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Abstract

An emerging body of studies has observed that soliciting judgments of learning (JOLs)
reactively changes recall or recognition of specific study items, a phenomenon known as
the reactivity effect of JOLs on memory. The current studies explored whether soliciting
JOLs reactively affects continuous color memory and whether it affects memory accessi-
bility or memory precision (or a combination of both). Experiment 1 employed a classical
continuous color memory task in which participants studied animal images in different
colors and then reconstructed the colors on a continuous matching wheel, and found that
making JOLs reactively enhanced accessibility but impaired precision of memory. Experi-
ment 2 replicated these dissociated reactivity effects and further found that articulatory
suppression successfully eliminated these effects, suggesting that making JOLs reactively
alters color memory through prompting individuals to favor the verbal-labeling strategy
for encoding and retrieving visual information. The findings support the strategy-change
theory to account for the JOL reactivity effect.
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Metacognition is an advanced ability concerning self-awareness, which plays a crucial
role in the processes of learning and memory (for reviews, see Rhodes, 2016; Yang et al.,
2021). Previous research has frequently employed judgments of learning (JOLs; prospec-
tive estimates of the likelihood of remembering studied information in a future occasion) as
a measurement tool to assess people’s metamemory monitoring ability (Murphy et al., 2022;
Myers et al., 2020; Rhodes & Castel, 2009; Rhodes, 2016; Tauber & Rhodes, 2012; Yang et
al., 2021). However, an emerging body of studies has revealed that making JOLs can reac-
tively alter memory itself, a phenomenon termed as the reactivity effect (Double & Birney,
2018a; Li et al., 2021; Rivers et al., 2021; Senkova & Otani, 2021; Zhao et al., 2023a).

As an illustration, Soderstrom et al. (2015, Experiment 1 A) instructed two groups
(JOL vs. no-JOL) of participants to study a mixed list of strongly (e.g., pledge-promise)
and weakly (e.g., mercy-justice) related word pairs. In the JOL group, participants were
instructed to make a JOL while studying each word pair, whereas those in the no-JOL group
were not required to make concurrent JOLs. All participants then received a cued-recall
test (e.g., pledge-?). On that test, the JOL group recalled significantly more strongly related
pairs and numerically more weakly related pairs than the no-JOL group, reflecting a posi-
tive reactivity effect on memory (for related findings, see Janes et al., 2018; Li et al., 2021;
Mitchum et al., 2016; Myers et al., 2020; Rivers et al., 2021; Soderstrom et al., 2015; Spell-
man & Bjork, 1992).

Recent studies showed that some factors (such as material type, participant population,
and test format) can moderate the JOL reactivity effect. For instance, previous studies found
that making JOLs reactively enhances recall or recognition of related word pairs (e.g., Li
et al., 2021; Maxwell & Huff, 2022; Rivers et al., 2021), identical word pairs (Halamish
& Undorf, 2023), word lists (Li et al., 2021; Zhao et al., 2022, 2023b) and visual images
(Shi et al., 2023). However, making JOLs produces minimal reactive influence on recall of
text passages (Ariel et al., 2021; Zhao et al., 2023a) and general knowledge facts (Schifer
& Undorf, 2023). The reactivity effect generalizes to elementary school children (Zhao et
al., 2022) and young adults (Witherby & Tauber, 2017), but tends not to generalize to older
adults (Tauber & Witherby, 2019). Furthermore, Myers et al. (2020) found that the reactivity
effect exists in recognition and cued recall tests, but not in free recall test. Specifically, in
cued recall tests, Mitchum et al. (2016) observed a positive reactivity effect for related word
pairs and a negative reactivity effect for unrelated pairs.

Previous studies have found JOL reactivity effects using a variety of test formats includ-
ing old/new recognition (Li et al., 2021), forced-choice recognition (Shi et al., 2023), cued
recall (Koriat et al., 2004). It should be highlighted that previous reactivity studies have
generally measured memory performance in a “all-or-none” manner. However, a binary
measure fails to fully capture the fine-grained variations of memory recollection. Increasing
evidence suggests that memory, particularly visual memory, is not a dichotomy of ““all-or-
none” (Berens et al., 2020; Harlow & Donaldson, 2013; Van den Berg et al., 2012). Our
visual memory can retain a vast number of objects with vivid details (Brady et al., 2008;
Hollingworth, 2004; Konkle et al., 2010).

To better capture the multifaceted and graded nature of memory, researchers developed
continuous measures of visual memory, reflecting that an item can be partially remembered
(Bays et al., 2009; Zhang & Luck, 2008). Specifically, participants are typically asked to
study a set of object images presented in different colors and then reconstruct the colors of
studied objects on a continuous matching wheel. Previous studies demonstrated that mem-
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ory accessibility (i.e., the probability of successful retrieval) and memory precision (i.e.,
the fidelity of stored information) are separable components of memory (Harlow & Don-
aldson, 2013; Korkki et al., 2020; Onyper et al., 2010; Yonelinas & Parks, 2007), which can
be selectively affected by different experimental manipulations (Liu et al., 2023; Sutterer
& Awh, 2016), brain stimulation (Nilakantan et al., 2017), and developmental condition
(Cooper et al., 2017). Essentially, memory accessibility is about how accessible the studied
information is on a later test, whereas memory precision represents the degree of accuracy
of retrieved information by comparison with the original information.

Similarly, a recent study has explored the reactivity effects on two distinct subcompo-
nents of memory: item-specific processing and inter-item relational processing (Zhao et
al., 2023b). Specifically, in Zhao et al. (2023b) Experiment 1, participants studied word
lists consisting of semantically related category exemplars, which were presented in a cate-
gory-blocked order to increase inter-target relations. The result showed a negative reactivity
effect in memory for inter-item relations. However, in their Experiment 3, where category
exemplars were presented in a random sequence to minimize semantic clustering, making
JOLs improved recognition of target words, reflecting a positive reactivity effect in item
memory. Zhao et al. (2023b) concluded that the dissociated reactivity effects in different
memory components come from a shift in cognitive resources between item-specific pro-
cessing and inter-item relational processing.

Different from Zhao et al. (2023b) explanation of memory separation, the dual-trace
theory hypothesizes that visual memory draws from both visual representations and ver-
bal labels, which jointly consume cognitive resources and may compete with one another
(Donkin et al., 2015). While memory precision is mainly driven by the fidelity of visual
representations, memory accessibility largely relies on the strength of verbal labels (see
below for a detailed discussion; Fougnie et al., 2016; Hardman & Cowan, 2015; Palmer
et al., 2015; Swan et al., 2016). Given the divergent nature of these two subcomponents of
visual memory, it is possible that making JOLs may produce differential reactive influences
on them.

