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Abstract 

Past research has evaluated participants’ understanding of their memory by soliciting judgments 

of learning (JOLs). Importantly, JOLs sometimes change memory for the judged material, 

leading to JOL reactivity. The cue-strengthening account (Soderstrom et al., 2015) and changed-

goal account (Mitchum et al., 2016) propose different mechanisms that lead to JOL reactivity. In 

the present study, we collected measures that can provide further insight into these mechanisms. 

Specifically, participants studied related and unrelated word pairs in different colored fonts for a 

source recognition test. Across three experiments, data were analyzed using a hierarchical 

Bayesian model of multidimensional source memory to determine how JOLs impact item 

memory as well as relatedness and color source memory. In Experiment 2, we also compared the 

effects of making JOLs to making judgments of relatedness (JORs), and Experiment 3 examined 

how JOLs impact study time allocation. The results of our experiments failed to fully follow 

predictions of either account. Making JOLs (Experiments 1-3) and JORs (Experiment 2) 

strengthened item memory for related as well as unrelated pairs, the latter finding not predicted 

by either account. In addition, JOLs and JORs did not specifically strengthen source memory for 

relatedness, as the cue-strengthening account predicts, nor did JOLs change study time 

(Experiment 3), as suggested by the changed-goal account. In all, our results provide novel 

insight that enhanced item memory may be largely responsible for JOL reactivity, thus 

adjudicating between candidate explanations. 

Keywords: JOL reactivity, metamemory, learning 
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JOLs Impact Item Memory but not Source Memory: Insights into JOL Reactivity using a 

Multinomial Model 

To understand learners’ assessments of their own learning (i.e., metamemory), 

researchers often solicit judgments of learning (JOLs), whereby participants indicate the 

likelihood that they will remember studied material on a later test (for a review, see Rhodes, 

2016). JOLs have typically been thought to reflect an individual’s assessment of their learning 

without affecting memory for the judged material (Nelson, 1990). However, recent research 

indicates that the act of making JOLs may influence later memory (e.g., Mitchum et al., 2016; 

Witherby & Tauber, 2017), a finding referred to as JOL reactivity. Thus, JOLs may not only 

serve as a measurement of metamemory but could also modify memory. Accordingly, this 

registered report expanded upon current accounts of JOL reactivity and its effects on later 

memory by directly testing the memory mechanisms theorized to drive JOL reactivity. 

Past JOL Reactivity Findings 

JOLs can be collected immediately after studying each item (the focus of this study) or 

after a delay (Rhodes & Tauber, 2011). Past research has yielded mixed results regarding 

whether immediate JOLs affect learning (see Tauber et al., 2015, for delayed JOL reactivity). 

Some studies have found that immediate JOLs change learning (e.g., Arbuckle & Cuddy, 1969; 

Witherby & Tauber, 2017; Zhao et al., 2022) whereas others have found no effect of JOLs on 

memory (e.g., Begg et al., 1992; Tauber & Rhodes, 2012; Schäfer & Undorf, 2023; see Double 

et al., 2018 for a meta-analysis). Soderstrom and colleagues (2015) accounted for these 

inconsistent findings by suggesting that making JOLs strengthens memory for the cues that 

learners rely on to inform their JOLs, which improves later test performance if the test is 

sensitive to the same cues. Following Rivers et al. (2021), we refer to this account as the cue-
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strengthening account. For example, learners often use the relatedness between words within a 

pair (e.g., Nurse–Doctor) as a cue, giving higher JOLs to related compared to unrelated pairs 

(Mueller et al., 2013). Soderstrom and colleagues (2015) proposed that attending to relatedness 

while making JOLs strengthens its encoding, in turn improving later retrieval of related pairs. 

Conversely, attending to relatedness does little to enhance encoding for unrelated pairs (e.g., 

Practice–Tree) that have no intuitive semantic relationship. Consistent with their account, 

Soderstrom and colleagues (2015) showed that making JOLs improved cued recall (e.g., Nurse–

___) of related but not unrelated pairs. Further work has also shown that JOLs improved item 

recognition of targets (e.g., Did you study DOCTOR?), but only for items studied in related pairs 

(Myers et al., 2020). Additionally, JOL reactivity has not been observed when participants are 

given cues that do not support later test performance (Double, 2023; Rivers et al., 2023). 

In contrast, the changed-goal account (Mitchum et al., 2016) of JOL reactivity suggests 

that, under instructions encouraging participants to learn all items for a later test (i.e., mastery 

instructions), participants adopt a mastery goal whereby they attempt to learn every item during 

study. However, JOLs draw attention to the fact that some materials (related pairs) are easier to 

learn than others (unrelated pairs). Thus, JOLs may cause participants to shift from using a 

mastery goal to a selective learning goal, whereby they focus on learning easy items at the 

expense of more difficult items. In support of this account, Mitchum and colleagues (2016, 

Experiment 5) found that, under experimenter-paced study, JOLs bolstered cued recall for related 

pairs but, contrary to the cue-strengthening account, impaired memory of unrelated pairs 

compared to not making JOLs. 

Experiments testing these accounts of JOL reactivity continue to emerge (Janes et al., 

2018; Maxwell & Huff, 2023; Rivers et al., 2021) with researchers generally focusing on 
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observed, aggregate memory performance (e.g., overall recall or recognition performance). 

However, a cognitive modeling approach that explicitly leverages the inherent heterogeneity 

between and within participants while precisely estimating the latent cognitive parameters that 

underlie observed performance could provide further insight into what might be driving these 

mixed findings regarding JOL reactivity. Accordingly, the current experiments were designed to 

test two key accounts of JOL reactivity using a methodological advance that clearly distinguishes 

between parameters representing item memory (i.e., detecting a presented item) and source 

memory (i.e., memory for contextual details of the item). Once evidence is found for which 

memory details are specifically impacted by JOLs, researchers can then use this information to 

predict how JOLs will impact memory with a myriad of tests and tasks. For example, if JOLs 

specifically strengthen relatedness source memory underlying recognition of the related items in 

the present experiments, it follows that strengthening relatedness source memory also likely 

drives JOL reactivity effects on the cued recall tests observed in past studies (e.g., Soderstrom et 

al., 2015). 

Experiment Plan 

In all experiments, participants studied mixed lists of related (Nurse–Doctor) and 

unrelated (Practice–Tree) cue-target word pairs presented in blue or orange and either provided 

JOLs or not during study. This was followed by an item recognition test for the targets of the 

pairs (Doctor, Tree) and a source recognition test for the relatedness (e.g., Doctor was studied in 

a related pair) and color (e.g., Doctor was studied in blue) of the pair (see Figure 1). In 

Experiment 2, in addition to JOLs and no judgments, some participants provided judgments of 

relatedness (JORs). In Experiment 3, study was self-paced rather than experimenter paced. The 

measures of interest were the underlying cognitive parameters of participants’ recognition 
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decisions that represent detecting that a target item was studied (i.e., item memory) and the 

specific details remembered from the study episode (i.e., source memory of the pair’s 

relatedness, color, and joint source memory of these two details combined). Experiment 3 also 

examined how JOLs impact study time allocation. 

The cue-strengthening account (Soderstrom et al., 2015) and the changed-goal account 

(Mitchum et al., 2016) make clear, differing predictions regarding how JOLs and JORs should 

influence some of these cognitive parameters.1 Other cognitive parameters are not directly 

addressed in the accounts but still provide further understanding regarding how JOLs impact 

specific details in memory. Each theory’s predictions of the cognitive parameters measured in 

the present experiments are summarized in Table 1. We outline the following predictions as ones 

that are clearly supported based on each account (indicated in boldface font in Table 1) and 

predictions that are inferred from the current understanding of each account (indicated in non-

bolded font in Table 1). 

Predictions from JOL reactivity accounts 

When studying related and unrelated word pairs, the cue-strengthening account 

(Soderstrom et al., 2015) proposes that JOLs cause participants to focus on the relationship 

between words in related, but not unrelated, pairs. On a later test, memory is improved when the 

details strengthened while making JOLs (i.e., relatedness) can help participants access the 

studied material. Therefore, in the present experiments, we should observe that JOLs strengthen 

item memory of words studied in related pairs but not unrelated pairs. Further, this improved 

item memory should be accompanied by increased source memory for the relatedness of each 

 
1 Other accounts for JOL reactivity continue to emerge (e.g., Double et al., 2018; Senkova & Otani, 2021; Zhao et 
al., 2023), but the current experiments were designed specifically to differentiate between the cue-strengthening and 
changed-goal accounts. 
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pair. Lastly, other judgments that draw attention to the relatedness between pairs (the use of 

judgments of relatedness in Experiment 2; cf. Maxwell & Huff, 2022) should similarly increase 

item memory and relatedness source memory for related items. 

