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LEARNING, INSTRUCTION, AND COGNITION                                               

Generative Processing Strengthens Learning Across Errorful 
and Non-Errorful Contexts

Thet Hnin Khin Khina,b and Steven C. Pana 

aDepartment of Psychology, Faculty of Arts and Social Sciences, National University of Singapore, Singapore 
City, Singapore; bHarvard Graduate School of Education, Harvard University, Cambridge, MA, USA 

ABSTRACT 
Errorful generation—making (often) incorrect guesses about unfamiliar 
information—can enhance learning if accompanied by corrective feedback. 
Four experiments investigated how feedback processing influences the 
retention of obscure word definitions. Participants processed feedback via 
non-generative (reading, copying), elaborative (studying examples or mne
monics), or generative (rephrasing, example generation) methods. In 
Experiments 1, 2, and 4, rephrasing feedback consistently yielded better 
learning than reading or copying. In Experiment 3, rephrasing and example 
generation outperformed keyword mnemonics. Experiment 4 revealed that 
rephrasing improved learning even without errorful generation. Evidence 
for studying provided examples was mixed. Overall, these findings demon
strate that generative processing facilitates learning, and for errorful gener
ation, the impact of feedback is determined not just by its presence, but 
how it is engaged with.
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Introduction

In the learning sciences, errorful generation—wherein learners attempt to answer questions about 
previously unlearned material, often resulting in incorrect guesses—has attracted growing interest 
for its potential to enhance learning, although it is still relatively uncommon in real-world educa
tional settings (Pan et al., 2020). Importantly, the memorial benefit of errorful generation, which 
is also known as the errorful generation benefit or the pretesting effect, is contingent on learners 
having the opportunity to engage with correct answer feedback following an error. For example, 
a student might be asked to guess the meaning of the unfamiliar word “guerdon”, respond incor
rectly, and then receive the correct answer (“to provide with a reward or compensation”) as feed
back. Provided that the student has the opportunity to learn from that feedback—which is usually 
accomplished by reading it—then they are likely to remember the meaning of the word more suc
cessfully than if they had simply studied the word and its definition from the outset. Benefits of 
errorful generation with corrective feedback have been demonstrated relative to non-errorful 
methods (e.g., reading or studying without any prior guessing) with such stimuli as word-defin
ition pairs (Potts et al., 2019), facts (Kornell et al., 2009), and prose (Richland et al., 2009).

Various theoretical accounts for this phenomenon exist (for reviews, see Metcalfe, 2017; 
Kornell & Vaughn, 2016; Mera et al., 2022; Pan & Carpenter, 2023). The semantic mediator 
hypothesis proposes that guessing activates related mental concepts, one of which may serve as 
mediator linking the cue and target (Potts et al., 2019); once feedback is provided, the correct 
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answer becomes associated with this mediator, facilitating later retrieval. Search set theory sug
gests that presenting a cue triggers a memory search, activating candidate answers, with feedback 
strengthening the association between the correct answer and the relevant cue, facilitating later 
retrieval (Grimaldi & Karpicke, 2012). The prediction error account posits that when learners’ 
responses are flagged as erroneous, they become aware of knowledge gaps, creating a disequilib
rium that induces greater attention and motivation to learn from corrective feedback (Knight 
et al., 2012; cf. Seabrooke et al., 2022), yielding deeper encoding and increased retention relative 
to passive studying. Finally, the memory-for-change account (related to recursive reminding the
ory, Hintzman, 2011) proposes that the act of errorful generation and learning the correct answer 
can form a distinct episodic memory (Jacoby & Wahlheim, 2013; Wahlheim & Jacoby, 2013), 
which enhances later recall of the correct response.

Most research on errorful generation has focused on the effects of making incorrect guesses, 
leaving a notable gap regarding how learners process and internalize corrective feedback (with a 
notable exception being the timing of such feedback, which appears to be most potent when it is 
immediate; Hays et al., 2013). In fact, in most studies of errorful generation, participants are 
expected to study feedback without any detailed instructions or procedures for how to engage 
with it (Metcalfe, 2017). Yet feedback processing, which is crucial for the benefits of errorful gen
eration, can take on a multitude of forms beyond reading correct answers (e.g., Park & Ahn, 
2022). In classroom and other real-world learning contexts, exactly what form(s) of feedback 
processing should occur following errorful generation remains unclear. To address that gap, the 
present study investigated the impacts of different feedback processing strategies—including gen
erative versus non-generative approaches—on learning through errorful generation.

Feedback processing strategies and learning

Several prominent learning theories and frameworks imply that processing corrective feedback in 
a generative manner—that is, where the learner must produce something meaningful and separate 
from information provided to them (Brod, 2021)—could be beneficial for learning. In fact, gen
erative learning theories posit that producing new content, as opposed to passively receiving 
information, can improve comprehension, understanding, and other learning outcomes (Fiorella 
& Mayer, 2016). If so, then having learners not just read feedback but generate something new in 
response to that feedback—such as rephrasing feedback in one’s own words—may be beneficial. 
Similarly, the interactive–constructive–active–passive framework (Chi & Wylie, 2014) suggests 
that when learners engage in constructive (i.e., creating new content) or interactive (i.e., integrat
ing new with old knowledge) activities, learning can benefit. Active learning activities, which 
require manipulating content in some fashion, are thought to be less beneficial but still more 
effective than passive learning activities. The well-established generation effect (Slamecka & Graf, 
1978; see also Bertsch et al., 2007; Crutcher & Healy, 1989), in which memory for verbal materials 
improves when participants produce rather than merely read them (e.g., completing the word 
fragment “ap_le” rather than reading the intact word “apple”), further underscores the learning 
benefits of generating content over passive reception.

Although the effects of generative versus non-generative feedback processing on errorful gener
ation have yet to be investigated, related findings offer relevant insights. For instance, Park and Ahn 
(2022) examined reading, copying, and explaining (describing the rationale behind feedback from 
the learner’s understanding) as feedback processing strategies after students received written correct
ive feedback on their second language writing errors. Copying and explaining yielded increased feed
back implementation during subsequent writing activities compared to the reading condition. 
Although the students’ mistakes were natural occurrences rather than the product of deliberate error
ful generation, this finding supports the notion that different feedback processing strategies and at 
least one type of generative strategy (explaining) can yield different levels of cognitive engagement, 
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affecting learning. Similarly, Siegler (1995) found that encouraging young children to explain the rea
soning behind corrective feedback received, beyond merely reading it, enhanced their learning of 
number conservation. The generative process of providing justification for the correct answer bene
fited learning even when it conflicted with the child’s initial response, possibly through greater depth 
in cognitive processing (Craik & Lockhart, 1972) and elaborative thinking (Levin, 1988). Further, 
Lahtinen et al. (1997) demonstrated that generative strategies such as summarization and concept 
mapping outperformed verbatim notetaking (i.e., copying) and underlining, which themselves sur
passed passive reading. Although this study examined strategies employed autonomously by students 
to assimilate lecture content rather than feedback processing methods, it provides empirical support 
for the advantages of generative processing of knowledge in educational contexts.

