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ABSTRACT
Making judgments of learning (JOLs) can reactively change memory, a phenomenon termed
the reactivity effect. The current study was designed to explore whether the reactivity effect
transfers to subsequent learning of new information. Participants studied two blocks of
words (Experiment 1) or related word pairs (Experiments 2 & 3). In Block 1, participants in
the experimental (JOL) group made a JOL while studying each item, whereas the control
(no-JOL) group did not make item-by-item JOLs. Then both groups studied Block 2, in
which they did not make JOLs, and finally, they took a test on Blocks 1 and 2. Across
Experiments 1 −3, the results showed superior Block 1 test performance in the JOL than
in the no-JOL group, demonstrating a positive reactivity effect. Critically, there was
minimal difference in Block 2 test performance between the two groups, implying little
transfer of the positive reactivity effect to subsequent learning of new information.
Furthermore, Experiment 3 demonstrated that the reactivity effect still failed to transfer
even when participants explicitly appreciated the benefits of making JOLs. Educational
implications are discussed.
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Judgments of learning (JOLs; metacognitive judgments
about the likelihood of remembering an item in a later
memory test) are of vital importance for human learning
and memory because learners typically regulate their
study activities (e.g., decisions about when, what, and
how to study) according to their JOLs. A large number
of studies have been conducted to figure out to what
extent JOLs are accurate in reflecting actual memory
status, to investigate mechanisms underlying JOL for-
mation, and to explore the relations between metamem-
ory monitoring and control (for reviews, Rhodes, 2016;
Rhodes & Tauber, 2011; Yang et al., 2021). Numerous
studies have found that learners are prone to allocate
more time to studying items perceived as less-well
studied than to those perceived as well studied (Dun-
losky & Hertzog, 1997; Dunlosky & Thiede, 2004; Nelson
& Narens, 1994; Verkoeijen et al., 2005; Yang et al.,
2017). These findings reflect that metamemory monitor-
ing (e.g., JOLs) can affect memory in an indirect way
through its influences on metamemory control (Finn,

2008; Metcalfe & Finn, 2013; Rhodes, 2016; Rhodes &
Castel, 2009).

An emerging body of recent studies found that
making JOLs can also affect memory in a direct way.
To be specific, recent studies found that instructing lear-
ners to make item-by-item JOLs can reactively alter
memory itself, a phenomenon referred to as the
memory reactivity effect (for a review, see Double et al.,
2018; Double & Birney, 2019). Even though many
studies have been conducted to explore the reactive
influences of making JOLs on memory for studied infor-
mation, to our knowledge, no research has been con-
ducted to investigate whether the reactivity effect can
transfer to subsequent learning of new information.
The current study aims to fill this gap. Exploring the
transferability of the reactivity effect to learning new
information may provide practical implications guiding
educational practice.

Below we briefly summarise empirical findings of the
reactivity effect, then introduce two theories proposed to
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explain the effect, and finally provide an overview of the
current study.

Reactivity effects of making JOLs

It has been shown that many forms of metacognitive judg-
ments can reactively change the very entity being judged
(for a review, see Double & Birney, 2019). A concrete
example of reactivity is the effect of making JOLs on
memory (Double et al., 2018; Janes et al., 2018; Li et al.,
2021; Mitchum et al., 2016; Myers et al., 2020; Rivers
et al., 2021; Soderstrom et al., 2015; Witherby & Tauber,
2017; Zhao et al., 2022). For instance, in Soderstrom
et al.’s (2015) Experiment 1, participants were randomly
divided to two groups (JOLs vs. no-JOL) and instructed
to study a list of word pairs, half of which were strongly
related (e.g., blunt-sharp) and the other half were weakly
related (e.g., boxer-terrible). The total exposure time for
each pair was 8 s for both the JOL and no-JOL groups.
For the JOL group, at the last 4 sec for each pair, partici-
pants were asked to make a JOL to predict the likelihood
that they would remember the pair in a later memory
test. By contrast, the no-JOL group did not need to make
JOLs. In a later cued-recall test, the JOL group recalled stat-
istically more strongly related pairs and numerically more
weakly related pairs than the no-JOL group, demonstrat-
ing a reactivity effect (for related findings, Janes et al.,
2018; Mitchum et al., 2016; Myers et al., 2020; Tekin & Roe-
diger, 2020; Witherby & Tauber, 2017).

Results from previous research demonstrated that
making JOLs enhances memory for related word pairs
(Janes et al., 2018; Soderstrom et al., 2015), word lists (Li
et al., 2021; Zhao et al., 2022), and pictures (Shi et al.,
2022), but has minimal influences on memory for text pas-
sages (Ariel et al., 2021) and unrelated word pairs (Janes
et al., 2018; Rivers et al., 2021). It has also been observed
that making JOL reactively facilitates retention for children
(Zhao et al., 2022) and young adults (Janes et al., 2018;
Mitchum et al., 2016; Rivers et al., 2021), but the reactivity
effect was not observed in older adults (Tauber & With-
erby, 2019).

Putative mechanisms underlying positive
reactivity

As discussed above, many previous studies have docu-
mented that making JOLs can reactively enhance
memory for related pairs and word lists (for a review, see
Double et al., 2018). Several theories have been proposed
to explain the positive reactivity effect of JOLs, including
the enhanced-engagement theory, and the cue-strengthen-
ing theory.

The enhanced-engagement theory assumes that posi-
tive reactivity is derived from enhanced engagement
induced by the requirement of making JOLs (Tauber &
Witherby, 2019; Tekin & Roediger, 2020; Zhao et al.,
2022). Specifically, participants’ attention gradually

wanes and their mind wandering systematically increases
across a pro-longed learning task (Seli et al., 2016). The
requirement of making item-by-item JOLs should reduce
(or even prevent) attention waning and enhance learning
engagement. That is, participants have to engage in the
ongoing learning task in order to make an appropriate
JOL for each item, and the enhanced learning engagement
in turn produces superior memory gains (for related dis-
cussion, see Tauber & Witherby, 2019). Supporting evi-
dence for this theory comes from Shi et al. (2022), which
showed that making JOLs significantly reduced mind wan-
dering during the encoding phase, and the reduced mind
wandering statistically mediated the positive reactivity
effect on memory for images.