The mechanisms of the changed-goal account propose that JOLs draw learners’ attention 

to the fact that some materials (related pairs) are easier to learn than others (unrelated pairs). This 

leads learners to prioritize learning easier materials at the expense of harder materials, resulting 

in positive reactivity (i.e., JOLs improve memory) for related pairs and negative reactivity (i.e., 

JOLs reduce memory) for unrelated pairs. If true, in the present experiments, we should observe 

that JOLs improve item memory of items from related pairs and reduce item memory of items 

from unrelated pairs. In Experiment 3, in which study time was self-paced, we should also find 

that those who make JOLs should spend less time studying unrelated pairs and more time 

studying related pairs, replicating Mitchum and colleagues (2016).  

Inferences and Extensions 

We also provide data for other measures that are not directly addressed in each account 

but can augment understanding of JOL reactivity. To preface, the following predictions 

(indicated in non-bold font in Table 1) were extensions from the current accounts and thus 

should be considered exploratory. Therefore, neither account would necessarily be disconfirmed 

if one or more of the following predictions is not met. 

The cue-strengthening account (Soderstrom et al., 2015) focuses on the effect of JOLs 

specifically on memory for the relationship between words in each pair. Therefore, we predict 

that JOL reactivity should exclusively improve relatedness and not impact color and joint source 

memory for related pairs. We also expected that JOLs would not impact memory of any source 
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details of unrelated items since reactivity is not observed for unrelated items under the cue-

strengthening account. 

The changed-goal account does not specify how JOLs impact any specific source details 

in memory. Nevertheless, if JOLs cause participants to shift their efforts to related pairs at the 

expense of unrelated pairs, then this may result in a global shift in attention and encoding of 

these pairs. Thus, making JOLs should strengthen the entire study context, and subsequently all 

source memory parameters (i.e., relatedness, color, and joint source memory), for related pairs 

but weaken these source memory parameters for unrelated pairs.  

Summary of Study Contributions 

Besides adding to the literature distinguishing these accounts and providing three 

replications of commonly used JOL reactivity research methods, the current experiments were 

proposed to expand beyond recent research on JOL reactivity by more precisely identifying the 

underlying details of memory that JOLs impact. For example, the cue-strengthening account 

predicts that JOLs improve memory for related word pairs because JOLs increase encoding of 

the relationship between the words within the pair. However, prior studies of JOL reactivity 

(e.g., Myers et al., 2020; Soderstrom et al., 2015) have assessed performance on a final test to 

assume that this relationship has been strengthened in memory. The precise estimates of source 

memory included in the present study allow us to determine whether JOLs specifically increase 

participants’ memory for the relationship between word pairs. Alternatively, we may find that 

JOLs increase memory for details beyond the relatedness of a pair. This would suggest that JOL 

reactivity impacts memory differently than what is predicted by the cue-strengthening account 

and thus may provide a need for updating the current accounts of JOL reactivity.  



MECHANISMS OF JOL REACTIVITY  10 

Since the time the current project was accepted as a stage 1 registered report, other 

researchers have also contributed work examining details beyond aggregate memory (Chang & 

Brainerd, 2023; Halamish & Undorf, 2023; Zhao et al., 2023), which we will return to in the 

General Discussion. In all, our experiments elucidate how JOLs influence memory for the 

relationship between words within each pair, as well as memory for the entire study episode, by 

considering these underlying parameters supporting memory performance. This provides a more 

stringent test of recent accounts of JOL reactivity (Mitchum et al., 2016; Soderstrom et al., 

2015). 

Experiment 1 

In Experiment 1, participants studied two blocks of intermixed related and unrelated pairs 

with half of each type of pair presented in orange and the others in blue. Participants provided 

JOLs during one block and did not provide judgments during the other block. After each block, 

participants took a source recognition test: for items they indicated they had studied, participants 

also indicated what type of pair (related or unrelated) and what color (orange or blue) it was 

studied in. All experiment procedures were approved by the lead researcher’s institutional review 

board. The raw data, analysis scripts, study materials, and experiment programs are available on 

the Open Science Framework (OSF: https://osf.io/b95yx/). 

Table 1 summarizes the predictions for each parameter under each account. If the cue-

strengthening account is supported (Soderstrom et al., 2015), JOLs should improve item memory 

of targets studied in related but not unrelated pairs, commensurate with past studies (Myers et al., 

2020). In addition, we expected JOLs to specifically improve relatedness (but not color or joint) 

source memory of targets from related pairs. The changed-goal account predicts that JOLs 

should reduce unrelated item memory in addition to strengthening related item memory due to 
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participants prioritizing learning related pairs more than unrelated pairs when making JOLs 

versus not making JOLs. The changed-goal account makes no specific predictions regarding 

source memory, but we predicted that shifting attention to prioritize related pairs may lead to 

global shifts in encoding of study details. Thus, JOLs may increase all source details for related 

pairs but reduce all details for unrelated pairs. 

Participants 

Our pre-registered aim was to recruit 90 native English speakers, at least 18 years old, 

from Prolific and compensated $8 per hour of work. Participants were not compensated if they 

did not follow experimental instructions (see Procedure for more details).  

We determined this sample size in a Monte Carlo simulation of our planned MPT model 

(see Figure 3) using the data generation and simulation functions of the R package TreeBUGS 

(Heck et al., 2018). Although it is not a typical power analysis, the rationale of this more fit-for-

purpose approach is analogous in that we aimed to determine that the proposed sample size and 

number of trials per condition is adequate to observe the predicted effects in the parameter 

estimates of interest in at least 80% of the converged simulations. Furthermore, as explained in 

more detail further on, our Bayesian approach focuses on the precision of the parameters’ 95% 

credibility intervals (CIs), rather than traditional p-values, to determine whether any difference 

between conditions (e.g., making JOLs or not) is reliable (i.e., does not overlap with 0). The 

analysis scripts and the results of the power analysis can be found on OSF.  

To estimate appropriate power for the MPT analyses, we first fit a two-high threshold 

MPT model to Myers and colleagues’ (2020) Experiment 4 data to determine a reasonable effect 

size of JOL reactivity in parameter estimates of item memory for an item recognition task. This 

analysis yielded a credible effect of JOL reactivity for related item memory (M = 0.16, CI range 
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= 0.04 – 0.28) but not unrelated item memory (M = 0.07, CI range = -0.04 – 0.19). We then used 

those effect sizes as the basis for the current power analysis, wherein we conducted 500 

simulations of our planned MPT model that generated responses of 90 participants completing 

128 total trials. We generated data under two scenarios that supported (1) the cue-strengthening 

account’s predictions of a positive effect of JOLs on related item memory and no effect on 

unrelated item memory, and (2) the changed-goal account’s predictions of a positive effect of 

JOLs on related item memory but a negative effect of JOLs on unrelated item memory (see Table 

1). All other free parameters were set to equal between JOL conditions given the lack of prior 

work, although it is entirely possible that this will not be the case, as we have outlined 

previously. The results of the two scenarios showed that the difference between the JOL and no-

JOL conditions in item memory (1) excluded 0 for related item memory (M = 0.09, CI range = 

0.06 – 0.13) and included 0 for unrelated item memory (M = 0.00, CI range = -0.04 – 0.04), and 

(2) excluded 0 for related item memory (M = 0.09, CI range = 0.06 – 0.13) and excluded 0 for 

unrelated item memory (M = -0.19, CI range = -0.24 – -0.14), respectively, in 100% of the 

converged simulations. Thus, the planned sample size and number of trials is adequate to achieve 

reliable parameter estimates that discriminate between the tested accounts’ clear predictions 

concerning item memory.   

The final sample size for the subsetted analyses was 90 (see Table 2 and Data Collection 

and Removal for more details). Of this subset, 59 participants (65%) identified as female, 29 

(32%) identified as male, and 2 (2%) identified as non-binary. Seventy percent of the sample 

identified as White, 20% as Black or African American, and 10% as another race. Two 

participants identified their ethnicity as Hispanic or Latino. Age ranged from 20 to 75 (M = 

38.34, SD = 13.71). See OSF for full demographic data. 
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Apparatus 

 All the experiments were programmed in Inquisit and administered via participants’ web 

browsers. A shortened example of the experiment can be found on OSF. One hundred forty word 

pairs were selected from the Nelson association norms (Nelson et al., 1998) – 128 pairs were 

used in analyses (MFAS = 0.495, SD = 0.089), while the others were used for buffers (all word 

pairs: MFAS = 0.509, SD = 0.094). Pairs were arranged so that each target word was equally 

represented across participants in a related pair (e.g., Wag–Tail), an unrelated pair (e.g., Rejoice–

Tail), and as an item that was never studied (i.e., distractor) during the recognition test. The 

words were presented in a unique random order for each participant.  

Procedure 

After participants provided consent, they were instructed to study word pairs in 

preparation for a memory test that would enquire about the studied words, in addition to whether 

each was studied in a related or unrelated pair and whether it was presented in blue or orange. 

Participants were also given mastery instructions before each study block. Specifically, 

participants were instructed to pay attention to each pair while studying so that they would be 

able to recognize all studied words on a later test and remember the context in which each was 

studied. 