In some cases, feedback processing does not necessarily need to be generative to enhance 
learning. The copying condition in Park and Ahn (2022) is one such example. In another case, 
Pan, Hutter, et al. (2018) had participants engage in retrieval practice with feedback on biology 
concepts, and on each trial, compare corrective feedback with their own response and copy that 
feedback verbatim. That approach to feedback processing (comparison and copying) yielded bet
ter learning outcomes than simply studying feedback.

Finally, it should be emphasized that feedback processing strategies in the absence of errorful 
generation vary across real-world pedagogical contexts. In some instances, students may be sim
ply asked to read or study feedback, as commonly implemented by U.S. undergraduate educators 
(e.g., Fyfe et al., 2021), whereas more elaborate practices are used in other contexts, such as 
schools in Hong Kong and Malaysia, where the practice of engaging in “corrections,” where stu
dents copy and reflect on correct answer feedback, is common (e.g., Lee, 2013; Sidhu & Fook, 
2010). Similarly, in countries such as Japan—where critically reflecting on failure is regarded as 
integral for self-improvement (i.e., hansei)—feedback from educators is often viewed as infallible, 
resulting in a greater tendency for learners to engage in verbatim copying and modeling of cor
rect answer feedback (e.g., Kozato et al., 2023; Stephens, 2020).

Feedback types and learning

The research literature on different types of corrective feedback further reveals that not all forms 
of feedback are equally effective (for a taxonomy, see Kulhavy & Stock, 1989). For example, 
Pashler et al. (2005) compared the effects of correct answer feedback with right-or-wrong feed
back on the learning of word translations, finding that correct answer feedback was more effect
ive. Crucially, that pattern was specific to instances of incorrect responding; if a learner’s 
response was correct, then feedback type was inconsequential. Other feedback types involving 
more than just a correct answer, such as explanations or examples—which can be classified as 
elaborative feedback (Butler et al., 2013)—can also benefit learning. In the context of concept 
learning, for example, elaborative feedback can yield more transferrable learning than simple cor
rect answer feedback (e.g., Butler et al., 2013; Pan, Hutter, et al., 2018).

This study

Across four experiments, we investigated the impact of different feedback processing strategies on 
learning the definitions of unfamiliar, low-frequency English words through errorful generation. 
In each experiment, participants underwent a learning phase where they engaged in errorful gen
eration with correct answer feedback to learn definitions (a stimulus type that has been a focus of 
prior studies; e.g., Potts & Shanks, 2014) and then took a posttest. Each experiment compared 
generative (i.e., rephrasing, example generation) and non-generative (i.e., reading, copying, studying 
keyword mnemonics) feedback processing strategies. These strategies were drawn from prior 
research on evidence-based learning techniques (Cummings et al., 2023; Dunlosky et al., 2013) 
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and represent ways of processing correct answer feedback that differ qualitatively and on other 
dimensions.

As shown in Table 1, we classified rephrasing (i.e., rewriting the definition in one’s own 
words) and example generation (i.e., using the word in a meaningful sentence) as generative, 
elaborative, and active learning strategies. Both strategies require learners to produce semantically 
or contextually relevant ideas that extend beyond the information provided in corrective feedback, 
and the process involved is not passive. In contrast, copying (i.e., transcribing the definition ver
batim) is a non-generative, non-elaborative, but active processing strategy, as it involves the phys
ical act of typing but does not engage learners in creating new content or require added mental 
operations. Studying keyword mnemonics, which are designed to make a word and its definition 
or translation more memorable, is also a non-generative strategy, as the mnemonic is provided 
directly to the learner. Although it does not involve creating new material, the keyword mne
monic engages active mental visualization processes and involves mental elaboration on the to- 
be-learned materials. Finally, reading (i.e., the word and its definition) is non-generative, arguably 
non-elaborative, and passive, as it involves simply receiving the feedback without overt manipula
tion or cognitive effort. It was hypothesized that generative strategies, which engage learners in 
higher levels of cognitive and constructive effort, would lead to better learning outcomes com
pared to non-generative strategies.

Additionally, we investigated elaborative feedback through the provision of examples. In 
Experiments 1 and 2, participants received correct answer feedback (i.e., target words and their 
definition) that did or did not also contain an example sentence which used the target word in a 
manner appropriate for its meaning. Analogous to the benefits of explanation feedback (Butler 
et al., 2013), it was hypothesized that example-enhanced feedback would yield greater word learn
ing accuracy by providing learners with more detailed context for learning the target word defini
tions. The provision of keyword mnemonics in Experiment 3 also constituted a form of 
elaborative feedback.

Experiment 1

Experiment 1 compared, in the context of errorful generation, the effectiveness of two feedback 
processing strategies: the generative strategy of rephrasing and the non-generative strategy of 
reading. It also examined whether providing examples as a form of elaborative feedback confers 
learning benefits. A non-errorful generation control condition was further included for compari
son purposes. Ultimately, this experiment addressed the question: Is generative feedback process
ing (via rephrasing) more effective than reading, and as a secondary question, is providing 
example sentences as feedback also beneficial?

Table 1. Feedback processing strategies.

Expt. Strategy Definition Generative? Elaborative? Active?

1, 2, 3, 4 Rephrasing Rewriting the definition in one’s own 
words

Yes Yes Yes

1, 2, 4 Reading Reading the word and its definition No No No
2 Copying Transcribing the definition verbatim No No Yes
3 Example generation Create a sentence that uses the word in 

a meaningful way
Yes Yes Yes

3 Keyword mnemonic Using a provided mnemonic to help 
learn the word’s meaning

No Yes Yes

Note. Generative refers to whether new content is being created or constructed; elaborative refers to mental processing that 
involves more than just encoding the exact provided information; and active refers to manipulating content as opposed to 
passive learning.
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Method

Participants
An a priori power analysis using G�Power (Faul et al., 2009) was conducted to determine the 
minimum sample size needed to detect a small-to-medium effect size (cf. Cohen, 1988) of 
Cohen’s f¼ 0.20 with 80% power at a ¼ 0.05 for a within-subjects design with two independent 
variables: Processing Condition (3 levels: rephrasing, reading, and copying) and Example 
Feedback (2 levels: yes and no). The copying condition served as the non-errorful generation con
trol, in which participants did not guess the word meaning but simply copied the definition. For 
reference, Pashler et al. (2005) observed a large effect size for correct answer feedback over right- 
or-wrong feedback of Cohen’s d� 1.0; we sought to power for potentially smaller effect sizes. In 
the context of a repeated-measures 3� 2 ANOVA, the analysis was designed to detect a main 
effect of one factor, such as Processing Condition or Example Feedback. The study was not spe
cifically powered to detect an interaction between the two factors, as we had no a priori reason 
to expect an interaction and were primarily interested in the main effect of Processing Condition, 
followed by any main effect of Example Feedback (it is acknowledged that this experiment may 
have been underpowered to detect an interaction). A minimum sample size of 28 participants 
was indicated but given uncertainty about how different feedback processing strategies might 
impact learning, to provide a buffer in case of possible data exclusions, and given conventional 
minimum sample sizes in psychological research (Marszalek et al., 2011), we targeted a larger 
sample size of at least 40 participants (which applied to Experiments 1–2).

