scored as correct.

Prior Knowledge

Table 3 shows the mean and standard deviation of participants’ prior knowledge ratings and
metacognitive judgments. Prior knowledge of the trivia facts was low. Surprisingly, participants reported
significantly more prior knowledge of the trivia facts studied using the copy method than the error-
correction method, /(44) = 2.12, p = .04, d = 0.24, although the Bayes Factor evidence for this difference
was anecdotal, BFo = 1.23. We did not anticipate this difference (since the facts were randomly allocated

to the conditions across participants), but we offer a potential explanation for it in the Discussion.

Table 3

Mean Prior Knowledge of Facts, Cued-recall Performance, and Metacognitive Judgments in Experiment 2

Error-correction Copy
Variable M SD M SD
Prior knowledge of facts 1.91 0.76 2.15 0.99
Cued-recall performance (%) 70.99 18.62 72.08 18.72
JOL (%) 50.67 22.40 59.57 17.63
Perceived method effectiveness 3.96 1.46 4.91 1.19

Note. JOL = Judgment of Learning. N = 46 for ‘Perceived method effectiveness’ and ‘Cued-recall
performance’. N = 45 for ‘Prior knowledge of facts” and JOL’ due to one participant not providing a
response for these measures.

Cued-Recall Performance

Table 3 shows the mean percentage of correctly recalled targets (and corresponding standard
deviations) for each learning condition in the cued-recall test. A paired samples ~test revealed that cued-
recall performance did not significantly differ between the learning conditions, A(45) = 0.60, p = .55, d =

0.06, and the Bayes factor moderately supported the null, BFip = 0.19.

Metacognitive Judgments

5> Unlike Experiment 1, the correct answer in Experiment 2 was a single word. Participants therefore had less
opportunity to partially answer the questions, making the partial credit procedure from Experiment 1 unnecessary.
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Concerning participants’ JOLs (see Table 3), participants predicted that they would recall more
trivia facts from the copy condition than the error-correction condition, #(44) = 2.63, p = .01, 4= 0.41,
BFio = 3.42. Similatly, after the cued-recall test, participants evaluated the copy method as more effective
than the error-correction method, #45) = 3.53, p = .001, 4 = 0.72, BF1o = 30.08. Together, these results

demonstrate a discrepancy between participants’ judgments and their memory performance.
Error Type Analysis

As in Experiment 1, participants’ cued-recall errors were categorized into commission, omission,
confusion, and intrusion errors. Table 4 shows the mean proportion (and standard deviation) of each error
type. Most incorrect responses were commission errors, with participants making significantly more
commission errors for facts studied using the copy method than the error-correction method, #45) =
3.76, p < .001, 4= 0.61, BFio = 56.34. There was no significant difference between conditions in the
proportion of omission, #45) = 0.95, p = .35, 4 = 0.07, BFio = 0.24, or confusion, #(45) = 1.54,p = .13, d
= 0.32, BFio = 0.48, errors. Intrusion errors accounted for 12% of incorrect responses for items studied

in the error-correction condition.

Table 4

The Distribution of Errors at Test Across the Commission, Omission, Confusion, and Intrusion Categories in Experiment
2

Error-correction Copy
Error category M SD M SD
Commission .55 24 71 29
Omission A1 .19 A2 23
Confusion 22 A7 17 A7
Intrusion A2 13 - -

Note. Intrusion errors were not applicable to the errorless copy condition. N = 46.

Cross-Experimental Analysis



TWO FAILURES TO REPLICATE THE DERRING EFFECT 23

Experiments 1 and 2 produced no evidence of a derring effect, and indeed the Bayes factors
provided moderate support for the null in both cases. It is worth noting, however, that the sample size
for both experiments was chosen to provide 80% power. While this is the conventional level of power for
psychological research, it does allow for 20% possibility of Type 11 error. To more broadly assess the
degree of evidence for the derring effect (across minor methodological changes) with greater power, we
reanalyzed the combined cued-recall data from Experiments 1 and 2. Only the immediate test was
included from Experiment 1, and the same exclusion criteria were applied as in the original analyses,

leaving 45 participants from Experiment 1 and 46 participants from Experiment 2.