Figure 2 includes a diagram of the procedure used for the experiments. There were two 

study blocks, each comprising 32 pairs (8 related presented in blue, 8 related in orange, 8 

unrelated in blue, and 8 unrelated in orange). Three buffer pairs were included at the beginning 

and end of each block and excluded from analyses to minimize primacy and recency effects. 

Participants provided JOLs for each pair during one study block (JOL condition) and pressed the 

SPACEBAR while studying each pair in the other block (No JOL condition), with the order of 
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conditions counterbalanced across participants. For JOLs, participants indicated from 0 to 100% 

how likely it was that they would remember the target word on a later test. Participants in both 

conditions studied each pair for 8 s (with a 500 ms interstimulus interval, ISI); the prompt to 

either provide a JOL or press the SPACEBAR appeared 3 s into the study time underneath the 

pair. 

Before each study block, participants were told that they must provide JOLs or press the 

SPACEBAR for each pair in the upcoming trials, and that they could only miss responding for 8 

of the 32 trials (25%)2 and still be paid. If they did not provide a response for more than 8 trials 

in either block, they were not compensated. During study, they saw 8 grey rectangular segments 

at the top of the page. Each time they missed a response, a segment disappeared. If all segments 

disappeared, they were informed that they would not be compensated. Participants were required 

to indicate that they understood these instructions, and they had a 5-pair practice trial to 

acclimate them to the segments (which reset when the study trial began). 

Following each block, participants completed math problems for 5 min and then received 

a self-paced recognition test. The beginning three buffer targets were presented first on the 

recognition test to orient participants to the testing procedure, followed by 64 successively 

presented test words: half were targets from the previous block and half were distractors. Each 

test word was presented at the center of the screen in black with the words “Old” and “New” 

displayed underneath. If participants believed that they had not studied the word, they selected 

“New” and then another test word appeared after a 500 ms ISI. If they believed that they had 

studied the word, they selected “Old” and then further selected one of four options for the item’s 

 
2 Although we had pre-registered that participants would be informed that they could only miss 4 responses, it was 
necessary to adjust this to 8 trials due to guidance from Prolific. As we explain further on, we excluded participants 
who missed 4 responses as we had pre-registered (note that there were no exclusions on this basis). 
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source – related-blue, unrelated-blue, related-orange, unrelated-orange. Order of source was 

counterbalanced across participants so that half the participants saw source buttons with 

relatedness listed first (e.g., related-blue) and half saw color listed first (e.g., blue-related). 

To avoid participants “clicking through” the test, responses were only considered valid 

after 500 ms. We instructed participants that they must take at least 1 s to respond to each 

prompt.3 If they responded before the 500 ms deadline, they received a message indicating that 

their response was too fast and then were prompted to re-enter their response to that test item. 

After completing both blocks, participants answered demographic questions (e.g., age, gender) 

and were debriefed about the experiment. 

Data Collection and Removal 

 We continued collecting data until usable data from the pre-registered number of 

participants was collected. All measures, manipulations, and exclusions are reported for this 

study. In line with our pre-registration, we removed and replaced any participants who did not 

respond to the JOL or SPACEBAR prompt during study blocks for more than 4 trials. Other data 

that may be of concern were participants who attempted to respond to recognition trials in less 

than 500 ms for at least 7 (10.9%) of the test trials per block (these participants were still 

compensated) and participants’ individual recognition trials that exceeded 3 standard deviations 

above their individual mean response time within that block. These cases may suggest that 

participants were not giving the experiment their full attention despite our instructions. Thus, we 

conducted analyses both with these participants and test trials included and excluded and report 

any differences. For individual test trials with long response times exceeding 3 standard 

 
3 The deadline for responses was 500ms, but 1 second is more easily understood by participants.  
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deviations of the individual mean, we removed the entire trial (both the item and source 

recognition response) from analyses.  

Lastly, participants reported if they had technical difficulties that they thought impacted 

their performance (but still received compensation). If they responded yes, they also explained 

what those issues were. Participants were also asked if they used any aids in the study (e.g., 

taking notes of the words).4 We conducted analyses both with and without participants who 

specified legitimate technical difficulties (e.g., their computer froze partway through), who 

reported taking notes, and whose responses were faster than 500 ms on 7 or more of the test 

trials. The primary results reported are those of this subset following all exclusions (see Table 2); 

for the sake of brevity, the analyses with all the data can be found on OSF, which were generally 

consistent with the reported results here.  

Design and Data Analysis 

 The experiment manipulated judgment (JOL or no JOL), type of pair (related or 

unrelated), and pair color (orange or blue) within-subjects.5 The dependent measures of interest 

for the experiments were item memory, relatedness source memory, color source memory, and 

joint source memory as estimated using a hierarchical Bayesian MPT model for 

multidimensional source memory, implemented in R Studio (R core team, 2017) with the R 

package TreeBUGS (Heck et al., 2018). MPT models use observed categorical data (e.g., 

frequency of recognition responses) to estimate underlying latent cognitive states (Batchelder & 

 
4 Note that this exclusion was not pre-registered but was implemented before any data analysis took place. 
5 Given similar prior research (Myers et al., 2020), we did not expect any carryover effects of the type of judgment. 
However, to verify that there were no carryover effects in the current experiments, we conducted and report analyses 
that separately fit the planned MPT model for each of the counterbalance orders. If order effects were present (i.e., 
the pattern of results is not the same between the counterbalance orders), we had planned to conduct the key 
analyses using only the first block for each participant to verify that the pattern of results is the same as the full 
planned analysis that does not discriminate between the counterbalance orders. However, for the sake of brevity, we 
decided instead to simply indicate whether any reported result showed an order effect. 
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Riefer, 1999; Erdfelder et al., 2009). Rather than aggregating responses across participants, 

hierarchical MPT models explicitly allow for heterogeneity across participants and items.  

Figure 3 visually depicts the model of how a target (left-hand side of Figure 3) with 

dimensions i (pair relatedness), i{related, unrelated}, and j (pair color), j{blue, orange}, or a 

distractor leads to an observed response (right-hand side of Figure 3) given the item memory, 

source memory, and guessing processes assumed to underlie the recognition decision. Parameter 

Dij (i.e., item memory) denotes the probability of recognizing a target from source ij as old (e.g., 

recognizing a word from a related pair presented in blue), and parameter DNew denotes the 

probability of identifying a distractor as new. If participants correctly identify an old item (Dij), 

they may correctly retrieve the jointly bound source combination i,j (relatedness and color) with 

probability dij (i.e., joint source memory). If not (1 – dij), they may still retrieve each source 

dimension independently with probabilities eij
Rel (relatedness source memory) and eij

Col (color 

source memory). If participants recognize targets in the absence of any source information, they 

may make a lucky guess or guess the source information incorrectly, as reflected by parameters 

aRel, a|i
Col, a|A

Col and a|B
Col. Additionally, participants may not recognize an old or new item as 

such with the probabilities 1 – Dij and 1 – DNew, respectively, in which case they may guess that 

the unrecognized item is old with probability b and guess its source dimensions with 

probabilities gRel, g|A
Col, g|B

Col.  

The MPT model requires some restrictions to be set for the model to be identified. In the 

present experiments, we set theoretically informed restrictions in our main model (see OSF for 

details). In brief, these restrictions followed similar previous research (Jarjat et al., 2021) based 

on recommended restrictions from Meiser (2014): item memory (Dij) and source memory (dij, 

eij
Rel, eij

Col) were set to be equal between both colors (blue and orange), meaning that people 
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should recognize words presented in blue and orange at the same rate. The guessing parameters 

were also set to be equal between the corresponding recognized (aRel, a|A
Col and a|B

Col) and 

unrecognized items (gRel, g|A
Col, g|B

Col), meaning that source guessing should occur at the same 

rate regardless of whether participants detect a target item or not. 

The Bayesian approach focuses on the posterior distribution of the parameters that are 

sampled using Markov-Chain Monte Carlo (MCMC) methods. The measures of interest are the 

mean and quantiles computed for the posterior distribution of the samples, which reflect the 

updated knowledge about the parameters in light of the data and given some prior beliefs. We 

used default weakly informative priors of TreeBUGS that follow the recommendations of prior 

work (Gelman & Hill, 2006; Klauer, 2010; Matzke et al., 2015; Rouder & Lu, 2005; see Heck et 

al., 2018 for further information). Following Heck and colleagues’ (2018) recommendations, we 

monitored convergence and model fit in the following ways: We assessed model convergence of 

the MCMC chains by ensuring that the Gelman-Rubin statistic (Ȓ) was close to 1 and visually 

inspecting the plotted chains. We also assessed model fit by examining the posterior predictive 

checks of Klauer’s (2010) statistical tests of model fit (i.e., discrepancies between observed and 

predicted mean frequencies and covariances) as well as visually inspecting the mean and 

covariance structures.  

