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Prior studies have shown that predictions of subsequent performance (i.e., Judgments
of Learning, JoLs) following tests are more accurate than those following re-study and
have suggested that retrieval practice allows people to base their predictions on the
current retrieval outcomes so that they assign a higher likelihood of remembering to
answers with high confidence. We speculated that other mechanisms, such as retrieval
fluency during tests, might also be important for JoLs and that they both offer diagnostic
information helping learners to make more accurate JoLs. In the present study, we asked
participants to study word-pairs and undergo either a test or re-study trial. Two testing
formats (cued-recall and multiple-choice) were administrated for the test condition in
two experiments. After the initial test or re-study of the word-pair, participants rated their
confidence in the current retrieval accuracy (test) or confidence in acquisition (re-study),
followed by a JoL rating where participants predicted their performance in the final test
one day later. The results of both experiments showed that the correlation between JoL
ratings and the final accuracy was higher for test trials compared with re-study trials.
Moreover, using mediation analyses, we found that this high correspondence was only
partially mediated by participants’ confidence in initial tests. Both retrieval reaction time
and retrieval confidence simultaneously mediated the correspondence between JolLs
and the final accuracy, suggesting that participants were able to correctly base their JoLs
on multiple sources of information that are made available through retrieval practice.

Keywords: judgment of learning, retrieval practice, confidence rating, testing effect, metacognition

INTRODUCTION

Retrieval practice is more beneficial than repeated study: it not only enhances students’ memory
performance in a future test (Roediger and Karpicke, 2006; Karpicke and Roediger, 2008) but
also helps them make more accurate predictions about future performance (King et al., 1980;
Ariel and Dunlosky, 2011). The prospective prediction (i.e., Judgments of Learning, JoLs) reflects
the quality of metacognitive monitoring of memory, which is critical for efficient learning
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(Nelson, 1990; Nelson and Dunlosky, 1991; Benjamin et al,
1998). In an early study (King et al., 1980), participants studied
word-pairs and underwent either an initial test or re-study,
followed by a JoL rating. Researchers found that participants
made more accurate JoLs for the word-pairs that were tested than
for the ones re-studied, suggesting proper monitoring associated
with retrieval practice.

Some studies have explored why retrieval during a test
improves the accuracy of JoLs (Finn and Metcalfe, 2007; Hertzog
et al., 2013; Tullis et al., 2013; Serra and Ariel, 2014). One
account suggests that participants rely on their memory of test
outcomes to make JoLs: participants assign a high likelihood of
remembering to the items they believed they answered correctly
during the test, and a low likelihood to the ones they did not (Finn
and Metcalfe, 2007, 2008). For example, in King’s study (King
et al., 1980), participants had higher JoL ratings for successfully
recalled items than for those not recalled during tests, suggesting
participants’ reliance on retrieval outcome when making JoLs.
What is largely unknown, however, is whether confidence in
retrieval accuracy is the only factor through which retrieval
facilitates JoLs.

Dougherty et al. (2005) attempted to examine whether JoLs
following tests simply reflect the confidence in the retrieval
outcomes. In their experiment, students made two judgments
after the initial test: a retrospective judgment about test accuracy,
and a predictive JoL about how confident they were that they
would recall the target word in a later test. Results showed that
when participants answered correctly in the test, they were highly
confident that they had the right answer, but less confident that
they would remember it in the future. The authors concluded that
the two confidence judgments conveyed different information
and suggested that a JoL reflected retrieval confidence plus some
“variation,” which could be due to random noise or systematic
use of other cues. This result has been replicated in a recent study
(Dougherty et al., 2018), together suggesting that multiple sources
of information may contribute to JoLs.

Despite the progress in revealing the possibility of other
mechanisms underlying JoLs and the benefits of testing, the
majority of research has been focusing on isolating contributors,
rather than studying JoL as a complex process with multiple
bases. It leaves the question open as to what specific information
made available through retrieval practice promotes the accuracy
of JoLs compared with re-study.

In the present study, we examine whether the high corres-
pondence between JoLs and the final accuracy can be fully
attributed to participants’ confidence in their test performance.
We speculate that, in addition to confidence in the retrieval
outcomes, the speed with which the answer comes to mind
might also serve as a clue for making better JoLs (Dunlosky
and Metcalfe, 2008). In fact, researchers using general knowledge
questions have shown that participants associated the answers
that came to mind faster with higher JoLs, even when they were
actually harder to remember (Benjamin et al., 1998), suggesting
that retrieval fluency may be a potent source for JoLs. Other
studies also suggest that JoL increases when the retrieval is easy
and fast (Matvey et al., 2001; Koriat and Maayan, 2005; Hertzog
et al.,, 2013). However, whether retrieval fluency truly helps to
improve the accuracy of JoL is largely unknown.

