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Abstract

Recent studies suggest that making judgments of learning (JOLs)—self-assessment
of current learning status—may not merely be a neutral cognitive process, but can
directly improve learning through what is called ‘JOL reactivity’. This study inves-
tigated whether making JOLs can facilitate the learning of previously studied mate-
rials (backward effect) and newly studied materials (forward effect) in inductive
learning. We also examined how this effect varies depending on whether a JOL is
accompanied by a retrieval attempt. Across three experiments, participants learned
about various butterfly species presented in two sections (Sections A and B). Some
participants made JOLs between Section A and Section B, while others did not,
and then all participants took a final transfer test for both sections. In Experiment 1,
merely making JOLs did not facilitate learning compared to restudy control, regard-
less of whether JOLs afforded covert retrieval (target-absent JOL) or not (target-
present JOL). However, in Experiment 2, when participants made JOLs combined
with overt retrieval prompts (retrieval practice + JOL), they outperformed the other
groups in the final transfer test of Section B, showing the forward effect. Experi-
ment 3 further revealed that the act of making JOLs combined with overt retrieval
practice was as effective as (but not more than) retrieval practice without JOLs in
promoting new learning. Our findings indicate that conventional forms of JOLs do
not appear to enhance inductive learning; rather, they underscore the critical role of
retrieval in facilitating inductive learning.
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Inductive learning

Metacognition is crucial to successful learning. As students evaluate their learning
progress, they allocate their study time (Ariel et al., 2009; Son & Metcalfe, 2000),
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decide whether to continue or stop studying (Metcalfe & Finn, 2008), and/or change
their study strategies (Sahakyan et al., 2004). Metacognitive judgment is often
assumed to indirectly affect learning by influencing learners’ study behavior (Nelson
& Narens, 1990; Winne & Hadwin, 1998). However, recent studies suggest that the
simple act of making a judgment of learning (JOL)—self-assessment of learning sta-
tus—can also directly influence learning outcomes (e.g., Fiacconi et al., 2020; Janes
et al., 2018; Kubik et al., 2022; Li et al., 2023; Maxwell & Huff, 2022; Soderstrom
et al., 2015; Witherby et al., 2023; Zhao et al., 2022). For example, Soderstrom et al.
(2015) had participants learn pairs of related words (e.g., herbs and spices) and
unrelated words (e.g., nets and plants), exhibiting that making JOLs facilitated cued-
recall performance, especially when the word pairs were strongly related, suggest-
ing that a JOL itself can work as a memory modifier. This positive JOL reactivity
has also been observed in other learning materials, including word pairs (Dougherty
et al., 2005), word lists (Kubik et al., 2022; Li et al., 2021; Zhao et al., 2022), and
physiological information (Dobson et al., 2019). These studies suggest that mak-
ing JOLs is not a neutral cognitive process, but rather can directly affect learning
through what is called ‘JOL reactivity’ (for reviews, see Double et al., 2018; Double
& Birney, 2019).

Although an emerging number of studies have demonstrated the direct effects of
JOLs on learning, one of the limitations of prior research is that most previous stud-
ies reporting positive reactivity examined the effect of JOL on learning that requires
the retention of simple materials. Indeed, the meta-analysis conducted by Double
et al. (2018) showed that the effect of making JOLs was positive, particularly for
the retention of word lists (g =0.384, 95% CI 0.146 to 0.622) and related word pairs
(g=0.323, 95% CI 0.083 to 0.563), while the overall effect of providing JOLs was
not significant. This suggests that JOL reactivity may change depending on the type
of learning material, especially when learning requires a higher level of knowledge
acquisition beyond remembering simple facts. In educational contexts, most learn-
ing involves complex materials that often require understanding, generalization, and
memorization. However, only a few studies have directly tested JOL reactivity using
educationally relevant materials (e.g., Ariel et al., 2021; Dobson et al., 2019; Zhao
et al., 2023). For example, Dobson et al. (2019) had participants learn a series of
physiological texts using various strategies and revealed that a JOL task was more
beneficial for the transfer of physiological information than a study-only strategy.
Recently, Ariel et al. (2021) and Zhao et al. (2023) examined the effect of making
JOLs on text comprehension. However, in these studies, the criterion test included
only factual questions that could be answered based on recall of the information.

In the present study, thus, we aimed to investigate whether JOL reactivity occurs
with inductive learning, which involves extracting patterns from studied materi-
als and applying the acquired knowledge to other instances (Holland et al., 1989).
Specifically, we focused on natural category learning. Category learning plays an
essential role in accumulating and expanding knowledge by helping learners transfer
what they have studied to new situations (Murphy, 2002). However, in educational
settings, many learners have difficulty studying categories of natural objects (e.g.,
butterflies and rocks) as they often have nebulous and unclear characteristics, which
can ultimately make clear distinctions challenging (Miyatsu et al., 2019). In the field
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of category learning, previous studies have examined the effects of metacognitive
judgments, mostly in the form of category learning judgment (CLJ). Making CLIJs
is known to have an indirect effect on aspects of learning, such as restudy selection
(Hartwig & Dunlosky, 2017; Morehead et al., 2016). For instance, when students
prepare for a biology test, they can make CLJs to decide which category is mastered
(e.g., eastern tiger butterfly) or not (e.g., painted lady butterfly) to adjust their sub-
sequent study time and strategies. However, these studies mainly investigated the
indirect effect of metacognitive judgments on learning (e.g., selecting subsequent
learning strategies) and did not directly investigate the effect of making a JOL itself
on learning outcomes. Thus, the current study aimed to determine whether mak-
ing JOLs can facilitate inductive learning by using natural butterfly species and to
explore JOL as a potential study strategy to enhance inductive learning.

In addition to the type of learning material, another factor that may affect JOL
reactivity is the likelihood that a JOL task prompts the retrieval process in learners.
In the standard form of JOL, learners study complete information and evaluate the
likelihood that they will remember the information learned in future examinations.
Here, the availability of retrieval opportunities may depend on whether complete
information is present or absent while making JOLs. For example, after learning a
series of cue-target pairs (e.g., tree-lawn), learners are asked to judge the likelihood
of their ability to retrieve the target information. If both cues and targets are pre-
sent (e.g., tree-lawn) while making a JOL, learners are unlikely to retrieve the target.
Conversely, if a target is absent (e.g., tree-?), learners are more likely to engage in
the retrieval process and make JOLs based on the retrievability of the material.

The covert retrieval hypothesis suggests that the act of making JOLs allows learn-
ers to engage in a covert retrieval process, calling information to mind, or rehears-
ing previously learned information (Jonsson et al., 2012; Kimball & Metcalfe, 2003;
Son & Metcalfe, 2005; Senkova & Otani, 2021). Learners strengthen their memory
trace during the retrieval process, thereby enhancing their learning performance.
For example, Dougherty et al. (2005) demonstrated that the covert retrieval pro-
cess triggered by the act of making JOLs led to better learning performance. Simi-
larly, Soderstrom et al. (2015) reported positive JOL reactivity when learners were
asked to make target-absent JOLs for related word pairs, suggesting that performing
target-absent JOLs likely evokes a covert retrieval process. Also, during the covert
retrieval process, learners may experience retrieval failure, leading them to invest
greater effort in subsequent learning. For example, Kubik et al. (2022) demonstrated
that making JOLs with incomplete information, as opposed to complete information,
facilitated new verbal learning compared to restudying, indicating that JOL reactiv-
ity depends on the extent to which it elicits covert retrieval attempts.