Accordingly, for each reported model, we used four MCMC chains of 200,000 iterations 

each, with the first 100,000 samples excluded as warmup and an additional 60,000 samples for 

adaptation of the MCMC sampler. The remaining 100,000 posterior samples were thinned by a 

factor of 10. Convergence was generally good for all three experiments, such that the pre-

registered models fitting the subsetted data with the restrictions explained previously converged 

for each experiment (Ȓs for reported parameters and posterior differences < 1.07). The model fit 
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indices were also acceptable for the mean frequencies (T1s > .10, except in Experiment 3 where 

T1 = .01), but not consistently so for the covariances (T2s < .05 for many of the models). Visually 

inspecting the mean and covariance structures confirmed that the instances of observed misfit 

were likely due to the large sample size of each experiment (over 11,000 observations) given that 

the model fit the pattern of data in each experiment reasonably well (see OSF for details). 

Notwithstanding, following our pre-registration and similar prior work (Jarjat et al., 2021), we fit 

any models with poor fit using fewer restrictions than those explained previously to balance 

model flexibility against model identifiability. However, this resulted in largely negligible 

improvements to model fit (T2s < .05 remained for many of the models) as well as impaired 

convergence for each model (i.e., Ȓs > 1.15 for some estimated parameters and posterior 

differences), even though we had retained the aforementioned large number of samples per chain 

for model fitting. We thus decided to present the results from the models with the original pre-

registered restrictions. The results of all the different models for the project can be found on 

OSF.      

Most pertinent to our hypotheses are the item and source memory parameters (i.e., color, 

relatedness, and joint) of the JOL and No JOL conditions estimated by the model. Given the 

Bayesian approach and following prior work (e.g., Filevich et al., 2019; Jarjat et al., 2021; 

Schaper et al., 2019), we drew inferences by inspecting the 95% CI of the mean difference 

between the posterior parameter estimates for the JOL and No JOL conditions. For example, we 

inferred that the JOL and No JOL conditions credibly differ in the relatedness source memory 

parameter if the CI of the difference between their posterior distributions did not include 0. Note 

that another advantage of the Bayesian approach is the meaningful interpretation of null 

differences (i.e., when the CI does include 0). The results of the MPT models for all experiments 
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are presented in Table 3. We have additionally reported traditional observed performance 

measures (e.g., hits and false alarms) as well as average JOL/JOR ratings provided while 

studying (Study Ratings) for interested readers in Table 4. 

Results 

The results of the MPT model are plotted in Figure 4 (see also Table 3). We observed that 

making JOLs credibly increased item memory of both related and unrelated pairs. Furthermore, 

there was no impact of JOL condition on any of the source memory parameter estimates for 

either related or unrelated pairs. Overall, although the positive JOL reactivity in related item 

memory is consistent with both the cue-strengthening and changed-goal accounts, the remainder 

of the results are inconsistent with both accounts – specifically, that positive reactivity was found 

for unrelated item memory and JOLs did not improve relatedness source memory. 

It is clear from the figures that the precision of the source memory parameters was 

considerably lower than that of the item memory parameter. In other words, the 95% CI was 

much wider around the estimates of each of the source memory parameters, and color and joint 

source memory were particularly low. This is likely attributable to relatively few observations 

that reach these branches of the MPT model, thus resulting in relatively imprecise parameter 

estimates. To be certain that this did not obscure any effects, we conducted further exploratory 

unidimensional models of source memory (Bayen et al., 1996) that separately considered source 

memory for relatedness and color. This model is very similar and indeed a precursor to the 

multidimensional source memory model, with the main difference being that there is no longer a 

joint source memory parameter nor a parameter representing source memory for the other source 

(e.g., color) given that the model is fit for only one of the sources (e.g., relatedness) at a time. 

This reduces the number of possible branches of the MPT model, thereby affording greater 
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opportunity for precise parameter estimates of the source memory parameters.6 Notwithstanding, 

the results of the unidimensional models were consistent with the former analysis: positive JOL 

reactivity was observed in item memory for related and unrelated items, with no credible impact 

of JOLs on source memory in either the relatedness-only or the color-only unidimensional model 

(see OSF for more details). The results of Experiment 1 therefore conflict with the cue-

strengthening and changed-goal accounts (see Table 1). 

Experiment 2 

 Experiment 2 provided a direct replication of Experiment 1, comparing participants’ item 

and source memory after making JOLs during study or not making judgments (JOL vs. no JOL 

group). In addition, we included another group of participants who made judgments of 

relatedness (JORs) for one block, for which they indicated how related the words in each pair 

were, and did not make judgments for the other block (JOR vs. no JOR group).  

The predictions from the two accounts regarding JOLs remained the same as Experiment 

1; new predictions for the JOR condition are as follows. Because the cue-strengthening account 

proposes that JOLs exclusively increase encoding of a pair’s relatedness, we should observe that 

JORs impact memory in a similar pattern to JOLs: JORs should increase item memory and 

relatedness source memory of related pairs but have no impact on memory of unrelated pairs. 

The effect of JORs in Experiment 2 under the changed-goal account is less clear. Because JORs 

also draw attention to differences in pair relatedness, they may also cause participants to focus 

their attention on related pairs and reduce attention to unrelated pairs, resulting in similar 

 
6 Note that we conducted a version of the multidimensional source memory model that removed the joint source 
memory parameter (see Meiser & Bröder, 2002), but the indices of convergence and fit were not adequate for any of 
the experiments. Thus, we decided to present the results of the unidimensional models that yielded better 
convergence (Ȓs < 1.11) and fit (all T1s > .05 and some T2s < .05 for similar reasons as explained previously) across 
experiments. Results of all the pre-registered and exploratory models can be found on OSF.  
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patterns to memory as JOLs. However, drawing participants’ attention to relatedness (by 

requiring JORs) may not necessarily cause participants to switch their learning goals since JORs 

do not address predictions of future memory as explicitly as JOLs. Thus, we did not make any 

predictions for JORs under the changed-goal account. 

Participants 

We aimed to recruit 180 new participants from Prolific (see Table 2). The rationale for 

this sample size is justified by the power analysis in Experiment 1 (i.e., 90 participants in each of 

the two JOL and JOR groups completing 128 trials). We used the same payment and inclusion 

criteria as Experiment 1.  

Collapsed across JOL and JOR groups, the sample of participants after exclusions 

included 55 (30%) who identified as female, 126 (68%) who identified as male, two (1%) who 

identified as non-binary, and 1 (0.5%) who identified as transgender. Seventy-five percent of the 

participants were White, 12% were Black or African American, and 13% reported another race. 

Eight participants identified as Hispanic or Latino. Participants were 20 to 70 years old (M = 

36.74, SD = 11.05). 

Apparatus and Procedure 

The materials, procedure, data collection, and exclusion decisions were the same as those 

of Experiment 1, except for the following: In addition to a JOL vs. No JOL group, there was a 

judgment of relatedness (JOR) vs. No JOR group (see Figure 1). Participants were randomly and 

approximately evenly assigned to either the JOL or JOR groups. Each group studied the same 

two blocks of mixed word pairs used in Experiment 1. All participants pressed the SPACEBAR 

while studying each pair in one block (No JOL/No JOR condition). For the other study block, 

half of the participants provided JOLs while studying and half provided JORs, wherein they 
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indicated, from 0 to 100%, what percentage of people would think of the second word when they 

see the first. One hundred percent (100%) indicated that 100% of people would think of the 

second word when given the first, and 0% indicated that no one would generate the second word 

when given the first. Having a design where participants do not provide a judgment for one block 

and provide either JOLs or JORs for the other block permits comparison of each participant’s 

performance for when they make a judgment that should impact performance compared to a 

control of no judgment. 

Data Analysis  

The analytic approach was the same as Experiment 1, comparing participants’ item and 

source memory when they made JOLs or JORs versus when they did not provide these 

judgments. Furthermore, the design allowed us to test whether the strength of the positive effects 

was similar or different between the JOL and JOR groups by making a between-subjects 

comparison between the No JOL/No JOR conditions to verify that there were no credible 

differences between the conditions for any of the memory parameters. Thereafter, we conducted 

corresponding between-subjects comparisons between the JOL and JOR conditions. 

Results 

 The results of the MPT model are presented in Figure 5 and Table 3.  

Within-subject comparisons 

As in Experiment 1, we observed positive reactivity in item memory for both related and 

unrelated pairs in the JOL group as well as the JOR group compared to their respective no- 
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judgment block.7 Regarding source memory parameters, the results showed that reactivity did 

not occur in any of the source memory parameters in either the JOL or JOR group, corroborating 

results from Experiment 1. 

Between-subject comparisons 

We next compared whether differences were observed between the JOL and JOR groups 

for each judgment condition (making a JOL/JOR vs. no judgment). First, there were no credible 

differences for any of the item or source memory parameters between groups during their 

respective no-judgment blocks. However, the JOR group showed credibly greater item memory 

compared to the JOL group when participants made judgments on related pairs (estimate = 0.11 

[0.03, 0.20]), but there was no difference between the groups for the unrelated pairs (estimate = -

0.04 [-0.12, 0.04]). Interestingly, relatedness source memory was credibly greater in the JOR 

group compared to the JOL group for judged related (estimate = 0.21 [0.01, 0.43]) and unrelated 

(estimate = 0.28 [0.00, 0.62]) pairs. JOL and JOR groups were similar regarding color and joint 

source memory.   