The mean percentage of correctly recalled targets per condition in Experiment 1 and 2 is shown
in Figure 1 and Table 3, respectively. A 2 (group: Experiment 1 vs. Experiment 2) X 2 (condition: error-
correction vs. copy) mixed ANOVA on the percentage of correctly recalled items revealed a significant
main effect of group, F(1, 89) = 39.33, p <.001, nf, = .28, BFio > 100. Average cued-recall performance
was poorer in Experiment 1 (M = 44.26%, SD = 25.42%) than Experiment 2 (M = 71.53%, §D =
18.58%). More importantly, there was no significant main effect of condition, with the error-correction
(M = 57.68%, SD = 25.30%) and copy (M = 58.41%, SD = 26.90%) conditions producing comparable
cued-recall performance, F(1, 89) = 0.18, p = .68, r]f, < .01. Furthermore, the Bayes factor provided
moderate support for the null hypothesis even with the greater power that the combined participant
sample provided, BFio = 0.17. Finally, there was no significant interaction between the group and
condition factors, I(1, 89) = 0.04, p = .84, 775 < .01, with the Bayes factor again providing moderate

support for the null hypothesis, BFip = 0.24.
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Discussion

As in Experiment 1, the error-correction condition did not produce better subsequent cued-recall
performance than the copy condition. This null result replicated a similar null result in Experiment 1
using different materials and minor procedural variations. Interestingly, participants judged the copy
condition to be more effective than the error-correction condition. This belief was reflected both in their
JOLs and in their perceived effectiveness ratings. The latter judgment mirrors the pattern seen in

Experiment 1, further suggesting that participants preferred the more fluent copy condition.

Participants also reported greater familiarity with the trivia facts in the copy condition than in the
error-correction condition. This was an unexpected result because the trivia facts were randomly allocated
to the encoding conditions for each participant. Nevertheless, because the familiarity ratings took place
affer each encoding condition, we suspect that the result may also reflect participants’ sense of increased

fluency in the copy condition.

Finally, some differences were observed in participants’ errors in the cued-recall test compared to
Experiment 1. Participants made mostly omission errors in Experiment 1, but mostly commission errors
in Experiment 2 (as in Wong & Lim’s, 2022, study). We suspect that this difference may firstly reflect the
use of trivia questions in Experiment 2, which provided more context to make a reasonable guess (e.g.,
The _____ can produce more eggs than any other known verfebrate clearly indicates that the answer is a vertebrate).
We also suspect that the cued-recall instructions, which emphasized guessing where necessary in
Experiment 2 only, may also have encouraged more overt guesses. Participants also made significantly
more commission errors in the copy condition than the error-correction condition in Experiment 2. This
pattern may have arisen because participants could not make intrusion errors in the copy condition,
meaning that their errors from the copy condition were classified into three rather than four categories.
Intrusion errors were relatively rare in both experiments, suggesting that participants’ guesses did not

interfere much with retrieval of the correct answers in either experiment.

General Discussion

In two experiments, we failed to observe the derring effect. In each experiment, participants

studied biological term-definition (Experiment 1) or trivia (Experiment 2) facts, either by correctly
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copying the facts twice, or by copying the information with a conceptually plausible error, before
correcting that error. In a subsequent cued-recall test that took place either immediately (Experiments 1

and 2) or after two days (Experiment 1), cued recall did not significantly differ between the conditions.