However, if learners do not attempt the retrieval process, making JOLs may
not facilitate learning, which does not result in positive reactivity. The truncated
search hypothesis suggests that learners rarely attempt retrieval practice while mak-
ing JOLs (Tauber et al., 2015) and that such a lack of retrieval attempt does not
enhance learning. According to the two-stage process theory (Son & Metcalfe,
2005), making JOLs does not necessarily evoke retrieval attempts. Learners often
truncate the retrieval process, making metacognitive judgments using intuitive cues
such as familiarity (Son & Metcalfe, 2005) and ease of access (Tauber et al., 2015).
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Witherby and Tauber (2017) also noted that learners might not put as much effort
into making JOLs as practicing retrieval (e.g., self-testing). Indeed, several recent
studies have demonstrated that students do not always engage in “a full-blown cov-
ert retrieval attempt” (Tekin & Roediger, 2021, p. 407) even when the form of JOLs
is framed to afford covert retrieval (Ariel et al., 2021; Tekin & Roediger, 2021). For
instance, Ariel et al. (2021) reported that a standard form of JOLs without explicit
retrieval practice did not produce learning gains in text comprehension regardless of
whether it afforded covert retrieval (target-absent JOL) or not (target-present JOL).
Only JOLs followed by overt retrieval practice produced learning benefits, suggest-
ing that if learners do not spontaneously attempt retrieval, making JOLs is unlikely
to facilitate learning. Accordingly, the current study investigated whether retrieval
plays a pivotal role in JOL reactivity by varying the types of JOLs to afford covert or
overt retrieval practice across the experiments.

Making JOLs can positively affect learning in two ways. On one hand, making
JOLs can enhance the learning of previously studied materials, which is known
as the backward effect (Ha & Lee, 2023; Lee & Ha, 2019; see also Pastotter &
Béauml, 2014 for backward testing effect). Most previous studies on JOL reactivity
have focused on the backward effect of JOLs (e.g., Janes et al., 2018; Soderstrom
et al., 2015; Tauber & Witherby, 2019; Witherby et al., 2023) by demonstrating the
improved retention of the judged materials. On the other hand, JOL reactivity can
occur by facilitating new learning, known as the forward effect (Kubik et al., 2022;
Ha & Lee, 2023; Lee & Ha, 2019; see also Pastotter & Bduml, 2014 for forward
testing effect). Lee and Ha (2019) were the first to investigate the forward effect of
metacognitive judgments. In their study, the participants who made JOLs on pre-
viously studied painting styles outperformed the restudy control group in learning
new painting styles. More recently, Ha and Lee (2023) reported the forward effect of
JOLs on text learning. However, these two studies did not directly examine the effect
of JOL itself, but rather the effect of guided metacognitive judgments that involved
three phases of judgments: monitoring, evaluating, and planning. Furthermore, these
studies did not systematically examine the role of retrieval, leaving unanswered
questions about why the forward effects of metacognitive judgments occurred.
Therefore, the current study investigates both the backward and forward effects of
making JOLs on inductive learning while controlling for retrieval opportunities.

Because no research has examined the direct consequences of making JOLs on
inductive category learning, we lack a specific hypothesis regarding positive or neg-
ative JOL reactivity. On the one hand, we expect that the act of making JOLs will
benefit inductive learning, as evidenced by several studies reporting positive JOL
reactivity in verbal learning (Janes et al., 2018; Soderstrom et al., 2015). Moreover,
given that numerous studies have demonstrated indirect benefits of metacognitive
judgments on learning, making JOLs could positivity affect learners’ study regula-
tion (Sahakyan et al., 2004; Yang et al., 2017), leading to better learning outcomes.
On the other hand, we also have plausible reasons to expect that JOLs might not nec-
essarily benefit inductive learning. The JOL reactivity may vary depending on the
type of learning materials involved. In simple verbal learning tasks, such as recalling
word pairs, learners are required to memorize the given learning materials, whereas
in complex learning tasks, such as classifying natural categories, learners must first
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identify category characteristics before memorizing them (Murphy, 2002). Thus, the
act of making JOLs might not suffice to enhance learning that requires a higher level
of knowledge acquisition, such as categorization.

Despite our uncertainty regarding the impact of making JOLs on inductive learn-
ing, we anticipate that if it does indeed facilitate inductive learning, the benefits
will be more pronounced when JOL affords the retrieval process. A large number of
studies have shown the power of retrieval on various types of learning, from simple
verbal learning to high-level inductive learning tasks (e.g., Carpenter & DeLosh,
2006; Jacoby et al., 2010). Besides, several studies reported the benefits of retrieval
increased with greater retrieval effort (Carpenter & DeLosh, 2006; Kang et al.,
2007). Therefore, we expect that the stronger the retrieval is afforded by JOLs, the
better the learning outcomes will be in inductive learning.

The Present Study

This study had two major goals. The first goal was to test in a straightforward man-
ner whether making JOLs regarding previously learned materials would improve
inductive learning. Specifically, we examined how the act of making JOLs affected
the transfer of previously learned categories (backward effect) and subsequently
studied new ones (forward effect) by adopting a procedure typically used in stud-
ies on the forward testing effect (Choi & Lee, 2020; Kang et al., 2023; Lee & Ahn,
2018; Lee & Ha, 2019). The second goal was to investigate the role of retrieval in
JOL reactivity. We examined how the effect of making JOLs varied in inductive
learning depending on the forms of JOLs that were framed to afford a covert or overt
retrieval opportunity.

Figure 1 represents an overview of the procedures used in Experiments 1 to 3.
Participants were instructed to study images of various butterfly species across two
sections: six species each in Section A and Section B. After studying Section A, par-
ticipants were instructed to perform one of the different interim activities: they made
JOLs or did not (i.e., interim-restudy or retrieval practice) for the learned butterfly
images of Section A. On completion of the interim activity, all participants studied
new species of butterflies in Section B. After studying Section B, participants took
a final transfer test in which they had to classify new examples of butterfly species
learned from Sections A and B. Hence, the final test required not only remembering
characteristics of butterfly species but also the generalization of the learned knowl-
edge. Participants would only be able to classify new butterflies from the learned
category successfully if they had studied the butterflies at a category level. If a back-
ward effect of JOL occurred, the JOL group would outperform the restudy control
group in the final test of Section A. If the forward effect of JOL occurred, the JOL
group would outperform the control group in the final test of Section B.