Exploratory unidimensional source memory models 

 As in Experiment 1, we fit separate unidimensional source memory MPT models for the 

relatedness and color sources to ensure that the pattern of results was not attributable to any 

imprecision in the parameter estimates. The pattern was consistent: positive reactivity was 

observed in item memory for both the JOL and JOR groups compared to their respective no-

judgment blocks in both the relatedness and color models. There were no credible reactivity 

 
7 There was an observed order effect in the JOR group: Participants who made judgments during the first block 
showed positive reactivity in item memory for unrelated pairs (estimate = 0.23 [0.14, 0.32]), whereas participants 
who made judgments during the second block showed no reactivity (estimate = 0.04 [-0.06, 0.14]). Consequently, 
their unrelated item memory was credibly smaller than that of the JOL group (estimate = -0.12 [-0.23, -0.02]). The 
results were otherwise consistent with what is reported here. Importantly, this order effect does not impact the 
consistency of the results with the predictions from either the cue-strengthening or changed-goal accounts.   
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effects in the source memory parameters of either model, except for a negative reactivity effect 

(i.e., greater source memory for no judgments over judgments) in the JOR group for orange pairs 

(estimate = -0.60 [-0.96, -0.07]). Given that the CI of this difference included nearly all the 

parameter space, we do not interpret this finding too strongly. These results are generally 

consistent with those of Experiment 1 in showing that fitting separate but simpler unidimensional 

models provided a consistent pattern of results as the original multidimensional source memory 

model.  

Summary 

 The results of Experiment 2 provide further evidence that positive JOL reactivity occurs 

in item memory for both related and unrelated pairs, the latter finding of which is inconsistent 

with predictions of the cue-strengthening account (which predicts no reactivity) and the changed-

goal account (which predicts negative reactivity). The lack of positive reactivity in relatedness 

source memory for JOLs is also inconsistent with the cue-strengthening account.  

Interestingly, relatedness source memory was strengthened for both types of pairs when 

participants made JORs but was not influenced by JOLs. One potential explanation is that JORs 

draw more explicit attention to the relationship between words in a pair than JOLs, better 

enhancing the memorial representation of the word pair’s relatedness than JOLs do. This also 

suggests that the positive reactivity effects of JOLs on item memory cannot be fully explained by 

strengthened encoding of the relationship between words. We return to other possibilities in the 

General Discussion. 

Experiment 3 

In Experiment 3, we used a similar procedure to Experiment 1 (i.e., a JOL vs. no JOL 

comparison) except that we allowed participants to self-pace their study rather than 
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experimentally control study time. According to the discrepancy reduction model (Dunlosky & 

Hertzog, 1998), participants may devote more study time to difficult items when allowed to 

control their own study8 (e.g., Nelson & Narens, 1994). This prediction has been supported in 

past JOL reactivity experiments that have used self-paced study: Participants tended to spend 

more time studying unrelated (difficult) items than related items (Janes et al., 2018; Mitchum et 

al., 2016). However, Mitchum and colleagues (2016) found that this effect was stronger in the no 

JOL group than the JOL group. This suggests that the discrepancy reduction approach is used to 

a lesser extent when participants make JOLs because JOLs de-emphasize learning difficult 

material. However, Janes and colleagues (2018) did not observe an impact of JOLs on study time 

allocation, thus calling this prediction of the changed-goal account into question.  

Given these discrepant results, Experiment 3 provides an additional test of the effect of 

JOLs on study time allocation. If making JOLs de-emphasizes mastery goals then, similar to 

Mitchum and colleagues (2016), JOLs should result in participants spending more time studying 

related pairs and less time on unrelated pairs compared to when they do not make JOLs. If we do 

not find that JOLs impact study times in this manner, replicating Janes and colleagues (2018), it 

would challenge predictions of the changed-goal account.  

Given that neither account makes nor implies that reactivity effects should differ based 

on whether study is self- or experimenter-paced, we chose to retain the memory parameter 

predictions from Experiment 1 under each account (see Table 1). However, prior work suggests 

diverging patterns of reactivity between self-paced and experimenter-paced studies. Specifically, 

experiments using self-paced study have typically found no significant improvements in memory 

 
8 We note too that the mastery instructions included in the present experiments outline a specific goal for 
participants, consistent with accounts of control over memory predicated on participants' learning agendas (Ariel et 
al., 2009). 
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of related pairs and stronger detrimental effects of JOLs on memory for unrelated pairs 

(Mitchum et al., 2016; but not significantly so in Janes et al., 2018). Thus, the mechanisms of 

reactivity may depend on whether study is self- or experimenter-paced: When study time is self-

paced, participants have greater autonomy to allocate their own study time based on item 

difficulty, attending less to the semantic relationships between related word pairs. In turn, this 

would reduce positive reactivity in memory of related items (consistent with Mitchum et al., 

2016 and Janes et al., 2018). Conversely, when study time is experimenter-paced, participants 

may have less opportunity to realize learning goals, so they focus more on the relationship 

between words, yielding a positive JOL reactivity effect.  

By comparing differences in reactivity effects between Experiments 1 and 3, we can 

determine whether self-paced study replicates patterns from experimenter-paced study and, if 

not, why it is that study pacing is an important factor to how JOLs change these memory 

parameters. For example, reduced JOL reactivity in relatedness source memory in Experiment 3 

would signal that self-paced study in Experiment 3 reduced the relevance of relatedness as a cue.  

In all, the changed-goal account predicts that JOLs should increase study time allocation 

to related pairs and decrease time spent on unrelated pairs in Experiment 3. Subsequently, JOLs 

should improve related item memory but reduce unrelated item memory. The cue-strengthening 

account predicts that JOLs should improve item and relatedness source memory of related items 

without impacting memory of unrelated items. Additionally, any differences in reactivity effects 

between Experiments 1 and 3 can inform how self- vs. experimenter-paced study impacts JOL 

reactivity mechanisms. 
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Participants 

Ninety new participants were recruited from Prolific based on the power analysis from 

Experiment 1, and the same payment and inclusion criteria as Experiment 1 was used (see Table 

2). Fifty-five participants (61%) identified as female, 33 (37%) as male, one (1%) as non-binary, 

and one (1%) did not report their gender. Fifty-seven percent of the sample identified as White, 

23% as Black or African American, and 18% as another race. Two participants (2%) did not 

report their race. Three participants identified as Hispanic or Latino. Participants were 21 to 86 

years old (M = 36.99, SD = 13.79). One participant did not report their age. 

Apparatus and Procedure 

The materials, procedure, and data collection were the same as those of Experiment 1, 

except that participants were allowed to pace their own studying. Participants were instructed 

that they could move through the pairs at their own pace and that there was no time limit for how 

long they could spend studying. However, they were encouraged to study each pair long enough 

so that they could remember all pairs and their source details on the later test. Participants then 

made a JOL for each pair in one block and made no judgment for the other block 

(counterbalanced for order). For the JOL list, we used a similar procedure as that used in 

Mitchum et al. (2016). Participants saw one pair presented at a time (without the JOL prompt) 

and studied the pair as long as they wished. Then, they pressed the SPACEBAR to continue to 

the JOL prompt, without the word pair presented. When participants did not provide judgments 

(No JOL condition), they saw one pair presented at a time and then pressed the SPACEBAR to 

move to the next pair. To partly equate the time spent to make a JOL, 0.5 seconds was added to 

the ISI in the No JOL condition, following procedures from Mitchum et al. (2016).  
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Data Analysis  

Data were removed given the same rules outlined in Experiment 1 (i.e., not responding to 

enough JOL or SPACEBAR prompts, responding to test items either too fast or too slow, 

technical issues). In addition, it was possible that participants may have moved quickly through 

the study trials without spending a reasonable amount of time trying to learn the materials, 

despite instructions encouraging good memory performance. To account for this, we also 

removed and replaced any participants who had an average study time less than 1.5 seconds per 

pair for any of the study blocks (following our pre-registered plans). The analytic approach for 

item and source memory was the same as Experiment 1.  

Results 

The results are presented in Figure 6 and Table 3. As in the previous two experiments, 

positive reactivity in item memory was observed for both related and unrelated pairs, with no 

credible effects observed in source memory.9 Fitting the exploratory unidimensional source 

models revealed the same pattern of results. Thus, we replicated and extended the previous 

findings even when study was self-paced. Most importantly, these results again provide evidence 

that positive JOL reactivity is specific to item memory and occurs for both related and unrelated 

pairs. 