Fifty-one participants were recruited from the participant pool at a large research university in 
Southeast Asia in exchange for course credit or a remuneration of SGD$10. Participants had to 
be at least 18 years of age, fluent in English, and to be included in the analysis, demonstrate low 
familiarity with the target words (i.e., guessing performance being three standard deviations 
higher than mean performance). Because the experiment was conducted in person, an experi
menter confirmed participants’ ability to follow instructions and complete the tasks, and none 
disclosed any developmental or mental conditions or medication use that would affect perform
ance. One participant was removed prior to formal analysis due to evidence of prior familiarity 
with the stimuli. The final sample had 50 participants with a mean age of 21.6 years and was 72% 
female.

All experiments in this study were conducted at the National University of Singapore under 
ethics board approval (Psych-DERC Reference Code: 2024-June-05). All participants provided 
informed consent before participating and were treated in accordance with the principles outlined 
in the Declaration of Helsinki.

Design
Experiment 1 used a 3 (Processing Condition: rephrasing/reading/copying) � 2 (Example 
Feedback: Yes/No) within-subjects design. The dependent variable was the proportion of correct 
answers on the posttest. For each participant, target words were randomly assigned to one of the 
three Processing Conditions, with half of the words in each condition also randomly assigned to 
receive example feedback while the remaining half received no examples alongside feedback. The 
order of the three Processing Conditions was counterbalanced across participants and the order 
of target words was randomized within each condition.

Materials
Thirty-six low-frequency English verbs and their definitions were used as the learning stimuli 
(e.g., asperse: attack or criticize another’s image). The words were extracted from the SUBTLEX- 
US (Brysbaert & New, 2009) database and the Thorndike and Lorge (1944) list, with each word 
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being 5–8 letters long, containing 1–3 syllables, and having a frequency of one or fewer occur
rences per million words. The definitions, each between 4 and 8 words long, were adapted from 
the Oxford University Press (2025) and Collins Online Dictionary (2025). For the Yes level of the 
Example Feedback condition, example sentences of between 11 and 19 words in length were gen
erated (e.g., “The gossip columnist was known to asperse celebrities with sensational and false 
stories.”). Examples of the stimuli are presented in Table 2, whereas the entire stimulus set and 
other study materials are archived on the Open Science Framework (https://osf.io/c5f6g/?view_ 
only=1bca1000941f42f08b75277cd61aefb4).

Throughout the study, every target word was presented alongside a five-option multiple-choice 
question during both learning and posttest phases, requiring selection of the correct definition 
apart from four distractor definitions. Each word had unique distractor options that were seman
tically distinct yet plausible enough to not be easily dismissed (e.g., mirroring meanings of other 
words with phonetic or orthographic properties similar to the target word). To maintain consist
ency with the correct definition, distractor definitions were also kept between 4 and 8 words 
long. The sole exception was the non-errorful generation control condition, wherein the target 
word and correct definition were presented simultaneously with no additional information.

It should be noted that we selected obscure English verbs and their definitions because they 
were well-suited for the feedback-based learning methods investigated in this study. The mne
monic benefits of errorful generation with such materials—where participants have little to no 
prior knowledge or preexisting semantic associations—are however sometimes weaker than those 
observed with materials that are more familiar or semantically linked (e.g., associated word pairs; 
cf. Potts et al., 2019; Seabrooke et al., 2022).

Procedure
Experiment 1 used a general procedure that was largely maintained across subsequent experi
ments. Participants completed a 60-minute session in a psychology laboratory room, working 
individually at privacy-walled computer stations under supervision. After giving consent and 
answering demographic questions, they proceeded to the learning phase, with the three 
Processing Conditions presented as three separate sections, each with 12 target words and their 
corresponding definitions (i.e., as feedback), presented one word at a time, with random assign
ment and counterbalancing as described previously. The entire procedure is depicted in Figure 1
and details of the different sections, each of which took around 15 min (except where noted), are 
as follows.

Table 2. Example word-definition stimuli.

Target word Definition
Example Feedback (Experiments 

1–2) Keyword Mnemonic (Experiment 3)

aberrate deviate from what is normal 
or correct

Her behavior began to aberrate 
from her usual calm demeanor 
after the intense argument.

Imagine: The airplane flew 
an ABNORMAL route with a 
high RATE of descent.

cavil make petty or unnecessary 
complaints

Rather than appreciating the 
team’s progress, the boss 
continued to cavil about minor 
setbacks.

Imagine: The CATTY lady 
kept making UNCIVIL comments 
about little details.

kibitz provide someone with 
unwelcome advice

The woman liked to kibitz about 
her relatives’ life choices during 
every family reunion.

Imagine: The KID could not resist 
the ITCH to give tips that no 
one asked for.

poleaxe bring about incredible shock 
to someone

The unexpected announcement 
about their leader’s passing 
seemed to poleaxe the citizens.

Imagine: The crowd gasped when 
the seemingly harmless POLE 
turned a sharp AX.

wassail drink and celebrate in a 
joyous manner

As the clock struck midnight, the 
crowd gathered to wassail and 
welcome the New Year.

Imagine: The celebrities SWAYED to 
the music and set SAIL to the 
party island.
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Learning phase. At the start of each section, instructions describing what participants were about 
to experience, including how they were to process any feedback, were presented. In both feedback 
Processing Conditions, participants were told they would guess word meanings via multiple- 
choice questions before receiving corrective feedback. It was stated that the feedback would 
indicate whether their choice guess was correct or incorrect. In the control condition, words and 
definitions would be presented simultaneously for participants to copy. Before each condition, 
participants further completed a practice trial demonstrating the procedure for that section.

Rephrasing. For each of the 36 words, participants were first shown a five-option multiple-choice 
question and asked to select the option that they believed best represented the definition of the 
target word. After 25 s had elapsed, correct answer feedback was shown. If answered accurately, 
the correct definition of the word was shown for 10 s, with or without an example sentence, 
depending on Example Feedback condition (if Yes, then the sentence was preceded by the 
instruction: “Example of [word] used in a sentence.”). If answered wrongly, the same information 
(including an example sentence, if Yes under Example Feedback condition) was shown along 
with instructions to paraphrase the definition of the target word in the participants’ own words, 
for an extended duration of 35 s instead of 10 s. Once the timer had elapsed, participants auto
matically proceeded to the next target word (Note: if a participant had not selected an option 
within the initial 25-s limit for a multiple-choice question, they were given an additional 25 s to 
submit a response; as described in the Scoring section, data from words involved in such trials 
were removed from analysis).

Reading. The procedure for this condition mirrored the rephrasing condition, including the pro
vision of correct answer feedback with or without an example sentence. However, when 

Figure 1. Overview of procedure from Experiments 1–3. In each experiment, participants learned definitions of obscure words 
via errorful generation with correct answer feedback. If they guessed correctly, they simply viewed that feedback, but if not, 
they rephrased it (Experiments 1–3), read it (Experiments 1–2), copied it (Experiment 2), or generated an example or used a pro
vided keyword mnemonic (Experiment 3). A control condition that involved copying definitions with no errorful generation 
beforehand was included in Experiment 1.
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participants answered incorrectly, rather than processing the feedback in any overt way, they 
were simply asked to mentally read the provided definition of the word (and any example sen
tence if it was provided) without engaging in any typing, and as in the rephrasing condition, 
were given 35 s to do so.