Reactivity effects on accessibility and precision in color memory

Many studies have established that soliciting JOLs can reactively alter memory perfor-
mance when using a binary measure. Different from previous studies, the current research
aimed to employ a continuous color memory task, adapted from recent work in long-term
continuous color memory (Sutterer & Awh, 2016), to explore whether soliciting JOLs reac-
tively changes memory accessibility or memory precision (or a combination of both). To
achieve this aim, participants in the current study were asked to study a set of object images
presented in different colors in preparation for a color memory test. An overview of the pro-
cedure is shown in Fig. 1. For half of the images, they needed to make concurrent JOLs, but
not for the other half. Then, they completed a color reproduction test, in which they needed
to recall the color of a studied object by selecting a color on a 360-degree color wheel as
shown in Fig. 1 (Brady et al., 2013; Korkki et al., 2020; Sutterer & Awh, 2016).

Response error on each trial was quantified by computing the angular disparity between
the studied value (i.e., the studied color) and the response value (i.e., the selected color in
the color reproduction test). The magnitude of recall error spanned from 0°, representing
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JOL condition no-JOL condition Color reproduction test

Fig. 1 Flow chart depicting the stimuli and task procedure used in Experiment 1

a flawless response, to £180°, denoting a maximally imprecise response. On some trials,
participants might fail to recall the color associated with the shape cue, leading them to
make random guesses regarding the target color. Random guesses would result in a uni-
form distribution of response errors (Korkki et al., 2020; Sutterer & Awh, 2016; Zhang &
Luck, 2008). On other trials, participants might successfully remember the studied color,
their color responses should be centered around the correct color value with some degree
of error. Put differently, if the color of a studied image has been successfully remembered,
the recalled color should be close to (or even exactly same as) the original color. In such a
situation, the distribution of response errors can be effectively characterized by a von Mises
distribution, which serves as the circular analogue of a Gaussian distribution, given the cir-
cular nature of the tested color space.

These two types of trials (i.e., remembered and forgotten items) are mixed together
(Zhang & Luck, 2008; see Fig. 2a), and hence the distribution of response errors can be
well described by a mixture of uniform and von Mises distributions that reflects accessibil-
ity (Pem) and precision (SD,,.,) of continuous color memory (Zhang & Luck, 2008; see
Fig. 2b). P, is calculated as the inverse of the height of the uniform distribution, which is
operationalized as 1—the proportion of random guesses, with larger P . values represent-
ing greater levels of memory accessibility (i.e., low proportion of random guesses in the
color reproduction test). SD,, ., denotes the standard deviation of the von Mises distribu-
tion, with smaller SD, ., values representing greater levels of memory precision (i.e., the
distribution of response errors was more centered and less dispersed). These are two main
measures were used to test which components of continuous color memory are reactively
altered by making JOLs. Previous work showed that making JOLs reactively facilitates the
probability of successfully remembering visual information by enhancing learning engage-
ment (Shi et al., 2023). As mentioned before, the shift of cognitive resources may impair
the fidelity of the stored information. Hence, it could be expected that making JOLs might
reactively enhance P, but undermine SD, .
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Fig. 2 Illustration of the probabilistic mixture model. Note. (a) Illustration of distribution of response
errors in the color reproduction test. If the color of the probed item is retained in memory, the reported
color usually approximates the original color, and response errors should follow a von Mises distribution
(blue line). Conversely, if the color of the probed item is forgotten, any color value is equally likely to be
selected, and response errors should follow a uniform distribution (red line). When aggregating across
trials, the data represent a mixture of these two trial types (green line), adjusted by the probability of
the color of the probed item being stored in memory. (b) The probabilistic mixture model comprises a
combination of a von Mises distribution centered around the target feature value and a circular uniform
distribution. Memory accessibility is defined as the inverse of the height of the uniform distribution, and
memory precision is quantified as the concentration of the von Mises distribution

Strategy change as an explanation for reactivity effects

Besides exploring the JOL reactivity effect on continuous color memory, the current
research also targeted to test a recently proposed theory of the JOL reactivity effect, that is,
the strategy-change theory (Mitchum et al., 2016; Rivers et al., 2021; Sahakyan et al., 2004;
Shi et al., 2023). This theory hypothesizes that asking participants to make JOLs enhances
participants’ awareness of task difficulty, the effectiveness of employed study strategies, the
gap between current level of knowledge mastery and their desired learning goals, and so on.
Enhanced metacognitive awareness may then prompt them to change their study strategies
(e.g., changing from less effective ones to those more effective) to complete the learning
task, which then alters their ultimate learning performance and induces a reactivity effect.
Suggestive evidence supporting this hypothesis comes from Sahakyan et al. (2004), who
found that asking participants to make a JOL (i.e., predicting the number of words they
would remember in a later memory test) after studying a word list caused them to abandon
less effective strategies, such as rote rehearsal, and utilize more effective strategies (based
on participants’ retrospective reports) to encode a subsequent list of words. In contrast,
when making JOLs was not required, participants continued relying on ineffective strategies
(e.g., rote rehearsal) to study the subsequent list. Based on participants’ retrospective reports
of strategy changes from a prior work (Sahakyan & Delaney, 2003), Sahakyan et al., (2004)
proposed that making JOLs may reactively enhance memory by inducing a change in study
strategies across tasks, although they did not directly assess participants’ strategy use.
Subsequent studies have provided inconsistent support for the strategy-change theory.
Two studies failed to see differences in self-reported strategy use across JOL and no JOL
conditions, although they did see positive reactivity effects in the JOL condition (Mitchum
et al., 2016; Rivers et al., 2021). For instance, Mitchum et al. (2016) asked two groups of
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participants to study a mixed list of related and unrelated word pairs. Half of the participants
were required to make JOLs during studying, while the other half studied all word pairs
without making JOLs. At the very end of the experiment, participants were asked to fill out
a learning strategy questionnaire to report the study strategies (e.g., sentence-making, men-
tal imaging, and mechanical repetition) they used in the JOL and no-JOL conditions. They
were then asked to report the frequency of each strategy they used on a scale ranging from 0
(never used) to 10 (used for studying every item). Mitchum et al. (2016) observed a positive
reactivity effect for related word pairs and a negative reactivity effect for unrelated pairs. Of
critical interest, there was no difference in the frequency of study strategy usage between
the JOL and no-JOL conditions. Similar findings were documented by Rivers et al. (2021),
which examined the differences in study strategy usage between the JOL and no-JOL condi-
tions at the item level. In this study, participants studied related and unrelated word pairs
and made JOLs for a randomly selected half of the word pairs but not for the other half.
During the final test and after answering each test question, participants were asked to report
which study strategies they used to study the just-tested item. The results showed that mak-
ing JOLs reactively enhances recall of related word pairs. Consistent with Mitchum et al.
(2016), Rivers et al. (2021) found no difference in study strategy usage between the JOL and
no-JOL conditions, again failing to provide evidence for the strategy-change theory.