This study quantitatively examines the factors that may
contribute to more accurate JoLs following tests, adopting
a mediational approach. We investigate whether participants’
confidence in retrieval accuracy fully mediates the relationship
between the JoLs and the final test accuracy, and examine the
hypothesis that both retrieval confidence and retrieval fluency
make independent mediational contribution to the relationship
between JoLs and the final accuracy. We use two different initial
testing formats, cued-recall and multiple-choice, to examine
the generalization of results to the situation when the initial
test and the final test are in different format, particularly
when the initial test is a multiple-choice test, which has been
shown to be less effective than a cued-recall test (Glover, 1989;
Carpenter and DeLosh, 2006).

MATERIALS AND METHODS

Participants

College students (aged 17-27 years old) participated in this study
for course credits. Forty-one participants (mean age = 20.5 years,
32 females) completed the experiment with the cued-recall
format. Six of them were excluded due to low accuracy (less
than 10%) on the final test. Forty-nine (mean age = 19.7 years,
31 females) completed with the multiple-choice format, ten of
which were excluded due to lower than chance level (25%)
accuracy. This study was approved by the Ethical Committee,
Xiamen University. All participants gave written informed
consent in accordance with the Declaration of Helsinki.

Materials and Procedures

In both experiments, participants studied 120 Chinese word-pairs
(Zhang et al., 2018), selected from the Chinese Corpus database'
(see more details in Supplementary Appendix A). Word-pairs
were randomly assigned into six lists so that participants only
needed to remember 20 word-pairs at a time. During the
initial study of each word-pair, participants were instructed to
memorize them so that they could recall the target when given the
cue. After studying a list, half of the word-pairs were randomly
assigned to be tested, while the others were re-studied. The order
of test and re-study trials was randomly intermixed.

We conducted two experiments using two initial testing
formats for the test condition: cued-recall and multiple-choice.
Experimental procedures are detailed in Figure 1. Briefly, for
both experiments, the cue word was first shown for 3 s and
participants were encouraged to recall the target word. Then,
in test trials, participants entered their answer within the next 7 s
(in the cued-recall experiment) or enter their choice out of four
alternatives in 4 s (in the multiple-choice experiment). Because
participants were allowed to modify their response during typing,
we recorded reaction time as the time participants used to
complete their answer. No feedback was provided for either
condition. A re-study trial presented the intact word-pair, and
participants needed to enter the target word within the same
time limit. This ensured that differences between fest and re-study

lwww.cncorpus.org
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FIGURE 1 | Experimental procedure for the cued-recall and multiple-choice experiments. During both experiments, the cue word was first shown in the center of the
screen for 3 s and participants were encouraged to recall the target word. In a cued-recall test, participants were then presented with the cue word on the left and a
question mark on the right, and were allowed to enter the answer within 7 s. Because participants were allowed to modify their response during typing, we recorded
reaction time as the time participants used to complete their answer. During a multiple-choice practice test, both the cue and four alternatives were presented. The
alternatives included the correct target word and three synonyms. Participants had 4 s to enter their choice. No feedback was provided for either condition.

A re-study trial presented the intact word-pair, and participants would enter the target word within the same time limit.

Delayed Final Test

24 hrs

trials would not be simply due to the fact that test trials required
participants manually entering or selecting the answer.

After each test or re-study trial, participants rated their
confidence in the accuracy of their answer (test) or acquisition of
the word-pair (re-study), on a scale of 0 to 100. Then, participants
completed a JoL rating on their confidence, from 0 to 100, that
they would be able to remember this word-pair for the final test
24 h later. The final test was administered one day later using a
cued-recall test. All cued-recall responses were first corrected for
obvious typos before scoring.

RESULTS

The mean and standard deviation of performance measures are
reported in Supplementary Appendix B. Gamma correlations
and paired-sample t-tests were conducted in SPSS version 25.
For the cued-recall experiment, participants’ learning benefited
from testing and had higher final accuracy in the test condition
(mean = 0.332, SD = 0.146) than in the re-study condition
(mean = 0.295, SD = 0.150), £(34) = 2.08, p = 0.045, as expected.
Participants also had a higher gamma correlation between JoLs
after fest trials and final test accuracy (G = 0.655, SD = 0.128)
than the correlation for re-study trials (G = 0.338, SD = 0.233),

t(34) = 8.773, p < 0.001, suggesting that retrieval practice
indeed enhanced JoL accuracy. Similar results were also found
in the multiple-choice experiment: higher final accuracy (test:
mean = 0.282, SD = 0.113; re-study: mean = 0.223, SD = 0.119;
£(38) =5.299, p < 0.001) and higher JoL-final accuracy correlation
(test: G = 0.282, SD = 0.113; re-study: G = 0.223, SD = 0.119;
£(38) = 3.034, p = 0.004) for test than for re-study trials.