Copying (no errorful generation). For each word, participants were presented with that word 
along with its definition and given 35 s to type out the definition exactly as shown, matching 
every single letter and spacing. An example sentence was displayed or not depending on Example 
Feedback condition. It should be noted that the time allotted equated exposure to the correct 
answer across the errorful generation (rephrasing or reading) and copying (no errorful gener
ation) conditions, consistent with standard design practices in errorful generation research (e.g., 
Huelser & Metcalfe, 2012). Furthermore, prior studies that provided additional exposure to cor
rect answers in non-errorful generation conditions have found that the benefits of errorful gener
ation are either preserved or somewhat reduced, but not reversed (e.g., Kornell et al., 2009).

Distractor task. Immediately after the learning phase, participants answered up to 60 basic arith
metic questions as accurately as possible within one minute.

Posttest. Thirty-six five-option multiple-choice questions (one per learned word, identical to the 
learning phase format) were presented individually in random order. Participants had to choose 
the correct definition of each word, without time constraints. Afterwards, they were debriefed 
and dismissed.

Scoring
All experiments used the same scoring system. Each word was scored 0 or 1 based on correct def
inition selection. Feedback processing responses (e.g., rephrasing) were also checked by the 
experimenter for adherence to instructions; incomplete or imprecise responses were accepted if 
procedures were followed. Trials were excluded if participants exceeded the 25-s limit without 
responding (0.44%) or violated feedback instructions (0.12%), resulting in the removal of 20 trials, 
hence affecting 10 words across eight participants (representing 0.56% of all the participants’ trials 
in Experiment 1).

Results

Learning phase performance
The mean proportion of correct initial guesses in the learning phase was M¼ 0.18, SD ¼ 0.15 in 
the rephrasing condition and M¼ 0.14, SD ¼ 0.15 in the reading condition. Since each multiple- 
choice question had five answer options, a guessing accuracy rate below chance (0.20) indicates 
that participants were largely unfamiliar with the words, providing a baseline for evaluating how 
Processing Condition and Example Feedback influenced word learning. That pattern was 
observed across subsequent experiments.

A paired-samples t-test revealed that guessing performance was higher for rephrasing, 
t(99) ¼ 1.99, p ¼ .0497, d ¼ 0.20 (95% CI ¼ [0.00, 0.40]). This pattern, which occurred unex
pectedly despite random assignment of target words to condition and was not replicated in subse
quent experiments, implies that the words randomly assigned to the rephrasing condition were 
somewhat easier to guess. To address this imbalance, we conducted a supplementary posttest ana
lysis that statistically controlled for guessing accuracy and was restricted to the rephrasing and 
reading conditions (as the copying condition did not involve guessing). The results of this ana
lysis are reported in the Supplementary Analysis section that follows.
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Posttest performance
Posttest results for each condition are depicted in the upper panel of Figure 2 (including data 
from all posttest trials). In all experiments, participant-level mean posttest accuracy scores for 
each condition were analyzed using Analysis of Variance (ANOVA). Consistent with the errorful 
generation literature (Kornell et al., 2009), analyses for Experiments 1–3 were performed on 
posttest data that, for both Feedback Processing conditions, participants had guessed incorrectly 
during the learning phase (as those words were uniquely subject to generative or non-generative 
feedback processing). It is noted, however, that in supplementary analyses not reported here, 
analyses performed on all posttest data yielded identical patterns. Greenhouse-Geisser corrections 
were applied for violations of Mauchly’s sphericity test (e range ¼ 0.83–0.99).

Effect of Processing Condition and example feedback. A 3 (Processing Condition) � 2 (Example 
Feedback) within-subjects ANOVA on posttest accuracy scores revealed a significant main effect 
of Processing Condition, F(1.84, 90.26) ¼ 16.25, p < .001, g2

p ¼ 0.25, indicating significant 

Figure 2. Posttest results of Experiments 1–3.
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differences in word learning accuracy across the rephrasing, reading, and copying conditions; a 
significant main effect of Example Feedback, F(1, 49) ¼ 7.52, p ¼ .008, g2

p ¼ 0.13, indicating 
higher accuracy when target words were presented with example sentences than when presented 
alone; and no significant interaction, F(1.82, 89.30) ¼ 0.23, p ¼ .771, g2

p ¼ 0.005. Follow-up pair
wise post-hoc comparisons with Tukey adjustment revealed that the rephrasing condition pro
duced significantly higher accuracy than both the reading, t(49) ¼ 2.96, p ¼ .0129, d¼ 0.42 (95% 
CI ¼ [0.13, 0.71]), and copying conditions, t(49) ¼ 6.76, p < .001, d¼ 0.97 (95% CI ¼ [0.62, 
1.30]). However, the difference between the reading and copying conditions was not significant, 
t(49) ¼ 2.37, p ¼ .0563, d¼ 0.34 (95% CI ¼ 0.05, 0.62]), although the p value was marginal. This 
pattern is broadly consistent with the weaker benefits of errorful generation for obscure word def
initions that are not familiar or semantically linked (cf. Potts & Shanks, 2014).

Supplementary analysis involving guessing accuracy. To address the possibility that items in the 
rephrasing condition may have been easier (as implied by initial guessing performance), we con
ducted a supplementary analysis restricted to the rephrasing and reading conditions. A linear 
mixed-effects model was fit with Processing Condition (rephrasing versus reading) as a fixed 
effect, initial guessing accuracy as a covariate, and random intercepts for participants to account 
for within-subject variability. That analysis, which was not preregistered and can be regarded as 
exploratory, found a significant main effect of Processing Condition, F(1, 148.62) ¼ 14.67, p <
.001, suggesting that rephrasing still yielded greater posttest accuracy than reading even after con
trolling for initial guessing.

Experiment 2

Experiment 1 revealed that a generative feedback processing strategy, rephrasing, outperformed a 
non-generative strategy, reading. In fact, an errorful generation benefit versus a read-only control 
was only observed following rephrasing. Further, the presence of example sentences as a form of 
elaborative feedback also enhanced learning. That experiment did not address, however, whether 
the advantage of rephrasing stemmed from the act of generating new content per se or simply the 
act of typing, which occurred with rephrasing but not reading. To adjudicate this issue, 
Experiment 2 compared rephrasing against not just reading but also copying (after errorful gener
ation). If performing an active feedback processing strategy such as typing is sufficient to enhance 
learning, then transcribing information via copying after an incorrect guess should yield similar 
learning as rephrasing. On the other hand, if generative processing is required, then rephrasing 
should be more effective. The effects of examples in feedback were also reexamined.

Method

This experiment was preregistered at: https://aspredicted.org/76xw-g922.pdf.

Participants
Fifty-four participants were recruited in the same manner as for Experiment 1. As in that experi
ment, participants were fluent in English, demonstrated low familiarity with the target words, and 
were confirmed by the experimenter to be able to follow instructions and complete the tasks; 
none disclosed any conditions or medication use that would affect performance. One person was 
excluded due to their guessing performance being three standard deviations higher than mean 
performance, resulting in a final sample of 53 participants that had a mean age of 23.3 years and 
was 66% female.
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Design, materials, procedure, and scoring
The design, materials, and procedure remained largely identical to Experiment 1, with the pri
mary modification being the addition of a copying condition in place of the prior (non-errorful 
generation) control condition. This condition included a 25-s guessing period for each learning 
phase trial, consistent with the rephrasing and reading conditions. If the guess was correct, feed
back was shown for 10 s; if not, participants had 35 s to transcribe the correct definition exactly 
as shown, matching every single letter and spacing.

