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Making metamemory judgments reactively changes item memory itself. Here we report the first investi-
gation of reactive influences of making judgments of learning (JOLs) on interitem relational memory—
specifically, temporal (serial) order memory. Experiment 1 found that making JOLs impaired order
reconstruction. Experiment 2 observed minimal reactivity on free recall and negative reactivity on tem-
poral clustering. Experiment 3 demonstrated a positive reactivity effect on recognition memory, and
Experiment 4 detected dissociable effects of making JOLs on order reconstruction (negative) and
forced-choice recognition (positive) by using the same participants and stimuli. Finally, a meta-analysis
was conducted to explore reactivity effects on word list learning and to investigate whether test format
moderates these effects. The results show a negative reactivity effect on interitem relational memory
(order reconstruction), a modest positive effect on free recall, and a medium-to-large positive effect on
recognition. Overall, these findings imply that even though making metacognitive judgments facilitates
item-specific processing, it disrupts relational processing, supporting the item-order account of the reac-

tivity effect on word list learning.

Keywords: item-order account, judgments of learning, meta-analysis, reactivity effect, test format

Accurately monitoring ongoing learning and memory status
is critical for being a successful learner. Individuals frequently
regulate their study activities (e.g., restudy decisions) accord-
ing to their metamemory monitoring, which in turn influences
learning efficiency (Finn, 2008; Thiede et al., 2003; Yang et al.,
2017). Over the last half-century, hundreds of studies have
been conducted to evaluate the extent to which people are able
to accurately monitor their memory status, and to investigate
the mechanisms underlying the monitoring process (for
reviews, see Dunlosky & Tauber, 2016; Rhodes & Tauber,
2011; Yang, Yu, et al., 2021). In these studies, participants are
prompted to make a judgment of learning (JOL; i.e., a metacog-
nitive estimate of the likelihood of remembering an item on a
future memory occasion) during or after they study each item.

About 30 years ago, Spellman and Bjork (1992) speculated
that making item-by-item JOLs might fail to measure what they

intend to evaluate because the act of providing JOLs might
reactively alter memory itself. Indeed, an emerging body of
recent studies consistently demonstrated that making JOLs (at
least in some situations) reactively changes memory itself, a
phenomenon termed the reactivity effect on memory (for a
review, see Double et al., 2018).

Below we briefly summarize previous findings of the reactiv-
ity effect and discuss the rationale of the current study (why it
is important to explore the reactivity effect on interitem rela-
tional memory). Next, we explain that all existing theories have
difficulty in explaining the effect on word list learning, and
then introduce a new theory to explain this effect—the item-
order account (McDaniel & Bugg, 2008), which predicts that
making JOLs enhances item memory but disrupts interitem
relational memory. Finally, we provide an overview of the cur-
rent study.
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Reactivity Effects

In a recent meta-analysis, Double et al. (2018) found that mak-
ing item-by-item JOLs significantly enhances memory for at least
some types of materials.' For instance, previous studies found that
eliciting JOLs facilitates retention of related word pairs and word
lists (Soderstrom et al., 2015; Zhao et al., 2022), whereas it has
minimal influence on memory for unrelated word pairs (Double et
al., 2018) or text passages (Ariel et al., 2021). Other studies found
that the reactivity effect occurs in young children (Zhao et al.,
2022) as well as young adults, although making JOLs fails to facil-
itate older adults’ memory (Tauber & Witherby, 2019). Myers et
al. (2020) recently found that the reactivity effect on learning of
word pairs is moderated by test format, with a positive reactivity
effect emerging in a recognition test but absent in a free recall test.

Overall, although a set of studies has begun to investigate the
reactivity effect and its moderating factors, all have focused on the
reactive effect of making JOLs on item memory (e.g., recall or rec-
ognition of specific items). Thus far, no studies have explored
whether making JOLs has reactive influences on interitem rela-
tional memory (i.e., memory for interitem relations).>

An important form of interitem relational memory is memory
for temporal information (i.e., retention of information about the
temporal order of studied items or encountered events), which is
routinely encoded into episodic memory. Tulving (1972) sug-
gested that episodic memory is composed of both its contents and
its underlying organization (e.g., temporal organization). Previous
studies found that list items encoded nearby in time are likely to
be recalled consecutively in the order they were studied, reflecting
a temporal contiguity effect (Kahana, 1996). Cognitive models of
free recall, such as the Context Maintenance and Retrieval Model
(Polyn, Norman, & Kahana, 2009), assume that study items are
associated with temporal contexts, such that items studied nearby
in time share stronger temporal similarity (Farrell, 2012). Further-
more, previous studies established that, in free recall tests, tempo-
ral order memory guides output sequence, promotes output
organization and facilitates recall performance (Farrell, 2012).
Indeed, numerous studies have found that superior temporal clus-
tering is associated with better free recall (Solway et al., 2012;
Yang, Zhao, et al., 2021).

Besides the important role of temporal order memory in guiding
free recall observed in laboratory studies, temporal order memory
also plays an important role in daily life, especially for autobio-
graphical memory. For instance, when individuals are prompted to
retrieve autobiographical events, their recall is typically organized
in the order the events were encountered (Diamond & Levine,
2020), suggesting that autobiographical memory represents experi-
ence in a temporally structured way (Jeunehomme et al., 2018).
Furthermore, correlations between recall of autobiographical
events and their temporal clustering are quite strong, with rs rang-
ing from .47 to .72 (White, 2002).

Overall, interitem relational memory (e.g., memory of temporal
order) is a critical component of human memory, and it plays an
important role in daily life. However, all previous studies focused
on the reactivity effect on item memory, and the question of
whether making JOLs reactively alters interitem relational mem-
ory has not yet been investigated.> The first aim of the current
study is to fill this gap. Specifically, the current study uses a word

list learning task to explore the reactivity effect on interitem rela-
tional memory.

Reactivity Effect on Word List Learning and the Item-
Order Account

A set of previous studies has explored the reactivity effect on
word list learning, and the documented findings suggest that the
effect tends to be moderated by test format. For instance, previous
studies showed that making JOLs substantially enhances recogni-
tion of word lists (Li et al., 2021; Yang et al., 2015; Zhao et al.,
2022), whereas it has a minimal reactive influence on free recall
(Stevens, 2019; Tauber & Rhodes, 2012).

Several theories have been proposed to account for the reactiv-
ity effect, such as the cue-strengthening theory (Soderstrom et al.,
2015), the changed-goal theory (Mitchum et al., 2016), and the
positive reactivity theory (Mitchum et al., 2016). All of them have
difficulty in explaining the reactivity effect on word list learning
(see Appendix A for detailed discussion). Here we propose that
the item-order account might provide a viable explanation for this
effect (McDaniel & Bugg, 2008).

The item-order account was originally proposed by McDaniel
and Bugg (2008), who hypothesized that information about a list
of study items (e.g., a list of words) contains two components: (a)
information about individual items (i.e., item-specific information)
and (b) information about relations among list items (i.e., interitem
relational information). Item-specific information includes item
characteristics (such as concreteness) that differentiate a given
item from others in the list and increase its distinctiveness. Interi-
tem relational information, in contrast, refers to relations among
list items studied across different study trials, such as whether
Item A or B was studied first. Both item-specific and interitem
relational processing contribute importantly to free recall of list
items (Hunt & McDaniel, 1993; Mulligan & Lozito, 2007; Peter-
son & Mulligan, 2013). For instance, relational processing pro-
vides structure to support the search for targets and to guide output
order, while item-specific processing enables individuals to

!'Several studies have explored the effect of delayed JOLs on memory
for word pairs (e.g., Tekin & Roediger, 2021). In these studies, after
initial study of all word pairs (e.g., apple — banana), the cue words (e.g.,
apple — __) were presented one-by-one, and participants were asked to
make delayed JOLs to predict the possibility that they could successfully
recall the targets when prompted with the cues in a later cued recall test.
The enhancing effect of delayed JOLs on memory may result from the
fact that participants tend to retrieve the targets when making delayed
JOLs (Tekin & Roediger, 2021). The current study instead focused on the
reactivity effect of immediate JOLs (i.e., JOLs made while or
immediately after studying). The effect of delayed JOLs is unrelated to
the current study, and we hence do not discuss it further.

2 A few studies have used word pairs as stimuli to explore the reactivity
effect on intraitem relational memory (e.g., memory of cue-target relations:
Soderstrom et al., 2015). It should be highlighted that intraitem and
interitem relational memory are distinct in nature. For instance, Peterson
and Mulligan (2013) provided a clear dissociation of these two forms of
relational memory by showing that practice testing enhances intraitem
relational memory but concurrently disrupts interitem relational memory.