In contrast, Shi et al. (2023) provided evidence supporting the strategy-change theory.
Specifically, Shi et al. (2023) instructed all participants to learn four lists of visual images,
and participants made JOLs for two lists of images but not for the other two lists. Following
the study phase, participants undertook a recognition test on all studied images. After the
recognition test, participants who exhibited positive reactivity (66.7%) were asked to explain
why making JOLs enhanced their memory, while those who showed negative reactivity
(26.2%) explained why making JOLs impaired their memory. Participants who showed no
reactivity (7.1%) explained why making JOLs had no impact on their memory. The results
showed that JOL images were recognized more accurately than no-JOL ones, reflecting
a positive reactivity effect on visual memory. More importantly, among the participants
who showed a positive reactivity effect, 41.1% reported that making JOLs improved their
memory performance through prompting them to use better study strategies (e.g., searching
for distinctive features, focusing more on visual details, and self-evaluation).

It should be highlighted that all three studies, despite reaching inconsistent conclu-
sions, used retrospective self-reports to test the strategy-change theory. The nature of the
retrospective strategy questions differed across three studies. Mitchum et al. (2016) asked
participants to rate the frequency of a list of strategies in each of the JOL and no-JOL con-
ditions. Rivers et al. (2021) collected participants’ open-ended strategy reports for each
item. Shi et al. (2023) asked a single, direct question about why making JOLs affected their
memory, without prompting comparisons across items or conditions. It is well-known that
self-reports suffer from a variety of biases and illusions (Nelson, 1990; Senkova & Otani,
2021; Yang et al., 2018), and may not accurately reflect the reality. Different from previous
studies, the current studies used a more objective measure, that is, the level of divergence
between the response distribution and a uniform distribution (Parameter D; see below for
details), to test the strategy change theory of JOL reactivity.
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Experiment 1

Experiment 1 was conducted to explore (1) whether making JOLs reactively changes
continuous color memory, (2) whether it changes memory performance through affecting
memory accessibility or precision (or a combination of both), and (3) whether it changes
participants’ study strategies.

Methods
Participants

A pilot study with 10 participants was conducted to ascertain the required sample size. We
conducted comparative analyses of participants’ color reproduction responses in the JOL
and no-JOL conditions using mixture model at both the aggregated and individual levels
(see below for details). Since individual-level analyses require #-tests, the power analysis
was based on these #-test results of the pilot study. The pilot results of individual-level
analyses revealed a moderate effect size for the reactivity effect on P, (Cohen’s d=0.594)
and a large effect size for the effect on SD,,,, (Cohen’s d = -0.908). Detailed results of the
pilot study are reported in the Appendix. A power analysis, conducted via G*power (Faul
et al., 2007), indicated that 25 participants were required to detect a significant (two-tailed
a=0.05) reactivity effect on P, with a power of 0.80.

Accordingly, 25 participants were recruited from the participant pool at Beijing Normal
University. Two extra participants were recruited as replacements for participants whose
data were excluded because their estimated parameters of P, or SD, ., deviated by more
than three standard deviations (SDs) from the group mean (Korkki et al., 2020), and the
removal criteria were set before data collection. In total, the final data came from 25 par-
ticipants (M,,. = 22.20, SD=2.14; 17 female). All participants provided informed consent,
were tested individually in a sound-proofed cubicle, reported normal or corrected-to-normal
vision, and received 50 RMB as task compensation.

The current study received approval from the Ethics Committee of Faculty of Psychol-
ogy at Beijing Normal University.

Materials

Two hundred and four animal images were obtained through a royalty-free clip art search
on the Internet, and their original colors were removed, leaving only the shape contours (see
Fig. 1). All images have been made publicly available via Open Science Framework (OSF:
https://osf.io/m7df6/). Among these images, four were used for practice, with the other 200
used in the main experiment. Additionally, we established a continuous color wheel by using
the Hue, Saturation, Value (HSV) color model (Smith, 1978), and selected 200 colors at an
interval of 1.8° on the wheel. For each participant, each of these 200 colors was randomly
assigned to a given animal image. Furthermore, for each participant, the 200 images (i.e.,
200 images of colored animal shapes) were randomly divided to four lists, with 50 images in
each list. Two lists were randomly assigned to the JOL condition, with the remaining two to
the no-JOL condition. The presentation order of the four lists and the order of images in each
list were also randomized. All stimuli were presented via PsychoPy-2022.2.4 (Peirce, 2007).
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Design and procedure

Experiment 1 involved a within-subjects (study method: JOL vs. no-JOL) design. Partici-
pants were informed that they would study four lists of colored animal images in preparation
for a later color reproduction test, in which they needed to click the color on the matching
wheel that they perceived as most similar to the study color for each animal shape. Par-
ticipants were further informed that they needed to make item-by-item memory predictions
(i.e., estimating the likelihood of remembering the studied color of each image in a later
test) for two randomly chosen lists of images. For the other two lists of images, they did
not need to make memory predictions. They were also explicitly instructed to memorize all
images equally well irrespective of whether they need to make memory predictions or not,
because all 200 images would be tested eventually.

Before commencing the formal experiment, participants completed a practice task to
familiarize themselves with the experimental procedure, in which they studied and were
tested on two images under each of the JOL and no-JOL conditions. Then, the main experi-
ment began. The task procedure is depicted in Fig. 1.

At the beginning of each image list, the computer informed participants whether they
needed to make memory predictions for that specific list. In a no-JOL list, the 50 images
were presented one-by-one in a random order. Before presenting each image, a cross sign
was shown at the center of the screen for 0.75 s to mark the inter-stimulus interval (ISI).
Then the image appeared at the center of the screen for 6 s for participants to study. Par-
ticipants were asked to memorize the corresponding color of the presented animal shape.
After 6 s, the image automatically disappeared. Then, the next study trial started. This cycle
repeated until participants had studied all images in that list.

The procedure in the JOL condition was the same as that in no-JOL condition, but with
one difference. That is, during the study phase of each trial, a slider, ranging from 0 (Sure I
will not remember) to 100 (Sure I will remember), was presented below the image. Partici-
pants were asked to predict how likely they would remember the on-screen shape’s color
in a later color reproduction test. They made their JOLs by dragging and clicking the slider
scale. If they successfully made a JOL during the 6 s time window, the image remained on
screen for the left duration of 6 s to ensure that the total exposure time for each trial was
equal between the JOL and no-JOL conditions. If they failed to make a JOL during 6 s, a
message box would appear to remind them to carefully make predictions during the required
time window for subsequent images.' Participants needed to click the mouse to remove the
message box and trigger the next trial.