In addition, participants completed an exit survey after the posttest where they ranked feed
back processing methods by usage, preference, and perceived effectiveness, rated the frequency of 
receiving standard corrective feedback versus example-enhanced corrective feedback, and rated 
the perceived effectiveness of example inclusion. Survey data are considered after the results for 
Experiment 4.

Exclusions were applied to trials that exceeded the time limit for initial guessing (0.21%), vio
lated feedback processing instructions (0.26%) or encountered technical failures (0.05%), resulting 
in the removal of 20 trials (0.52%) across all participants’ trials and affecting 10 words across 
eight participants.

Results

Learning phase performance
A one-way within-subjects ANOVA revealed no significant difference in mean initial guessing 
accuracy across the rephrasing (M¼ 0.19, SD¼ 0.15), reading (M¼ 0.16, SD¼ 0.15), and copying 
(M¼ 0.16, SD¼ 0.15) conditions, F(1.97, 102.68) ¼ 1.25, p ¼ .290, g2

p ¼ 0.02, indicating similar 
item difficulty across conditions.

Posttest performance
Posttest results for each condition are depicted in the middle panel of Figure 2 (including data from 
all posttest trials). A 3 (Processing Condition) � 2 (Example Feedback) within-subjects ANOVA 
analogous to that performed for Experiment 1 revealed a significant main effect of Processing 
Condition, F(1.98, 102.81) ¼ 35.43, p < .001, g2

p ¼ 0.41. Unlike Experiment 1, there was no signifi
cant main effect of Example Feedback, F(1, 52) ¼ 0.85, p ¼ .361, g2

p ¼ 0.02, suggesting that the 
presence of examples was not beneficial. There was also no significant interaction, F(1.95, 101.14) ¼
1.38, p ¼ .255, g2

p ¼ 0.03. Post-hoc Tukey comparisons revealed that rephrasing produced signifi
cantly higher accuracy than reading, t(52) ¼ 7.14, p < .001, d¼ 0.99 (95% CI ¼ [0.66, 1.32]), and 
copying, t(52) ¼ 7.43, p < .001, d¼ 1.03 (95% CI ¼ [0.69, 1.36]). The reading and copying condi
tions did not differ from each other, t(52) ¼ −0.393, p ¼ .919, d¼−0.05 (95% CI ¼ [−0.33, 0.22]). 
These results suggest that the advantage of rephrasing stems specifically from its generative nature 
and not simply from any added engagement or other learning benefits due to typing.

Experiment 3

Experiments 1 and 2 demonstrated that generative feedback processing, as occurred during 
rephrasing, yields better learning. Experiment 3 addressed whether that advantage is specific to 
rephrasing or other generative strategies more generally. It compared rephrasing to another gen
erative strategy, example generation, as well as a non-generative but elaborative strategy, the key
word mnemonic. In the case of example generation, participants were required to produce an 
original sentence that used the target word in an appropriate and meaningful way. The keyword 
mnemonic, which is commonly used to learn the meaning of foreign vocabulary words, is an evi
dence-based learning technique that involves forming a mental image between a keyword (i.e., a 
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similar sounding word or fragment of the target word) and the meaning of that word (Atkinson 
& Raugh, 1975; Cummings et al., 2023; Dunlosky et al., 2013). Given the fact that participants 
were generating their own examples in the example generation condition, the Example Feedback 
factor was dropped.

Method

This experiment was preregistered at: https://aspredicted.org/3fbp-5br7.pdf.

Participants
An a priori power analysis was conducted using G�Power (Faul et al., 2009) to determine the 
minimum sample size required to detect a small-to-medium effect size of Cohen’s f¼ 0.20 with 
80% power at a ¼ 0.05 for a within-subjects design with one independent variable consisting of 
three levels. The analysis indicated that a minimum of 42 participants would be needed. To 
account for potential attrition or data exclusions, a target sample size of 50 participants was set. 
Fifty-six participants were recruited in the same manner as in the preceding experiments, with 
fluency in English, low familiarity with the target words, and verification by the experimenter 
that they could follow instructions and complete the tasks without any conditions or impairments 
affecting performance. Data were removed from two participants for noncompliance with instruc
tions and from one participant due to their guessing performance exceeding three standard devia
tions above the mean, resulting in a final sample of 53 participants that had a mean age of 
21.2 years and was 70% female.

Design and materials
Experiment 3 employed a within-subjects single-factor design with Processing Condition 
(rephrasing/example generation/keyword mnemonic) as the single factor. Apart from the example 
sentences from the discontinued Example Feedback factor, all materials from the prior experi
ments were retained. Additionally, for each word assigned to the keyword mnemonic condition, a 
keyword mnemonic was created (drawing on Cummings et al., 2023; Qu et al., 2024). Specifically, 
two keywords sharing letter sequences with the target word were embedded in a sentence 
between 8 and 16 words long. The mnemonic was carefully designed to form a memorable, 
semantically relevant scenario that functioned as an associative cue for the word (e.g., “The 
reviewer ASSAULTED the novelist’s PERSONAL beliefs.”, with the bold letters representing 
shared letters with the target word asperse). Examples of the keyword mnemonics are presented 
in Table 2.

Procedure
The overall procedures remained unchanged, including instructions for the rephrasing condition, 
whereas several novel procedures were introduced for the two new Processing Conditions.

Example generation. Participants who made an incorrect initial guess were tasked to construct 
their own sentence with vivid and elaborative details to demonstrate correct contextual usage of 
the target word (as if helping a hypothetical learner better comprehend the word). Participants 
were further instructed to refrain from simply embedding the target word in a random sentence 
that did not properly illustrate the word’s application.

Pilot testing revealed that participants required additional time to generate examples, prompt
ing an extension of the allotted time from 35 s (as in prior experiments) to 45 s. To maintain 
equal time on task, this adjustment was implemented across all feedback processing conditions. 
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Accurate guesses received the same 10-second feedback display reiterating the word’s correct def
inition, as in prior experiments.

Keyword mnemonic. Participants who guessed incorrectly were provided with the keyword mne
monic and instructed to imagine or mentally visualize the sentence described, without engaging 
in any typing. Participants were given 45 s to do so, as in the other processing conditions.

Scoring
Time limit violations for initial guessing led to the removal of 38 trials (1.00%) across all partici
pants, impacting 19 words among 11 participants.

Results

Learning phase performance
A one-way within-subjects ANOVA revealed no significant difference in mean initial guessing 
accuracy across the rephrasing (M¼ 0.15, SD¼ 0.11), example generation (M¼ 0.16, SD¼ 0.12), 
and keyword mnemonic (M¼ 0.16, SD¼ 0.11) conditions, F(1.98, 102.99) ¼ 0.20, p ¼ .813, g2

p ¼

0.004, indicating similar item difficulty across conditions.