Across the three experiments, we varied the forms of JOLs to investigate the role
of covert or overt retrieval attempts. In Experiment 1, we tested the effects of two
different forms of JOLs—target-absent and target-present. We compared these forms
to a restudy control to determine whether JOLs framed to encourage covert retrieval
enhance inductive learning. In the target-absent JOL condition, the category name
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Experiment 1

| Target-absent JOLs on A

Final transfer test

Section A Target-present JOLs on A Section B on A and B

| Interim restudy A

Experiment 2

| Retrieval practice + JOLs on A

Final transfer test

Section A Target-absent JOLs on A Section B on A and B

| Interim restudy A

Experiment 3

| Retrieval practice + JOLs on A

Section A

. . . Final transfer test
| Retrieval practice on A Section B on A and B

| Interim restudy A

Fig.1 An overview of procedures used in Experiments 1-3

of the butterfly was not provided; thus, participants were likely to engage in covert
retrieval. In the target-present JOL condition, a category name was provided; thus,
it was unlikely to elicit covert retrieval while making JOLs. If covert retrieval plays
an important role in JOL reactivity, it is anticipated that the target-absent JOL group
will outperform the restudy control group, whereas the target-present JOL group
will not. This prediction aligns with the covert retrieval hypothesis. However, if
covert retrieval does not suffice to enhance inductive learning, neither the target-
absent nor target-present JOL groups will surpass the control group. In Experi-
ment 2, we directly tested the effect of making JOLs framed to afford overt ver-
sus covert retrieval attempts by comparing the retrieval practice + JOL condition to
the target-absent JOL condition. If learners do not spontaneously engage in active
retrieval when they are not explicitly asked to do, it is anticipated that the retrieval
practice + JOL group will outperform the other groups, as predicted by truncated
search hypothesis. Experiment 3 further investigated whether the act of making
JOLs added any additional learning benefit to mere overt retrieval practice (without
JOL) by comparing the retrieval practice + JOL condition to the retrieval practice
condition. If making JOLs facilitates learning in ways distinct from retrieval, it is
expected that the retrieval practice + JOL group will outperform the retrieval prac-
tice group. However, if the direct benefit of making JOLs is not significant (if any)
and/or its benefit is redundant to the benefit of retrieval practice, the performance
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difference between the two groups will not be pronounced. Nonetheless, we predict
that both the retrieval practice + JOL and retrieval practice groups will outperform
the restudy control group, given the robust effect of retrieval practice demonstrated
in inductive learning (e.g., Jacoby et al., 2010; Kang et al., 2023).

Experiment 1

Experiment 1 investigated whether making JOLs of prior learning could facilitate
the learning of old and new materials in inductive learning. We also varied the form
of the JOL (target-absent JOL or target-present JOL) to examine the role of covert
retrieval. If the target-absent JOL elicited covert retrieval, this JOL group would out-
perform the target-present JOL and restudy groups.

Method
Participants

To determine the sample size, power analysis was performed using G*Power (Faul
et al., 2007). Previous studies on JOL reactivity (Carvalho et al., 2023; Kubik et al.,
2022; Putnam & Roediger, 2013) reported medium to very large effect sizes ranged
from 0.45 to 1.06 (Cohen’s d). To detect a large-sized effect (;1; = (0.14) among the
three between-subjects conditions, at least a total sample size of 81 was required
at a power of 0.9. Thus, for each experiment, we recruited 30 or more participants
per condition, excluding those who did not meet the predefined exclusion criteria.
In Experiment 1, 95 undergraduates from a large university in South Korea were
recruited and tested online in return for monetary compensation. We excluded two
participants who were inactive for more than 10 min on the self-paced page, leaving
93 participants (60 women; 33 men; mean age = 22.37 years) for the final analyses.
Each participant was randomly assigned to one of the three conditions: target-absent
JOL (31 participants), target-present JOL (32 participants), and interim-restudy (30
participants). The Institutional Review Board (IRB) of the university where the
research was conducted approved all experiments of the current study.

Design

A 3 (interim activity: target-absent JOL vs. target-present JOL vs. interim-restudy)
X 2 (section: A vs. B) mixed design was employed. The type of interim activity was
manipulated as a between-subjects factor and the section was a within-subject fac-
tor. According to the randomly assigned conditions, participants were instructed to
make either target-absent JOLs, target-present JOLs, or did an interim restudy of the
materials in Section A.
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Materials

To investigate the effect of making JOLs on inductive learning, we selected butterfly
species. Butterfly images were initially created by Birnbaum et al. (2013), and some
of the images were replaced with those found in the Korean Encyclopedia of But-
terflies to adjust for the difficulty of the learning materials. There were 12 butterfly
species with each species consisting of six photos (72 images in total): Apatura iris,
Dichorragia nesimachus, Libythea lepita, Lobocla bifasciata, Lycaenidae, Minois
dryas, Neptis philyra, Nymphalis xanthomelas, Parnassius stubbendorfii, Polygonia
c-aureum, Ypthima baldus, and Vanessa cardui. All the materials, including instruc-
tions and butterfly species names, were prepared and presented in Korean. The but-
terfly species were referred to by their common names in Korean, rather than their
technical binomial names.

Procedure

Participants were tested online using Qualtrics (https://www.qualtrics.com/). Partici-
pants initially received general instructions regarding the study purpose and proce-
dure. They were instructed to study 12 different butterfly species across two sections
(Sections A and B) with six species per section. To control for general test expec-
tancy, all participants were told that they would take an examination requiring them
to classify new butterfly images from the studied butterfly species.

Participants studied six of the 12 butterfly species in Section A and the other
six species in Section B. To avoid the specific-item effect, the butterfly-section
pairs were counterbalanced across the two sections. In Section A, 36 butterfly
images (six species X six images) were individually presented. For each trial,
an image and the corresponding species name were concurrently shown in the
middle of a computer screen for 4 s. After studying the Section A materials,
participants were asked to perform one of three interim activities with the same
set of butterfly images presented in Section A. In both the target-absent and
target-present JOL conditions, participants were asked to make a JOL. Figure 2
shows illustrations of the JOL procedure employed in Experiment 1. The JOL
was conducted across two separate pages, with each page displayed for 4 s, total-
ing 8 s. Participants were not allowed to provide a JOL rating during the first
4 s to ensure adequate processing of the presented image. On the first page, an
image of butterfly was presented with a JOL question. Specifically, participants
were asked to predict the likelihood of correctly identifying the butterfly spe-
cies when given a new image of the same species in a final test. On the second
page, participants were asked to give a rating by moving the scale pointer from
0 (not at all) to 100 (definitely). The only difference between the target-absent
and target-present conditions was the absence or presence of butterfly species
names. In the target-absent JOL condition (Fig. 2a), only the cue (i.e., butter-
fly image) was presented whereas in the target-present JOL condition (Fig. 2b),
both the cue (i.e., butterfly image) and target (i.e., butterfly species name) were
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(a) target-absent JOL condition

36 trials in total

In the final test, how likely is it that you will be > Please respond with a number between 0 and 100.
able to correctly identify the butterfly species The next screen will appear in 4 seconds.

when given a new image of the same species? 0 10 20 30 40 50 60 70 80 90 100

‘ Scale pointer ]

4s 4s

(b) target-present JOL condition

36 trials in total

Painted Lady Painted Lady
In the final test, how likely is it that you will be Em— Please respond with a number between 0 and 100.
able to correctly identify the butterfly species The next screen will appear in 4 seconds.

when given a new image of the same species?
0 10 20 30 40 50 60 70 80 90 100

. Scale pointer I

4s 4s

Fig. 2 Illustrations of JOL procedure used in Experiment 1. The butterfly image was obtained from Birn-
baum et al. (2013) and then adapted for the current study. All instructions and butterfly species were
provided in Korean

simultaneously presented while making JOLs. In the interim-restudy condition,
participants were asked to restudy the identical image sets they studied in Sec-
tion A; thus, they did not make any JOLs. Each image was presented for 8 s.
After completing the interim session in Section A, all participants studied the
six new butterfly species in Section B under the same conditions. As in Section
A, there were 36 butterfly images (six species X six images), and each image
was presented individually for 4 s. All participants then took a final transfer test
which included four new butterfly images from each of the 12 butterfly species
studied, comprising 48 test items. In each test trial, a butterfly image was pre-
sented, and the participants had to choose the corresponding butterfly species
from the 12 different names (Sections A and B) presented in alphabetical order.
The final test was self-paced and there was no feedback. The experiment lasted
approximately 30 min and participants were debriefed at the end.
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100 1 @ target-absent JOL
[ target-present JOL

80 4  Ointerim-restudy
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8

20 A

0 T 1
Section A Section B

Fig. 3 Mean percentages of correct responses in the final transfer tests of Sections A and B for the target-
absent JOL, target-present JOL, and interim-restudy conditions of Experiment 1. Error bars represent one
standard error of the mean

Results
Interim activity performance

Participants in both JOL conditions provided JOL ratings for the six butterfly spe-
cies studied in Section A. The mean JOL rating was 70.12 (SD = 22.67) in the
target-absent JOL condition and 65.86 (SD = 20.70) in the target-present JOL
condition. There was no significant difference in ratings between the two JOL
groups, #(61) = 0.78, p = .438.