Another available explanation is the cue-strengthening
theory (Soderstrom et al., 2015), which was proposed to
explain the reactivity effect on learning of word pairs.
Soderstrom et al. (2015) observed that making JOLs
improved cued recall of strongly related word pairs, but
had little influence on cued recall of unrelated word
pairs. These researchers assumed that participants had to
search for “diagnostic” cues to make a reasonable JOL
for each pair (Dunlosky & Matvey, 2021; Koriat, 1997).
The activated cues, induced by the requirement of
making JOLs, in turn strengthened the relatedness
between the cue and the target for related word words,
producing a positive reactivity effect. By contrast,
because there is no pre-existing relatedness between the
cue and the target for unrelated word pairs, making
JOLs, therefore, fail to benefit recall of unrelated word
pairs, leading to no reactivity effect (e.g., Soderstrom
et al., 2015).

Transfer of positive reactivity

Previous studies demonstrated that some effective study
strategies, such as retrieval practice, can not only
improve memory for studied materials (e.g., Roediger &
Karpicke, 2006; Yang et al., 2021) but also facilitate sub-
sequent learning of new information (e.g., Kliegl &
Bäuml, 2021; Yang et al., 2018). Additionally, in the
domain of metacognition, Bonder and Gopher (2019)
found that reporting trial-by-trial confidence ratings (i.e.,
confidence ratings about response correctness) reactively
enhanced decision accuracy, and the positive reactivity
effect of confidence ratings on decision accuracy success-
fully transferred to a subsequent task, in which there was
no need to report response confidence. Furthermore,
Birney et al. (2017) demonstrated that, compared with a
control condition in which performance was largely con-
stant across the entire process of the task, the prior experi-
ence of making confidence rating impeded subsequent
performance across a reasoning task. That is, making confi-
dence ratings reactively alter task trajectories. These
findings imply that the reactivity effect of retrospective
metacognitive judgments (i.e., confidence ratings) is trans-
ferable to a subsequent task.
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Although previous studies found that making JOLs can
reactively facilitate memory for studied related word pairs
and word lists (for a review, see Double et al., 2018), it has
not been explored whether these positive reactivity effects
transfer to subsequent learning of new information. The
aim of the current study is to fill this gap. We are also inter-
ested in whether learners would actively adopt the strat-
egy of making JOLs to learn new information in self-
regulated learning settings.

It is reasonable to expect that positive reactivity is trans-
ferable. Previous studies have consistently found that
when participants realise that a given learning strategy
can improve learning performance and they have
adopted this strategy in a prior learning session, they will
continue using this learning strategy in a subsequent
learning task (Sun et al., 2022; Yan et al., 2016).1 For
instance, it has been well documented that interleaved
presentation of category exemplars is more effective for
inductive learning than massed presentation, a phenom-
enon known as the interleaving effect (Carpenter et al.,
2012; Feng et al., 2019; Zhao et al., 2015). Sun et al.
(2022) found that when participants realised the benefits
of interleaved learning (by comparison with blocked learn-
ing), they actively adopted this strategy to learn new cat-
egories in a new learning task. Zhao et al. (2022) recently
demonstrated that learners do metacognitively appreciate
the benefits of making JOLs for learning and memory.
Hence, these findings point to the inference that positive
reactivity may be transferable to new learning. For
instance, even when there is no explicit requirement of
making JOLs in a sequent learning task, participants may
covertly make JOLs to facilitate their learning because
they know that making JOLs is beneficial (Zhao et al.,
2022).

It has to be noted that there are also reasons to expect
limited transfer of positive reactivity. As discussed above,
both the enhanced-engagement and cue-strengthening
theories assume that positive reactivity is a task-specific
phenomenon (i.e., positive reactivity is induced by the
specific task requirement of making JOLs), and when
there is no requirement of making JOLs in a subsequent
new learning task, positive reactivity would disappear,
leading to no transfer. For instance, according to the
enhanced-engagement theory, participants have to
sustain their attention on the ongoing learning task in
order to make reasonable item-by-item JOLs, and
enhanced-engagement theory is induced by the specific
task requirement of making JOLs. In the same way, the
cue-strengthening theory claims that the cues activated
to inform JOLs strengthen cue-target relations for related
word pairs, in turn leading to positive reactivity. Clearly,
both theories propose that positive reactivity is caused
by the specific requirement of making JOLs. When there
is no requirement of making JOLs in a subsequent learning
task, positive reactivity would disappear. Overall, neither
the enhanced-engagement nor the cue-strengthening
theories provide strong evidence in favour of transfer of

positive reactivity to subsequent learning of new
information.

In brief, it is difficult to make a clear prediction regard-
ing whether positive reactivity is transferable to learning of
new information, and this question has not been explored
by far. The current study aims to fill this gap by examining
whether making item-by-item JOLs in a prior learning
session can promote subsequent learning of new
information.

Overview of the current study

To explore the transferability of positive reactivity, the
current study asked two (JOL vs. no-JOL) groups of partici-
pants to study two blocks of unrelated words (Experiment
1) or related word pairs (Experiment 2). The JOL group
made a JOL for each study item in Block 1. By contrast,
the no-JOL group did not make JOLs in Block 1. Then
both group studied Block 2, during which both groups
did not make JOLs. To foreshadow, Experiments 1 and 2
consistently observed a positive reactivity effect in Block
1, but there was little difference in test performance in
Block 2, indicating limited transfer of positive reactivity
to learning of new information.