After studying all four lists, participants engaged in a distractor task, in which they
needed to solve as many mathematics problems (e.g., 7+45= ) as possible within 5 min.
Then, all participants undertook a color reproduction test, in which the 200 studied animal
shapes were presented one-by-one in a random order. For each test trial, a shape contour
(without color) was displayed at the center of the screen, encircled by a color wheel (see
Fig. 1). Participants were instructed to select the color they remembered for the on-screen
shape. By moving the mouse cursor around the color wheel, the animal shape would be
filled with the color at the current position of the mouse cursor. When participants were sat-

! We restricted the time for making JOLs at 6 s to control the total task duration between the two conditions.
According to other studies conducted in our laboratory, most participants could successfully make a JOL
within 2 s even when there is no time pressure.
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isfied with the selected color, they pressed the left mouse button to confirm their response.
After a delay of 0.5 s, the next trial commenced automatically. This cycle repeated until
participants completed all test trials. There were no time pressure and no feedback in the
color reproduction test.

It should be noted that the measurement scales of JOLs and memory performance were
different. Specifically, JOLs were measured on a 0-100 scale, whereas memory for studied
colors was measured on a 360-dgree color wheel.

To put JOLs and memory performance in the same scale, we converted memory perfor-
mance to a 0-100 scale based on the number of intervening colors, rather than calculating
them in degrees. This simplifies interpretation: a memory performance score of 0 reflects
that the recalled color completely matched the original (studied) color, and each adjacent
color represents an error score of 1 (instead of 1.8 degrees). This 0-100 memory perfor-
mance scale aligns well with the 0-100 JOL scale, ensuring that differences in measurement
scales do not affect readers’ interpretation of our findings.

Data analysis method

Mixture-modeling analysis allowed us to determine the probability of successful retrieval
(i.e., memory accessibility, measured as P, ..,) and the fidelity (i.e., memory precision, mea-
sured as SD,.,,) of stored information in each of the JOL and no-JOL conditions. The dis-
tribution of response errors across all participants were subjected to a Markov Chain Monte
Carlo (MCMC) analysis, implemented by the “memfit” function of MATLAB Memtoolbox
(Suchow et al., 2013), a specialized tool for analyzing mixture modeling data. The MCMC
method repeatedly samples parameter values based on their ability to effectively explain the
data while considering the prior (Suchow et al., 2013). Through this process, Maximum A
Posteriori (MAP) estimates of two parameters (i.e., P, and SD,...) and their 95% cred-
ibility intervals (Crls) were obtained. Parameters with overlapping Crls are referred to as
“not statistically different”, and parameters with non-overlapping Crls are referred to as
“statistically different”. Unlike confidence intervals (Cls), Bayesian Crls are not always
symmetrical (Liu et al., 2023; Sutterer & Awh, 2016).

Aside from aggregated mixture-modeling analysis, we also performed individual-level
mixture-modeling analysis to estimate P, and SD,.., for each participant in each of the
JOL and no-JOL conditions. Frequentists and Bayesian paired #-tests were conducted via
JASP 0.19.3.0 to compare P, and SD, .., between the JOL and no-JOL conditions. Indi-
vidual-level modeling-analysis was performed to test the robustness of the results generated
from aggregated mixture-modeling analysis.

Results

All data and analysis scripts associated with Experiment 1 are publicly available on the
OSF and can be accessed at https://osf.io/m7df6/. Participants took an average of 50.07 min
(SD=5.69) to complete the entire experiment. The proportions of images for which partici-
pants successfully generated JOLs during the 6 s interval was 96.8% (see Table 1). Descrip-
tive results of mean JOLs, correct response rate (i.e., the proportion of items for which
response error was 0), and mean error distance (i.e., the average of response errors across
trials) are summarized in Table 2.
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Table 1 Proportions of images for which participants made JOLs in experiments 1 and 2

No-suppression Suppression  Difference [95% CI] t p Cohen’sd BF,
Experiment 1 96.8% (3.9%) -- - - - -- -
Experiment 2 95.1% (5.1%)  95.7% (3.2%) 0.9% [0.1%, 1.7%] —0.51 0.61 —0.15 0.32

Note. The second and third columns list M (SD) of the proportions of images for which participants
successfully made JOLs during the limited time window

Table 2 Descriptive results in experiments 1 and 2

JOL no-JOL
Experiment 1
Mean JOLs 45.75 (12.32) --
Correct response rate 1.6% (1.3%) 1.4% (1.2%)
Mean error distance 70.55 (9.73) 73.86 (11.32)
Experiment 2
Control Mean JOLs 42.57 (10.18) -
Correct rate 1.0% (0.9%) 1.2% (1.0%)
Mean error distance 71.71 (8.59) 76.61 (7.38)
Suppression Mean JOLs 46.85 (12.62) -
Correct response rate 1.2% (1.1%) 0.9% (0.8%)
Mean error distance 75.10 (6.59) 75.14 (5.59)

Aggregated modeling analyses

Figure 3a and b show the distributions of response errors in the JOL and no-JOL conditions,
respectively. An aggregated mixture-modeling analysis showed that memory accessibility
was greater in the JOL (P, = 0.30, 95% Crl = [ 0.26, 0.34]) than in the no-JOL (P, =
0.21, 95% Crl =[ 0.18, 0.24]) condition (see Fig. 3c). In contrast, mnemonic precision was
poorer in the JOL (SD,., = 30.90, 95% CrI = [26.93, 37.07]) than in the no-JOL (SD,., =
18.65, 95% Crl = [15.75, 21.66]) condition (see Fig. 3d). These results imply that making
JOLs reactively enhances accessibility but concurrently impairs precision of continuous

color memory.
Individual-level modeling analyses

Results from individual-level mixture-modeling analyses are consistent with those from
aggregated mixture-modeling analyses. Specifically, the results again showed greater mem-
ory accessibility in the JOL (M of P, = 0.33, SD=0.15) than in the no-JOL (M=0.24,
SD=0.13) condition, difference=0.09, 95% CI =[0.04, 0.14], #24)=3.90, p<.01, Cohen’s
d=0.78, BF,,=49.19 (see Fig. 3e). In contrast, mnemonic precision was lower in the JOL
(M of SD,,,, = 36.35, SD=16.32) than in the no-JOL (M=21.21, SD=9.63) condition, dif-
ference=15.14,95% CI=[8.78,21.50], #(24)=4.91, p <.01, Cohen’s d=0.98, BF,,=483.41
(see Fig. 31).
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Fig. 3 Results of Experiment 1. Note. (a) Aggregate fit of response errors in the JOL condition. (b) Ag-
gregate fit of response errors in the no-JOL condition. (¢) Aggregate estimates of memory accessibility
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Color response distribution analyses