Posttest performance
Posttest results for each condition are depicted in the bottom panel of Figure 2 (including data 
from all posttest trials). A one-way within-subjects ANOVA on posttest accuracy scores found a 
significant main effect of Processing Condition, F(1.66, 86.43) ¼ 14.41, p < .001, g2

p ¼ 0.22. In 
post-hoc Tukey comparisons, no significant difference emerged between rephrasing and example 
heneration, t(52) ¼ 0.263, p ¼ .963, d¼ 0.04 (95% CI ¼ [−0.24, 0.31]), suggesting that both 
forms of generative feedback processing were similarly effective. Rephrasing was more effective 
than the keyword nnemonic condition, t(52) ¼ 4.19, p < .001, d¼ 0.58 (95% CI ¼ [0.28, 0.87]), 
and example generation also outperformed the keyword mnemonic condition, t(52) ¼ 4.22, p <
.001, d¼ 0.59 (95% CI ¼ [0.29, 0.88]). Hence, generative feedback processing yielded better learn
ing than a potentially elaborative, active, but non-generative approach.

Experiment 4

In prior experiments, rephrasing was always paired with errorful generation. To further character
ize the contributions of rephrasing to learning, the final experiment examined its efficacy along
side errorful generation and, for the first time, in its absence as well. This approach allowed for 
separate assessment of the effects of rephrasing and, similar to Experiment 1, compared errorful 
generation with a non-errorful generation control condition.

Method

Experiment 4 was preregistered at: https://aspredicted.org/r9t3-6mkk.pdf.

Participants
An a priori power analysis using G�Power (Faul et al., 2009) was conducted to determine the 
minimum sample size needed to detect an effect size of Cohen’s f¼ 0.20 with 80% power at 
a ¼ 0.05 for a within-subjects design with two factors: Acquisition Method (2 levels: errorful gen
eration and no errorful generation) and Processing Condition (2 levels: rephrasing and reading). 
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Consistent with earlier experiments, the study was powered to detect main effects (although an 
interaction would be theoretically interesting, we did not advance a specific hypothesis regarding 
one, and adequately powering the design to detect such an effect would have required substan
tially larger samples beyond the scope of the present investigation). The analysis indicated that a 
minimum of 52 participants was required, and to account for potential attrition or data removal, 
we targeted a larger sample size of at least 60 participants.

Seventy-four participants were recruited online from Prolific Academic, a crowdsourcing plat
form known for relatively good data quality (Palan & Schitter, 2018), in exchange for a payment 
of at least USD$8.00. All participants had to be at least 21 years of age and fluent in English. 
Sixteen participants were removed for evidence of off-task activity (i.e., time spent away from the 
experiment window, in violation of instructions), two participants were removed due to technical 
errors, and one participant was removed due to their posttest performance falling three standard 
deviations below the mean. The final sample included 55 participants—thus exceeding the min
imum number needed per the aforementioned power analysis—with a mean age of 34.6 years and 
60% of the sample being female. Forty percent of the participants were from the United States, 
34.5% were from the United Kingdom, 18.2% were from Canada, and the remainder were from 
other countries; 18.2% reported answered in the affirmative to a screening question about 
whether they were a student.

Design, materials, procedure, and scoring
As depicted in Figure 3, Experiment 4 built on the prior experiments but included several modifi
cations for research purposes and other design considerations, including appropriate task diffi
culty and maintaining attention for online participants. A 2� 2 within-subjects factorial design 
was used in which each participant learned the same 36 English verbs and their definitions as 
previously but under four conditions created by crossing the factors of Acquisition Method and 
Processing Condition: Errorful generationþ rephrasing, errorful generationþ reading, no errorful 
generationþ rephrasing, and no errorful generationþ reading. Unlike the prior experiments, these 
conditions were not presented in separate sections; rather, items from all four conditions were 
randomly intermixed during the learning phase (Gupta et al., 2024). Specifically, for each trial, 
participants encountered a word item from one of the four conditions, with trials from different 

Figure 3. Overview of procedure from Experiment 4. In Experiment 4, participants learned definitions of obscure words via error
ful generation with correct answer feedback or no errorful generation (which served as the control condition). Crucially, they did 
or did not engage in rephrasing of the definitions in the errorful generation and no errorful generation conditions.
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conditions randomly intermixed rather than presented in blocked sequences, while maintaining 
an overall equal distribution of nine items per condition. To minimize carryover effects and pos
sible confusion across trials, condition-specific instructions written in capital letters were provided 
on each trial to emphasize the strategy to be used on the current trial. Moreover, due to the 
online setting, the extent of experimenter monitoring level and control differed from the prior 
experiments; to help ameliorate this issue, a monitoring tool was programmed into the experi
ment to detect cases where participants strayed away from the experiment window (Permut et al., 
2019).

In the errorful generation conditions, learning occurred very much as in the prior experiments, 
with participants being given 25 s to guess the definition of a given word in multiple-choice for
mat, followed by feedback processing via rephrasing (errorful generationþ rephrasing) or reading 
(errorful generationþ reading). To reduce difficulty and study duration, however, only three mul
tiple-choice answer options were provided rather than five options, and feedback processing time 
was reduced from 35 to 25 s. Additionally, all participants engaged in feedback processing regard
less of whether they had guessed correctly or not, thus ensuring equal amounts of such process
ing across errorful generation conditions. In the no errorful generation conditions, participants 
were also given 25 s to examine a given word and its definition, and during that time, to rephrase 
the definition (no errorful generationþ rephrasing) or just read it (no errorful generationþ read
ing). Examples were not provided in any condition.

After the learning phase, the distractor task and posttest occurred just as in the prior experi
ments, including five answer options per word on the posttest. Scoring also occurred identically 
as in the prior experiments.

Results

Learning phase performance
A paired-samples t-test revealed no significant difference in mean initial guessing accuracy across 
the errorful generationþ rephrasing (M¼ 0.45, SD¼ 0.26), and errorful generation þ reading 
(M¼ 0.46, SD¼ 0.22) conditions, t(54) ¼ −0.31, p ¼ .757, d¼−0.04 (95% CI ¼ [−0.31, 0.22]), 
indicating similar item difficulty across conditions. Guessing accuracy was higher than in prior 
experiments, reflecting the fewer number of answer options per item. Those accuracy levels con
stitute a departure from typical patterns observed in studies of errorful generation and are further 
addressed in supplementary analyses described below.

Posttest performance
Posttest results for each condition are depicted in Figure 4 (including data from all posttest tri
als). Analyses were performed on all posttest items for this experiment given that all items in the 
errorful generation conditions received feedback processing (similar to Experiment 1, a supple
mentary analysis also examined posttest performance separately for items initially guessed incor
rectly versus correctly). A 2 (Acquisition Method) � 2 (Processing Condition) within-subjects 
ANOVA on posttest accuracy scores revealed a significant main effect of Acquisition Method, 
F(1, 54) ¼ 21.59, p < .001, g2

p ¼ 0.29, indicating an overall benefit of errorful generation, and a 
significant main effect of Processing Condition, F(1, 54) ¼ 16.63, p < .001, g2

p ¼ 0.24, reflecting 
an overall benefit of rephrasing. The interaction was not significant, F(1, 54) ¼ 1.02, p ¼ .318, g2

p 
¼ 0.02. Because each factor had only two levels, the main effects correspond directly to pairwise 
comparisons on data collapsed across the other factor. Collapsing across feedback, the mean 
accuracy for Errorful Generation groups combined (M¼ 0.83, SD¼ 0.20) was higher than the No 
Errorful Generation groups combined (M¼ 0.73, SD¼ 0.23) (d¼ 0.63, 95% CI ¼ [0.34, 0.92]), 
and collapsing across acquisition method, the mean accuracy for Rephrasing groups combined 

THE JOURNAL OF EXPERIMENTAL EDUCATION 15



(M¼ 0.83, SD¼ 0.20) was higher than the reading groups combined (M¼ 0.74, SD¼ 0.23) 
(d¼ 0.55, 95% CI ¼ [0.27, 0.84]).