A possible explanation for the limited transfer findings
observed in Experiments 1 and 2 was that participants in
the JOL group did not realise the benefits of making JOLs
before studying Block 2. Experiment 3 was conducted to
test this explanation. Another aim of Experiment 3 was to
explore a potential intervention to promote the transfer
of positive reactivity. To achieve these two aims, Exper-
iment 3 asked two (JOL vs. no-JOL) groups of participants
to complete two learning tasks. In Task 1, the JOL and
no-JOL groups studied two blocks of related word pairs,
with the JOL group making JOLs for one block but not
for the other, and the no-JOL group not making JOLs
for any block. Task 1 was implemented to let the JOL
group experience positive reactivity first hand, in turn
improving their metacognitive appreciation of the
benefits of making JOLs. Then, both groups completed
Task 2, in which they studied new pairs without the
requirement of making JOLs. We expect that firsthand
experience of positive reactivity in Task 1 would encou-
rage the JOL group to covertly make JOLs in Task 2, pro-
ducing superior learning performance in Task 2 in the
JOL than in the no-JOL group (Sun et al., 2022; Yan
et al., 2016).

Experiment 1

Prior research consistently found that making JOLs reac-
tively enhances the recognition of word lists (Li et al.,
2021; Shi et al., 2022; Zhao et al., 2022). Experiment 1
employed word lists as study materials to explore
whether the positive reactivity effect on learning of a
prior word list transfers to subsequent learning of a new
word list.
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Method

Participants
A pilot study, with six participants in each group, was con-
ducted to determine the required sample size, and the
experimental procedure in the pilot study was identical
to that in the formal experiment. The pilot results
showed that the effect size of the interaction was
Cohen’s d = 0.713. A power analysis, conducted via
G*Power (Faul et al., 2007), showed that about 32 partici-
pants were required in each group to observe a significant
interaction at 0.80 power. Finally, 67 participants (M age =
20.731, SD = 2.890; 66 females) were recruited from the
Beijing Normal University (BNU) participant pool, with 34
randomly allocated into the JOL group and 33 into the
no-JOL group.

All participants signed an agreement to participate,
were tested individually in a sound-proofed cubicle, and
received financial remuneration. The protocol was
approved by the Institutional Review Board of BNU
Faculty of Psychology.

Materials

The stimuli were 352 two-character Chinese words
extracted from the Chinese word database developed by
Cai and Brysbaert (2010). The word frequency of these
words ranged from 0.03 to 19.44 per million. Thirty-two
words were used for practice and the other 320 words
were used in the formal experiment. In the formal exper-
iment, 160 words were studied during the learning task
and served as “old” items in the forced-choice recognition
test, with the other 160 words as “new” items.

To prevent any item-selection effects, for each partici-
pant, the 160 words were randomly divided into two
lists, with 80 words in each list. The two lists were ran-
domly assigned to Blocks 1 and 2. In addition, the presen-
tation sequence of words in each block was randomly
decided by the computer for each participant. All stimuli
were presented via the Matlab Psychtoolbox package
(Kleiner et al., 2007).

Design and procedure

The experiment involved a 2 (group: JOL vs. no-JOL) × 2
(block: Block 1 vs. Block 2) mixed design. Group was a
between-subject variable, and block was a within-subject
variable (see Figure 1).

Before the formal experiment, participants completed a
practice task to familiarise the experimental procedure
(see Appendix A for experimental instructions). The pro-
cedure of the practice task was the same as that of the
main experiment (see below for details).

In the formal experiment, participants studied two
blocks of words, with 80 words in each block. Participants
in the JOL group were informed that they would need to
make memory predictions for words in Block 1 but did

not need to make such predictions in Block 2. Critically,
they were asked to remember as many words as they
could in both blocks because all words would be finally
tested, regardless of whether they needed to make predic-
tions or not. By contrast, participants in the no-JOL group
were instructed to remember as many words in both
blocks as they could in preparation for a subsequent
memory test, and they did not receive instructions about
making JOLs.

For the no-JOL group, participants studied the words
one-by-one and block-by-block. In Block 1, the 80 words
were presented one-by-one in random order. Before the
presentation of each word, a cross sign appeared at the
centre of the screen for 0.5 s to mark the inter-stimulus
interval. Immediately following, a word appeared on the
screen for 6 s in total.2 Then, the next trial started. This
cycle repeated until the end of the block, with a new
word studied in each cycle. After studying Block 1, partici-
pants in the no-JOL group were instructed to study Block
2. The procedure of Block 2 was the same as that for
Block 1, except that participants studied 80 new words
in Block 2.

The procedure for the JOL group’s Block 1 was similar to
that for the no-JOL group’s Block 1, except that partici-
pants needed to make item-by-item JOLs while studying
each word. Specifically, in Block 1, each word was first pre-
sented for 3 s, following which the word remained on
screen for another 3 s with a slider presented below it
(see Figure 1). Participants were instructed to predict the
likelihood that they would remember the word in a later
memory test on a slider ranging from 0 (Sure I will not
remember it) to 100 (Sure I will remember it). The scale
was presented for 3 s, and participants made their JOLs
by dragging and clicking the scale pointer. If they success-
fully made a JOL within the 3 s time-window, the word
remained on screen for the left duration of the 3 s to
ensure that the total exposure duration for each word
was 6 s. If they did not successfully make a JOL during
the required time-window, a message box appeared on-
screen to remind them to carefully make predictions for
the following words during the required time-window.
Participants clicked the mouse to remove the message
box and trigger the next trial. The procedure for the JOL
group’s Block 2 was identical to that for the no-JOL
group’s Block 2. That is, the 80 words were presented
one-by-one in a random order, for 6 s each, and partici-
pants did not need to make item-by-item JOLs.

After participants studied both blocks, they solved
math problems (e.g., 16 + 45 = ___?) for 5 min, which
served as a distractor task. After that, they took a forced-
choice recognition test. Specifically, the 160 studied and
160 new words were randomly paired to form 160 pairs,
with each pair consisting of an “old” and a “new” word.
The pairs were presented one-by-one in random order.
Before presenting each pair, a cross sign was presented
for 0.5 s. Next, the two words were randomly allocated
to the left and the right side of the screen. Participants
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were instructed to indicate which word was “old”. When a
recognition choice was made, the next test trial started
automatically. There was no time pressure and no feed-
back in the forced-choice recognition test.

Results

The primary research interest was to explore whether the
reactivity effect on learning of Block 1 can transfer to sub-
sequent learning of Block 2, and hence test performance
results are presented below. Item-by-item JOLs were not
the focus of the current study and hence are reported in
Appendix B.