According to the dual-trace theory of visual memory, visual memory comprises two sources
of information: visual representation and verbal label (Donkin et al., 2015). Participants’
responses in the color reproduction test could stem from both memory traces (Brandimonte
etal., 1992). For instance, when a given participant saw a counter shape of snake, she might
recall that she had previously studied a “red snake”, and then used such a verbal label to
make a color response (i.e., selecting red color for the snake shape). Meanwhile, she might
make a color response according to her visual representation of the original image viewed
during the study phase (Souza & Skora, 2017).
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According to the strategy-change theory, we suspect that the requirement of making
JOLs might prompt participants to use the verbal-labeling strategy to encode and retrieve
color information. Specifically, during the encoding phase, when participants are asked to
predict the likelihood of remembering the color of a given animal shape, they have to search
for “diagnostic” cues to guide JOL formation. The task requirement of making JOLs might
drive them to use the verbal-labeling strategy to encode color information (e.g., red snake),
and then make a JOL according to the memory strength of the association between the ani-
mal shape and the categorical color label.

It has been established that precision of continuous color memory is largely dependent on
the quality of visual representation, whereas retrieval accessibility heavily relies on memory
strength of verbal labels (Fougnie et al., 2016; Hardman & Cowan, 2015; Palmer et al.,
2015; Swan et al., 2016). For instance, in a continuous visual memory study conducted
by Souza and Skora (2017), participants were sequentially presented with colored disks.
During the learning phase, participants were instructed to either verbally label the colors
(referred to as the labeling condition) or repeat the syllable “bababa’ aloud to prevent verbal
labeling (referred to as the articulatory suppression condition). The results from a mixture-
modeling analysis showed a much larger P in the labeling than in the articulatory sup-
pression condition, suggesting that verbal labeling does enhance verbal representation of
visual information and facilitate memory accessibility.

Even though verbal labeling can enhance memory accessibility, it may concurrently
overshadow precision of continuous color memory. For instance, when encountering the
shape of a snake with a hue set at [200, 226, 117], utilizing the verbal-labeling strategy
may make participants to verbally represent it as “green snake”. This categorical color label
could help participants access the stored information that the snake is in an approximate
shade of green, but the deviation of “green” [0, 255, 0] from the actual color [200, 226,
117] could lead to impaired precision. That is, storage of the term “green” at the expense of
the particular greenish hue should lead to a loss of memory precision, which is termed as a
verbal overshadowing effect (Souza & Skora, 2017).

Overall, a possible explanation for the dissociated reactivity effects of making JOLs on
accessibility (positive reactivity) and precision (negative reactivity) of continuous color
memory is that the requirement of making JOLs changes learners’ study strategies by driv-
ing them to rely more on the verbal-labeling strategy to encode visual information, which
in turn leads to enhanced accessibility and impaired precision of continuous color memory.

Differences in color response distributions were analyzed to test this possible explana-
tion. If a given participant completely relied on continuous visual representations (rather
than categorical verbal representations) to encode and recall color information, we would
expect that her color responses (rather than response errors) in the color reproduction test
would also roughly follow a uniform distribution on the color wheel. Otherwise, if she
mainly relied on the verbal-labeling strategy to encode and recall shape colors (e.g., green-
snake), we expect that she would frequently select typical colors (e.g., red [255, 0, 0], green
[0, 255, 0]) and her color responses in the color reproduction test would severely violate
a uniform distribution. According to the strategy-change theory of JOL reactivity (i.e., the
verbal-labeling explanation), we predict that participants’ color responses would violate
uniform distribution more severely in the JOL than in the no-JOL condition.

Figure 4a and b depict the frequency of color responses on the color wheel in the JOL
and no-JOL conditions, respectively. The peaks and troughs of color response distribution
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Fig. 4 Color response distributions in Experiment 1. Note. (a) Frequency distribution of color responses
in the JOL condition. (b) Frequency distribution of color responses in the no-JOL condition. In panels a
and b, the red curves represent the density curves of participants’ color response distribution, and the blue
straight lines represent the density line of a uniform distribution. (¢) Average of estimates of parameter D
as a function of study method. In panel c, error bars represent 95% within-subjects CIs

appear narrower in the JOL than in the no-JOL condition. To test this, we employed Kull-
back-Leibler divergence value (Parameter D) to quantify the degree of deviation between
participants’ color response distribution and a uniform distribution for each participant in
each of the JOL and no-JOL conditions (Kullback & Leibler, 1951). Parameter D is a sta-
tistical measure used to assess the difference between two probability distributions. Moreno
et al. (2003) used it for multimedia classification, and Dhillon et al. (2003) used it for text
classification. In research of machine learning and neuroscience, parameter D is frequently
employed to approximate challenging density models (Minka, 2001). Parameter D provides
a way to test for strategic responding in the JOL condition.

All participant-level K-L Divergence (D) values were estimated using NumPy toolkit
in Python 3.09. Then, a Wilcoxon rank-sum test was performed using JASP 0.19.3.0. The
results showed greater parameter D in the JOL (M=2.21, SD=0.17) than in the no-JOL
(M=2.14, SD=0.11) condition, Hodges-Lehmann estimate=0.07, 95% CI = [0.02, 0.13],
W=262.00,z=2.68, p <.01, Rank-Biserial correlation=0.61, BF,,=6.40 (see Fig. 4c). This
finding suggests that the requirement of making JOLs induces a stronger preference for
using the verbal-labeling strategy to encode and recall color information (i.e., a stronger
preference to use categorical color labels to represent visual information), supporting the
verbal-labeling explanation.
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Discussion

Experiment 1 observed dissociated reactivity effects on continuous color memory: Making
JOLs enhanced accessibility but impaired precision of continuous color memory, as reflected
by greater P, (i.e., greater accessibility) and greater SD,,, (i.e., lower precision) in the
JOL than in the no-JOL condition. Furthermore, analyses on the shape of the color response
distributions suggested that participants were more likely to use a verbal-labeling strategy
in the JOL than in the no-JOL condition, consistent with the strategy-change hypothesis of
the JOL reactivity effect.

Experiment 2

Experiment 1 provided initial evidence that soliciting JOLs reactively enhances accessibil-
ity but undermines precision of continuous color memory. Clearly, a single experiment is
insufficient to make a firm conclusion. Therefore, the first aim of Experiment 2 was to rep-
licate the reactivity findings observed in Experiment 1. To accomplish this aim, Experiment
2 included a control group, for which the stimuli and experimental procedure were the same
as those in Experiment 1.