Final test performance

For analyses of final test performance, we reported statistics for both traditional
null hypothesis significance testing and Bayes Factors (BF). We reported BF,
when p-values were significant and BF,, when p-values were not significant
so that a larger value of BF indicated stronger support for the reported effect.
According to Jeffreys’ scheme (Jeffreys, 1961), the Bayes factor is interpreted as
follows: 1 to 3 provides anecdotal evidence, 3 to 10 indicates moderate evidence,
10 to 30 suggests strong evidence, 30 to 100 provides very strong evidence, and
100 or more provides decisive evidence. These analyses were performed using
JASP (JASP Team, 2024).
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Figure 3 shows the mean percentages of correct responses in the final tests in
Sections A and B. A 3 X 2 mixed analysis of variance (ANOVA) was performed
on the number of correct answers in the final test. Interim activity (target-absent
JOL vs. target-present JOL vs. interim-restudy) was a between-subjects factor,
and section (A vs. B) was a within-subject factor.

There was neither main effect of the interim activity, F(2, 90) = 2.88, p = .061,
BF,; = 0.85, nor was there an effect of the section, F(1, 90) = 3.77, p = .055, BF,;
= 1.10. Also, no interaction occurred between the section and interim activity, F(2,
90) = 0.10, p = .905, BF,; = 9.04.

Discussion

Experiment 1 examined the effect of making JOLs on inductive learning and
obtained the same patterns of results across the two sections. Regarding trans-
fer performance in Sections A and B, all three conditions showed similar levels of
learning performance, indicating no JOL reactivity in inductive learning. Neither
target-absent nor target-present JOL was more effective than the interim-restudy in
improving the learning of previously and newly learned butterfly species. We also
failed to observe a performance difference between the target-absent and target-pre-
sent JOL conditions. These results are inconsistent with those of the previous stud-
ies that demonstrated a positive forward effect (Kubik et al., 2022) and backward
effect of JOLs (Dougherty et al., 2005; Soderstrom et al., 2015; Witherby & Tauber,
2017) in verbal learning. One possible explanation for the null effect of JOL is that
inductive learning is more difficult and complex than verbal learning. Most previous
studies reporting positive JOL reactivity used retention tests with simple learning
materials such as word pairs (Halamish & Undorf, 2022; Tauber & Witherby, 2019)
and word lists (Li et al., 2021; Li et al., 2023; Zhao et al., 2022). In contrast, the cur-
rent experiment used category learning materials for a transfer test in which partici-
pants had to apply what they studied to new exemplars. Such transfer tasks require
not only memorization of category names but also generalization of learning. Thus,
even if covert retrieval was elicited while making JOLs in the target-absent condi-
tion, it may have been insufficient to achieve a level of learning that went beyond
memorization. Consistent with this explanation, Ariel et al. (2021) did not find ben-
efits of target-absent JOLs compared with restudy when using a text comprehension
task, which requires a relatively higher level of learning than simple verbal learning.

Moreover, the null reactivity from both the current experiment and Ariel et al.’s
research (2021) suggests that students do not spontaneously engage in active
retrieval attempts, and the process of covert retrieval is probably different from overt
retrieval practice. While making JOLs, even when the target (i.e., butterfly species
name) was not presented, participants may have produced a number rating with-
out retrieving the target item. Because participants were not explicitly instructed to
retrieve the butterfly species name, they did not have to recall it; thus, they did not
benefit from the retrieval practice. In addition, no retrieval attempts likely failed to
evoke any retrieval failure, a phenomenon known to enhance learning (Cho et al.,
2017). Indeed, learners who make JOLs are not necessarily fully engaged in the
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retrieval process (Tekin & Roediger, 2021). This was because learners were more
likely to make judgments based on familiarity cues and tended to terminate the
retrieval process too early, which is consistent with the truncated search hypothesis
(Tauber et al., 2015). Dobson et al. (2019) also found that the JOL group spent less
time on the retrieval process than the retrieval practice group. These results suggest
that overt retrieval may be necessary for the act of making JOLs to produce learning
gains.

In addition, because the procedure for making JOLs was conducted at the experi-
menter’s pace in Experiment 1, the participants might not have had enough time
for a retrieval attempt. Under the constraint of a time limit, participants may have
been preoccupied with selecting numbers on a scale instead of trying to retrieve the
learned materials. Learners are expected to covertly retrieve items before produc-
ing a JOL (Jonsson et al., 2012); however, the covert retrieval process may require
sufficient time. Making self-paced JOLs may allow learners to fully reflect on their
learning status and induce a more active retrieval process. To address this possibil-
ity, Experiment 2 asked participants to make a target-absent JOL at their own pace,
and directly compared its effect to making JOLs with overt retrieval.

Experiment 2

Experiment 2 investigated whether making JOLs with overt retrieval would enhance
the learning of previously and newly learned materials in inductive learning. Three
modifications were made from Experiment 1. First, to allow sufficient time for
retrieval, participants were instructed to make JOLs in a self-paced manner. Second,
we removed the target-present JOL condition because it did not exhibit any learn-
ing benefits in Experiment 1. Third, we added a new condition, retrieval practice
+ JOL, and compared its effect with the target-absent JOL condition, in addition
to restudy control, to determine the effect of overt versus covert retrieval. If overt
retrieval opportunities play an important role in JOL reactivity, the retrieval practice
+ JOL group would outperform the target-present JOL and restudy groups.

Method
Participants

In total, 108 undergraduates from a large university in South Korea were recruited
and tested online in return for monetary compensation. We excluded two partici-
pants who were inactive for more than 10 min on the self-paced page, one whose
interim test score was below the three SDs of the group mean, and two who partici-
pated twice in duplicate, leaving 103 participants (63 women; 40 men; mean age =
22.69 years) for the final analyses. Each participant was randomly assigned to one
of the three conditions: retrieval practice + JOL (35 participants), target-absent JOL
(34 participants), or interim-restudy (34 participants).
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Design, Materials, and Procedure

The biggest change in Experiment 2 was the removal of the target-present JOL con-
dition and the addition of a new condition: retrieval practice + JOL. In the retrieval
practice + JOL condition, the retrieval practice and JOL procedures were adminis-
tered across two separate pages. On the first page, participants were presented with
a butterfly image and prompted to type in the corresponding butterfly species name.
There was no time limit or feedback for any trial. On the second page, the butter-
fly image disappeared from the screen and participants were presented with a JOL
question. They were asked to indicate how likely it was they would be able to cor-
rectly identify the butterfly species they had just viewed when given a new image
of the same species in a final test by entering a number between 0 and 100. The
procedure for the target-absent JOL condition was identical to that of the retrieval
practice + JOL condition, with one exception: participants were not prompted to
enter the butterfly species name and instead simply made a JOL. Unlike Experiment
1, the JOL procedure in Experiment 2 was conducted at the participants’ own pace,
allowing them to take as much time as necessary to assess their learning status. The
restudy control condition and all other procedures were the same as those used in
Experiment 1.