3 Although Senkova and Otani (2021) used related word lists as study
stimuli to explore the reactivity effect on free recall of the words, they did
not measure the difference in semantic clustering between the JOL and no-
JOL conditions, leaving it unclear whether making JOLs affects interitem
relational memory.
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retrieve list targets and protects target recall against intrusions and
interference.

Importantly, the item-order account hypothesizes that relational
processing and item-specific processing can be functionally disas-
sociated (McDaniel & Bugg, 2008). When a given encoding strat-
egy enhances processing of item-specific information, interitem
relational processing may be correspondingly disrupted because
more cognitive resources are allocated to item-specific processing
and fewer are left for interitem relational processing. Many studies
have provided evidence supporting the item-order account. For
instance, previous studies found that words spoken aloud are
remembered better than those read silently, a phenomenon termed
the production effect (for a review, see MacLeod & Bodner,
2017), but concurrently speaking aloud hinders interitem relational
processing as reflected by poorer order reconstruction performance
for spoken than for silent words (Jonker et al., 2014).

Similarly, although previous studies found that testing, by com-
parison with passive restudying, significantly enhances retention
of studied items—a phenomenon known as the testing effect (for
reviews, see Roediger & Karpicke, 2006; Rowland, 2014; Yang et
al., 2021), testing significantly disrupts retention of temporal order
information (Karpicke & Zaromb, 2010). Even though active gen-
eration, by comparison with passive reading, facilitates recall of
studied items—a phenomenon termed the generation effect (for
reviews, see Bertsch et al., 2007; McCurdy et al., 2020), the active
generation process has a negative influence on temporal order
memory (Karpicke & Zaromb, 2010). As a final example, although
drawing study items enhances memory overall—a phenomenon
referred to as the drawing effect (for a review, see Fernandes et
al., 2018), drawing impairs order reconstruction (Jonker et al.,
2019). Many other studies have documented evidence supporting
the item-order account (e.g., Forrin & MacLeod, 2016; Jonker &
MacLeod, 2015). Overall, there are ample findings, deriving from
different memory phenomena, supporting the main proposals of
the item-order account.

It is reasonable to assume that, similar to speaking aloud, prac-
tice testing, generation, and drawing, making JOLs may reactively
enhance item-specific processing and concurrently disrupt interi-
tem relational processing. For instance, participants have to
closely encode and analyze the current item to make an appropri-
ate memory prediction for it, which improves item-specific proc-
essing and produces superior item memory (for related discussion,
see Senkova & Otani, 2021). Concurrently, greater processing of
item-specific information may detract from encoding of interitem
relational information (e.g., information about temporal order
among list items), leading to poorer interitem relational memory.

Going beyond the cue-strengthening, changed-goal, and positive
reactivity theories, the item-order account can readily account for
the reactivity effect on word list learning and the moderating role
of test format. It is well-known that free recall performance is de-
pendent on both item and interitem relational memory (McDaniel
& Bugg, 2008; Mulligan & Peterson, 2015). Because making
JOLs concurrently improves item memory and impairs interitem
relational memory, these two effects may cancel each other out,
leading to little reactivity on free recall of word lists. By contrast,
in recognition tests, test items are typically presented in random
order or the presentation order is controlled by the experimenter
(rather than by participants themselves), hence recognition per-
formance relies less on interitem relational memory and more on

item memory (Engelkamp et al., 1998; Guynn et al., 2014; Hunt &
Einstein, 1981; Mickes et al., 2009). Therefore, the reactivity
effect on recognition is generally positive and larger than the effect
on free recall.

Overview of the Current Study

As discussed above, all previous studies focused on the reactive
influences of making JOLs on recall or recognition of specific
items, and it remains unknown whether making JOLs reactively
changes memory for interitem relations. In addition, all existing
theories (i.e., cue-strengthening, changed-goal, and positive reac-
tivity) have difficulty in accounting for the reactivity effect on
word list learning, and it is unknown whether the item-order
account is a viable explanation of this effect. Accordingly, the cur-
rent study was designed to explore (a) whether making JOLs reac-
tively alters interitem relational (temporal order) memory and (b)
whether the item-order account is a viable explanation of the reac-
tivity effect on word list learning.

Experiment 1 instructed participants to study 16 lists of words.
For eight JOL lists, participants were required to make concurrent
JOLs while studying each word. By contrast, for the other eight
no-JOL lists, they did not make such judgments. Immediately after
they studied each list and completed a brief distractor task, they
took an order reconstruction test, in which they ordered the just-
studied words in the sequence they were studied. The reactivity
effect on temporal order memory was quantified as the difference
in order reconstruction accuracy between the JOL and no-JOL
conditions. To foreshadow, Experiment 1 observed a significantly
negative reactivity effect on order reconstruction. Experiment 2
used a different test format—free recall—to test the reactivity
effect on temporal order memory by comparing temporal cluster-
ing scores (TCSs; see below for details) between the JOL and no-
JOL conditions.

Experiment 3 used a forced-choice recognition test to further
investigate whether making item-by-item JOLs reactively enhan-
ces item memory. Relative to free recall, recognition places more
demands on item memory and fewer on temporal order memory
(Engelkamp et al., 1998; Guynn et al., 2014; Hunt & Einstein,
1981; Mickes et al., 2009). To foreshadow, Experiment 3 demon-
strated that making concurrent JOLs enhanced recognition per-
formance, suggesting a positive reactivity effect on item memory.
Experiment 4 demonstrated dissociable effects of making JOLs on
order reconstruction (negative) and forced-choice recognition
(positive) by using the same participants and stimuli. As an aid to
readers, Table 1 summarizes the main results and conclusions
from each experiment.

Finally, we conducted a meta-analysis to integrate results across
studies to explore whether test format (i.e., order reconstruction,
free recall, and recognition) moderates the reactivity effect on
word list learning. Order reconstruction is directly related to tem-
poral order memory, free recall is dependent on both item memory
and temporal order memory, and recognition predominantly relies
on item memory. Therefore, according to the item-order account,
we expected to observe a negative reactivity effect in order recon-
struction tests, a null or modest reactivity effect in free recall tests,
and a positive effect in recognition tests.

Note that the four experiments and the meta-analysis reported in
the current study were not preregistered. We report how we
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Table 1
Summary of Main Findings From Experiments 1—4 and the Meta-
Analysis

Experiment Measure Effect size ~ Reactivity
Experiment 1 Order reconstruction d=-0.70 Negative
Experiment 2 Free recall d=0.09 Minimal

Temporal clustering d=-045 Negative
Experiment 3 Forced-choice recognition ~ d=1.00 Positive
Experiment 4 Order reconstruction d=-0.54 Negative
Forced-choice recognition d=0.61 Positive
Meta-analysis Order reconstruction g=-0.61 Negative
Free recall g=0.32 Positive
Recognition g=0.72 Positive

Note. Cohen’s ds and Hedges’ gs represent standardized differences in
test performance between the JOL and no-JOL conditions, with positive
values representing positive reactivity and negative values representing
negative reactivity.

determined our sample size, all data exclusions (if any), all manip-
ulations, and all measures in the experiments.

Experiment 1

Experiment 1 used an order reconstruction test to (a) measure
the reactivity effect on temporal order memory and (b) assess the
item-order account’s main proposal that making JOLs impairs
processing of temporal information. The reactivity effect on item
memory was not assessed in Experiment 1. Instead, it was investi-
gated in Experiments 3 and 4 and the meta-analysis (see below for
details).

Method
Participants

A pilot study was conducted to estimate the magnitude of the
reactivity effect on temporal order memory (i.e., order recon-
struction performance). This pilot study used the same procedure
and stimuli as the formal experiment, with 10 participants
recruited from the same participant pool. The results showed a
medium-to-large (Cohen’s d = —0.650) reactivity effect on order
reconstruction. A power analysis, conducted via G¥Power (Faul,
Erdfelder, Lang, & Buchner, 2007), showed that approximately
21 participants were required to observe a significant (two-tailed,
o = .050) reactivity effect at .80 power. To enhance statistical
power, we decided to increase the sample size to 25.

Finally, 27 participants (15 female), with a mean age of 20.82
(8D = 2.19) years, were recruited from Beijing Normal University
(BNU). They reported normal or corrected-to-normal vision, were
tested individually in a sound-proofed cubicle, and received 50
RMB as compensation. The Ethics Committee at the Collaborative
Innovation Center of Assessment for Basic Education Quality,
BNU, approved Experiments 1—4.

Materials

Two hundred sixteen two-character Chinese words were
selected from the Chinese word database developed by Cai and
Brysbaert (2010). Word frequency was between 2.98 and 51.33
per million. Twenty-four words were used for practice, and the
remaining 192 words were used in the main experiment. To avoid

any item-selection effects, for each participant, the computer ran-
domly divided the 192 words into 16 lists, with 12 words in each
list, and the 16 lists were randomly allocated into four blocks, with
4 lists in each block. Then, two blocks were randomly assigned to
the JOL condition and the other two to the no-JOL condition. The
presentation sequence of words in each list, the list sequence in
each block, and the block sequence were randomly decided by the
computer for each participant. All stimuli were presented via the
Matlab Psychtoolbox (Kleiner et al., 2007) on a CRT display.