The second aim of Experiment 2 was to further test the verbal-labeling explanation. As
aforementioned, Experiment 1 observed that the distribution of color responses deviated
more from uniform distribution in the JOL than in the no-JOL condition, supporting the
verbal-labeling explanation of the dissociated reactivity effects on accessibility and preci-
sion of continuous color memory. Going beyond Experiment 1, Experiment 2 employed an
articulatory suppression procedure to further test the role of verbal labeling (i.e., strategy
change) in the dissociated reactivity effects. Specifically, Experiment 2 included a suppres-
sion group, in which participants were asked to verbally repeat the syllable “bababa” aloud
during the encoding phase. Numerous studies have confirmed that articulatory suppres-
sion can prevent participants from generating verbal labels (Morey & Cowan, 2004; Over-
kott & Souza, 2023; Sense et al., 2017; Souza & Skora, 2017). Therefore, according to the
verbal-labeling explanation, we predicted that articulatory suppression would reduce (or
even eliminate) the dissociated reactivity effects on accessibility and precision of continu-
ous color memory. Furthermore, we predicted that, in the control group, the distribution of
color responses would violate the uniform distribution more severely in the JOL than in the
no-JOL condition. In contrast, in the suppression group, the level of deviation from uniform
distribution between the two conditions would be reduced (or even eliminated).

Methods

Participants

Akin to Experiment 1, a pilot study, with 10 participants in each of the control and suppres-
sion groups, found that the effect sizes for the interaction between group (control vs. sup-

pression) and study method (JOL vs. no-JOL) were 7 p2 =0.147 for P, and 7 p2 =0.227
for SD,,..,- Detailed results of the pilot study are reported in the Appendix. A power analysis
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indicated that 24 participants in each group were required to detect a significant interaction
(2=0.05) for parameter P, with a power of 0.80.

Accordingly, Experiment 2 recruited 48 new participants from the participant pool at
Beijing Normal University. Five extra participants were recruited as replacements for those
whose data were excluded because their estimated parameters of P ... or SD, . deviated
by more than three SDs from the group mean. In total, the final data came from 48 partici-
pants (M, = 21.60, SD=2.24; 32 female), with 24 in each group. All participants provided
informed consent, were tested individually in a sound-proofed cubicle, reported normal or
corrected-to-normal vision, and received 50 RMB as task compensation.

Materials, design and procedure

Experiment 2 involved a 2 (group: control vs. suppression) x 2 (study method: JOL vs.
no-JOL) mixed design, with group as a between-subjects factor and study method as a
within-subjects factor. For both groups, the stimuli and procedure were the same as those
in Experiment 1, but with only one difference in the suppression group. Specifically, before
initiating the experiment, participants in the suppression group needed to practice the articu-
latory suppression task. The computer program repeatedly played the sound “ba” at 1 s
intervals, and participants needed to try to follow along with the sound until they could keep
up with the rhythm proficiently. When participants felt they could independently produce
the sound in rhythm without computer’s assistance, they pressed the Space bar to start the
practice phase of the experiment, at which point the computer program stopped playing the
sound. Throughout the entire practice and learning phases, participants in the suppression
group were asked to verbally repeat the “bababa” syllable aloud to inhibit verbal labeling.
An experimenter monitored from a corner of the laboratory to ensure participants in both
groups followed the instructions.

Results

All data and analysis scripts associated with Experiment 2 are publicly available on the
OSF and can be accessed at https://osf.io/m7df6/. The overall experiment duration for the
suppression group (M of duration=>53.49 min, SD=3.89) was longer than the control group
(M=48.60 min, SD=5.36), difference=—4.89, 95% CI = [-7.67, —2.10], #(46)=—3.54,
p<.01, Cohen’ s d=—1.02, BF,,=32.72. This difference was primarily due to the fact that
the suppression group needed to complete a practice of articulatory suppression before start-
ing the learning task. The proportions of images for which participants successfully gener-
ated JOLs during the 6 s interval was summarized in Table 1. Importantly, there was no
detectable difference in the rates of making JOLs between the control group (M=95.1%,
SD=5.1%) and the suppression group (M=95.7%, SD=3.2%), difference=0.9%, 95% CI
=[0.1%, 1.7%], #(23)=—0.51, p=.61, Cohen’s d=—0.15, BF,,=0.32, suggesting that artic-
ulatory suppression produced minimal impacts on the JOL-making process. Descriptive
results of mean JOLs, correct response rate, and mean error distance are shown in Table 2.
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Aggregated modeling analysis

The reactivity findings observed in Experiment 1 were successfully replicated in Experi-
ment 2’s control group. Specifically, in the control group, retrieval accessibility was greater
in the JOL (P ., = 0.26, 95% Crl =[ 0.23, 0.30]) than in the no-JOL (P, = 0.18, 95% CrI
=[0.16, 0.22]) condition (see Fig. Se). In contrast, memory precision was poorer in the JOL
(SDjem = 28.82, 95% Crl = [24.80, 35.01]) than in the no-JOL (SD,,.,, = 19.86, 95% Crl =
[17.10, 23.60]) condition (see Fig. 5f).

In contrast to the control group, the suppression group showed minimal difference in
retrieval accessibility between the JOL (P, = 0.21, 95% CrI = [ 0.18, 0.25]) and no-JOL
(Prnem = 0.20, 95% CrI =[ 0.17, 0.24]) conditions (see Fig. 5¢). In the same line, there was
minimal difference in mnemonic precision between the JOL (SD,,.,, = 27.05, 95% CrI =
[22.75, 33.81]) and no-JOL (SD,,.,, = 23.71, 95% CrI = [20.05, 27.52]) conditions (see
Fig. 5f). These findings reflect that the articulatory suppression manipulation successfully
eliminated the dissociated reactivity effects on accessibility and precision of continuous
color memory.

mem

Individual-level modeling analysis

Frequentist and Bayesian mixed ANOVAs showed that, for individual-level parameter P,...,
there was a significant interaction between group and study method, F(1,46)=6.09, p =.02,
np°=0.06, BF,,, = 3.45 (see Fig. 5g). This interaction arose from the fact that the positive
reactivity effect on memory accessibility (calculated as the difference in P, between the
JOL and no-JOL conditions) was smaller in the suppression (M <0.01, SE=0.02) than in the
control group (M=0.06, SE=0.02). A similar interaction was also found for individual-level
parameter SD,...,, F(1,46)=6.37, p=.01, ,°=0.07, BF,,, = 3.91 (see Fig. 5h). This interac-
tion arose from the fact that the negative reactivity effect on memory precision (calculated
as the difference in SD,.,,) was smaller in the suppression (M=1.84, SE=2.73) than in the
control group (M=7.51, SE=2.73).