Recognition performance in each condition is depicted
in Figure 2. A Bayesian mixed analysis of variance (ANOVA)
was conducted via JASP Version 0.15.0.0 (https://jasp-stats.
org), with all parameters set as default (Goss-Sampson,
2019; van Doorn et al., 2021). Bayes Factors for the alterna-
tive over the null hypothesis (BF10) can be interpreted as
relative evidence in favour of the alternative hypothesis
(i.e., evidence supporting the existence of an effect over
the absence of the effect).

The Bayesian mixed ANOVA, with block as the within-
subjects variable, group as the between-subjects variable,
and recognition performance as the dependent variable,
showed no main effect of block, F(1, 65) = 3.634, p = .061,
ŋp
2 = .053, BF10 = 0.838, and no main effect of group, F(1,

65) = 1.650, p = .203, ŋp
2 = .025, BF10 = 0.690. Of critical

interest, there was a significant interaction between
block and group, F(1, 65) = 9.592, p = .003, ŋp

2 = .129, BF10
= 12.500.

A pre-planned Bayesian independent t-test showed a
significant difference in Block 1 recognition performance
between the JOL (M = 0.911, SD = 0.070) and the no-JOL
group (M = 0.850, SD = 0.115), difference = 0.062 [0.016,
0.108], t(65) = 2.666, p = .010, d = 0.652, BF10 = 4.753,
reflecting a positive reactivity effect on learning of word
lists. By contrast, there was little difference in Block 2 rec-
ognition performance between the JOL (M = 0.864, SD =
0.107) and the no-JOL group (M = 0.861, SD = 0.137), differ-
ence = 0.003 [−0.057, 0.063], t(65) = 0.087, p = .931, d =
0.021, BF10 = 0.251, implying that the positive reactivity
effect failed to transfer to learning of new words.

A Bayesian paired t-test showed that, in the JOL group,
performance for Block 1 words (M = 0.911, SD = 0.070) was
significantly better than that for Block 2 words (M = 0.864,
SD = 0.107), difference = 0.048 [0.018, 0.078], t(33) = 3.223,
p = .003, d = 0.553, BF10 = 12.726, re-confirming the posi-
tive reactivity effect on memory for word lists (Li et al.,
2021; Zechmeister & Shaughnessy, 1980; Zhao et al.,
2022). Twenty-one participants showed a positive reactiv-
ity effect, 11 showed the converse pattern, and the other
two were ties. In contrast, in the no-JOL group, there
was no statistically detectable difference in recognition
performance between Blocks 1 (M = 0.850, SD = 0.115)
and 2 (M = 0.861, SD = 0.137), difference = 0.012 [−0.013,
0.036], t(32) = 0.952, p = .348, d = 0.173, BF10 = 0.283.

Discussion

Akin to prior research, Experiment 1 found that making
concurrent JOLs significantly enhanced memory for
word lists (Li et al., 2021; Zhao et al., 2022). More

Figure 1. The experimental flowchart for Experiment 1.

Figure 2. Recognition accuracy as a function of group and block in Exper-
iment 1. Error bars represent 95% CI.
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importantly, Experiment 1 observed minimal difference in
recognition performance in Block 2, indicating that the
positive reactivity effect does not transfer to learning of
a new word list.

Experiment 2

It is premature to make a firm conclusion based on results
from a single experiment. Hence, Experiment 2 was con-
ducted to conceptually replicate the main findings of
Experiment 1. Prior research consistently found that
making JOLs reactively promotes cued recall of related
word pairs (Janes et al., 2018; Li et al., 2021; Rivers et al.,
2021; Soderstrom et al., 2015; Witherby & Tauber, 2017).
Experiment 2 hence employed related word pairs as
study stimuli to further test whether the positive reactivity
effect is transferable.

Method

Participants
A pilot study, with six participants in each group, was con-
ducted to determine the required sample size, and the
experimental procedure in the pilot study was identical
to that in the formal experiment. The pilot results
showed that the effect size for the interaction between
group (JOL vs. no-JOL) and block (Block 1 vs. Block 2)
was Cohen’s d = 0.655. A power analysis, conducted via
G*Power (Faul et al., 2007), showed that 38 participants
in each group were required to observe a significant inter-
action at 0.80 power. Finally, 76 participants were recruited
from Beijing Normal University (BNU), with a mean age of
20.908 (SD = 1.955) years, and 71 females. They were ran-
domly allocated to each group, with 38 in each group.

All participants signed agreements to participate, were
tested individually in a sound-proofed cubicle, and
received financial remuneration. The protocol was
approved by the Institutional Review Board of BNU
Faculty of Psychology.

Materials

The stimuli were 100 semantically related Chinese word
pairs (e.g., mouse-keyboard) selected from Hu et al.
(2016). Hu and colleagues asked participants to rate the
semantic relatedness of the word pairs on a scale
ranging from 1 (completely unrelated) to 4 (strongly
related). The average of relatedness rating for the selected
word pairs was 3.416 (SD = 0.262). Eighty pairs were used
in the formal experiment, with the other 20 used for
practice.

To prevent any item-selection effects, for each partici-
pant, the 80 pairs were randomly divided into two lists,
with 40 pairs in each list. For each participant, the two
lists were randomly assigned to Blocks 1 and 2. In addition,
the present sequence of pairs in each block was randomly
decided by computer for each participant. All stimuli were

presented via the Matlab Psychtoolbox package (Kleiner
et al., 2007).

Design and procedure

The experiment involved a 2 (group: JOL vs. no-JOL) × 2
(block: Block 1 vs. Block 2) mixed design. Group was a
between-subjects variable, and block was a within-sub-
jects variable (see Figure 3).

The procedure in Experiment 2 was similar to that in
Experiment 1. Specifically, in the JOL group, participants
were instructed to make item-by-item JOLs in Block 1,
and they did not need to do that in Block 2. They were
encouraged to remember as many word pairs as they
could in both blocks, because all word pairs would be
finally tested. In the no-JOL group, participants were
informed to remember as many word pairs as possible in
both blocks, and they did not receive instructions about
making memory predictions.