To examine study time allocation, we conducted a 2 (Judgment: JOL, No JOL) x 2 (Type 

of Item: Related, Unrelated) repeated-measures Bayesian analysis of variance (BANOVA) using 

the BayesFactor (BF) package with its default settings (Morey et al., 2015). Inconsistent with the 

 
9 Note that there was an observed order effect: Participants who made judgments during the second block showed 
positive reactivity in item memory for related pairs (estimate = 0.16 [0.06, 0.26]) and negative reactivity in 
relatedness source memory for related pairs (estimate = -0.29 [-0.59, -0.02]), whereas participants who made 
judgments during the first block showed no reactivity in either case (estimate = 0.05 [-0.04, 0.14] and estimate = 
0.24 [-0.05, 0.53], respectively). The results were otherwise consistent with what is reported here. Importantly, this 
order effect does not impact the consistency of the results with the predictions from either the cue-strengthening or 
changed-goal account.  
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changed-goal account (Mitchum et al., 2016), study times were relatively similar regardless of 

the judgment or type of item (see Table 4). Specifically, there was ambiguous evidence (BF = 

1.58) against an interaction, and the null model was strongly preferred to the full model 

including an interaction (BF01 = 5.81). Thus, we observed no evidence that participants tend to 

spend more time studying related pairs at the expense of unrelated pairs when making JOLs as 

the changed-goal account predicts. 

General Discussion 

 Research on JOL reactivity reveals that metamemory judgments are not simply a neutral 

observation of memory; evaluating one’s memory may also change those memories (Double et 

al., 2018; Double & Birney, 2019). The experiments in this registered report sought to 

comprehensively test the two predominant theories of JOL reactivity – the cue-strengthening 

account (Soderstrom et al., 2015) and the changed-goal account (Mitchum et al., 2016) – within 

a measurement approach that extends beyond metrics of observed performance to estimate 

underlying processes. The results can be summarized as follows. First, positive reactivity on item 

memory (i.e., an elevation in the item memory parameter when JOLs and JORs were solicited) 

was evident in each experiment for both related and unrelated items. Second, all estimates of 

source memory (relatedness, color, and joint) were unaffected by soliciting JOLs in each 

experiment, with parameter estimates largely unchanged when considered within either a more 

complex or a simpler, unidimensional model. The only observed change in source memory was 

in Experiment 2, wherein those who made JORs showed superior item memory and relatedness 

source memory compared to those who made JOLs when groups made judgments on related 

pairs. Third, Experiment 3 indicated that making JOLs did not credibly change participants’ 

allocation of study time to related and unrelated pairs compared to when JOLs were not solicited. 
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Thus, across three experiments, making JOLs and JORs consistently enhanced item memory 

estimates for related and unrelated items, but had no credible impact on source memory or 

allocation of study time compared to no-judgment conditions. In what follows, we discuss these 

findings with respect to each theory. 

Cue-Strengthening Account 

 The cue-strengthening account suggests that JOL reactivity depends on the overlap 

between the information (i.e., cues) that learners consider while making JOLs and the 

information that facilitates later retrieval (Soderstrom et al., 2015). Specifically, JOLs are 

presumed to encourage learners to interrogate items regarding the most salient basis for making 

such judgments (relatedness in this case). For instance, when making a JOL for the pair BUZZ–

BEE, participants would be presumed to evaluate the pair by noting that the two items are closely 

related, thereby enhancing encoding of the relatedness between that pair. However, for unrelated 

pairs (e.g., BUZZ–MONKEY), the lack of a relationship would not engender further encoding of 

an (absent) relationship when JOLs were made. Indeed, several prior studies have reported this 

interaction on tests of cued recall, with JOLs selectively improving cued recall of related items 

but having little or no influence on memory for unrelated items (e.g., Halamish & Undorf, 2023; 

Myers et al., 2020; Rivers et al., 2021). In the current study, the cue-strengthening account would 

make two major predictions (see Table 1): (1) JOLs would selectively enhance item memory for 

targets studied in related but not unrelated pairs and (2) JOLs would selectively enhance 

relatedness source memory for items studied in related but not unrelated pairs.  

  Our findings were inconsistent with both predictions. Regarding the former, JOLs 

strengthened item memory estimates in each experiment for both related and unrelated items, 

relative to items not accorded JOLs (see also Myers et al., 2020). Although the increased item 
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memory estimates for related items given JOLs comports with the cue-strengthening account, the 

account does not anticipate the improvement in memory for unrelated items likewise given JOLs. 

According to the cue-strengthening account, when making JOLs, the absence of a semantic 

relationship should diminish active attempts to evaluate the connection between unrelated items, 

such that making JOLs would not beget an encoding benefit for unrelated pairs. 

 A key assumption of the cue-strengthening account is that making JOLs “…lead[s] to 

better memory performance on the items so judged when a later criterion test is sensitive to such 

information.” (Soderstrom et al., 2015, p. 557). Although item recognition is sensitive to the 

efficacy of encoding (e.g., Craik & Tulving, 1975), one might accommodate the similar positive 

impact of JOLs on related and unrelated items by suggesting that the nature of the item 

recognition test places less emphasis on contextual and associative information than other 

criterion tests, such as cued recall (this possibility is explored later on). However, such an 

explanation must also accommodate data related to the second prediction of the cue-

strengthening account: providing JOLs should selectively improve source memory for pair 

relatedness. We found no evidence that JOLs credibly impacted any source memory details, even 

when fitting simpler unidimensional rather than multidimensional models.  

We note that performance on the source memory task was generally modest, suggesting 

the possibility that the source dimensions (especially color) tested in the current experiments 

may have been too challenging for participants. However, when participants made judgments of 

relatedness (JORs) in Experiment 2, source memory estimates for relatedness were credibly 

enhanced compared to those who made JOLs. These data indicate that the source memory task 

was amenable to other encoding operations and provide evidence that JOLs and JORs may 

influence different memory details.  
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Future investigations should continue to test the cue-strengthening account within other 

source memory tasks. For instance, Halamish and Undorf (2023) randomly assigned participants 

to make JOLs or simply study related, unrelated, and identical (e.g., BUZZ–BUZZ) pairs. At test, 

participants were presented with the cue and first indicated the type of pair the item was studied 

in (related, unrelated, or identical) before recalling the target. With this design, they found that 

cued recall was superior for related (d = 0.57) and identical (d = 0.25) pairs for participants 

making JOLs relative to those not making JOLs, with a trend for negative reactivity for unrelated 

pairs (d = -0.16). Relatedness judgments were also more accurate when participants made JOLs 

compared with a No-JOL condition. However, given the recall advantage already present for 

related and identical pairs (which may have subsequently increased their relatedness judgments), 

Halamish and Undorf (2023) also examined the accuracy of relatedness judgments for unrelated 

targets that were not recalled. Even for unrecalled unrelated pairs, participants making JOLs 

made more accurate source judgments than participants who did not make JOLs (d = 0.50). Such 

data are consistent with a theory positing that relatedness information is strengthened by JOLs 

but diverge from the data reported in our experiments, which suggested that JOLs conferred no 

benefits to relatedness source memory performance. Aside from differences in design, materials, 

and the criterion test used in the experiments, we also note that our measurement approach 

includes parameters for guessing as part of yielding estimates of item and source memory. Future 

progress in understanding whether JOLs benefit source memory will certainly be enhanced by a 

similar measurement approach and by including a broader range of source tasks and study/test 

conditions. For the present, we note that the findings in the experiments of this registered report 

do not support the cue-strengthening account. 
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Changed-Goal Account 

   The changed-goal account proposes that the charge to provide a prediction of future 

memory performance may alter participants’ learning goals. That is, “…participants who make 

JOLs may deemphasize mastery as a goal and shift toward greater focus on learning items they 

perceive as easy and moderately difficult at the expense of time spent on the most challenging 

items” (Mitchum et al., 2016, p. 202). In the context of learning related and unrelated items, 

making JOLs should thus lead learners to focus less on mastering all items and instead focus on 

related items that are more likely to be learned. Consistent with this premise, in several 

experiments, Mitchum and colleagues (2016) reported that making JOLs enhanced memory for 

related pairs (positive reactivity) and diminished memory for unrelated pairs (negative 

reactivity). Accordingly, in the current study, the changed-goal account predicted (see Table 1) 

that (1) JOLs would enhance item memory for targets studied in related pairs and diminish 

memory for items studied in unrelated pairs and (2) JOLs would lead to changes in self-paced 

study time allocation in Experiment 3, such that learners would spend more time on related pairs 

and less time on unrelated pairs when JOLs were solicited compared to when they were not.  

Findings from the experiments did not support these predictions. Specifically, item 

memory estimates were credibly improved for both related and unrelated items when participants 

made JOLs. Although the improvement for related targets was anticipated by the changed-goal 

account, it would not predict an improvement for unrelated targets, which are presumed to 

receive less attention during study when JOLs are solicited than when they are not solicited. 

Furthermore, regarding the second prediction, our analyses showed negligible systematic 

differences in study time allocation to related and unrelated items based on whether participants 
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provided JOLs (see also Janes et al., 2018, Experiment 1). Thus, data from self-paced study time 

as well as estimates of item memory do not support the changed-goal account. 