Design and Procedure

The experiment involved a within-subjects design (study
method: JOL vs. no-JOL). Participants were informed that they
would study four blocks of words, with four lists in each block.
After studying each list, they would complete a memory test. In
two blocks, they would need to make a memory prediction while
studying each word, but they did not need to make such predic-
tions in the other two blocks. They were instructed to remember
all words equally well regardless of whether they had to make
memory predictions or not, because all words would be tested in a
later order reconstruction test.

Before the experiment, participants practiced a JOL and a no-
JOL list to familiarize themselves with the task. Following this
practice, participants were asked if they understood the task
requirements. If not, the experimenter reexplained the task, and
they retook the practice task. This cycle repeated until each partici-
pant fully understood the task requirements. Then, the main
experiment began. Participants made concurrent JOLs in the JOL
blocks but not in the no-JOL blocks. Before studying each block,
the computer informed participants whether or not they would
need to make memory predictions in the forthcoming block.

For lists in the no-JOL blocks, the 12 words were presented
one-by-one, for 5 s each, in random order. After the presentation
of each word, a cross sign appeared at the center of the screen for
.5 s to mark the interstimulus interval. After studying each list,
participants engaged in a 30 s distractor task in which the com-
puter randomly generated a three-digit number (e.g., 589) and pre-
sented it at the center of the screen. Participants subtracted 3 from
that digit in succession and wrote down the results on paper. There
was no speed requirement for this calculation, and participants
continued doing it until 30 s had elapsed.

Following the distractor task, an order reconstruction test was
implemented. Specifically, the computer presented all 12 words on
screen in a new random order. Participants were provided with a
blank sheet. There were 12 lines on the sheet, with a digit (1-12)
in front of each line. Participants were instructed to write the 12
words on the sheet in the order they were studied. For instance, if
the first word was “}#=#F” (handrail), they needed to write this
word above the first line. There was no time pressure and no feed-
back in the order reconstruction task. Participants pressed a
“Done” button to finish recall and trigger the study phase of the
next list. This cycle repeated until all four lists in a block were
studied and tested.

The procedure in the JOL blocks was the same as in the no-JOL
blocks, but with one exception. Specifically, while participants
studied each word, a 0—100 slider was presented below the word.
Participants made a JOL during the 5 s time-window to predict the
likelihood that they would remember it on a later memory test (0 =
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Sure I will not remember it; 100 = Sure I will remember it). If they
did not make a JOL during this interval, a message box appeared
to remind them to carefully make JOLs for the following words,
and they clicked the mouse to trigger the next trial. If they success-
fully made a JOL, the word remained on screen for the remaining
duration of the 5 s to ensure the total exposure duration of each
word was the same between the JOL and no-JOL conditions. The
whole experiment lasted about 50 minutes.

In summary, the only difference between the JOL and no-JOL
conditions was that participants made concurrent JOLs while
studying each word in the JOL condition.

Results

In Experiments 14, test performance results (i.e., the reactivity
effect) were the major research interest, and hence are reported in
the main text. Item-by-item JOLs (i.e., JOLs made for each word
in the learning task) and their accuracy were not of substantive
research interest, and therefore are reported in Appendix B.

For each of Experiments 1-4, we conducted a mixed analysis of
variance (ANOVA), with block order as the between-subjects vari-
able and study method as the within-subjects variable. The results
showed no main effect of block order (ps = .13) and no interac-
tion between block order and study method (ps = .44). Hence,
below we do not discuss block order further.

Following precedents (e.g., Jonker et al., 2014; Jonker &
MacLeod, 2015; Mulligan & Lozito, 2007; Nairne, Riegler, & Serra,
1991), we used the antecedent scoring criterion to quantify order
reconstruction performance. Specifically, items were only considered
correct if they were exactly ordered in their original learning position.
For instance, if “B1%” (recipe) was studied as Item 3, it would only
be scored as correct if it was placed on the third line in the test sheet.
The proportions of items correctly ordered were separately computed
for the JOL and the no-JOL words for each participant.

Order reconstruction performance was significantly better for
no-JOL (M = .88, SD = .17) than for JOL words (M = .79, SD =
.16), difference = .095 [.041, .148], #(26) = 3.66, p = .001, Cohen’s
d =0.70 (see Figure 1A), reflecting a negative reactivity effect on
order reconstruction.* As shown in Figure 1B, 22 participants
showed a negative reactivity effect, 4 showed the converse pattern,
and there was one tie.’

Discussion

Overall, the above results demonstrate a negative reactivity
effect on order reconstruction, implying that making concurrent
JOLs hinders processing of temporal information. These findings
are consistent with the main proposal of the item-order account.

Experiment 2

Experiment 1 demonstrated a negative reactivity effect of mak-
ing concurrent JOLs on order reconstruction, supporting the main
proposal of the item-order account that making metacognitive
judgments impairs processing of temporal information. Experi-
ment 2 was conducted to replicate this negative reactivity effect on
temporal order memory but using a different test format—free
recall. According to the item-order account, we predict that mak-
ing JOLs will impair temporal clustering in a free recall test.

It is worth noting that previous findings of the reactivity effect on
free recall performance (i.e., proportion of words recalled) have been
somewhat inconsistent, with some studies showing a positive reactiv-
ity effect on free recall (e.g., Zechmeister & Shaughnessy, 1980) and
others showing no reactivity (e.g., Tauber & Rhodes, 2012). Hence,
the other goal of Experiment 2 was to further test the reactivity effect
on free recall. According to the item-order account, we expect mini-
mal reactivity on free recall, because making JOLs concurrently
enhances item-specific processing and disrupts temporal clustering.

Method
Participants

Given that the primary aim of Experiment 2 was to explore the
reactivity effect on interitem relational (temporal order) memory,
the sample size was set to 25, the same as in Experiment 1.
Finally, 27 students (16 female), with a mean age of 21.04 (SD =
2.01) years, were recruited from BNU. They reported normal or
corrected-to-normal vision, were tested individually in a sound-
proofed cubicle, and received 50 RMB as compensation.

Materials, Design, and Procedure

The stimuli, design, and procedure were the same as in Experi-
ment 1, except that the order-reconstruction tests were replaced by
free recall tests. Specifically, participants were instructed to study the
word lists in preparation for a free recall test. After studying each list
and completing the distractor task, participants recalled as many
words as they could from the just-studied list. They could recall the
words in any order they liked, and they wrote their answers on a
blank sheet. There was no time pressure and no feedback in the free
recall tests. They clicked a “Done” button to finish recall and trigger
the next list. The whole experiment lasted about 50 minutes.

Results
Reactivity Effect on Free Recall

There was no statistically detectable difference in free recall
between the JOL (M = .73, SD = .11) and no-JOL blocks (M = .72,
SD = .15), difference = .012 [—.038, .062], #26) = 0.49, p = .63,
Cohen’s d = 0.09 (see Figure 2A), suggesting minimal reactivity

4 As shown in Figure 1B, there was an outlier. After excluding this
outlier, order reconstruction performance remained significantly better for
no-JOL (M = .88, SD = .18) than for JOL words (M = .80, SD = .15),
difference = .077 [.037, .116], #(25) = 3.96, p < .001, Cohen’s d = 0.78.

5 As supplemental results, we also calculated absolute difference scores
of serial positions. For instance, if a given word was studied at Position 7
and the participant assigned this word to Position 5 in the order
reconstruction test, the absolute difference score for this word would be
calculated as 2. The results for absolute distance scores showed the exact
same pattern, with larger distance scores in the JOL (M = 0.52, SD = 0.53)
than in the no-JOL condition (M = 0.26, SD = 0.45), difference = 0.265
[0.100, 0.430], #(26) = 3.31, p = .003, Cohen’s d = 0.64, reconfirming that
making JOLs impaired temporal order memory. Furthermore, for each
word list, a Spearman rank correlation was conducted between study
positions and the ordered positions in the test. For each participant, the
correlation coefficients were averaged in the JOL and no-JOL conditions,
respectively. The results also showed that the correlation was weaker in the
JOL (M of r¢= .91, SD = .11) than in the no-JOL (M of r, = .96, SD = .08)
condition, difference = —.049 [—.084, —.015], #(26) = —2.94, p = .007,
Cohen’s d = —0.57.