For the no-JOL group’s Blocks 1 and 2, each word
pair was presented on the screen for 8 s in total for par-
ticipants to study. For the JOL group’s Block 1, each
word pair was firstly presented on the screen for 4 s, fol-
lowing which the word pair remained on the screen for
another 4 s with a slider presented below it. Participants
were instructed to predict the likelihood they would
remember the word pair in a later memory test on a
slider ranging from 0 (Sure I will not remember it) to
100 (Sure I will remember it) by dragging and clicking
the slider to make a JOL during the 4 s time window.
For the JOL group’s Block 2, each word pair was
presented for 8 s, and participants did not need to
make JOLs.

After participants studied both blocks, they solved
math problems (e.g., 16 + 45 = ___?) for 5 min, which
served as a distractor task. Then both groups completed
a cued recall test on all word pairs. Specifically, the 80
cue words were presented one-by-one in a random
order, and participants were required to recall the corre-
sponding targets. There was no time pressure and no feed-
back in the cued recall test.

Results

Cued recall performance is depicted in Figure 4. A Bayesian
mixed ANOVA, with block as the within-subject variable,
with group as the between-subject variable, and recall per-
formance as the dependent variable, was conducted. The
results revealed a main effect of block, F(1, 74) = 23.227,
p < .001, ŋp

2 = .239, BF10 = 1122.995. There was no main
effect of group, F(1, 74) = 1.493, p = .226, ŋp

2 = .020, BF10 =
0.657. Of critical interest, the interaction between block
and group was significant, F(1, 68) = 6.900, p = .010, ŋp

2

= .085, BF10= 4.202 (see Figure 4).
A pre-planned Bayesian independent t-test showed a

significant difference in Block 1 recall performance
between the JOL (M = 0.859, SD = 0.111) and the no-JOL
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group (M = 0.779, SD = 0.199), difference = 0.080 [0.006,
0.153], t(74) = 2.149, p = .037, d = 0.493, BF10 = 1.697, repli-
cating the classic positive reactivity effect of making JOLs
on memory for related word pairs (Double et al., 2018).
By contrast, there was minimal difference in Block 2
recall performance between the JOL (M = 0.767, SD =
0.180) and the no-JOL group (M = 0.752, SD = 0.203),
difference = 0.015 [−0.073, 0.103], t(74) = 0.344, p = .732,
d = 0.079, BF10 = 0.250, reflecting limited transfer of
positive reactivity toward learning of new related word
pairs.

A pre-planned Bayesian paired t-test showed that, in
the JOL group, word pairs in Block 1 (M = 0.859, SD =
0.111) were recalled better than those in Block 2 (M =
0.767, SD = 0.180), difference = 0.091 [0.050, 0.133], t(37)
= 4.848, p < .001, d = 0.786, BF10 = 959.598, re-confirming
the positive reactivity effect on memory for related word
pairs (Janes et al., 2018; Rivers et al., 2021; Zhao et al.,
2022). Twenty-seven participants showed a positive reac-
tivity effect, seven showed the converse pattern, and the
other four were ties. By contrast, in the no-JOL group,
there was minimal difference in test performance

between Blocks 1 (M = 0.779, SD = 0.199) and 2 (M =
0.752, SD = 0.203), difference = 0.027 [−0.005, 0.059], t
(37) = 1.718, p = .094, d = 0.279, BF10 = 0.664.

Discussion

Akin to prior research, Experiment 2 found that making
concurrent JOLs significantly enhanced memory for
related word pairs (Janes et al., 2018; Li et al., 2021;
Rivers et al., 2021; Soderstrom et al., 2015; Witherby &
Tauber, 2017). Consistent with Experiment 1, Experiment
2 observed Bayesian evidence supporting no transfer of
positive reactivity to learning of new related pairs.

Experiment 3

Experiments 1 and 2 consistently demonstrated limited
transfer of positive reactivity to learning of new word
lists and related word pairs. A possible explanation is
that participants in the JOL group might lack metacogni-
tive awareness about the benefits of making JOLs. If they
did not know that making JOLs facilitated their learning,
they would be reluctant to use this strategy (i.e., covertly
making JOLs) when learning new materials, leading to
minimal transfer of positive reactivity. We term this expla-
nation as the lack of awareness explanation.

To test this explanation, Experiment 3 had the JOL
group to personally experience the benefits of making
JOLs before they studied new information. Specifically, in
Experiment 3’s Task 1, the JOL group studied related
pairs in a JOL and a no-JOL block, and then completed a
cued-recall test. Task 1 was included to let the JOL group
get firsthand experience of positive reactivity and
enhance their metacognitive appreciation of the benefits
of making JOLs. After completing Task 1, the JOL and
no-JOL groups studied new related pairs in Task 2. Prior
research did show that firsthand experience of the
benefits of a given learning strategy can enhance meta-
cognitive awareness and promote the application of the
strategy in a subsequent learning task (Sun et al., 2022).
Accordingly, we expect that firsthand experience of

Figure 3. The experimental flowchart for Experiment 2.

Figure 4. Recall accuracy as a function of group and block in Experiment
2. Error bars represent 95% CI.
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positive reactivity in Task 1 would encourage the JOL
group to covertly make JOLs in Task 2, leading to superior
recall performance in the JOL than in the no-JOL group
(i.e., successful transfer of positive reactivity).

Method

Participants
A pilot study, with nine participants in each group, was
conducted to determine the required sample size, and
the experimental procedure in the pilot study was identi-
cal to that in the formal experiment. The pilot results
showed that the effect size for the interaction between
group (JOL vs. no-JOL) and block (Block 1 vs. Block 2)
was Cohen’s d = 0.840. A power analysis, conducted via
G*Power (Faul et al., 2007), showed that 24 participants
in each group were required to observe a significant inter-
action at 0.80 power. Finally, 72 participants (M age =
22.305, SD = 2.307; 63 females) were recruited from
\BNU participant pool, with 36 randomly allocated to
each group. All participants signed agreements to partici-
pate, were tested individually in a sound-proofed cubicle,
and received financial remuneration. The protocol was
approved by the Institutional Review Board of BNU
Faculty of Psychology.