Further #-tests showed that, in the control group, memory accessibility was greater in the
JOL (M of P, = 0.29, SD=0.12) than in the no-JOL (M=0.19, SD=0.09) condition, dif-
ference=0.11, 95% CI = [ 0.06, 0.16], #(23)=4.51, p<.01, Cohen’s d=0.92, BF,,=178.47
(see Fig. 5g). By contrast, memory precision was poorer in the JOL (M of SD, ., = 34.82,
SD=14.83) than in the no-JOL (M=20.42, SD=17.64) condition, difference=14.40, 95% CI
=[7.94, 20.87], #23)=4.61, p<.01, Cohen’s d=0.94, BF,,=224.61 (see Fig. 5h). Overall,
these results successfully replicate Experiment 1°s findings and re-confirm the dissociated
reactivity effects on continuous color memory.

By contrast, in the suppression group, there was little difference in memory accessibility
between the JOL (M=0.24, SD=0.08) and no-JOL (M=0.24, SD=0.10) conditions, dif-
ference=0.01, 95% CI = [-0.05, 0.06], #(23)=0.30, p=.77, Cohen’s d=0.06, BF,,=0.22
(see Fig. 5g). Similarly, there was little difference in memory precision between the JOL
(M=29.77, SD=13.39) and no-JOL (M=29.15, SD=16.08) conditions, difference=0.62,
95% CI = [-8.31, 9.54], #(23)=0.14, p=.89, Cohen’s d=0.03, BF,,=0.22 (see Fig. Sh).
Overall, these results reflect that articulatory suppression successfully eliminated the dis-
sociated reactivity effects on continuous color memory, again supporting the verbal-labeling
explanation.
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Color response distribution analysis

Wilcoxon rank-sum tests showed that, in the control group, parameter D was greater in
the JOL (M=2.28, SD=0.17) than in the no-JOL (M=2.20, SD=0.13) condition, Hodges-
Lehmann estimate=0.05, 95% CI=[0.02, 0.11], W=249.00, z=2.83, p <.01, Rank-Biserial
correlation=0.66, BF ,=6.33 (see Fig. 5i). These results replicated Experiment 1’s findings
and indicate that the requirement of making JOLs induces a stronger preference for using
category labels to encode and retrieve color information.

By contrast, in the suppression group, there was minimal difference in D values between
the JOL (M=2.02, SD=0.43) and no-JOL (M=2.03, SD=0.37) conditions, Hodges-Lehm-
ann estimate <0.001, 95% CI = [-0.07, 0.07], W=151.00, z=0.029, p =.99, Rank-Biserial
correlation=0.01, BF,,=0.22 (see Fig. 5i), indicating that the articulatory suppression
manipulation almost completely eliminated the preference of using verbal labels to encode
and recall color information in the JOL condition.

Discussion

The control group’s results successfully replicated the main findings of Experiment 1 by
showing a positive reactivity effect on accessibility and a negative reactivity effect on pre-
cision of continuous color memory. The distribution comparison results also replicated
Experiment 1’s findings by showing that the control group’s color response distribution
deviated from uniform distribution more severely in the JOL than in the no-JOL condition,
supporting the verbal-labeling explanation. More importantly, the articulatory suppression
manipulation, which was effective at inhibiting verbal labeling, successfully eliminated
the dissociated reactivity effects on continuous color memory, again supporting the verbal-
labeling explanation.

General discussion

Previous studies on JOL reactivity have generally assessed memory in a binary “all-or-
none” approach. In contrast, the current research conducted the first exploration of whether
making JOLs reactively alters continuous color memory measured in an “all-or-some-or-
none” approach. Both Experiment 1 and Experiment 2’s control group consistently dem-
onstrated that soliciting JOLs reactively enhanced accessibility but impaired precision of
continuous color memory. These findings thus extend the reactivity effect from traditional
binary indicators to a continuous scale in visual memory. More importantly, the JOL reac-
tivity effect on continuous color memory is dissociated, with a positive reactivity effect on
memory accessibility and a negative reactivity effect on memory precision.

In Experiment 1, we employed a within-subjects design, which could eliminate between-
subjects variability and provide greater statistical power for detecting the reactivity effect
on continuous color memory (Goodhew & Edwards 2019). Notably, both within-subjects
(Kubik et al., 2022; Li et al., 2024) and between-subjects (Shi et al., 2023; Zhao et al.,
2023b) designs have been widely employed to explore the JOL reactivity effect. Further-
more, Rivers et al. (2021) found that the reactivity effect survived in both within- and
between-subjects design experiments. More importantly, Double et al. (2018b) meta-anal-
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ysis found that experimental design (within- vs. between-subjects) did not moderate the
magnitude of the JOL reactivity effect. Hence, there should be little need worry about the
influences of experimental design on the main findings documented here.

We propose that the strategy-change theory of JOL reactivity can reasonably explain
the dissociated reactivity effects on accessibility and precision. During the encoding phase,
when participants were asked to predict the likelihood of remembering the color of a given
animal shape, they had to search for “diagnostic” cues to guide JOL formation. The pro-
cess of cue searching might have prompted participants to use the verbal-labeling strategy
to encode color information. Then, they metacognitively assessed memory strength of the
association between the shape and the categorical color label, and took this as an “informa-
tive” cue to form a JOL (Castel, 2008; Dunlosky & Matvey, 2001; Koriat, 1997; Koriat &
Goldsmith, 1996; Koriat & Ma’ayan, 2005; Yang et al., 2021).

The results of Experiment 1 confirmed that the color response distribution deviated from
uniform distribution more severely in the JOL than in the no-JOL condition, and Experiment
2’s control group successfully replicated this finding. These consistent findings indicate a
stronger preference for using the verbal-labeling strategy in the JOL than in the no-JOL
condition. Previous studies have suggested that verbal labeling helps learners effectively
encode and recall the “approximate” color category, but that the precise information about
the color is overshadowed by the verbal labeling process, leading to a verbal overshadowing
effect and making it difficult for learners to recall the “precise” color (Dodson et al., 1997;
Meissner et al., 2001; Souza & Skora, 2017). Thus, the switch to a verbal labeling strategy
might be responsible to the dissociative reactivity effects on accessibility and precision of
continuous color memory. More importantly, Experiment 2 showed that, articulatory sup-
pression, targeting to inhibit verbal labeling, successfully eliminated the dissociated reactiv-
ity effects on continuous color memory, further suggesting that a shift to the verbal-labeling
strategy is the main cause of the dissociated reactivity effects on continuous color memory.