This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

6 ZHAO ET AL.

Figure 1

Test Performance in Experiment 1
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(A) Order reconstruction performance (accuracy) as a function of study method

(JOL vs. no-JOL) in Experiment 1. (B) Violin plot showing the reactivity effect (i.e., the

difference in test performance between JOL

sents one participant’s reactivity effect score.

article for the color version of this figure.

on the number of items freely recalled. As shown in Figure 2B, 11
participants showed a negative reactivity effect, 15 showed the
converse pattern, and there was one tie.

Reactivity Effect on Temporal Clustering

Next, we examined the reactivity effect on temporal clustering.
Temporal clustering was quantified as TCSs using the method
developed by Polyn et al. (2009). TCSs index the degree to which
items studied in neighboring serial positions in a list tend to be
reported together during free recall (Lohnas et al., 2011). TCSs
range from O to 1, where a value of .5 indicates random clustering
and a value of 1 indicates that the participant always chose the
closest temporal associate. For example, if a participant recalled
an item from Position 2 of the study list, the subsequent recall
could be from a nearby position, such as Position 1 or 3, which
would indicate better retention of temporal information, or it could
be from a more distant position, such as Position 11 or 12, which
would indicate poorer retention of temporal information.

To calculate TCSs, we determined the absolute temporal distan-
ces (measured by serial position from 1-12) between the positions
of the just-recalled word and each of the not-yet-recalled ones.
TCS between the just-recalled word and the subsequently recalled
one was quantified as the proportion of all other possible absolute
temporal distances that were greater than the observed distance.
Put differently, TCS between the just-recalled and subsequently
recalled word was computed as the proportion of all other possible
temporal contiguities that were lower than the observed one (for a
detailed discussion of the calculation method, see Polyn et al.,
2009; Sederberg et al., 2010; Yang, Zhao, et al., 2021).°

As shown in Figure 3A, TCSs were significantly greater in the
no-JOL (M = .73, SD = .13) than in the JOL blocks (M = .69, SD =

and no-JOL conditions). Each red dot repre-
Error bars represent 95% CI. See the online

.11), difference = .042 [.005, .078], #(26) = 2.36, p = .03, Cohen’s
d =0.45, revealing that when freely recalling the word lists, partic-
ipants were more likely to retain the relative order of studied items
in the no-JOL than in the JOL conditions. As shown in Figure 3B,
17 participants showed a negative reactivity effect on TCSs, and
10 showed the converse pattern. Overall, these findings are again
consistent with the item-order account’s proposal that making
JOLs impairs interitem relational (serial) processing.

Correlation Between Free Recall and TCSs

Previous studies established an association between temporal
clustering and free recall performance, suggesting that retention of
temporal information helps to guide output order and facilitates
free recall (Dalezman, 1976; Forrin & MacLeod, 2016; Jonker &
MacLeod, 2015; Mangels, 1997; Yang, Zhao, et al., 2021). The
same finding was also observed here: across participants, there
was a significantly positive correlation between TCSs and free
recall in both the JOL (r = .63, 95% CI [.33, .82], p < .001) and
no-JOL (r = .45, 95% CI [.08, .71], p = .019) conditions (see Fig-
ure 3C).

Discussion

Overall, the TCS results are consistent with the main findings
from Experiment 1, reflecting a negative reactivity effect of solic-
iting JOLs on processing of temporal information, a result in keep-
ing with the prediction from the item-order account that making
JOLs impairs interitem relational processing.

6 Interested readers can find a tutorial about the calculation method and
the data-analysis scripts at https://memory.psych.upenn.edu/CRP_Tutorial.
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Figure 2
Test Performance in Experiment 2
A ool B
0.21 @0
>, 0.81 5 e
& ks ) C
5 o , ‘
Q '
O 7] 2 001 - - QD - -
© S )
® B
1] ‘
o ) &
& g6 & o2 ‘
4
05 -0.4

JOL no-JOL

Note.  (A) Recall performance (accuracy) as a function of study method (JOL vs. no-JOL)
in Experiment 2. (B) Violin plot showing the reactivity effect (i.e., the difference in test
performance between JOL and no-JOL conditions). Each red dot represents one partici-
pant’s reactivity effect score. Error bars represent 95% CI. See the online article for the

color version of this figure.

The TCS results may provide an explanation for the absence
of positive reactivity on the number of items freely recalled.
Specifically, we conjecture that making JOLs enhances item-
specific processing, leading to a positive reactivity effect, and
concurrently impairs processing of temporal information, lead-
ing to a negative effect. Because free recall is related to

Figure 3
Temporal Clustering in Experiment 2
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retention of both item-specific and interitem relational (tempo-
ral order) information (Aka et al., 2021), it is possible that these
positive and negative consequences might cancel out each
other, causing an overall null reactivity effect of making JOLs
on free recall performance. Future research could directly test
this speculation.
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Note. (A) TCSs as a function of study method (JOL vs. no-JOL) in Experiment 2. (B) Violin plot showing
the reactivity effect (i.e., the difference in TCSs between JOL and no-JOL blocks). Each red dot represents one

participant’s difference in TCSs. Error bars represent

95% CI. (C) Relationship between free recall accuracy

and TCSs for each condition. See the online article for the color version of this figure.
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Experiment 3

Experiments 1 and 2 demonstrated a negative reactivity effect
on order reconstruction and temporal clustering. As discussed
above, these negative reactivity effects might result from the fact
that making item-by-item JOLs impaired processing of temporal
information, as suggested by the item-order account. However,
there is another possible explanation: they might derive from dual-
task (encoding plus making JOLs) costs. Mitchum et al. (2016)
proposed that making concurrent JOLs might borrow limited cog-
nitive resources from the primary learning task, leading to a
weaker encoding of temporal information. In addition, frequent
task-switching between encoding and monitoring might also
induce dual-task costs and lead to negative reactive influences (for
related discussion, see Janes et al., 2018; Zhao et al., 2022).

Indeed, there is an important divergence in experimental proce-
dures between the current experiments and previous studies (Tauber
& Rhodes, 2012; Yang et al., 2015). In many previous studies
exploring reactivity effects on word list learning, item-by-item
JOLs were made immediately after participants studied each word,
and the total duration of word exposure in the JOL and no-JOL con-
ditions were not perfectly matched. That is, in the JOL condition,
participants had the opportunity to continue processing the just-
studied item when making JOLs. By contrast, in the current experi-
ments, item-by-item JOLs were made while participants studied
each word, and the total duration in the JOL and no-JOL conditions
were identical. This means that dual-task costs are more likely to
occur in the current procedure. Hence, it is critical to determine
whether the negative reactivity effects on order reconstruction and
temporal clustering observed in Experiments 1 and 2 resulted from
dual-task costs or from deleterious effects of making JOLs on proc-
essing of temporal information.

As articulated above, the dual-task costs explanation predicts a
deleterious effect of making JOLs on both item-specific and rela-
tional encoding. The item-order account, in contrast, proposes that
making JOLs enhances item-specific processing but disrupts rela-
tional processing. Experiment 3 was conducted to further explore
whether making item-by-item JOLs while participants study each
word can facilitate item memory. If so, there would be little need
to worry about dual-task costs in this procedure.

To answer this question, we changed the test format to forced-
choice recognition. It is obvious that recognition memory relies
more on item memory with minimal involvement of temporal
order memory (for related discussion, see Mulligan & Peterson,
2015), because items are presented in a random order in recogni-
tion tests, and no temporal order memory is required to guide out-
put sequence in recognition tests. Accordingly, the item-order
account predicts a positive reactivity effect on recognition. By
contrast, the dual-task costs explanation predicts a negative reac-
tivity effect on recognition.

The difference in the reactivity effects between concurrent
JOLs (i.e., making a JOL while studying each word) and imme-
diate JOLs (i.e., making a JOL immediately after studying each
word) is beyond the scope of the current study. Hence, Experi-
ment 3 did not include a group of participants making immediate
JOLs.” Instead, the primary aim of Experiment 3 was to assess
whether making concurrent JOLs can induce a positive reactivity
effect on recognition of list words. Recall that the dual-task costs

explanation predicts a negative reactivity effect on recognition,
whereas the item-order account expects a positive effect.

Method
Participants

Based on the effect size (Cohen’s d = 1.33) of the reactivity
effect on recognition recently documented by Zhao et al. (2022), a
power analysis, conducted via G*power, showed that approxi-
mately seven participants were required to observe a significant
(two-tailed, oo = .050) reactivity effect at .80 power. To be more
conservative, we decided to increase the sample size to 25, the
same as in Experiments 1 and 2. Finally, 25 participants (14
female), with a mean age of 22.16 (SD = 2.44) years, were
recruited from BNU. They reported normal or corrected-to-normal
vision, were tested individually in a sound-proofed cubicle, and
received 50 RMB as compensation.