An important note is that participants in the present study were given different 

instructions about the later test than other reactivity research. In past research, participants were 

usually told they would need to recall the second word of each pair when given the first. In the 

present experiments, participants were prepared for a source recognition test. The difference in 

participants’ expectations for the test may have impacted their approaches to the study phase in a 

different manner than past research, which could account for our divergent results. However, the 

changed goal account anticipates that JOLs draw participants’ attention specifically to the 

difficulty of studied pairs (i.e., related pairs will be easier to remember than unrelated). Although 

our criterion test relied on memory for individual items and their sources rather than cued recall 

(and is less sensitive to memorial differences in related vs. unrelated pairs than cued recall), we 

still believe that participants would be drawn to the difference in difficulty between related and 

unrelated pairs during study. Therefore, we do not expect that the instructions about the later test 

could account for our results. However, future research might consider how instructions before 

study impact reactivity findings. 

Toward a Unified Account of JOL Reactivity 

The cue-strengthening and changed-goal accounts have been the dominant focus of JOL 

reactivity, with many recent empirical investigations into the predictions of these accounts (e.g., 

Janes et al., 2018; Li et al., 2024; Maxwell & Huff, 2023; Rivers et al., 2021), including the 

present study. However, the current data do not support either account: the positive reactivity for 

unrelated item memory, the lack of improvements to relatedness source memory, and the lack of 

a change to study time allocations suggest limitations of these two accounts. Other studies have 
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discovered limitations of these accounts as well (e.g., Li et al., 2024). Accordingly, future work 

must seek to update existing accounts and/or investigate new theories of JOL reactivity (e.g., 

Senkova & Otani, 2021).  

The finding of positive JOL reactivity for unrelated item memory was particularly 

unexpected and diverged from past studies which have found no reactivity (e.g., Soderstrom et 

al., 2015) or negative reactivity (e.g., Mitchum et al., 2016) for unrelated items. However, since 

the time this project was originally accepted as a Stage 1 registered report, several studies have 

produced similar positive reactivity on item recognition tests. JOLs have increased recognition of 

related and unrelated word pairs (Li et al., 2023, 2024; Maxwell & Huff, 2024), single-word lists 

(e.g., Li et al., 2023, 2024; Zhao et al., 2023), and visual images (Shi et al., 2023). To account for 

these unexpected findings, Maxwell and Huff (2024) theorized that JOLs may enhance the 

familiarity of studied information. While these signals do not benefit cued recall of unrelated 

words, whereby participants must recall specific items, the increase in familiarity is strong 

enough to benefit item memory for unrelated items in recognition tests. This also coheres with 

the consistent lack of reactivity for source memory in the present experiments, which require 

recollective details.  

A limitation of this account, however, is that increased familiarity signals cannot account 

for positive JOL reactivity of related pairs on cued recall (cf. Maxwell & Huff, 2024). Therefore, 

other details, such as the relationship between words, must drive reactivity on cued recall tests, 

as suggested by the cue-strengthening account (see also Halamish & Undorf, 2023). This further 

underscores that multiple mechanisms most likely underly reactivity effects. 

The unexpected finding of JOL reactivity for unrelated items may also be a function of 

power. The reactivity effect on unrelated item memory, when found, tends to be very small and 
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may require high power to detect. For example, JOLs never significantly improved unrelated 

item recognition in Myers et al.’s (2020) individual experiments. However, when all experiments 

were included in the reported meta-analysis, there was a small but significant positive reactivity 

effect for unrelated item recognition (d = 0.16). With a more sophisticated statistical modeling 

method used in the present study and a sample size that could detect the proposed effect with 

100% power, our results might have unveiled reactivity effects that went undetected by lower-

powered studies. 

Further examination into underlying cognitive mechanisms driving criterion test 

performance will continue to be beneficial in the effort to understand the causes of JOL 

reactivity (e.g., Chang & Brainerd, 2023; Zhao et al., 2023). The challenge for any account, 

however, will be to allow for a priori predictions of when JOLs will or will not support 

subsequent memory performance. Given the complexity of the current mixed findings in the 

field, this will be no easy feat. However, with more research we are encouraged that a 

converging understanding of JOL reactivity will emerge. Additionally, the present study 

highlights the value of pre-registering methods and hypotheses, as we were compelled to make 

predictions in advance of data collection rather than fitting theory to our findings (cf. Roberts & 

Pashler, 2000). We encourage future investigations of this type as a means of competitively 

testing accounts of JOL reactivity.  

Summary and Conclusions 

 JOL reactivity poses important theoretical and applied questions for investigations of 

metamemory. Rather than serving as a neutral means of operationalizing monitoring (awareness) 

of memory, judgments of learning may modify how participants control (self-regulate) encoding 

processes, thereby modifying memory. Accordingly, no understanding of metamemory (and no 
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application to learning) can be complete without an understanding of when and why JOLs result 

in reactivity. This registered report tested two of the most prominent accounts of JOL reactivity: 

the changed-goal and cue-strengthening accounts. In three experiments, we failed to find broad 

support for either account, with JOLs conferring widespread benefits to item memory and having 

no impact on source memory or self-paced study time, in contrast to predictions from each 

theory that proposes selective benefits (and costs) to item and source memory. For the present, 

our findings suggest that a comprehensive account of JOL reactivity remains elusive, but further 

investigation into JOL reactivity on cognitive processes beyond performance on a criterion test 

may provide better purchase on such an account.  
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Table 1 

JOL Reactivity Accounts’ Predictions and Observed Results Found in the Present Experiments 

 
Cue-Strengthening 

Account 

Changed-Goal 

Account 
Observed Result 

Exp. Measure 
Related  
items 

Unrelated 
items 

Related  
items 

Unrelated 
items 

Related  
items 

Unrelated 
items 

1 Item memory 
 

Increase No change Increase Decrease Increased Increased 

Source memory: Relatedness Increase No change Increase Decrease No change No change  
Color No change No change Increase Decrease No change No change  
Joint No change No change Increase Decrease No change No change 

2 Item memory 
 

JOL & JORs: 

Increase 

No change JOLs: 

Increase 

JOLs: 

Decrease 

JOL & JORs: 

Increaseda 

JOL & JORs: 

Increased 
Source memory: Relatedness JOL & JORs: 

Increase 

No change JOLs: 
Increase 

JOLs: 
Decrease 

No changea No changea 

 
Color No change No change JOLs: 

Increase 
JOLs: 

Decrease 
No change No change 

 
Joint No change No change JOLs: 

Increase 
JOLs: 

Decrease 
No change No change 

3 Item memory 
 

Increase No change Increase Decrease Increased Increased 
Source memory: Relatedness Increase No change Increase Decrease No change No change  

Color No change No change Increase Decrease No change No change  
Joint No change No change Increase Decrease No change No change 

Time spent studying No change No change Increase Decrease No change No change 
Note. Exp. = experiment. JOL = Judgment of Learning. JOR = Judgment of Relatedness. Table contents represent the effect of how 
JOL/JOR conditions should or did impact memory compared to the no-judgment condition. Bolded terms indicate clear predictions 
that should be supported under each account; non-bolded terms indicate predictions based on extensions of the current accounts. 
a Making judgments increased this parameter for judged items for those in the JOR group compared to the JOL group. 
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Table 2 

Sample Details and Exclusions 

    Exp. 1 Exp. 2 Exp. 3 

 JOL JOL JOR JOL 

Total N attempted 102 102 94 101 

N excluded for pre-registered reasons: 8 6 1 3 

 1. Incomplete due to quitting midway 8 6 1 3 

 2. Did not respond to >4/32 study trials per block 0 0 0 0 

 

3. Mean responses <1500 ms per pair during any study 
block - - - 0 

Final N for full analysis (see OSF) 94 96 93 98 

N subsetted to check against full analysis 4 2 3 8 

 1. Responses <500 ms during >7/64 test trials per block* 1 1 2 1 

 

2. Legitimate technical difficulties (e.g., internet 
disruption)* 2 0 1 2 

 3. Reported taking notes during the study* 1 1 1 5 
% test trials excluded for being >3 SDs away from 
individual mean RT 1.48% 0.67% 0.78% 1.85% 

Final N for subsetted analysis (reported in the text) 90 94 90 90 

Note. Exp. = Experiment. JOL = Judgment of Learning. JOR = Judgment of Relatedness. OSF 
= Open Science Framework. 
* Note that these may not sum to the total N subsetted given that participants could be subsetted 
for more than one reason (e.g., a participant took notes and also had technical difficulties). 
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Table 3 

Mean Parameter Differences (and 95% CIs) in each Experiment 

  Judgment Pair Relatedness 

Parameter Exp. Type Related Unrelated 

Dij Item memory 1 JOL 0.14 [0.07, 0.21] 0.11 [0.05, 0.18] 

  2 JOL 0.15 [0.08, 0.22] 0.16 [0.11, 0.21] 

   JOR 0.26 [0.19, 0.33] 0.13 [0.07, 0.20] 