Materials

The stimuli were 140 semantically related Chinese word
pairs, selected from Hu et al. (2016). The average related-
ness rating for the selected word pairs was 3.300 (SD =
0.279). One hundred and twenty pairs were used in the
formal experiment, with the other 20 used for practice.

Experiment 3 contained two learning tasks. To prevent
any item-selection effects, the 120 pairs were randomly
divided into two lists, with 60 pairs in each list. The two
lists were randomly assigned to Tasks 1 and 2. In Task 1,
the word pairs were randomly assigned to Blocks 1 and
2, with 30 pairs in each block. In addition, the present
sequence of pairs in each block, the block sequence, and
the list sequence was randomly decided by computer for
each participant. All stimuli were presented via the
Matlab Psychtoolbox package (Kleiner et al., 2007).

Design and procedure

Task 1 involved a 2 (group: JOL vs. no-JOL) × 2 (block: Block
1 vs. Block 2) × 2 (task: Task 1 vs. Task 2) mixed design.
Group was a between-subject variable, and block and
task were within-subject variables.

The procedure of Task 1 was same as in Experiment 1,
except that participants studied 30 related pairs in each
block. That is, in Block 1, the JOL group studied 30
related pairs and made item-by-item JOLs, whereas the
no-JOL group studied those word pairs without making
JOLs. Next, both groups studied another 30 related pairs
in Block 2, in which they did not make JOLs. Then, they

attended to a 5-min distractor task, and completed a
cued recall test on the 60 studied word pairs.

After the completion of Task 1, each participant in the
JOL group was shown his/her own memory performance
for JOL and no-JOL pairs. We provided participants their
own test performance with the aim to enhance their
awareness about the benefits of making JOLs. After
viewing their own test performance, they were asked to
report which strategies helped them learn better. They
made their choices by choosing one from two options:
(1) Making JOLs, and (2) Not making JOLs. This question
was implemented to measure participants’ awareness of
the positive reactivity effect.

Different from the JOL group, participants in the no-JOL
group were provided a learning scenario in that some stu-
dents are preparing for a course exam, with somematerials
studied through massed learning (i.e., studying the
materials for 3 h in a single day) and others studied
through spaced learning (i.e., studying the materials for
one hour in each of three successive days). They were
asked to report which study strategy helps them study
better. They made their choices by choosing one of two
options: (1) Spaced, and (2) Massed. This question is a
filler question, implemented to make the task procedure
between the JOL and no-JOL groups as similar as possible.
Note that the no-JOL group had no experience of making
JOLs in Task 1, which made it impossible to measure their
awareness of the reactivity effect.

After answering the awareness question, both groups
engaged in the second learning task. In Task 2, both
groups studied 60 new related word pairs (8 sec each)
without making JOLs, completed a 5-min distractor task,
and then took a cued recall test on them. The second
learning task was administered to investigate whether
the positive reactivity effect transfers to learning of new
related word pairs when participants explicitly knew that
making JOLs was beneficial for learning.

Results

Test performance in Task 1
Recall performance in each condition is depicted in
Figure 5. A mixed Bayesian ANOVA, with block as the
within-subjects variable, group as the between-subjects
variable, and recall performance in Task 1 as the depen-
dent variable, showed no main effect of block, F(1, 70) =
4.819, p = .031, ŋp

2 = .064, BF10 = 1.409, and no main effect
of group, F(1, 70) = 2.696, p = .105, ŋp

2 = .037, BF10 = 1.053.
Of critical interest, there was a significant interaction
between block and group, F(1, 70) = 7.966, p = .006, ŋp

2

= .102, BF10 = 6.525.
A pre-planned Bayesian independent t-test showed a

significant difference in Block 1 recall performance
between the JOL (M = 0.806, SD = 0.155) and the no-JOL
group (M = 0.689, SD = 0.233), difference = 0.117 [0.024,
0.210], t(70) = 2.499, p = .015, d = 0.589, BF10 = 3.345,
reflecting a positive reactivity effect on learning of
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related pairs. By contrast, there was little difference in
Block 2 recall performance between the JOL (M = 0.739,
SD = 0.193) and the no-JOL group (M = 0.697, SD = 0.254),
difference = 0.042 [−0.064, 0.148], t(65) = 0.784, p = .436,
d = 0.185, BF10 = 0.317, implying that the positive reactivity
effect failed to transfer to learning of new related pairs in
Task 1’s Block 2 and replicating the main findings of Exper-
iments 1 and 2.

A Bayesian paired t-test showed that, in the JOL group,
recall performance for Block 1 word pairs (M = 0.806, SD =
0.155) was significantly better than that for Block 2 word
pairs (M = 0.739, SD = 0.193), difference = 0.067 [0.026,
0.107], t(35) = 3.369, p = .002, d = 0.562, BF10 = 18.305,
replicating the positive reactivity effect on learning of
related pairs. Twenty-one participants showed a positive
reactivity effect, nine showed the converse pattern, and
the other six were ties. In contrast, in the no-JOL group,
there was no statistically detectable difference in recall
performance between Block 1 (M = 0.689, SD = 0.233) and
2 (M = 0.697, SD = 0.254), difference =−0.008 [−0.044,
0.028], t(35) =−0.470, p = .641, d =−0.078, BF10 = 0.198.

Overall, the above results successfully replicated the
main findings of Experiments 1 and 2 by showing that
the positive reactivity effect did not transfer to subsequent
learning of new information.

Metacognitive awareness

For the JOL group, according to participants’ responses to
the awareness question about reactivity, they were
classified into two categories: (1) JOL > no-JOL (i.e., partici-
pants who believed that making JOLs helped them study
better) and (2) JOL < no-JOL (i.e., participants who believed
that not making JOLs helped them study better). The
results showed that 66.7% (24 out of 36) of participants
believed JOL > no-JOL, which was significantly greater
than the proportion (33.3%) of participants believing

JOL < no-JOL, χ2(1) = 4, p = .046 (for related findings, see
Zhao et al., 2022). These results reflect that, before the
initiation of Task 2, most of participants in the JOL group
did believe that making JOLs is beneficial for learning of
related word pairs.3

For the no-JOL group, based on participants’ responses,
they were classified into two categories: (1) Spaced >
Massed and (2) Spaced <Massed. The results showed
that 52.8% (19 out of 36) of participants believed
Spaced >Massed, which was statistically different from
the proportion (47.2%) of participants who believed
Spaced <Massed, χ2(1) = 0.111, p = .739.