Materials

Four hundred thirty-two Chinese words were selected from the
Chinese word database (Cai and Brysbaert, 2010). For these 432
words (word frequency was 2.95 and 51.33 per million), 48 were
used for practice and the remaining 384 were used in the formal
experiment. For these 384 words, 192 were the same as those in
Experiments 1 and 2, were studied in the learning phase, and
served as “old” items in the forced-choice recognition test. The
other 192 words, which were not used in Experiments 1 and 2,
were used as “new” items (i.e., lures) in the recognition test.

As in Experiments 1 and 2, for each participant, the to-be-studied
words were randomly divided into 16 lists, and these 16 lists were
then randomly assigned to four blocks, with two blocks randomly
selected as JOL blocks and the other two as no-JOL blocks. The
presentation sequence of words in each list, the list sequence in
each block, and the block sequence were randomly decided by the
computer.

Design and Procedure

The experiment involved a within-subjects design (study
method: JOL vs. no-JOL). The procedure was largely similar to
those in Experiments 1 and 2, but the list-by-list distractor tasks
and free recall tests were removed. Instead, participants were
instructed to study the words one-by-one, list-by-list, and block-
by-block in preparation for a later recognition test. After studying
all four blocks, participants engaged in an 8 min (= 30 s * 16) dis-
tractor task identical to that used in Experiments 1 and 2.

Finally, they took a forced-choice recognition test. For each par-
ticipant, the 192 studied and 192 new words were randomly
paired, with an “old” and a “new” word in each pair. The 192 pairs
were presented one-by-one in a random order, with one word ran-
domly presented on the left side of the screen and the other on the
right side. Participants were instructed to decide which word was
“old” (studied). There was no time pressure and no feedback in the

7 Future research could profitably employ concurrent (rather than
immediate) JOLs to explore reactivity effects, because the positive effect of
making immediate JOLs on memory might be confounded by additional
processing (Soderstrom et al., 2015; Zechmeister & Shaughnessy, 1980;
Zhao et al., 2022).
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forced-choice recognition test. For each trial in the recognition
test, correct selection of the old word was scored as 1, and incor-
rect selection of the new one was scored as 0. For each participant,
test performance in each condition was calculated as averages of
those 0 and 1 scores. The whole experiment lasted about 50
minutes.

Note that Experiment 3 administered the forced-choice rec-
ognition test after participants studied all 16 lists rather than
immediately after they studied each list as in Experiments 1
and 2. We delayed the recognition test to reduce any ceiling
effect in recognition performance. In a pilot study, we found
that participants could correctly recognize almost all words
when recognition tests were administered immediately after
they studied each list.

Results

Recognition performance for both the JOL and no-JOL words is
shown in Figure 4A. Recognition performance was significantly
better in the JOL (M = .87, SD = .11) than in the no-JOL blocks
(M = .79, SD = .12), difference = .088 [.052, .124], #(24) = 5.02,
p < .001, Cohen’s d = 1.00, revealing a large positive reactivity
effect of soliciting JOLs on recognition performance. As shown in
Figure 4B, only three participants showed a negative reactivity
effect, whereas the other 22 showed a positive effect.

Discussion

Overall, these recognition results reveal that making concurrent
JOLs enhances item memory. This finding should allay concerns

about dual-task costs induced by making concurrent JOLs and pro-
vides further support to the main proposal of the item-order
account: making concurrent JOLs facilitates item memory but
impairs interitem relational (temporal order) memory.

Experiment 4

In the above experiments, we observed dissociable effects of
making JOLs on interitem relational (order reconstruction and
temporal clustering in Experiments 1 and 2) and item (recogni-
tion in Experiment 3) memory. In Experiment 4, we used a
within-subjects design to test whether these dissociable effects
can be demonstrated simultaneously within the same participants
and using the same stimuli. Recall that the item-order account
predicts a negative reactivity effect on order reconstruction but a
positive reactivity effect on recognition.

Method
Participants

Given that (a) the number of study trials in each test format con-
dition was reduced by half and (b) the current experiment was
designed to concurrently detect a negative effect on order recon-
struction and a positive reactivity on recognition, we decided to
double the sample size compared with previous experiments to
approximately maintain statistical power. Finally, 60 participants
(41 female), with a mean age of 21.00 (SD = 2.07) years, were
recruited from BNU. They reported normal or corrected-to-normal
vision, were tested individually in a sound-proofed cubicle, and
received 50 RMB as compensation.

Figure 4
Test Performance in Experiment 3
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(A) Recognition performance (accuracy) as a function of study method (JOL vs. no-

JOL) in Experiment 3. (B) Violin plot showing the reactivity effect (i.e., the difference in
test performance between JOL and no-JOL conditions). Each red dot represents one partici-
pant’s reactivity effect score. Error bars represent 95% CI. See the online article for the

color version of this figure.
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Materials

Three hundred twelve words were selected from the items used
in Experiment 3. Specifically, 24 words were used for practice and
the remaining 288 were used in the formal experiment. Among
these 288 words, 192 served as study words, with the other 96 as
“new” words presented in the forced-choice recognition test.

For each participant, the 192 words were randomly divided into
16 lists, with 12 words in each list, and these 16 lists were ran-
domly assigned into 4 blocks. The computer randomly selected
two blocks as the JOL blocks and the other two as the no-JOL
blocks. The presentation sequence of words in each list, the list
sequence in each block, and the block sequence were randomly
determined by the computer.

Design and Procedure

Experiment 4 involved a 2 (study method: JOL vs. no-JOL) X 2
(test format: order reconstruction vs. recognition) within-subjects
design. The procedure in the learning phase was identical to that in
Experiments 1 and 2 except that participants did not undertake the
list-by-list interim tests.® Specifically, after participants studied
each word list, they engaged in the same 30 s mathematical dis-
tractor task. The study phase of the next list commenced immedi-
ately afterward. This cycle repeated until all 16 lists had been
studied.

After studying all words, participants took two memory tests:
order reconstruction and forced-choice recognition. The order of
these two memory tests was randomized. The computer randomly
selected eight lists (i.e., two lists from each of the four blocks) and
assigned them to the order reconstruction test condition, with the
other 8 lists assigned to the forced-choice recognition test
condition.

In the order reconstruction test condition, the eight lists (i.e.,
four JOL lists and four no-JOL lists) were tested one-by-one in
random order. For each list, the 12 words were presented in ran-
dom order on the same screen, and participants were asked to reor-
der them in the order they appeared in that list.

In the forced-choice recognition test, 96 “old” (i.e., 12 words
from each of the eight lists) and 96 “new” words were randomly
paired. The computer randomly presented the 96 word pairs one-
by-one and list-by-list. The presentation sequence of words in
each list and the list sequence was randomly decided by the com-
puter. For each word pair, participants were asked to indicate
which word was “old.”

There was no time pressure or feedback in either memory test.
The whole experiment lasted about 50 minutes.

Results

A mixed ANOVA was conducted with test order (order recon-
struction test first vs. recognition test first) as the between-subjects
variable, study method and test format as the within-subjects vari-
ables, and test performance as the dependent variable. The results
showed no main effect of test order (p = .19), no interaction
between test order and study method (p = .15), no interaction
between test order and test type (p = .29), and no three-way inter-
action (p = .18). Hence, below we do not further discuss test order.

A 2 X 2 repeated measures ANOVA assessed the effects of study
method (JOL vs. no-JOL) and test format (order reconstruction vs.

recognition) on test performance. The main effect of test format was
significant, F(1, 59) = 1772.34, p < .001, 'r]lz3 = .97, with superior test
performance in the forced-choice recognition than in the order recon-
struction test (see Figure 5A). There was no main effect of study
method, F(1, 59) < .001, p = 1.000, ;, < .00L.

Of critical interest, there was a significant study method by
test format interaction, F(1, 59) =52.12, p < .001, nﬁ =.47. Con-
sistent with Experiment 1, order reconstruction performance was
significantly poorer in the JOL (M = .15, SD = .13) than in the
no-JOL conditions (M = .21, SD = .14), difference = —.060
[—.089, —.031], #(59) = —4.17, p < .001, Cohen’s d = —0.54,
reflecting a negative reactivity effect on order reconstruction
(see the left pair of bars in Figure 5A). As shown in Figure 5B,
in the order reconstruction test, 38 participants showed a nega-
tive reactivity effect, 15 showed the converse pattern, and there
were seven ties.’

By contrast, but consistent with Experiment 3, recognition per-
formance was significantly better in the JOL (M = .88, SD = .09)
than in the no-JOL conditions (M = .82, SD = .14), difference =
.060 [.035, .085], #(59) = 4.74, p < .001, Cohen’s d = 0.61, reflect-
ing a positive reactivity effect on recognition (see the right pair of
bars in Figure 5A). As shown in Figure 5B, in the forced-choice
recognition test, 40 participants showed a positive reactivity effect,
17 showed the converse pattern, and there were three ties.