Results
Interim Activity Performance

Participants in both JOL conditions provided JOL ratings for the six butterfly species
studied in Section A. The mean JOL rating was 66.48 (SD = 19.85) in the retrieval
practice + JOL condition and 74.82 (SD = 16.80) in the target-absent JOL condi-
tion. There was no reliable rating difference between the two interim JOL groups,
#67) =-1.88, p = .064.

As participants made JOLs in a self-paced manner, we also examined whether the
time spent to make JOLs differed between the two JOL conditions. An independent
t-test revealed a significant difference, #(67) = 10.76, p < .001, such that the retrieval
practice + JOL group (M = 8.71, SD = 3.29) spent a significantly longer time than
the target-absent JOL group (M = 2.50, SD = 0.71). The mean percentage of correct
responses in the retrieval practice + JOL condition was 68.57 (SD = 18.11).

Final Test Performance

Figure 4 shows the mean percentage of correct responses in the final tests of Sec-
tions A and B in the interim JOLs and interim-restudy conditions. A 3 X 2 mixed
ANOVA was performed on the number of correct answers. Interim activity (retrieval
practice + JOL vs. target-absent JOL vs. interim-restudy) was a between-subjects
factor, and section (A vs. B) was a within-subject factor.

@ Springer



60 Page 14 0f 28 Educational Psychology Review (2024) 36:60

100 - . .
M retrieval practice + JOL
[ target-absent JOL
__ 80 4 Ointerim-restudy
& T
g 60 t I
c 7 T T T T
S 11 T
(%]
g
+ 40 -
o
3
20 A
0 T 1
Section A Section B

Fig.4 Mean percentages of correct responses in the final transfer tests of Sections A and B in the
retrieval practice + JOL, target-absent JOL, and interim-restudy conditions of Experiment 2. Error bars
represent one standard error of the mean

There was no main effect of interim activity, F(2, 100) = 2.80, p = .066, BF,
= 1.06. There was a significant main effect of the section, F(1, 100) = 5.32, p =
.023, nz = .05, BF;, = 1.76, indicating that the transfer performance was signifi-
cantly higher in Section B (M = 63.03, SD = 21.97) than in Section A (M = 58.13,
SD = 20.38).

Notably, there was a significant interaction between the interim activity and sec-
tion, F(2, 100) = 3.26, p = .042, n‘f = .06, BF;, = 2.02, suggesting that the effect
of the interim activity varied depending on the section. Different patterns of results
were observed in Sections A and B. For all pairwise comparisons, we conducted a
Bonferroni adjustment to maintain a family-wise Type I error rate of .05. The fol-
low-up one-way ANOVAs revealed no group differences in Section A, F(2, 100)
= 0.32, p =.729, BF,; = 8.64, but a significant group difference in Section B, F(2,
100) = 5.38, p = .006, n[% =.10, BF,;, = 6.55. Specifically, only the retrieval practice
+ JOL group outperformed the interim-restudy group, MD = 16.65, 95% CI [4.58,
28.73], p = .004, BF;, = 34.71. The target-absent JOL group did not differ signifi-
cantly from the retrieval practice + JOL group, MD = 8.44, 95% CI [-3.64, 20.52],
p = 298, BF,; = 1.16, or the interim-restudy group, MD = 8.21, 95% CI [-3.95,
20.37], p = .334, BF,;; = 1.59.
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Discussion

Experiment 2 examined the effects of making JOLs designed to evoke covert
retrieval and making JOLs that were accompanied by overt retrieval practices com-
pared to a restudy control. The results revealed that the effects of making JOLs dif-
fered depending on the section. For Section A, there was no reliable performance
difference among the three conditions, replicating the findings of Experiment 1, in
that there was no backward effect of JOLs. Further, Experiment 2 found that even
when JOL was accompanied by overt retrieval practice, it did not enhance learning
of the judged material'. This null effect is different from the results of a previous
study demonstrating that making JOLs with retrieval practices on previously learned
texts enhanced the learning of the studied text (Ariel et al., 2021).

In Section B, making JOLs enhanced learning, but only when learners were
asked to retrieve information prior to making JOLs. That is, retrieval practice + JOL
showed the forward effect of JOL, whereas target-absent JOL did not. Interestingly,
all participants studied in Section B in the same manner. They simply engaged in
different interim activities with regard to Section A before moving on to Section B
but showed different levels of new learning. One possible explanation is that because
the retrieval practice + JOL group had to overtly retrieve the category name, they
perhaps experienced more retrieval failure and, in turn, exerted more effort into their
learning in the subsequent section (Cho et al., 2017; Potts & Shanks, 2014; Yang
et al., 2017). By contrast, the target-absent JOL group did not have to recall the cate-
gory name; thus, they were less likely to engage in retrieval attempts and experience
retrieval failure. Indeed, the target-absent JOL group spent significantly less time
than the retrieval practice + JOL group, lending support to the idea that the former
group exerted less effort on retrieval than the latter. These results suggest that, when
making JOLs, performing overt retrieval practice is important to facilitate the learn-
ing of new materials.

If making JOLs enhances learning only when combined with overt retrieval, the
following question is whether making JOLs provides additional learning benefits to
retrieval practice. Retrieval practice may be good enough by itself without the addi-
tional act of making JOLs, especially given that making JOLs requires learners to
spend additional time. Previous studies have shown that retrieval fosters learning
(Carpenter, 2012; Roediger & Karpicke, 2006), and such retrieval benefits have also
been found in inductive learning as well (e.g., Jacoby et al., 2010; Lee & Ahn, 2018;

! To investigate whether the backward effects varied based on retrieval success during the interim ses-
sion, we analyzed the performance data by butterfly species. While some species (such as Parnassius
stubbendorfii and Ypthima baldus in Experiment 2 and Minois dryas, Parnassius stubbendorfii, and
Ypthima baldus in Experiment 3) exhibited significantly higher retrieval success than others (ps < .01),
none of the butterfly species in Experiments 2 and 3 demonstrated backward effects of retrieval practice.
Even when retrieval success was high for a given species, neither the retrieval + JOL group (Experi-
ments 2 and 3) nor the retrieval practice group (Experiment 3) outperformed the restudy control group on
the final transfer test of Section A. This was because the restudy group performed as well as other groups
for categories with high retrieval success during the interim session, suggesting varying difficulty levels
among different butterfly species. Despite such varying levels of difficulty among butterfly species, the
lack of the backward effect remained consistent across different categories.

@ Springer



60 Page 16 0f 28 Educational Psychology Review (2024) 36:60

Yang & Shanks, 2018). Although the retrieval practice + JOL group showed better
transfer performance in Section B than did the interim-restudy group, it remained
unclear whether the benefit was entirely due to retrieval. Thus, Experiment 3 exam-
ined the comparative effectiveness of retrieval practices alone versus retrieval prac-
tices combined with JOL.

Experiment 3

Experiment 2 revealed the act of making JOLs potentiated new learning only when
overt retrieval practice was conducted before providing JOLs. Experiment 3 inves-
tigated whether the act of making JOLs additionally benefits a mere overt retrieval
practice by comparing the retrieval practice + JOL and retrieval practice conditions.
Two modifications were made from Experiment 2. First, we removed the target-
absent JOL condition and added a retrieval practice condition in which participants
were instructed to make only overt retrievals without making JOLs. Second, to
increase the external validity, we broadened the participant pool by recruiting under-
graduate students from multiple universities in South Korea.