  3 JOL 0.10 [0.04, 0.16] 0.12 [0.05, 0.19] 

eij
Rel  Source memory: relatedness 1 JOL -0.02 [-0.16, 0.13] -0.01 [-0.37, 0.32] 

  2 JOL -0.16 [-0.38, 0.08] -0.13 [-0.49, 0.20] 

   JOR 0.08 [-0.10, 0.26] 0.20 [-0.04, 0.57] 

  3 JOL -0.05 [-0.25, 0.15] -0.10 [-0.35, 0.13] 

eij
Col Source memory: color 1 JOL -0.10 [-0.31, 0.10] -0.03 [-0.23, 0.16] 

  2 JOL -0.04 [-0.29, 0.17] -0.14 [-0.40, 0.11] 

   JOR -0.13 [-0.43, 0.15] 0.06 [-0.32, 0.41] 

  3 JOL -0.03 [-0.26, 0.18] -0.02 [-0.23, 0.20] 

dij  Source memory: joint 1 JOL 0.01 [-0.17, 0.17] -0.06 [-0.23, 0.10] 

  2 JOL -0.11 [-0.29, 0.11] -0.03 [-0.24, 0.16] 

   JOR 0.08 [-0.12, 0.35] -0.11 [-0.42, 0.26] 

  3 JOL -0.08 [-0.28, 0.13] -0.02 [-0.18, 0.11] 
Note. Exp. = Experiment. JOL = Judgment of Learning. JOR = Judgment of Relatedness. 
Boldface indicates an observed credible effect (i.e., a difference between judgment/no judgment 
conditions). 
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Table 4 

Means (and Standard Deviations) of Observed Performance Measures 

Exp. Measure Judgment Related Pairs Unrelated Pairs 

   Blue Orange Blue Orange 

1 Study rating (%) JOL 57.86 
(24.36) 

58.77 
(23.75) 

37.53 
(23.00) 

37.16 
(23.00)  

Old hits (%) JOL 70.52 
(21.39) 

73.71 
(20.83) 

62.61 
(27.01) 

63.35 
(24.50)   

No JOL 63.93 
(24.82) 

63.73 
(24.01) 

57.31 
(25.03) 

55.44 
(23.49)  

Source hits (%) JOL 35.20 
(22.83) 

33.67 
(25.35) 

27.67 
(22.68) 

27.84 
(23.94)   

No JOL 32.41 
(22.14) 

31.67 
(23.41) 

24.69 
(20.78) 

26.69 
(21.35)  

False alarms (%) JOL 13.16 (16.52)   
No JOL 15.80 (16.58) 

2 Study rating (%) JOL 59.56 
(23.67) 

58.17 
(23.99) 

38.15 
(23.66) 

37.51 
(23.52)   

JOR 79.93 
(16.24) 

78.99 
(17.09) 

12.27 
(17.06) 

12.65 
(16.44)  

Old hits (%) JOL 71.14 
(27.30) 

68.66 
(25.04) 

63.41 
(24.50) 

64.38 
(26.01)   

No JOL 60.71 
(24.36) 

61.87 
(23.92) 

56.25 
(23.95) 

55.83 
(25.50)   

JOR 79.23 
(17.90) 

77.26 
(20.24) 

62.06 
(21.11) 

58.73 
(25.42)   

No JOR 62.28 
(22.92) 

61.83 
(25.08) 

54.58 
(23.47) 

55.51 
(26.17)  

Source hits (%) JOL 33.97 
(24.76) 

31.99 
(22.75) 

26.97 
(21.64) 

26.08 
(20.87)   

No JOL 31.42 
(19.75) 

29.22 
(21.40) 

26.58 
(19.27) 

22.82 
(18.96)   

JOR 40.54 
(23.17) 

36.13 
(22.61) 

29.60 
(20.74) 

28.12 
(22.02)   

No JOR 31.21 
(22.42) 

29.64 
(23.69) 

23.63 
(22.58) 

25.65 
(19.05)  

False alarms (%) JOL 14.92 (15.45)   
No JOL 21.39 (19.37)   

JOR 15.01 (17.66)   
No JOR 20.55 (19.88) 

Note. Exp. = Experiment. JOL = Judgment of Learning. JOR = Judgment of Relatedness 
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Table 4 (continued) 

Means (and Standard Deviations) of Observed Performance Measures 

Exp. Measure Judgment Related Pairs Unrelated Pairs 

   Blue Orange Blue Orange 

3 Study rating (%) JOL 65.89 
(19.00) 

66.54 
(17.96) 

42.52 
(23.24) 

41.68 
(22.65)  

Study RTs (s) JOL 5.88 (5.59) 5.50 (5.11) 6.37 (6.19) 6.39 (5.49)   
No JOL 5.29 (5.66) 5.66 (6.29) 5.06 (3.70) 5.24 (3.75)  

Old hits (%) JOL 75.02 
(21.67) 

72.43 
(20.43) 

64.04 
(25.59) 

66.71 
(26.78)   

No JOL 68.19 
(23.54) 

65.91 
(22.74) 

60.28 
(26.49) 

54.50 
(24.49)  

Source hits (%) JOL 42.60 
(25.30) 

35.32 
(24.54) 

24.91 
(22.06) 

30.50 
(20.69)   

No JOL 38.12 
(24.98) 

34.94 
(25.10) 

26.22 
(24.61) 

25.91 
(23.39)  

False alarms (%) JOL 13.49 (16.89)   
No JOL 16.58 (16.54) 

Note. Exp. = Experiment. JOL = Judgment of Learning. JOR = Judgment of Relatedness. RTs = 
response times. 
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Figure 1 

Sample of Study Materials and Testing Procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
Note. Participants studied related and unrelated word pairs presented in orange or blue font and 

made either judgments of learning (JOL), pressed the SPACEBAR (No JOL), or made 

judgments of relatedness (JOR; Experiment 2). Later, participants decided whether they studied 

each presented item. If they decided they had studied the item, they then indicated whether it was 

in a related or unrelated pair presented in either orange or blue. 

  

Recognition & Source Memory Test 

Did you study 
COAT? 

Old New 

What color and type of pair was it 
studied with? 

Related-Blue Related-Orange 

Unrelated-Blue Unrelated-Orange 

If Old: If New: 

Did you study 
MONEY? 

Old New 

JOL No JOL 

Study Procedure 
JACKET – COAT 

JOR (Exp. 2) 

JACKET – COAT 
 

How likely is it that you will 
remember the word on the 

right? 

__________ 

JACKET – COAT 
 

How many people would think of the 
second word when they see the 

first? 

__________ 

JACKET – COAT 

SHOUT – MONEY  

… 
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Figure 2 

Diagram of Procedure  

 

Note. Participants were randomly assigned to either Counterbalance Group A (JOL/JOR during 

Block 1, no judgment during Block 2) or Group B (no judgment during Block 1, JOL/JOR 

during Block 2). After studying each block, participants took a source recognition test for 

whether each item on the test was new or old. If it was old, they then indicated whether it was 

presented in a related or unrelated pair in orange or blue font.  
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Figure 3  

Processing-tree Diagram of the Multinomial Model of Multidimensional Joint Source Memory  
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Note. 

Response column: Attribute i  (A; B) represents source memory on the first dimension 

(Relatedness), A denoting “related” and B “unrelated.” Attribute j  (X; Y) represents source 

memory on the second dimension (Color), X denoting “blue” and Y “orange.”  

 General layout: D represents accurate item memory (whether the item was old or new), 

and d and e represent accurate source memory. a, b, and g are guessing parameters: a represents 

correct source guessing given item memory but in absence of source memory. b represents 

guessing that an item is old, and g represents source guessing in absence of item memory. “1 – 

x” (x = any notation in the model) represents “did not”. For example, Dij indicates the probability 

of correctly recognizing target items from sources i and j, whereas 1 - Dij represents the absence 

of correct item recognition from sources i and j. 

Pathway notations: Dij = probability of recognizing studied items from sources i and j; 

DNew= probability of recognizing distractor items as new; dij = probability of joint retrieval of 

sources i and j; eij
Rel = probability of independent retrieval of source i; eij

Col = probability of 

independent retrieval of source j; aRel = probability of guessing “A” on the relatedness source 

dimension for recognized studied items; a|A
Col, a|B

Col = probability of guessing “X” on the color 

source dimension for recognized studied items assigned to A or B, respectively; b = probability 

of guessing ‘‘old’’; gRel = probability of guessing “A” on the relatedness source dimension for 

unrecognized studied or distractor items; g|A
Col, g|B

Col = probability of guessing “X” on the color 

source dimension for unrecognized studied or distractor items assigned to A or B, respectively. 
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Figure 4  

MPT Model Parameter Estimates for Experiment 1 
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Figure 5  

MPT Model Parameter Estimates for the JOL (Top Panels) and JOR (Bottom Panels) Groups in Experiment 2 
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Figure 6  

MPT Model Parameter Estimates for Experiment 3 

 