Discussion

Experiment 4 successfully detected dissociable effects of making
JOLs on order reconstruction (negative) and forced-choice recogni-
tion (positive) with the same participants and stimuli, supporting
the item-order account to explain the reactivity effect on word list
learning.

Meta-Analysis

Finally, a meta-analysis was conducted to integrate results
across studies to explore the moderating role of test format in the
reactivity effect on word list learning. As discussed above, accord-
ing to the item-order account, we expected to observe a negative
reactivity effect in order reconstruction tests and a positive effect

8 Another noteworthy point is that, in Experiment 4, participants were
not informed that there were two types of memory tests. As explained
below, whether a given word list would be presented in the order-
reconstruction or forced-choice recognition test was randomly determined
by the computer after participants studied all words. Informing participants
that there were two types of tests might confuse them about how to make a
JOL for a given word because they did not know in which format it would
be finally tested. Therefore, in Experiment 4, we simply instructed
participants to study the words in preparation for an unspecified memory
test.

 As supplemental results, we also calculated absolute difference scores
of serial positions in the order reconstruction test. These results showed the
exact same pattern, with larger distance scores in the JOL (M = 3.34, SD =
0.87) than in the no-JOL condition (M = 2.87, SD = 0.97), difference =
0.469 [0.277, 0.661], #59) = 4.89, p < .001, Cohen’s d = 0.63.
Furthermore, a Spearman rank correlation was calculated for each
participant in each word list, which was then averaged in the JOL and no-
JOL conditions, respectively. The results also showed that the correlation
was weaker in the JOL (M of r, = .21, SD = .27) than in the no-JOL (M of
ry = .35, SD = .29) condition, difference = —.136 [—.197, —.076], #(59) =
—4.50, p <.001, Cohen’s d = —0.58.
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Figure 5
Test Performance in Experiment 4
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(A) Accuracy (order reconstruction or recognition performance) as a function of

study method (JOL vs. no-JOL) in Experiment 4. (B) Violin plot showing the reactivity
effect (i.e., the difference in test performance between JOL and no-JOL conditions) on
order reconstruction and recognition, respectively. Each red dot represents one participant’s
reactivity effect score. Error bars represent 95% CI. See the online article for the color ver-

sion of this figure.

in recognition tests. We also expected to observe a larger (i.e.,
more positive) reactivity effect on recognition than on free recall
because the former is more dependent on item memory and less on
temporal order memory.

Literature Identification, Inclusion Criteria, and
Calculation Methods

We used the following terms to search for relevant studies in elec-
tronic databases: [“judgment* of learning” OR “judgement* of learn-
ing” OR “JOL*”] AND [“reactivity” OR “reactive influence*”]. The
literature search was performed in Web of Science and ProQuest
(composed of 26 databases, including PsycARTICLES, PsycINFO,
Psychology Database, Education Database, ProQuest Dissertations &
Theses Global Database, Ebook Central, Business Market Research
Collection, and so on). In addition, the reference list of a recent meta-
analysis was manually screened (Double et al., 2018). Furthermore,
the 70 Google Scholar citations of Mitchum et al. (2016) were
checked. The literature search was finished in October 2021.

The inclusion and exclusion criteria were as follows:

1. Only studies which compared making JOLs with not making
JOLs (i.e., passive study control) were included. Studies or effects
which compared making JOLs with other processing strategies
(e.g., forming mental images) were excluded.

2. Because the current study especially focused on the reactivity
effect on word list learning and the item-order account, only stud-
ies using word lists were included. Other studies, which explored
reactivity effects on learning of other types of materials such as
word pairs (Janes et al., 2018) and text passages (Ariel et al.,
2021), were excluded.

3. Only studies written in English were considered.

In total, we identified eight studies eligible for the meta-analysis
(Halamish, 2018; Senkova & Otani, 2021; Stevens, 2019; Tauber &
Rhodes, 2012; Tekin & Roediger, 2020; Yang et al., 2015; Zech-
meister & Shaughnessy, 1980; Zhao et al., 2022). In addition, the

results from our Experiments 1-4 were also included. Recall that, in
Experiment 4, each participant undertook both the order reconstruc-
tion and forced-choice recognition tests. To avoid dependency among
these two effects, we randomly assigned the 60 participants to two
groups, with 30 participants in each group. For one group, we calcu-
lated a Cohen’s d to represent the reactivity effect on order recon-
struction, and for the other group we computed a Cohen’s d to
represent the reactivity on recognition. In this way, we ensured that
these two effects were derived from independent participants.

Overall, from these studies, we extracted 25 effects (Cohen’s ds)
based on data from 1,638 participants. Note that, for the 14 recogni-
tion effects listed in Figure 6, their effect sizes were calculated
based on hit rates, because all studies reported hit rate results and
some of them did not report discrimination (d’) results, making it
impossible to calculate effect sizes based on d’ (e.g., Halamish,
2018). In addition, our Experiments 3 and 4 and Zhao et al. (2022)
used a forced-choice recognition procedure, which is distinct from
the conventional old/new recognition test. Hence, for consistency,
we calculated effect sizes using hit rates for all recognition effects.

Following Double et al. (2018), all Cohen’s ds were transformed to
Hedges’ gs using the formulae provided by Borenstein et al. (2009).
The characteristics of the 25 effects (test formats and effect sizes) are
summarized in Figure 6. A positive value of g indicates a positive
reactivity effect and a negative value represents a negative effect.

All meta-analyses were conducted via the R metafor package
(Viechtbauer, 2010). Given that some effects were extracted from
the same studies (e.g., Halamish, 2018), all meta-analyses were
conducted using multilevel random-effects models.

Results
Reactivity Effects on Word List Learning

A multilevel random-effects meta-analysis found that provid-
ing JOLs significantly enhanced memory (combining free recall,
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Figure 6

Forest Plot Summarizing the 25 Effect Sizes (Hedges’ gs), Their Experimental Characteristics
(Test Format and Effect Sizes), and the Multilevel Random-Effects (RE) Meta-Analysis Results

Study, Experiment Test format Forest Hedges' g [95% ClI]
Free recall
Zechmeister et al. (1980), 1 Free recall —=— 0.48[0.07, 0.89]
Tauber et al. (2012), 5 Free recall [ | 0.15[-0.28, 0.58]
Halamish (2018), 1 &5 Free recall —=— -0.00 [-0.46, 0.45]
Halamish (2018), 3,7, &9 Free recall e 0.65[0.23, 1.06]
Stevens (2019) Free recall ] -0.25[-0.72, 0.22)
Senkova et al. (2021), 1 Free recall = 0.59[0.27, 0.90]
Senkova et al. (2021), 2 (categorized) Free recall —e—q 0.68[0.23, 1.12]
Senkova et al. (2021), 2 (uncategorized) Free recall F—a— 0.36 [-0.08, 0.80]
Experiment 2 Free recall == 0.09 [-0.28, 0.46]
Summary of free recall effects ’ 0.32[0.13, 0.51]
Order reconstruction
Experiment 1 Order reconstruction i -0.68 [-1.09, -0.27]
Experiment 4 (Order) Order reconstruction ! -0.55[-0.86, -0.25]
Summary of order reconstruction effects - -0.61 [-0.99, -0.23]
Recognition
H. Yang et al. (2015), 1 Recognition —a— 0.48[0.09, 0.87)
Halamish (2018), 2 & 6 Recognition —a— 0.77[0.32, 1.23]
Halamish (2018), 4, 8, & 10 Recognition —=— 0.84[0.46, 1.22]
Halamish (2018), 11a & 11b Recognition Lomd 0.56 [ 0.23, 0.89]
Tekin et al. (2020), 1 Recognition -y 0.48[0.05, 0.91]
Tekin et al. (2020), 2 Recognition —=— 0.93[0.49, 1.38]
Tekin et al. (2020), 3 Recognition —=— 0.41[-0.02, 0.84]
Zhao et al. (2021), 1 (Grade 1) Recognition .- 0.39[0.04, 0.74]
Zhao et al. (2021), 1 (Grade 3) Recognition = 0.49[0.16, 0.82]
Zhao et al. (2021), 1 (Grade 5) Recognition —e— 1.08[0.57, 1.59]
Zhao et al. (2021), 2 (Grade 1) Recognition [ 0.74[0.58, 0.90]
Zhao et al. (2021), 2 (Grade 5) Recognition e 1.31[1.00, 1.62]
Experiment 3 Recognition —a— 0.97[0.51, 1.44]
Experiment 4 (Recognition) Recognition bomoy 0.70[0.36, 1.05]
Summary of recognition effects Q 0.72[0.57, 0.87]
Multilelvel RE model for all effects (Q = 155.79, df = 24, p < .001) < 0.47[0.28, 0.65]
| ——— T T 1

Note.  Error bars represent 95% CI.

recognition, and order reconstruction), Hedges’ g = 0.47, 95% CI
[0.280, 0.653], Z = 4.90, p < .001 (see Figure 6), reflecting an overall
positive reactivity effect on word list learning. Heterogeneity among
the effects was substantial, Q(24) = 155.79, p < .001, indicating the
necessity of exploring potential moderators of the included effects.