Recall performance in Task 2

A pre-planned Bayesian independent t-test showed a little
difference in recall performance between the JOL (M =
0.757, SD = 0.208) and the no-JOL group (M = 0.755, SD =
0.198), difference = 0.002 [−0.093, 0.098], t(70) = 0.048, p
= .962, d = 0.011, BF10 = 0.243, implying that the positive
reactivity effect failed to transfer to learning of new
related pairs in Task 2 even when participants in the JOL
group explicitly knew that making JOL enhanced their
learning.

Before the initiation of Task 2, 12 out of 36 participants
in the JOL group believed JOL < no-JOL. To be more
careful, we conducted another Bayesian independent
t-test, in which the results from these 12 participants
were excluded, leaving final data from 24 participants in
the JOL group who believed JOL > no-JOL. After excluding
these 12 participants, there was still no statistically
detectable difference in recall performance in Task 2
between the JOL (M = 0.696, SD = 0.187) and the no-
JOL group (M = 0.755, SD = 0.198), difference =−0.059
[−0.161, 0.043], t(58) =−1.152, p = .254, d =−0.304, BF10
= 0.464. These results reconfirm limited transferability of
the reactivity effect to the learning of new information.

Figure 5. Panel A: Recall accuracy as a function of group and block in Experiment 3’s Task 1. Panel B: Recall accuracy as a function of group in Experiment
3’s Task 2. Error bars represent 95% CI.
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More importantly, these results suggest that limited trans-
ferability of the reactivity effect observed in Experiment 2
should not be attributed to a lack of awareness about the
benefits of making JOLs.

Discussion

Experiment 3 replicated the main findings of Experiment 2
by showing that making concurrent JOLs induced a posi-
tive reactivity effect on learning of related word pairs,
and the positive reactivity effect failed to transfer to learn-
ing of new related pairs in Task 1’s Block 2. More impor-
tantly, even when participants in the JOL group explicitly
acknowledged the beneficial effects of making JOLs, the
positive reactivity effect still failed to transfer to learning
related pairs in Task 2.

General discussion

Although many recent studies have consistently demon-
strated that making concurrent JOLs can reactively
change memory itself (Li et al., 2021; Zhao et al., 2022),
no research has been conducted to explore whether the
reactivity effect is transferable to subsequent learning of
new information. The current study conducted three
experiments to explore whether the positive reactivity
effects on memory for word lists and related word pairs
are transferable.

In the current study, word lists (Experiment 1) or related
word pairs (Experiments 2 and 3’s Task 1) were studied in
two blocks. In Block 1, participants in the JOL group were
instructed to make concurrent JOLs, whereas those in the
no-JOL group did not make JOLs. In Block 2, both groups
did not make JOLs. The principal findings documented in
the current study were that making JOLs significantly
enhanced memory for word lists (Experiment 1) and
related word pairs (Experiments 2 and 3’s Task 1) in
Block 1, but the positive reactivity effect failed to transfer
to learning of Block 2, in which there was no requirement
of making concurrent JOLs. To our knowledge, the current
study is the first to demonstrate that making concurrent
JOLs fails to benefit subsequent learning of new word
lists (Experiment 1) and related word pairs (Experiments
2 and 3).

The limited transferability of the positive reactivity
effect on learning of word lists observed in Experiment 1
can be explained by the enhanced-engagement theory.
The enhanced-engagement theory asserts that to make
appropriate JOLs, participants have to focus their attention
on the ongoing learning task, and the enhanced engage-
ment in turn boosts learning outcomes (Li et al., 2021;
Yang et al., 2015; Zechmeister & Shaughnessy, 1980;
Zhao et al., 2022). To be specific, the enhanced-engage-
ment theory assumes that the positive reactivity effect
results from the requirement of making JOLs. Without
such a requirement, the positive reactivity effect
diminishes or disappears. Indeed, Experiment 1

demonstrated that the positive reactivity effects failed to
transfer to learning of new words in Block 2.

The limited transferability of the positive reactivity
effect documented in Experiments 2 and 3 (Task 1) is con-
sistent with the cue-strengthening theory (Rivers et al.,
2021; Soderstrom et al., 2015). Participants had to search
for “diagnostic” cues (e.g., the level of relatedness
between the cue and the target word) to inform JOL for-
mation (Koriat, 1997; Mueller et al., 2013). The activated
cues, induced by the requirement of making JOLs, in
turn enhanced the relatedness between the cue and the
target for related pairs, producing superior retention.
When making JOLs was not required in Block 2, the posi-
tive reactivity therefore disappeared. The cue-strengthen-
ing theory and enhanced engagement theory are not
mutually exclusive, and those two theories jointly
assume that positive reactivity is a task-specific phenom-
enon. Once the requirement of making JOLs is removed,
the positive reactivity effect would suspend.

Another possible explanation of the limited transfer
findings observed in Experiments 1 and 2 is that partici-
pants in the JOL group might lack metacognitive appreci-
ation of the beneficial effect of making JOLs on memory,
leading them not to adopt making JOLs as an effective
learning strategy in the subsequent learning task. Exper-
iment 3 was conducted to test this lack of awareness
explanation and to explore if enhancing metacognitive
awareness through firsthand experience can improve the
transfer of positive reactivity. The results showed that,
even after participants obtained firsthand experience of
positive reactivity and explicitly realised the benefits of
making JOLs, positive reactivity still failed to transfer to
learning of related pairs in Task 2. Such a finding is incon-
sistent with the lack of awareness explanation.