As aforementioned, three previous studies have tested the strategy-change theory of JOL
reactivity, and provided inconsistent findings (Mitchum et al., 2016; Rivers et al., 2021;
Shi et al., 2023). All of these three studies used retrospective self-reports to test the strat-
egy-change theory. Going beyond, the current study was the first to use experimental tasks
to directly and empirically test the strategy-change theory. Specifically, in Experiment 2,
an articulatory suppression manipulation was introduced to inhibit participants’ use of the
verbal-labeling strategy in both the JOL and no-JOL conditions. Critically, articulatory sup-
pression successfully eliminated the difference in verbal labeling between the JOL and no-
JOL conditions (as reflected by no difference in parameter D between the two conditions).
More importantly, after eliminating the difference in verbal labeling, both the positive reac-
tivity effect on memory accessibility and the negative reactivity effect on memory precision
disappeared. Thus, these findings directly support the strategy-change theory as an account
of the JOL reactivity effect.

It should, however, be noted that the verbal labeling strategy for remembering visual
colors is just one example of study strategy change induced by the requirement of making
JOLs. Further research needs to test the strategy-change theory’s validity in explaining the
reactivity effects on memory for other types of materials (Li et al., 2021; Shi et al., 2023;
Zhao et al., 2022). As discussed above, Mitchum et al. (2016) and Rivers et al. (2021)
failed to find evidence supporting the strategy-change hypothesis with a self-report method,
while using a different type of question, Shi et al. (2023) found evidence consistent with
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this theory. It is possible that strategy change may only contribute to the reactivity effect on
memory for some types of materials (e.g., visual images) but not the effect on memory for
other types of materials (e.g., word pairs). Future research is encouraged to further test this
possibility.

Putting theoretical implications aside, the documented findings also bear implications for
guiding the design of future metacognition research. Previous studies frequently used JOLs
as a measurement tool for assessing people’s metamemory monitoring ability (Besken,
2016; Rhodes, 2016; Yang et al., 2021; Zhao et al., 2023b). However, the reactivity effect
suggests that JOL accuracy may be a biased measure of people’s metamemory monitoring
ability (Double & Birney, 2018a; Li et al., 2021; Rivers et al., 2021; Senkova & Otani,
2021). Experiments 1 and 2 consistently confirmed the existence of the dissociated JOL
reactivity effects on continuous color memory. Hence, the memory-metamemory relation-
ship observed in the JOL condition is subject to interference from the reactivity effect,
rendering the conclusions of the memory-metamemory relationship observed in the JOL
condition not necessarily applicable to the relationship in the standard no-JOL condition.

Notably, some recent studies on the JOLs reactivity effect have explored memory by
categorizing it into recollection and familiarity processes (Maxwell & Huff, 2024; Zheng et
al., 2024). Memory recollection and memory familiarity are commonly assessed using the
remember/know procedure (Cohen et al., 2017), which measures the proportion of recol-
lection-based and familiarity-based components in recognition memory. In the remember/
know procedure, participants first judged whether each item was “old” or “new.” For items
judged as “old,” they then indicated whether their recognition was based on “remembering”
(reflecting recollection) or “knowing” (reflecting familiarity). Maxwell and Huff (2024)
found that making JOLs enhanced recollection-based and facilitated familiarity-based rec-
ognition of related word pairs. Furthermore, Zheng et al. (2024) found that making JOLs
increased both recollection and familiarity of studied words in a recognition test. However,
the dissociable reactivity effects of making JOLs on recollection and familiarity were not
observed by either Maxwell and Huff (2024) and Zheng et al. (2024), because the memory
classification approach in the current research fundamentally differs from the recollection/
familiarity perspective. That is, memory accessibility refers to the probability of successful
retrieval, while memory precision refers to the fidelity of stored information. In contrast,
recollection involves retrieval of contextual details about a past event, whereas familiarity
pertains to recognition of an item without specific details (Eichenbaum et al., 2007; Yone-
linas, 2002). In terms of measurement, accessibility and precision are typically assessed
through response error in continuous color memory tasks, such as color reproduction, esti-
mated using probabilistic mixture models. Recollection and familiarity are often measured
via the remember/know procedure, where participants classify their recognition as either
based on detailed recollection or feelings of familiarity (Cohen et al., 2017; Tulving, 1985).
This distinction highlights the unique nature of both memory classification frameworks,
underscoring different aspects of memory performance and retrieval processes.

Moreover, previous studies generally determined the nature of the reactivity effect about
whether it is positive (Li et al., 2021; Witherby & Tauber, 2017; Zhao et al., 2022) or nega-
tive (Mitchum et al., 2016) based on a single measure of final test performance. The current
study expands this by dividing memory performance into two distinct components: accessi-
bility and precision. It was found that making JOLs enhances accessibility but comes at the
cost of losing precision of continuous color memory. The corresponding implication is that
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future reactivity research should bear in mind that “memory performance” may encompass
different components, and the JOL reactivity effects on different components may be dis-
sociated (Zhao et al., 2023b). Such dissociated reactivity effects, varying in direction and
strength, ultimately combine to produce the overall reactivity impact of JOLs on memory
performance (such as recall or recognition). It is even possible that opposing JOL reactiv-
ity effects might result in a deceptive appearance of no reactivity effect (Schiafer & Undorf,
2023). Therefore, it is imperative for future research to not only examine the reactive impact
of making JOLs on overall memory performance, but also to rigorously scrutinize the reac-
tivity effects on specific components of memory.

Concluding remarks

Soliciting JOLs reactively enhances accessibility but concurrently impairs precision of con-
tinuous color memory. The strategy-change theory (more specifically, the verbal-labeling
explanation) is a viable explanation of these dissociated effects.

Appendix

Details of the pilot results in Experiments 1 and 2 are shown in Table A1, which lists M and
SD of P SD,em> parameter D in the JOL and no-JOL conditions, respectively.

mem?

Table A1 Descriptive results of the pilot data in experiments 1 and 2

JOL no-JOL
Experiment 1 Prem 0.25(0.07) 0.19 (0.15)
SD,em 32.66 (14.26) 18.77 (7.34)
Parameter D 2.27(0.19) 2.20(0.13)
Experiment 2
Control Prem 0.29 (0.12) 0.19 (0.09)
SD,em 34.82 (14.83) 20.42 (7.64)
Parameter D 2.28(0.17) 2.20(0.13)
Suppression Prem 0.24 (0.08) 0.24 (0.10)
SD,em 29.77 (13.39) 29.15 (16.08)
Parameter D 2.02(0.43) 2.03 (0.37)
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