Figure 7 is a funnel plot showing the relationship between the
effects and their corresponding standard errors (SEs). There was
no obvious asymmetry of the funnel plot, suggesting little need to
worry about publication bias. In addition, a multilevel random-
effects metaregression analysis (Stanley, 2008) found no statisti-
cally detectable relationship between effect sizes and SEs, slope
coefficient = —0.37 [-5.327,4.594], Z = —.15, p = .89, confirming
low risk of publication bias. Note however that the SEs are fairly
similar across studies (because they included similar sample sizes),
so this test for bias is likely to be underpowered.

Moderating Role of Test Format

Now we move to the main interest of the meta-analysis, to test
the moderating role of test format in reactivity effects on word list
learning. A multilevel random-effects subgroup meta-analysis
found that the heterogeneity amongst different test formats was
substantial, Q(2) = 44.72, p < .001, indicating that test format did
significantly moderate reactivity effects.

15 -1 -05 0 05 1 15 2

Hedges'g

The integrated results for each test format are summarized in
Figure 6. The reactivity effect on order reconstruction was signifi-
cantly negative, g = —0.61, 95% CI [-0.988, —0.231], Z = —3.16,
p =.002, as expected given that the only studies included in this
group are our Experiments 1 and 4. The reactivity effect on free
recall was significantly positive, but it was relatively weak, g =
0.32, 95% CI [0.126, 0.511], Z = 3.25, p = .001. By contrast, the
effect size of reactivity on recognition was medium-to-large, g =
0.72,95% CI [0.573, 0.867], Z=9.60, p < .001.

Critically, as predicted by the item-order account, the reactivity
effect on recognition was significantly larger than the effect on
free recall, difference in g = 0.40 [0.159, 0.644], Z =3.25, p <
.001, consistent with the main proposal of the item-order account.

Excluding Results From the Current Study

It is intriguing that our Experiment 2 observed no reactivity in the
free recall test, while the meta-analysis demonstrated positive (albeit
modest) reactivity in free recall tests. These divergent findings might
result from the difference in experimental procedures between our
Experiment 2 and previous studies. As noted above, many of the
studies included in the meta-analysis asked participants to make
item-by-item JOLs immediately after studying each item (Tauber &
Rhodes, 2012; Yang et al., 2015). The positive reactivity effects on
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Figure 7
Funnel Plot of the Relationship Between Effect Sizes (Hedges’ gs)
and Their Corresponding SEs
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free recall documented in previous studies might result from addi-
tional processing. Specifically, when participants made JOLs after
studying, they might reprocess (continue to think about) the just-stud-
ied word, leading to an enhancing effect (for detailed discussion, see
Zechmeister & Shaughnessy, 1980). By contrast, our Experiment 2
instructed participants to make concurrent JOLs while they studied
each word, and the total exposure duration was matched between the
JOL and no-JOL conditions. Hence, it is unsurprising that Experi-
ment 2 observed no reactivity effect on free recall. Noteworthy is
that Senkova and Otani (2021) also detected no reactivity effect on
free recall of unrelated words when the total exposure duration was
matched between the JOL and no-JOL conditions.

Considering the divergence in experimental procedures, we reran
the meta-analysis to assess the reactivity effects on free recall and
recognition with the five effects from the current study excluded.
This meta-analysis was conducted to test whether the findings remain
the same after excluding results from the current study.

The meta-analytic results indeed showed the same patterns. The
overall reactivity effect on word list learning was positive, g =
0.57, 95% CI [0.417, 0.718], p < .001, the effect on free recall
was significantly positive, g = 0.35, 95% CI [0.130, 0.567], p =
.002, and the same for the effect on recognition, g = 0.71, 95% CI
[0.535, 0.874], p < .001. In addition, the reactivity effect on rec-
ognition was significantly greater than the effect on free recall, dif-
ference in g = 0.36, 95% CI [0.080, 0.633], p = .010. Overall, after
excluding all results from the current study, the meta-analysis
showed the same patterns, establishing the reliability of the results
and providing further support for the item-order account to explain
the reactivity effect on word list learning.

Discussion

These meta-analyses demonstrate that making item-by-item
JOLs significantly impairs order reconstruction but enhances free

recall and recognition. Moreover, the enhancing effect on recogni-
tion is significantly greater than the effect on free recall, regardless
of whether results from the current study were included or
excluded. These findings jointly support the item-order account’s
explanation for the reactivity effect on word list learning.

General Discussion

The current research is the first to (a) explore the reactive influ-
ence of making metacognitive judgments on temporal (serial)
order memory—an important form of interitem relational memory
and (b) test whether the item-order account is a valid explanation
of the reactivity effect on word list learning. The major results are
summarized in Table 1. Below we discuss the theoretical and prac-
tical implications of the documented findings.

Theoretical Implications

The theoretical goal of the current study was to test whether the
item-order account is a valid explanation of the reactivity effect on
word list learning. Recall that all existing theories (i.e., cue-
strengthening, changed-goal, and positive reactivity) have diffi-
culty in explaining the reactivity effect on word list learning (see
Appendix A), and the current study is the first to propose the item-
order account to explain this effect.

The item-order account assumes that making JOLs enhances
item-specific processing because participants have to closely
encode and analyze the current item to make an appropriate JOL,
and this enhanced item-specific processing then detracts from rela-
tional processing, leading to inferior memory for interitem rela-
tions (McDaniel & Bugg, 2008). The findings from Experiments
1-4 and the meta-analysis jointly support both aspects of this
account. Regarding interitem relational processing, Experiment 1
observed that making JOLs decreased order reconstruction accu-
racy, and Experiment 2 demonstrated a negative reactivity effect
on temporal clustering in free recall. Regarding item-specific proc-
essing, Experiment 3 observed that making concurrent JOLs sub-
stantially boosted forced-choice recognition accuracy. Experiment
4 simultaneously replicated the negative reactivity effect on order
reconstruction and the positive effect on recognition within the
same participants and stimuli.

The positive reactivity effect on recognition, as documented in
Experiments 3 and 4, should also allay the concern that negative
reactivity on order reconstruction (Experiments 1 and 4) and tem-
poral clustering (Experiment 2) simply resulted from dual-task
costs (i.e., costs induced by frequent task-switching between
encoding and monitoring) rather than an impairment effect of
making JOLs on relational processing.

The meta-analytic findings also support the item-order account.
Even though the reactivity effect on word list learning was posi-
tive overall, test format significantly moderated the reactive influ-
ences. The overall reactivity effect on order reconstruction was
negative, reconfirming the impairment effect of making concurrent
JOLs on temporal order memory. By contrast, the effect on recog-
nition was positive, consistent with the hypothesis that making
JOLs promotes item-specific processing.

Finally, but importantly, the meta-analysis showed that the posi-
tive reactivity effect on recognition was significantly greater than
the effect on free recall. Because making JOLs facilitated item
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memory but impaired temporal order memory, these facilitating
and impairing consequences may offset each other, leading to a
modest reactivity effect on free recall (Mulligan & Peterson,
2015). By contrast, recognition performance is heavily dependent
on item memory and less related to temporal order memory (Mul-
ligan & Peterson, 2015), and therefore a larger positive reactivity
effect on recognition is obtained.

There is another possible explanation for the larger reactivity
effect on recognition than free recall. It is possible that making
JOLs facilitates both familiarity and recollection of study items. It
is well-known that both aspects of memory contribute to recogni-
tion performance, whereas free recall performance is mainly
related to recollection memory (Hockley & Consoli, 1999; Yoneli-
nas, 2002). The larger reactivity effect on recognition might result
from the additional benefits of making JOLs on familiarity.
Although this might account for the larger reactivity effect on rec-
ognition than free recall, it cannot explain why the reactivity effect
on temporal order memory is negative (as shown in Experiments
1,2, and 4). By contrast, the item-order account provides a reason-
able explanation for all findings obtained here.

In summary, the current study found that making concurrent
JOLs reactively enhances item memory but impairs temporal order
memory. These findings support the item-order account to explain
the reactivity effect on word list learning.

Although the item-order account is a viable explanation of the
reactivity effect on word list learning, it has difficulty in explain-
ing reactivity effects on memory for other types of materials. For
instance, it cannot explain why making JOLs improves memory
for related word pairs but exerts minimal reactive influence on
memory for unrelated word pairs (Soderstrom et al., 2015). Simi-
larly, although the cue-strengthening theory provides a reasonable
explanation of the reactivity effect on memory for word pairs, it
cannot explain the reactivity effect on word list learning (see Ap-
pendix A for further discussion). It is possible that different mech-
anisms may contribute to reactivity effects on memory for
different types of information. More research on the cognitive
underpinnings of reactivity effects is called for.