Method
Participants

A total of 113 undergraduates from three private universities located in Seoul, South
Korea, were recruited and tested online in return for monetary compensation. We
excluded two participants who were inactive for more than 10 min on the self-paced
page, one whose interim test scores were below the three SDs of the group mean,
two who reported taking notes, and three who participated twice in duplicate, leav-
ing 105 participants (77 women; 28 men; mean age = 22.05 years) for the final
analyses. Each participant was randomly assigned to one of the three conditions:
retrieval practice + JOL (35 participants), retrieval practice (35 participants), or
interim-restudy (35 participants).

Design, Materials, and Procedure

The overall procedure used in Experiment 3 was identical to that used in Experi-
ment 2. Participants performed either overt retrieval practice prior to making JOLs
(retrieval practice + JOL condition), overt retrieval practice (retrieval practice con-
dition), or restudied (interim-restudy condition) on Section A materials before con-
tinuing with Section B. In the retrieval practice condition, participants did not pro-
vide any judgments and only performed the retrieval practice. They were presented
with a butterfly image and instructed to enter a category name during the interim
session. There was no feedback or time limit for any trial. The other two conditions
were identical to those used in Experiment 2.

@ Springer



Educational Psychology Review (2024) 36:60 Page 170f28 60

Results
Interim Activity Performance

Only the retrieval practice 4+ JOL group provided judgments in Section A. The mean
rating was 73.50 (§D = 16.59).

We also examined the retrieval practice performance of the two conditions:
retrieval practice 4+ JOL and retrieval practice. An independent #-test did not reveal a
significant mean difference, #(68) = -0.29, p = .769, between the retrieval practice +
JOL (M =73.33, SD = 17.53) and retrieval practice (M = 74.68, SD = 20.62) condi-
tions. However, an independent ¢-test revealed a significant difference in the duration
of the interim session, #68) = 3.79, p < .001, in that the retrieval practice + JOL
group (M = 9.28, SD = 3.85) spent more time than the retrieval practice group (M =
5.85, SD =3.75).

Final Test Performance

Figure 5 shows the mean percentage of correct responses in the final test of Sections
A and B in the retrieval practice + JOL, retrieval practice, and interim-restudy con-
ditions. A 3 X 2 mixed ANOVA was performed on the number of correct answers.
Interim activity (retrieval practice + JOL vs. retrieval practice vs. interim-restudy)
was a between-subjects factor, and section (A vs. B) was a within-subject factor.

There was a significant main effect of the interim activity, F(2, 102) = 4.00, p =
021, 115 = .073, BF;, = 2.49. The retrieval practice + JOL group outperformed the
interim-restudy group, MD = 11.49, 95% CI [1.21, 21.76], p = .023, BF;, = 14.55.
No other intergroup differences were observed. Also, there was no main effect of the
section, F(1, 102) = 0.80, p = .375, BF,;; = 4.59.

Interestingly, there was a significant interaction between the interim activity and
section, F(2, 102) =4.77, p = .011, ’75 = .09, BF,;, = 2.11, suggesting that the effect
of the interim activity varied depending on the section. Different patterns of results
were observed in the two sections. The follow-up one-way ANOVAs revealed no
group differences in Section A, F(2, 102) = 0.66, p = .520, BF,; = 6.66, whereas for
Section B, there were significant group differences, F(2, 102) = 7.39, p = .001, 115 =
.13, BF;, = 31.03. Specifically, the retrieval practice + JOL group outperformed the
interim-restudy group, MD = 17.62, 95% CI [5.79, 29.45], p = .002, BF;, = 16.38.
The retrieval practice group also outperformed the interim-restudy group, MD =
15.24,95% CI[3.41, 27.07], p = .008, BF;, = 11.07. However, the retrieval practice
group did not significantly differ from the retrieval practice + JOL group, MD =
2.38,95% CI [-9.45, 14.21], p = 1.00, BF; = 3.57.
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Fig.5 Mean percentages of correct responses in the final transfer tests of Sections A and B in the
retrieval practice + JOL, retrieval practice, and interim-restudy conditions of Experiment 3. Error bars
represent one standard error of the mean

Discussion

Experiment 3 investigated the effect of combining JOLs with retrieval practice on
inductive learning by comparing these effects to those of retrieval practice alone and
interim-restudy conditions. For Section A, there was no reliable performance dif-
ference among the three groups, replicating the findings of Experiment 2 in that
there was no backward effect of JOLs compared with the interim-restudy condi-
tion. In Section B, both the retrieval practice + JOL and retrieval practice groups
outperformed the interim-restudy group, indicating a forward effect. The results
of the retrieval practice + JOL group replicated those of Experiment 2. Perform-
ing retrieval practice prior to making JOLs enhanced new learning compared to the
interim-study.

However, both the retrieval practice + JOL and retrieval practice groups exhibited
a comparable level of transfer performance in Section B. Making JOLs accompa-
nied by retrieval practice was as effective as retrieval practice alone in enhancing the
learning of new materials, but was not more effective than retrieval practice alone.
That is, making JOLs in addition to retrieval practices did not provide any additional
learning benefits. These results suggest that the forward effect of retrieval practice
+ JOL observed in Experiment 2 was probably due to overt retrieval alone rather
than the combined effect of JOL and the retrieval practice. The observed forward
effect of retrieval practice is consistent with the findings of prior research demon-
strating the forward effect of testing (for reviews, see Chan et al., 2018b; Pastotter &
Béduml, 2014; Yang et al., 2018). Several studies have specifically shown that testing
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on previously learned materials can potentiate new learning in the field of inductive
learning by using natural rock categories (Kang et al., 2023) and painting styles (Lee
& Ahn, 2018; Yang & Shanks, 2018).

Notably, the retrieval practice + JOL group spent significantly more time during
the interim session than the retrieval practice group, suggesting that retrieval prac-
tice is a more efficient learning method. Our findings indicate that retrieval may play
a crucial role in improving inductive learning.

General Discussion

The present study examined whether making JOLs enhances inductive learning and
how their effects change depending on the extent to which JOLs afforded retrieval
attempts. Across the three experiments, the form of JOL was manipulated, and all
JOL conditions were compared with the restudy control condition to examine the
forward and backward effects of JOLs. Specifically, Experiment 1 tested the effects
of making target-absent and target-present JOLs. Experiment 2 examined the effects
of JOLs accompanied by overt retrieval practice and target-absent JOLs. Finally,
Experiment 3 examined the effects of JOLs accompanied by overt retrieval and mere
retrieval practice. These manipulations allowed us to investigate the roles of both
covert and overt retrieval attempts in JOL reactivity during inductive learning.

Our results showed that standard forms of JOLs, either target-absent or target-
present JOLs, did not enhance inductive learning. Participants who made target-
absent JOLs (Experiments 1 and 2) or target-present JOLs (Experiment 1) did not
show better transfer performance in the final test of both Sections A and B compared
to the restudy control group, indicating no backward and forward effects of JOLs.
However, when overt retrieval practice was prompted prior to making JOLs (Experi-
ments 2 and 3), the subsequent learning of new material was enhanced. Participants
who made overt retrieval + JOL exhibited better transfer performance in the final
test of Section B than the restudy control group, indicating a forward effect of JOLs.
Such a forward effect was also observed when participants performed retrieval prac-
tice only without making JOLs (Experiment 3), showing a forward effect of testing.