There are several possible reasons why we might have failed to replicate the derring effect. One
notable difference between our study and those conducted by Wong and Lim (2022a, 2022b, 2023), as
well as Yap and Wong (2024), is the sample characteristics; they recruited university students from
Singapore, while we recruited university students from England.® Educational practices in Asian
communities often encourage students to initially attempt to solve problems on their own—an error-
based learning approach—instead of starting with teacher-directed explanations that are more common in
Western communities (Metcalfe, 2017; Schleppenbach et al., 2007; Stevenson & Stigler, 1994; Stigler &
Hiebert, 1999). Teachers from Asian cultures may also react differently to teachers from Western cultures
when students do make errors. Schleppenbach et al. (2007), for instance, compared teachers from Chinese
and U.S. schools. While both sets of teachers tended to ask follow-up questions when students made
errors, Chinese teachers were significantly more likely to ask students follow-up questions after an error
than US teachers. Moreover, Chinese teachers were also more likely than US teachers to openly make
students feel comfortable about making errors. It is therefore possible that Wong and Lim’s (2022a)
participants were more familiar with error-based learning than our British participants, thereby leading
them to approach the task more enthusiastically and thereby generate ‘better’ kinds of errors. In other
words, the preconceptions that participants bring to a study on error-based learning may influence the
effectiveness of the technique. In this regard, it would be very useful to compare the types of deliberate
errors that our participants made (which are publicly archived) with the errors that Wong and Lim’s
(2022a) participants made. Unfortunately, this is not possible at present because Wong and Lim’s (2022a)

data are not publicly archived and were not available upon request.

While our methodology, particularly in Experiment 1, was mostly comparable with Wong and
Lim (2022a), there were some procedural differences. One difference is that we compared only the most

effective error-correction condition with the least effective copy condition and omitted the intermediate

6 We did not record how many international students participated in the study because we did not anticipate that the
derring effect would be moderated by nationality.
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error-cancel condition. It is, in principle, possible that the omission of the error-cancel condition is
responsible for our failure to observe the derring effect, but we see no @ priori reason why this would be
the case and we therefore consider it an unlikely explanation. In both Wong and Lim’s (2022a)
experiments and ours, the encoding conditions were blocked, and the order of these conditions was
counterbalanced across participants. If the derring effect results from carryover effects between the error-
cancel condition on the one hand and the error-correction and copy condition on the other, we would
expect that influence to be much more pronounced when the conditions are presented in a randomly
intermixed order. Moreover, Wong and Lim (2022a) also observed a derring effect in one experiment that
did not include an error-cancel condition, which suggests that the error-cancel condition does not play a

critical role in obtaining the effect.

A third possibility is that our findings reflect a Type 11 error (false negative). We of course cannot
rule out this possibility. However, we note that we have two pre-registered experiments in which the
Bayesian analyses moderately supported the null. Experiment 1 was a close laboratory replication of
Wong and Lim’s (2022a) Experiment 1, which we expected to provide maximal opportunity to obtain the
derring effect. The laboratory nature of the experiment, coupled with participants completing the
encoding conditions with pen and paper (which then must be hand-scored), made for a time-consuming
and resource-dependent experiment. To our knowledge, we are the only group of researchers who have
sought to independently replicate the derring effect. We therefore think that it is important to document

our struggles to prevent futile attempts to obtain the derring effect in other laboratories.

A fourth possibility is that the original effects reported in Wong and Lim (2022a) reflect a Type 1
error (false positive). This possibility is noteworthy for several reasons which, when taken together, raise
significant concerns. First, as noted earlier, Wong and Lim’s (2022a) data are not publicly available, nor
were they available upon request; the data for Wong and Lim (2022b) and Wong (2023) are also not
publicly available, and only the aggregated (but not raw) data are publicly available for Yap and Wong
(2024). Second, Wong and Lim (2022a) excluded 10% of their participants on the vague and non-
preregistered grounds that they “failed to conform to the experimental instructions” (p. 28), providing no
further details on the matter. Third, the original derring effect that compared the error-correction method

to the copy method in Wong and Lim’s (2022a) Experiment 1 yielded a surprisingly large effect size of 4
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= 1.30, which is considerably larger than some of the most robust effects in the literature. Indeed, it is 2.6
times the meta-analytic effect size of the testing effect (¢ = 0.50; Yang et al., 2021).7 Overall, despite
Wong and Lim’s (2022a) experiments being reasonably powered, their lack of data transparency,
ambiguous and unplanned exclusion criteria, and unusually large effect size make it pertinent to consider

the possibility that the original effects are false positives until further evidence comes to light.
Theoretical Implications