Practical Implications

Besides the above-discussed theoretical implications, our find-
ings also have important implications for future research design
and interpretation. Numerous studies have been conducted to
assess JOL accuracy, in which participants made item-by-item
JOLs during or after studying each item (for reviews, see Rhodes
& Tauber, 2011; Yang, Yu, et al., 2021). Word lists are one of the
most widely-used material types in previous JOL research (Rhodes
& Tauber, 2011; Yang, Yu, et al., 2021). These studies relied on
an unverified assumption that collecting item-by-item JOLs does
not affect memory (Spellman & Bjork, 1992).

This assumption has been repeatedly disproved by previous
research and the current study demonstrating reactivity effects on
item memory (Double et al., 2018; Myers et al., 2020; Witherby &
Tauber, 2017; Zhao et al., 2022). Furthermore, our findings pro-
vide the first illustration that making JOLs not only reactively
changes item memory, but also alters interitem relational (tempo-
ral order) memory. These reactivity effects highlight that future
research should develop more nuanced procedures to remove or at
least mitigate these reactivity effects when assessing metacogni-
tive (JOL) accuracy. In addition, researchers should bear the

reactivity effect in mind when interpreting their JOL accuracy
results because JOLs might fail to measure what they intend to
assess.

Limitations and Future Research Directions

The current study suffers from several limitations. First, all of the
reported experiments were conducted in the laboratory, and the
stimuli were word lists. It is hence premature to infer the existence
of reactive influences of making JOLs on interitem relational mem-
ory in real life and educational settings. Future research can profit-
ably conduct field studies and use naturalistic stimuli (e.g., grocery
lists, skeleton bone names) to explore this critical question.

Second, the current study mainly explored the reactive influences
of making item-by-item JOLs on interitem relational memory.
However, it is unusual that learners judge their learning status while
or after studying each item. Instead, in educational settings, learners
may frequently judge their learning status while reading each text
section (or a book chapter) or after attending each class. Future
research is encouraged to explore whether section-by-section JOLs
reactively affect intersection relational memory.

Third, temporal order memory is just one form of interitem rela-
tional memory. It is unknown whether making JOLs reactively dis-
rupts other forms such as memory for semantic relations among
study items. For instance, does making JOLs affect knowledge inte-
gration among related knowledge points? This research question is
of considerable importance for guiding educational practice.

Finally, the current experiments quantified the reactivity effect as
the signed difference in memory performance between the JOL and
no-JOL conditions. In the no-JOL condition, participants did not
need to attend to any additional slider-rating task. Likewise, most
previous reactivity studies compared making JOLs with a passive
control. Future research should use a better-matched no-JOL con-
trol condition (e.g., asking participants to make other forms of slider
ratings, unrelated to metamemory) to examine reactivity.

Concluding Remarks

Although soliciting JOLs reactively facilitates word list learning
overall, it significantly impairs temporal order memory. Test for-
mat moderates the reactivity effect on word list learning, with the
effect being negative on order reconstruction and temporal cluster-
ing, but positive on recognition. The reactivity effect on recogni-
tion is larger than the effect on free recall. The item-order account
is a valid explanation of the enhancing effect of making JOLs on
item memory and the disrupting effect on interitem relational
(temporal order) memory.
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Appendix A

Other Theories of Reactivity

Soderstrom et al. (2015) proposed a cue-strengthening theory
to account for the reactivity effect on learning of word pairs.
Soderstrom and colleagues observed that making JOLs signifi-
cantly enhances recall of related word pairs but has minimal re-
active influence on recall of unrelated word pairs. They assumed
that participants have to search for relevant cues to make a rea-
sonable JOL for a given word pair, and the activated cues in turn
strengthen the association between the cue and target for related
word pairs, leading to positive reactivity. Because there is no pre
existing relatedness between the cue and target for unrelated
pairs, making JOLs therefore fails to boost recall of unrelated
pairs (for related discussion, see Janes et al., 2018).

Although the cue-strengthening theory provides a good expla-
nation for reactivity effects on memory for word pairs, it cannot
explain why making JOLs enhances recognition of unrelated list
words (Yang et al., 2015; Zhao et al., 2022). In previous word
list learning studies (Yang et al., 2015; Zhao et al., 2022), there
were no semantic relations among the words, but making JOLs
significantly improved recognition. Obviously, the cue-strength-
ening theory has difficulty in accounting for this finding.

Another account is the changed-goal theory, proposed by
Mitchum et al. (2016) to explain the positive and negative reac-
tivity effects on learning of a mixed list of related and unrelated
word pairs. Mitchum et al. observed that making JOLs, com-
pared with not making JOLs, numerically improved cued recall
of related word pairs and significantly impaired recall of unre-
lated word pairs when related and unrelated pairs were studied
in a mixed list. Mitchum and colleagues assumed that making
JOLs should enhance awareness of the difference in learning dif-
ficulty between related (easy) and unrelated (difficult) word pairs
in a mixed list, and participants then adjust their learning goals
from remembering all word pairs to especially remembering

easy ones with a sacrifice of difficult ones, leading to positive
reactivity on memory of related pairs and negative reactivity on
memory of unrelated pairs. Although the changed-goal theory
can explain the positive and negative reactivity effects on learn-
ing of a mixed list of easy and difficult materials, it cannot
explain the overall positive reactivity effect on recognition of
pure word lists.

The third account is the positive reactivity theory (Mitchum
et al., 2016), which assumes that making JOLs drives partici-
pants to adopt more effective study strategies, leading to supe-
rior learning outcomes. Supporting evidence comes from
Sahakyan et al. (2004), who observed that asking participants
to make a JOL (i.e., predicting the number of words they would
remember in a later memory test) following the study of a list
of words caused them to shift from poor learning strategies
(e.g., rote rehearsal) to more effective ones during subsequent
study of a new list. It is worth noting that Mitchum et al.
(2016) observed no difference in reported study strategies
between their JOL and no-JOL conditions, which is inconsis-
tent with the positive reactivity theory (for related findings, see
Rivers et al., 2021). According to the positive reactivity theory,
reactivity effects on word list learning should always be posi-
tive. However, previous findings run counter to this expecta-
tion. For instance, Stevens (2019) observed no reactivity effect
on free recall of word lists (for related findings, see Tauber &
Rhodes, 2012).

Overall, all the above-discussed theories (cue-strengthening,
changed-goal, and positive reactivity) fail to provide compel-
ling explanations for reactivity effects on word list learning.
The results obtained in our Experiments 1-4 provide further
challenges for all three of these theories.

Appendix B
JOL Results

Experiment 1

Participants provided concurrent JOLs to 98.2% (SD =
2.4%) of words in the JOL blocks. The average JOL was
69.10 (SD =20.37). A gamma (G) correlation was calculated
to measure the relative accuracy of JOLs for each partici-
pant. Specifically, order reconstruction performance was

dummy coded (correct = 1; incorrect = 0), and then we calcu-
lated G between JOLs and order reconstruction performance
across JOL words for each participant. Average G across
participants was .27 (SD = .27, 95% CI [.153, .377]), which
was significantly greater than 0, #(24) = 4.87, p < .001,
Cohen’s d =0.97.

(Appendices continue)
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Experiment 2

Participants provided item-by-item JOLs to 97.9% (SD =
2.0%) of words in the JOL blocks. The average JOL was 60.35
(SD = 13.07) and average G across participants was .09 (SD =
.23,95% CI [—.001, .180]), which is marginally greater than 0,
#(26) =2.03, p = .05, Cohen’s d = 0.39.

Experiment 3

Participants provided item-by-item JOLs to 98.9% (SD =
1.2%) of words in the JOL blocks. The average JOL was 62.30
(SD = 17.10) and the average G across participants was .04
(8D = .35, 95% CI [—.109, .182]), which is not significantly
different from 0, #(24) =0.51, p = .61, Cohen’s d = 0.10.

Experiment 4

Participants provided item-by-item JOLs to 98.1% (SD =
2.3%) of words in the JOL blocks. The average JOL was 53.65
(8D = 13.49). The relative accuracy of JOLs for words tested in
the order reconstruction test was -.02 (SD = .37, 95% CI [—.116,
.084]), which is not significantly different from 0, #(59) = —0.32,
p =.75, Cohen’s d = —0.04. In the same way, the relative accu-
racy of JOLs for words tested in the forced choice recognition
test (M = .04, SD = .39, 95% CI [—.059, .145]) was not signifi-
cantly different from 0, #(56) = 0.84, p = .40, Cohen’s d =0.11.
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