The present findings suggest that the mere act of making JOLs may not be suf-
ficient to enhance inductive learning. Both target-absent and target-present JOLs
failed to show backward or forward effects when they were not accompanied by
overt retrieval practice. Our results are inconsistent with those of many prior studies
that have demonstrated positive JOL reactivity with simple verbal learning materials
(e.g., Kubik et al., 2022; Soderstrom et al., 2015). There are three possible explana-
tions for the lack of positive JOL reactivity in the present study. First, JOL reactiv-
ity may depend on the type of learning material involved. Most previous studies on
positive JOL reactivity have been conducted using verbal materials, such as word
pairs and word lists (e.g., Janes et al., 2018; Soderstrom et al., 2015; see also Double
et al., 2018 for a review). Making JOLs may be sufficient to enhance retention of
simple materials. However, the current study asked participants to learn about vari-
ous butterfly species; thus, they had to abstract and remember the species charac-
teristics from the studied exemplars. Making JOLs may not be sufficient to enhance
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learning, which requires both the abstraction and retention of complex learning
materials such as natural categories. Exposure to a cue (in the target-absent JOL
condition) or cue-target (in the target-present JOL condition) may not necessarily
help inductive learning. Consistent with this account, Ariel et al. (2021) did not find
positive effects of eliciting standard forms of JOLs on text comprehension, suggest-
ing that the direct effect of JOLs varies depending on the complexity of the learning
materials and the type of learning goal. In the current study, higher-order goals such
as categorization may have presented a higher cognitive burden for learners. Cogni-
tive load theory (CLT) suggests that learners’ cognitive resources are limited, and
high working memory demand can hinder learning (Sweller, 1994; Sweller et al.,
2019). As natural category learning deals with ambiguous and unclear characteris-
tics between categories (Miyatsu et al., 2019), both studying categories and making
JOLs might have made learners consume cognitive resources at a significant level.
Hence, simply being exposed to a cue (in the target-absent JOL condition) or a cue-
target (in the target-present JOL condition) while making JOLs did not necessarily
enhance learning.

Second, participants may not have fully engaged in the covert retrieval process
while making JOLs. In this study, participants who made target-present JOLs did
not have to retrieve any information because they were provided with both cues (but-
terfly image) and targets (butterfly species name). Thus, it is not surprising that the
target-present JOL group did not outperform the restudy control group. This finding
is consistent with previous studies that reported a lack of a direct effect of target-
present JOLs. For example, Schifer and Undorf (2024) found that participants who
made target-present JOLs did not show improved performance in terms of general
knowledge. Kubik et al. (2022) also demonstrated that making JOLs with complete
information did not enhance the subsequent learning of word lists. However, in our
study, even target-absent JOLs did not show any learning benefit compared to the
restudy control. Although the participants in the target-absent JOL condition were
expected to covertly retrieve the items before judging (Jonsson et al., 2012; Spell-
man & Bjork, 1992), they did not have to do so because they were simply required
to generate a number to judge their learning status. Therefore, if participants did not
spontaneously attempt to retrieve the butterfly species name, they would not ben-
efit from making target-absent JOLs. Previous studies have reported that learners
who make JOLs are not necessarily fully engaged in the retrieval process (Tekin
& Roediger, 2021), suggesting that they sometimes complete the retrieval process
prematurely (Son & Metcalfe, 2000; Tauber et al., 2015). Dobson et al. (2019) also
reported that participants who made JOLs spent less time on the retrieval process
than those who had overt retrieval practice.

Finally, it is possible that the backward effect of JOLs did not occur because
the final test was a transfer task. The current study used a transfer task, instead
of a retention task, to examine the backward and forward effects of making JOLs
on inductive learning. This is because the goal of inductive learning is not just to
remember specific cases, but also to generalize learning to other instances (Hol-
land et al., 1989). According to Soderstrom et al. (2015), one of the conditions
under which JOL reactivity occurs is that the same cues used in the JOL tasks must
be available in the final criterion test. Therefore, for JOL reactivity to occur, the

@ Springer



Educational Psychology Review (2024) 36:60 Page210f28 60

photograph of a butterfly presented in the JOL task should also be presented in the
final test. However, the final test in the current study asked participants to classify
new exemplars that were not seen in any of the previous learning sessions. Future
studies should examine how JOL reactivity varies according to cue availability and
test type in inductive learning.

Although eliciting JOLs in typical forms did not facilitate inductive learning, we
repeatedly found across Experiments 2 and 3 that JOLs accompanied by retrieval
practice enhanced inductive learning. When participants were prompted to make
overt retrievals before making JOLs, they outperformed the restudy group on the
final transfer test of Section B, showing a forward effect of JOLs. However, retrieval
practice + JOL was not more effective than, but was as effective as retrieval prac-
tice alone, suggesting that retrieval practice played an important role in facilitat-
ing subsequent inductive learning. We conjecture that performing overt retrieval
before making JOLs may have worked similarly to interim testing. Numerous stud-
ies have demonstrated that taking an interim test on previously learned materials
can enhance subsequent learning (for a review, see Yang et al., 2018), a phenom-
enon often referred to as the forward effect of testing (Pastotter & Bauml, 2014),
interim test effect (Wissman et al., 2011), or test-potentiated new learning (Chan
et al., 2018a). The benefits of interim testing have also been shown in inductive
learning, encompassing materials such as painting styles (Lee & Ahn, 2018; Yang
& Shanks, 2018) and rock categories (Kang et al., 2023). For example, Kang et al.
(2023) had undergraduate students learn various rock categories and demonstrated
that interim testing on previously studied rock categories facilitated the learning of
both previously studied and newly studied categories compared to restudy. In the
present study, although participants in the retrieval practice + JOL condition were
not given a formal test, the prompt to enter the name of the butterfly species in every
trial before making a JOL was more or less the same as taking an interim test. This
retrieval process could have enhanced new learning by affecting study strategies
for the encoding and absorption of subsequent materials (Chan et al., 2018a; Cho
et al., 2017; Finley & Benjamin, 2012; Pyc & Rawson, 2012). When participants
attempted retrieval prior to making JOLs, they could evaluate their current learning
strategies and adjust them to be more effective in subsequent learning. In addition,
they may have experienced retrieval failure of some butterfly species while making
JOLs and exerted more effort in their subsequent learning of new species. Retrieval
practice is known to increase learners’ motivation (Cho et al., 2017) and decrease
mind-wandering during subsequent learning (Szpunar et al., 2013).

However, it should be noted that retrieval practice + JOL was not more effec-
tive than retrieval practice alone. Experiment 3 compared these two conditions to
restudy control to investigate whether the benefit of retrieval practice + JOL was
due to the combined effect of JOL and retrieval practice, or due to retrieval practice
itself. The results revealed no additional benefits from making JOLs. In fact, mak-
ing JOLs accompanied by retrieval practice was less efficient than mere retrieval
practice in that the former required a longer time than the latter. These results are
consistent with several previous studies demonstrating testing benefits in natural
category learning (e.g., Jacoby et al., 2010; Kang et al., 2023) and add further evi-
dence that retrieval practice is an effective learning tool (Roediger & Butler, 2011).
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According to our findings, having students perform retrieval practice may be suf-
ficient to facilitate inductive learning. Even though all participants in Experiment
3 studied the same materials for the same amount of time in Section B, participants
who had retrieval practice for Section A materials showed better learning for Sec-
tion B materials.