Although we did not observe a derring effect in our work, our findings may have theoretical
implications for related phenomena in which errors later affect memory. Wong and Lim (2022a) offered
three theoretical accounts of the derring effect. One suggestion derived from an ironic rebound effect of
thought suppression (see Wegner et al., 1987). The idea here is that, when participants attempt to generate
a plausible error, they suppress the correct answer which then rebounds and becomes particularly
available in memory. Wong and Lim (2022a) argued against this account because their error-correction
condition produced better subsequent cued-recall performance than the error-cancel condition, where
participants generated plausible errors but were not required to correct them. The authors argued that
correcting the error would satisfy participants’ need to express it, thereby reducing the rebound effect and
the availability of the answer in memory. Thus, they argued that this ‘rebound’ account predicts that
correcting deliberate errors should be less beneficial than #o# correcting them, which is opposite to their

observed pattern.

The second theoretical account posited by Wong and Lim (2022a) can broadly be categorized as
a ‘semantic elaboration’ account that is akin to the mediator effectiveness hypothesis of the testing effect
(e.g., Carpenter, 2011; Pyc & Rawson, 2010) and semantic accounts of the pretesting effect (e.g., Grimaldi
& Karpicke, 2012; Zawadzka & Hanczakowski, 2019). The idea here is that generating a plausible error
requires greater elaboration of the correct answer than in the errorless copy condition. In turn, greater
elaboration should produce additional retrieval routes, or mediators, to boost recall. Wong and Lim

(2022a) also argued against this theory for two reasons. First, they argued that correcting a deliberate error

7 Note that Cohen’s 4and Hedge’s g are largely comparable, especially with medium and large sample sizes (Goulet-
Pelletier & Cousineau, 2018).
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at encoding should not affect the capacity of that error to later serve as a mediator, and yet the error-
correction condition boosted cued recall relative to the error-cancel condition.® Second, deliberate erring
produced better subsequent cued-recall performance than generating synonyms or examples of the term-
definition concepts. Generating synonyms and examples both require participants to elaborate on the
answer and would be expected to foster a semantic network that could aid subsequent cued-recall
performance. The fact that deliberate erring improved cued-recall performance, beyond generating

synonyms and examples, suggests that the derring effect reflects more than just semantic elaboration.

Our failure to observe the derring effect clearly provides no positive evidence for these theories,
and instead suggests that these mechanisms are unlikely to be in operation in the error-correction
condition. Wong and Lim’s (2022a) favored theory was that derring encourages participants to pay more
attention to correct answers, thereby improving episodic recollection of the encoding event (Tulving,
1985). However, we see some problems with this account. First, it is difficult to explain why the error-
correction condition would improve cued recall in Wong and Lim’s (2022a) experiments, but not in our
experiments. Second, and more generally, it is possible that any attentional facilitation requires
psychological factors that the error-correction condition does not afford. One prominent theory of the
pretesting effect, for example, suggests that generating errors boosts attention to the correct answers
because the act of guessing induces a sense of curiosity (Potts et al., 2019; Seabrooke et al., 2019b) about
the answer. As Wong and Lim (2022a) noted, it is difficult to understand how deliberate erring would
induce curiosity, because participants already know the correct answer when they generate an error.
Likewise, the hypercorrection etfect has also been attributed to enhanced attentional processing that comes
when participants are surprised to receive feedback after generating a high-confidence error (Butterfield
& Metcalfe, 2006; Fazio & Marsh, 2009). Again, it is difficult to see how participants could be surprised in

the derring paradigm, because they know the correct answer when they generate an error.