Supplementary analysis involving guessing accuracy
In an exploratory analysis, we examined how guessing accuracy might interact with feedback 
processing methods in the errorful generation conditions (to reiterate, unlike the prior experi
ment, all items in the errorful generation conditions received additional feedback processing). 
Posttest scores were not statistically different for items initially guessed correctly versus incor
rectly in the errorful generationþ rephrasing condition (M¼ 0.87, SD¼ 0.25 versus M¼ 0.87, 
SD¼ 0.20, t(50) ¼ 0.01, p ¼ .989, d¼ 0.002, 95% CI ¼ [−0.28, 0.28]). In the errorful genera
tionþ reading condition, however, posttest scores were significantly higher for items initially 
guessed correctly than incorrectly (M¼ 0.86, SD¼ 0.26 versus M¼ 0.76, SD¼ 0.27, t(52) ¼ 2.37, 
p ¼ .0217, d¼ 0.33, 95% CI ¼ [0.05, 0.61]). Together, these results suggest that when feedback is 
processed in a generative manner, both correctly and incorrectly guessed items are learned to a 
similar extent, yielding comparable posttest results, whereas when feedback is processed only 
superficially through reading, an advantage for initially correct guesses persists (perhaps reflecting 
better prior knowledge).

Survey of feedback experiences and beliefs

In the exit survey for Experiments 2–4, participants rank-ordered the processing strategies they 
experienced across three dimensions—frequency of usage, personal preference, and perceived 
effectiveness—both in school (i.e., formal educational settings) and external self-regulated learning 
contexts (cf. Huelser & Metcalfe, 2012). For Experiments 2–3, these rankings reflect educational 
experiences in Singapore, where the study took place, whereas for Experiment 4, the rankings 
reflected the experiences of the more diverse online sample (including participants from the USA, 
the UK, and Canada).

Among Experiment 2 respondents—who rated rephrasing, reading, and copying—copying was 
most frequently performed in school (49%), whereas reading was most common during self-regu
lated learning (53%). A plurality of participants preferred copying in school (36%) and rephrasing 
in self-regulated learning (38%), with rephrasing also ranked as most effective in both settings 
(school: 62%; self-regulated learning: 51%). Experiment 2 respondents also rated the frequency 
and effectiveness of example feedback on a 7-point Likert scale. A plurality rated it as frequently 
received (school: 28%; self-regulated learning: 34%) and very effective (school: 40%; self-regulated 
learning: 34%).

Among Experiment 3 respondents—who rated rephrasing, example generation, and the key
word nnemonic—rephrasing was most frequently used in school (47%), but example generation 

Figure 4. Posttest results of Experiment 4.

16 T. H. K. KHIN AND S. C. PAN



was most common in self-regulated learning (51%), and it was also the top-rated strategy for 
both preference (school: 59%; self-regulated learning: 51%) and perceived effectiveness (school: 
55%; self-regulated learning: 57%). Among Experiment 4 respondents, no errorful genera
tionþ reading was reported to be most frequently performed in both school (62%) and self-regu
lated learning contexts (53%). In terms of participants’ personal preferences, no errorful 
generationþ reading was rated highest in school (47%), whereas no errorful generationþ rephras
ing was rated highest in self-regulated learning (33%). For perceived effectiveness, there was an 
effective tie between no errorful generation þ rephrasing and no errorful generation þ reading 
for school (33%), while no errorful generationþ reading was highest for self-regulated learn
ing (38%).

Overall, the exit survey results indicate that the prevalence of feedback processing strategies 
varies by setting. Rephrasing and example generation were seen as the most effective in 
Experiments 2 and 3, respectively—judgments that matched actual outcomes in Experiment 2 but 
underestimated Rephrasing in Experiment 3. In Experiment 4, where participants were asked to 
rate errorful generation per se, it is particularly interesting that it was not rated less highly than 
no errorful generation in terms of frequency, preference, and perceived effectiveness (regardless 
of feedback processing method), which contrasts with the actual outcomes of the experiment. 
That disparity echoes prior research findings (e.g., Huelser & Metcalfe, 2012; see also Pan et al., 
2020).

Discussion

The present study reveals that the manner with which corrective feedback is processed can influ
ence learning outcomes following errorful generation. Across four experiments, generative feed
back processing yielded the best learning outcomes. Specifically, in Experiments 1 and 2, 
generative feedback processing via rephrasing produced significantly higher posttest accuracy 
compared to the non-generative strategies of transcription via copying (d¼ 1.03) and passive 
reading (d¼ 0.99), the latter being the most common approach to feedback processing in the 
errorful generation literature. Further, in Experiment 3, an active and elaborative but non-genera
tive processing strategy, using the keyword mnemonic, still paled in comparison to the generative 
strategies of rephrasing (d¼ 0.58) and example generation (d¼ 0.59).

Experiment 4 additionally revealed that the benefit of rephrasing was comparable in magnitude 
in both errorful and non-errorful learning, and the lack of a significant interaction indicates that 
the benefits of errorful generation and generative feedback are additive rather than multiplicative. 
More broadly, the present findings demonstrate that feedback processing methods can exert a 
substantial impact on learning outcomes that, in earlier experiments, approached the effect size 
magnitude found by Pashler et al. (2005) for correct answer feedback versus right-or-wrong feed
back (d� 1.0). Moreover, Experiment 4 revealed that the benefit of rephrasing versus no rephras
ing (d¼ 0.55) was comparable in magnitude to the benefit of errorful generation versus no 
errorful generation (d¼ 0.63). Overall, these results suggest that much of the errorful generation 
literature, in which corrective feedback is processing solely by reading it, is not capitalizing fully 
on the learning opportunities that such feedback presents. Indeed, in the two experiments that 
specifically established an effect of errorful generation versus no errorful generation (Experiments 
1 and 4), generative feedback processing clearly enhanced performance in the errorful generation 
condition.

The power of generative feedback processing

The finding that both rephrasing and example generation yielded similar performance suggests 
that the advantage of generative feedback processing is not limited to either strategy, even when 
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they require learners to produce qualitatively different types of information. Unlike copying, read
ing, or the keyword mnemonic, both generative strategies did not just afford learners the oppor
tunity to study the correct definition. Instead, rephrasing and example generation required 
learners to use the provided definition as a basis for generating new content—that is, a para
phrased definition and a new sentence using the target word in a way that was consistent with its 
definition. It is likely that doing so (a) caused learners to process the correct definition more 
thoroughly (as a basis for the new content they would generate), and (b) led them to mentally 
manipulate or elaborate upon that definition (in order to transform it into a paraphrased form or 
translate it into an example), resulting in “deeper” and more substantial levels of learning. In con
trast, engaging in non-generative but active strategies such as copying almost certainly did not 
require leaners to engage in more thorough processing of the definition or mentally manipulate it 
in any way.