Nonetheless, our findings do not suggest that making JOLs does not do any good
for learning. It is possible that there was a hidden efficacy not revealed in the cur-
rent study. For example, making JOLs may help learners optimize their studies in
self-regulated learning. The current study provided participants with fixed learning
sessions for both Sections A and B to control for exposure to study materials across
the conditions (we implemented a self-paced interim JOL session in Experiments
2 and 3, but each study section was always experimenter-paced). If students were
allowed to regulate their studies in Section B, those who made interim JOLs for
earlier learning might have been able to allocate study time more effectively in their
subsequent studies. Indeed, prior research has shown that people use metacognitive
judgments to regulate their subsequent study behaviors, such as study time alloca-
tion (Son & Metcalfe, 2000) and the selection of restudy materials (Morehead et al.,
2016). Future research should investigate how JOL reactivity changes depending on
the extent to which students can regulate their studies.

Furthermore, JOL reactivity can change depending on the item-relatedness of
the cue and target (i.e., how strongly a cue is related to a target). One explanation
for positive JOL reactivity is the cue-strengthening hypothesis (Soderstrom et al.,
2015). According to this hypothesis, while making JOLs for related word pairs, the
semantic relationship between the two words serves as a strong cue that reinforces
memory traces. In contrast, unrelated word pairs have little meaningful relationships
and do not provide a strong retrieval cue. Furthermore, the relatedness processing
of unrelated cue-targets may induce dual-task costs that impede learning (Mitchum
et al., 2016). For this reason, no reactivity or negative reactivity has been shown for
unrelated pairs (Double et al., 2018). Likewise, in the present study, item relatedness
of the cue and target (butterfly exemplar — species) might have affected the results.
In our study, however, the cue-target can be seen always “related” because a but-
terfly exemplar always belongs to a specific species, thus making it hard to analyze
the moderating effect of item relatedness as conducted in previous studies. Alterna-
tively, we could use the similarity between the study and transfer items instead, but
unfortunately, the items used in our study do not have a wide range of similarities.
Because all butterfly species were unfamiliar to participants (note that unlike word
pairs, participants had to induce category characteristics for themselves and make a
link between those characteristics and category label), unusual/atypical exemplars
were not included in experiments. Future studies need to manipulate typicality of
exemplars (if an exemplar is very different from other exemplars, it can be consid-
ered to have weak item relatedness) or item similarity between study and transfer
items to see how JOL reactivity varies depending on various aspect of learning
materials.

We did not find backward effects of making JOLs or performing retrieval prac-
tices in any of the reported experiments. The retrieval practice + JOL and retrieval
practice groups did not outperform the restudy group in the final transfer test of
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Section A. This result may appear unexpected given the large volume of research
showing the typical backward testing effect. Furthermore, this is inconsistent with
a previous study that demonstrated the benefits of making JOLs accompanied by
retrieval in text comprehension (Ariel et al., 2021). More recently, however, Zhao
et al. (2023) reported a null effect of making JOLs accompanied by overt retrieval in
text learning. There could be several explanations as to why retrieval did not benefit
inductive learning in the present study. First, the learners did not have restudy oppor-
tunities or receive corrective feedback after retrieval practice. Performing retrieval
practice without feedback might be a disadvantage compared to the interim-restudy
condition, in which participants were always provided with both butterfly images
and species names. Retrieval practice effectiveness increases when learners can
correct errors through restudy (Amlund et al., 1986) and when explicit feedback is
provided (Kang et al., 2007; Pashler et al., 2005). Second, the final test of the cur-
rent study was an immediate test that challenged the appearance of backward testing
effect. Previous studies found that testing effects were often greater when tests were
delayed (e.g., Karpicke & Roediger, 2007; Pyc & Rawson, 2009; for a meta-analy-
sis, see Rowland, 2014) and retrieval attempt interval—the time between studying
and retrieving—increased (Pashler et al., 2003). Consistent with the present study,
some studies have demonstrated the lack of a backward testing effect in inductive
learning when participants were instructed to take an immediate test (e.g., Lee &
Ahn, 2018; Lee & Ha, 2019).

Conclusion and Implications

As an increasing number of studies investigate JOL reactivity, it is critical to under-
stand when the act of making JOLs aides or impedes learning. Previous research,
however, predominantly focused on examining the impact of JOLs on verbal learn-
ing, primarily using retention tests to assess learning outcomes. To the best of our
knowledge, this study is the first attempt to examine JOL reactivity in inductive
learning while manipulating the extent to which JOLs are framed to elicit retrieval.
Our results revealed that making typical forms of JOLs alone did not improve induc-
tive learning; significant improvements were observed only when JOLs were accom-
panied by retrieval practice.

While the absence of JOL reactivity in inductive learning may not appear par-
ticularly intriguing, we believe that even a null difference offers valuable insights
into the circumstances and mechanisms underlying JOL reactivity. From a theoreti-
cal perspective, our research suggests that JOL reactivity may change depending on
the type of learning material and/or learning goal. Although many prior studies have
reported positive JOL reactivity in simple verbal learning (Double et al., 2018), the
null effect of making standard JOLs reported in text comprehension (Ariel et al.,
2021; Zhao et al., 2023) and inductive learning from the current study suggests that
more research is needed on how JOL reactivity varies depending on the complex-
ity of the learning material. Furthermore, to gauge inductive learning, our study
used a transfer test, where learners had to generalize what they learned from specific
cases into other cases. This approach contrasts with most prior research, which has
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focused on recall of information, primarily using retention tests (e.g., Ariel et al.,
2021; Senkova & Otani, 2021). Students should be able to use appropriate levels of
metacognitive judgments (Ha & Lee, 2023) and different learning strategies (Finley
& Benjamin, 2012) to optimize their learning. Covert retrieval elicited while making
JOLs may work as an effective strategy to enhance the retention of simple materials;
however, it may be ineffective in promoting the comprehension and/or generaliza-
tion of learning.

The present study also explored the possibility of using JOL as a learning strat-
egy. Many previous studies reporting positive JOL reactivity suggest that the sim-
ple act of making JOLs can enhance memory. However, this study suggests that the
use of JOL as a learning tool may not always be the best choice, especially con-
sidering our findings revealed that retrieval practice alone was as effective as and
more time-efficient than the combined strategy of retrieval practice and JOL. With a
large body of research on the testing effect (Roediger & Karpicke, 2006), this study
again showed that retrieval practice is a robust learning tool. Although an increasing
number of studies have investigated effective strategies for category learning (for a
review, see Nosofsky & McDaniel, 2019), prior research has dominantly focused on
model or theory development (Murphy, 2002). Our study contributes further evi-
dence to the effectiveness of retrieval as a learning strategy in inductive learning,
which has important implications for teaching practice and the development of study
strategies.

From an educational perspective, understanding why the impact of making JOLs
is limited in inductive learning can guide the development of more effective teach-
ing strategies and learning tools tailored to the complex nature of inductive learn-
ing. This study suggests that students experience greater learning benefits when
active retrieval is attempted in tandem with metacognitive judgments. To enhance
student learning, educators may want to use retrieval practice alone as a study strat-
egy or combine it with other metacognitive activities. For example, when teachers
ask students to monitor and evaluate their own learning, they can encourage them
to first retrieve the materials they have studied, and then make judgments of their
learning status. Providing students with chances to be fully involved in retrieval
practice may be a crucial step in enhancing the learning of new materials and should
be undertaken before making metacognitive judgments.
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