8 One possibility, however, is that the error is inhibited by correcting it, thereby reducing its capacity to act as a
mediator. This possibility would be in line with research demonstrating apparent inhibition of memory
representations that are not the direct focus of the current task. For example, representations of ignored stimuli are
potentially inhibited in selective attention tasks (e.g., negative priming; Tipper, 1985) and representations of words
related to retrieved items are potentially inhibited during retrieval (e.g., retrieval-induced forgetting; Anderson et al.,
1994).
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Thus, it is possible that some element of curiosity or surprise is necessary for errors to be
beneficial. This suggestion not only speaks to the derring effect, but to the question of whether generating
errors zn general is likely to be beneficial. Asking learners to generate guesses, or erroneous alternative
answers, may only be beneficial when there is an information gap (Potts et al., 2019) that can be filled
with subsequent corrective feedback. As Wong and Lim (2022a) noted, however, it is not clear why their
participants would have been curious or surprised to learn the answers, given that the answers were

already present in their error-correction and error-cancel conditions.

Pedagogical Recommendations

Given the struggles that we have documented in obtaining the derring effect, we cannot
recommend deliberate erring as an effective study technique. Instead, we encourage students and
educators to adopt other better established study strategies, such as retrieval practice, to exploit the
backward (Roediger & Butler, 2011; Rowland, 2014) and forward (Yang et al., 2018) testing effects, and
successive relearning to obtain the benefits of spaced retrieval practice (Higham et al., 2022, 2023).
Deliberate erring appeared to be highly effective for Wong and Lim’s (2022a, 2022b, 2023) and Yap and
Wong’s (2024) participants, who were students from Singapore, and so there may be cultural differences

at play. At present, this is an empirical question that awaits further research.

This is not to say that we encourage students to adopt a wholly errorless approach to learning. For
example, studies on the prequestioning effect have shown that asking participants questions before they
watch an educational video can improve their learning of the material (Carpenter et al., 2023). In such
studies, participants are asked to answer questions about a topic before they have studied it, meaning that
their answers are almost inevitably wrong, and yet such guessing still improves subsequent cued-recall
performance. Similar findings have also been shown when participants guess the answers to questions
before studying educational passages of text (Richland et al., 2009), and when learning trivia facts
(Kornell, 2014). Moreover, the act of attempting to retrieve previously studied information from memory
in general is beneficial for learning, regardless of whether the retrieval attempt is ultimately successful
(Kornell et al., 2015). Similar findings have also been observed in studies on the generation effect, where

participants were tasked with completing sentences that had open endings (e.g., The executive went to shop for
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a new ___) (Kane & Anderson, 1978). Thus, we recommend that students regularly attempt to retrieve
information from memory, even when uncertain, because successful retrieval is beneficial and
unsuccessful retrieval is not usually harmful (although see Seabrooke et al., 2019a, Experiment 5 for an
exception). Regular retrieval attempts that are followed by corrective feedback, rather than deliberate
error generation when the correct answer is already provided, remains to be the more effective study

strategy.

Conclusion

We report two preregistered experiments in which we failed to observe the derring effect first
reported in Wong and Lim (2022a). We observed no benefit of generating and correcting errors relative
to copying terms without errors, in either an immediate or a delayed cued-recall test. Our findings suggest
that committing and correcting deliberate errors during learning does not reliably enhance cued-recall
performance. Further research is needed to thoroughly evaluate the effects of generating errors—both

deliberate and accidental—on learning considering diverse conditions and participant populations.

Constraints on Generality

Following Simons et al. (2017), we consider the generality of our findings in a Constraints on
Generality statement. Our results contrast with those reported by Wong and Lim (2022a, 2022b, 2023)
and Yap and Wong (2024). Before commencing this line of research, we expected the derring effect to be
a robust phenomenon that would generalize beyond Wong and Lim’s (2022a, 2022b, 2023) and Yap and
Wong’s (2024) participants. This appears not to be the case. Their participants were all Singapore
undergraduates, while our participants were located in the UK (undergraduates in Experiment 1 and
Prolific participants in Experiment 2). It is possible that the derring effect is a replicable effect, but that it
is limited to certain samples such as Singapore students. If this is the case, it would be worth testing
whether the effect also extends to age groups that are different from the university undergraduates that
Wong and Lim (2022a, 2022b, 2023) and Yap and Wong (2024) tested (e.g., younger children and older
adults). Specifying the target populations, and the boundary conditions, of the derring effect will be

critical if deliberate erring is to be used in real educational environments.
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