The patterns observed across the four experiments are fully consistent with predictions of gen
erative learning theory, with feedback processing strategies that required learners to produce new 
content being uniquely beneficial. Our findings also align with Fiorella and Mayer (2016) charac
terization of generative strategies—such as summarizing and self-explaining—that enhance learn
ing by promoting active sense-making, as well as with ICAP theory, which predicts that 
constructive strategies such as rephrasing and example generation yield greater learning gains 
than active but non-constructive ones. In addition, the patterns are broadly consistent with prior 
findings on feedback processing, including the benefits of explanation reported by Park and Ahn 
(2022) and Siegler (1995), and are broadly consistent of findings for the generation effect. 
Notably, however, the null effect of copying in Experiment 2 diverges from Park and Ahn’s find
ing of a copying advantage in a different feedback context (see also Pan, Hutter, et al., 2018). 
This discrepancy suggests that although active—but non-generative—strategies may sometimes 
outperform passive approaches, their benefits may be less robust or context-dependent. Returning 
to the tiered classification of feedback processing approaches outlined in the Introduction (see 
Table 1), the present results suggest that solely passive or active approaches are least effective, 
with elaborative approaches yielding improvements, and crucially, generative approaches (e.g., the 
results of Experiment 3) yielding the best overall performance.

Processing elaborative feedback

Our findings for a form of elaborative feedback, namely example-enhanced feedback—which 
yielded significant learning improvements in Experiment 1 (d¼ 0.39) but not in Experiment 2 
(d¼ 0.13)—were inconclusive, implying that the benefit of providing examples for definition 
recall is modest or not reliable. That result contrasts with at least one study involving participants 
learning from definitions with examples (but not as corrective feedback), namely Finn et al. 
(2018), which showed improved recall when examples were studied. However, it is broadly con
sistent with Rawson et al. (2015), who found that studying examples did not improve recall of 
previously studied definitions. Additionally, Butler et al. (2013) found that elaborative (explan
ation-based) feedback did not enhance performance on test items requiring recall of previously 
studied ideas, but did support performance on novel inference questions. These findings, along 
with a separate result from Rawson et al. (2015) showing that studying examples did enhance 
performance when a subsequent test required linking new examples to the appropriate concepts, 
suggest that the benefits of example-based feedback may depend on the demands of a subsequent 
test.

Interestingly, the elaborative advantage of contextual example learning seemed to be more fully 
leveraged when participants themselves generated the example sentences in Experiment 3. This 
result implies that simply reading feedback may not fully translate its intended benefits, at least 
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for definition recall. Rather, learners’ constructive effort may serve as a bridging link for a more 
pronounced and meaningful effect.

Additionally, the provision of mnemonics as feedback in the keyword mnemonic condition of 
Experiment 3 represented another form of elaborative feedback, but one that was also processed 
in an active and elaborative manner (i.e., participants were specifically instructed to do so and 
given practice, albeit limited, in doing so). Therefore, the effects of the feedback itself and the 
deliberate processing of that feedback must be considered together. Unlike example-enhanced 
feedback, the keyword mnemonic not only elaborates on to-be-learned content but also introdu
ces separate details that are intentionally designed to make the material more memorable. 
Overall, the present results suggest that using the keyword mnemonic method as a form of feed
back does not impair learning of definitions following errorful generation but may not enhance it 
to the same degree as generative approaches. It should also be noted that although the keyword 
mnemonic can be beneficial for vocabulary learning due to the use of associative imagery 
(Atkinson & Raugh, 1975; Pressley et al., 1982), its overall utility is considered by some learning 
researchers as moderate (e.g., Dunlosky et al., 2013).

Study limitations and future directions

Although the present study provides valuable insights into the effectiveness of generative feedback 
processing following errorful generation, it has several limitations that warrant further explor
ation. First, due to the single-session experimental design, it remains unclear whether the advan
tage of generative feedback processing over non-generative approaches persists in the long term. 
A study with a longer retention interval could address this issue. Second, the posttest assessment 
did not include alternative measures, such as transfer tasks, which might offer additional insights 
(Pan, Lovelett, et al., 2019). In particular, example-enhanced feedback may be more beneficial if 
the posttest involved a different task. Third, the inherent variability of generative responses— 
compared to the uniformity of non-generative tasks such as reading and copying—raises the pos
sibility of individual differences in the efficacy of rephrasing and example generation (cf. Pan et 
al., 2025). Future research could involve qualitative analysis of how learners construct information 
and explore whether extensive pre-training influences the effectiveness of feedback processing 
(which could also apply to learning from example feedback or using the keyword mnemonic). 
The role of time-on-task—including potential differences in the relative balance of time allotted 
for guessing versus feedback processing across errorful and non-errorful generation conditions— 
could also be further explored. Finally, future work could further investigate how mechanisms 
purported to occur in the act of errorful generation—e.g., those implicated in semantic mediator 
theory, search set theory, the prediction error account, and recursive reminding theory—might 
interact with (generative) feedback processing. Current theoretical perspectives suggest that mech
anisms involved in errorful generation and feedback processing occur in sequential, intercon
nected steps that contribute to learning benefits (Metcalfe, 2017), but how they interact remains 
to be fully understood.

Practical implications

Our findings have important implications for the effective use of errorful generation and feedback 
processing more generally. Although generative feedback and errorful generation have been indi
vidually shown to enhance learning in various educationally relevant circumstances (e.g., Siegler, 
1995; Soderstrom & Bjork, 2023), errorful generation is still relatively uncommon in real-world 
educational practice (Pan et al., 2020) and further research is needed on its educational applica
tions, highlighting the practical relevance of identifying strategies that maximize its benefits. 
Remarkably, based on exit survey data, learners in Experiments 2–3 collectively agreed that 
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generative strategies such as rephrasing and example generation were the most effective, yet their 
preferences and usage frequency did not always align with those beliefs. A similar behavioral pat
tern was observed in Lahtinen et al. (1997), where a larger proportion of participants chose to 
utilize non-generative (e.g., underlining, notetaking) over generative strategies (e.g., summarizing, 
concept mapping), even though the latter methods yielded higher final test scores. These discrep
ancies point to gaps between learners’ metacognitive understanding and their actual learning 
behaviors, which future research could explore (along with attendant cultural factors such as 
experience with feedback processing strategies in formal schooling).

The present results further indicate that when errorful generation is employed, pairing it with 
generative feedback processing yields additive benefits, providing clear guidance for maximizing 
learning outcomes in applied settings. More broadly, they also raise the prospect that real-world 
learning outcomes could be enhanced by adopting more effective feedback processing methods, 
even in educational settings where actively processing corrective feedback is common. Ultimately, 
the potency of errorful generation as a learning technique appears to depend not only on provid
ing corrective feedback but also on how that feedback is processed, with generative engagement 
of feedback serving as a key mechanism that adds to its mnemonic benefits.
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