It is somewhat striking that enhanced metacognitive
awareness of the benefits of making JOLs did not
promote transfer of the reactivity effect. It is possible
that participants in the JOL group still did not make
covert JOLs in Task 2, even though they clearly realised
the benefits of making JOLs. For instance, it is well-
known that, besides metacognitive awareness, there are
many other factors affecting study strategy usage, such
as perceived mental effort. Learners are frequently reluc-
tant to adopt mental taxing strategies and prefer to use
less effortful ones during self-regulated learning (Kirk-
Johnson et al., 2019; Macaluso et al., 2022; McDaniel & Ein-
stein, 2020). As discussed above, participants needed to
search for appropriate cues to make a reasonable JOL for
each item, and the cue-search process required them to
spend extra mental effort. In Experiment 3, even though
participants in the JOL group did realise that making
JOLs is helpful for learning (Zhao et al., 2022), they might
not continue covertly making JOLs when studying new
pairs in Task 2 because the JOL-making process was men-
tally taxing.

Another possible explanation is that enhanced meta-
cognitive awareness might have successfully stimulated
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participants to make covert JOLs in Task 2, but making
covert JOLs is less effective in enhancing learning than
making overt JOLs. However, this possibility should be
carefully adopted as evidence has shown that whether a
memory strategy (e.g., retrieval practice) was implemented
covertly or overtly led to an equivalent mnemonic effect
(Putnam & Roediger, 2013; Smith et al., 2013), even
though the comparison between covert and overt JOL
has not yet been experimentally justified. We expect to
directly test it in the future.

Overall, the present findings run counter to the lack of
awareness explanation. The mechanisms underlying the
limited transfer of positive reactivity remain largely
unknown. Future research is encouraged to further
explore why the positive reactivity effect of making JOLs
does not transfer to learning of new information.

The documented findings bear some educational impli-
cations. Class curriculum is generally too full to spare time
for making item-by-item JOLs, and it is unusual for a
teacher to ask students to make a JOL after teaching
each knowledge point in real educational settings.
Hence, it is important to explore whether positive reactiv-
ity is transferable to learning of new information (i.e.,
whether making JOLs for some items in a prior learning
session can promote subsequent learning of new items).
The answer from the current study is negative. Specifically,
the current study observed that once the requirement of
making JOLs disappears, the positive reactivity effect will
suspend. Although making JOLs does not enhance learn-
ing of new information, it can reactively enhance
memory for studied word lists and related word pairs (Li
et al., 2021; Shi et al., 2022; Zhao et al., 2022) and the posi-
tive reactivity effect is long-lasting (i.e., at least 24 h, see
Witherby & Tauber, 2017). Teachers should bear in mind
that the positive reactivity effect does not transfer. When
the class curriculum is too full and there is no sufficient
time for students to make JOLs for all study materials,
instructors should consider asking students to make JOLs
only for key knowledge points.

Conclusion

Making concurrent JOLs induces a positive reactivity effect
on learning of related word pairs and word lists, but the
positive reactivity effect does not transfer to subsequent
learning of new information when making JOLs is no
longer required. Enhancing metacognitive awareness
does not promote transfer of positive reactivity. Lack of
metacognitive awareness tends to be not responsible for
limited transfer of positive reactivity.

Notes

1. It should be noted that, besides metacognitive awareness,
other factors (e.g., perceived mental effort) also affect study
strategy selection. See the General Discussion for detailed
discussion.

2. To avoid a ceiling effect in recognition performance, the pres-
entation duration for each word was set to 6 s (rather than 8 s),
which was identical to that of Li et al. (2021).

3. A point-biserial correlation analysis showed a positive corre-
lation between the magnitude of the reactivity effect (i.e.,
the difference in recall performance between Task 1’s Blocks
1 and 2) and metacognitive awareness (with JOL > no-JOL
coded as 1 and JOL < no-JOL as 0), rpb = .436, p = .008, indicat-
ing that participants who demonstrated a stronger reactivity
effect were more likely to appreciate the benefits of making
JOLs.
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Appendices

Appendix A: Experimental instructions for the JOL
group

In the formal experiment, you will study 2 blocks of Chinese words.
The study time for each pair is 6 s. In the first block, after each

word appears for 3 s, a scale slider, ranging from 0 to 100, will
appear below the word. Please predict the likelihood that you
would remember the word in a later memory test through dragging
and clicking the slider (0 = Sure I will not remember it; 100 = Sure I will
remember it). The scale will be presented for 3 s, and please make your
prediction during 3 s. After studying all words in the first block, you
will start to study a new block of words, and the study procedure is
identical to that in the first block, except that you will not need to
make memory predictions when studying each word in the second
block. Please try to remember as many words as you could regardless
of whether you need to make memory predictions or not, because all
words will be finally tested.

If you fully understand the instructions, please click the mouse to
start the practice task. If not, please consult our experimenter.

Appendix B: JOL results

Experiment 1
For the JOL group, participants successfully provided item-by-item
JOLs to 98.4% (SD = 1.5%) of words in Block 1. The average of JOLs
was 63.860 (SD = 12.401). The averaged G across participants was
0.106 (SD = 0.464), 95% CI [−0.056, 0.268], which is not significantly
different from 0, t(33) = 1.329, p = .193, Cohen’s d = 0.228, BF10 =
0.411.

Experiment 2
For the JOL group, participants successfully provided item-by-item
JOLs to 98.7% (SD = 1.5%) of word pairs in Block 1. The average of
JOLs was 71.405 (SD = 10.218). For each participant, a Gamma (G) cor-
relation was calculated to measure relative accuracy of JOLs. The aver-
aged G across participants was 0.206 (SD = 0.370), 95% CI [0.085,
0.328], which is significantly greater than 0, t(37) = 3.439, p = .001,
Cohen’s d = 0.558, BF10 = 22.168.

Experiment 3
For the JOL group, participants successfully provided item-by-item
JOLs to 98.7% (SD = 2.4%) of word pairs in Block 1. The average of
JOLs was 70.038 (SD = 11.187). For each participant, a Gamma (G) cor-
relation was calculated to measure relative accuracy of JOLs. Data
from three participants were removed from Gamma calculation
because their data contain too many identical values in JOL. The aver-
aged G across participants was 0.219 (SD = 0.337), 95% CI [0.100,
0.339], which is significantly greater than 0, t(32) = 3.742, p < .001,
Cohen’s d = 0.651, BF10 = 43.269.
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