In the primary mediational analyses, we first examined
whether participants relied on the confidence in their retrieval
accuracy when making JoLs. Mediation analyses were performed
based on mixed model logistic regression using lme4 and
RMediation packages in the R Statistical Environment
(MacKinnon et al., 2007; Tofighi and MacKinnon, 2011;
Bates et al., 2014; R Core Team, 2016). We first modeled the
relationship between JoL ratings and the final test performance
while including the subject-specific intercepts as the random
effect, and then examined the mediation effect of retrieval
confidence in this relationship. The analysis revealed that, for
the cued-recall experiment, participants’ confidence in the test
accuracy significantly mediated JoLs correspondence with the
final performance (Figure 2A), confirming that participants
made predictions about their future performance based on
their confidence in the practice test. In addition, the mediation
effect in the fest condition was numerically larger than the
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FIGURE 2 | Results from mediational analyses revealed multiple mechanisms underlying the correspondence between JOL ratings and final accuracy. In the
cued-recall experiment, (A), for the test condition, the mediation of confidence in retrieval accuracy was significant, but did not fully attenuate the relationship
between JOL ratings and final accuracy. (B) Confidence in acquisition in the re-study condition also mediated the relationship between JOL ratings and final
accuracy, but the effect was numerically smaller compared with the test condition. (C) Both retrieval confidence and reaction time during successful retrievals
significantly mediated the relationship simultaneously. (D-F) The experiment with multiple-choice testing format showed consistent results.

mediation of acquisition in the re-study condition: for test trials,
indirect/total effect was 79.6%, whereas the ratio was 35.9%
for re-study trials (Figure 2B), increasing the likelihood that
participants made better JoLs for fest trials than for re-study
trials because participants were able to make JoLs based on
their confidence in retrieval performance in the fest condition.
Similar patterns of results were also found in the multiple-choice
experiment (Figures 2D,E).

Importantly, including the mediator of confidence did not
fully mediate the relationship between JoL ratings and the final
accuracy, indicated by a significant direct effect (Figure 2A),
suggesting that other factors also account for a large portion
of the variance in the relationship. We suspected that reaction
time also contributed to the relationship and indeed found that
reaction time of successfully retrieved trials* was also a significant
mediator (Supplementary Appendix C).

In the final set of analyses, we modeled both mediators
simultaneously to estimate their independent mediation effects.
This was examined due to the fact that trials with longer
reaction time were also related to lower confidence rating
in retrieval accuracy (G = -0.193, SD = 0.212, one-sample
t(34) = —5.375, p < 0.001). It is possible that the two mediators

Incorrect trials were excluded because reaction time during incorrect responses
may be confounded by many factors that do not reflect memory processes.

shared substantial variance and thus both showed significant
effects. The final model showed that both variables significantly
mediated the relationship between JoL ratings and the final
accuracy (Figure 2C), suggesting simultaneous mediational roles
of both retrieval confidence and retrieval fluency. We noted that
the effect of reaction time was significant but small in magnitude
(indirect/total effect = 2.0%), probably because reaction time of
a cued-recall response is generally complex and may be affected
by factors in addition to retrieval fluency (e.g., the length of
the target word, self-correction during entering, etc.), possibly
suggesting that reaction time in cued-recall tests may be a useful
but less sensitive measure of retrieval fluency.

Finally, in the multiple-choice experiment, we observed that
retrieval accuracy and reaction time were significantly negatively
correlated (G = -0.370, SD = 0.141, one sample #(38) = -16.319,
p < 0.001) and that they both simultaneously and independently
mediated the relationship between JoLs and the final accuracy
(Figure 2F). These results suggest the generalization of findings
for two different initial testing formats, and confirm that retrieval
confidence and retrieval fluency both serve as clues to help
participants make more accurate JoLs, regardless of the testing
format. Meanwhile, we noted that including both mediators still
did not fully attenuate the relationship between JoLs and the final
accuracy, suggesting that other mechanisms may also contribute
to the relationship.
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DISCUSSION

The goal of the present study was to examine the benefits of
retrieval practice for JoLs and the factors that may contribute
to more accurate JoLs following a test. Consistent with previous
findings (Finn and Metcalfe, 2007, 2008), we showed that
participants relied on the confidence in their retrieval outcomes
when making JoLs. Using a mediational approach, we provided
direct evidence that this heuristic indeed helped people to give
more accurate JoLs. Moreover, we showed that participants’
confidence in their retrieval performance could not fully explain
how they were able to achieve high correspondence between
JoLs and their final performance, suggesting that multiple
factors provided useful information that helped in making
better predictions.

A novel contribution of the study is that it complements the
understanding of JoLs by showing strong evidence of multiple
mechanisms underlying test-related benefits of JoLs. Recent
studies have discussed the possibility that multiple cues might
contribute to the processes of making accurate JoLs (Dougherty
et al, 2005; Hertzog et al., 2013; Serra and Ariel, 2014).
The present study demonstrates that people associate fluent
retrievals with higher JoL and that this strategy helps to make
more accurate JoLs. In addition, the reliance on both retrieval
confidence and fluency was observed for both recognition and
cued-recall tests. This consistent pattern of results suggests that
participants actively monitor their retrieval processing and use
diagnostic information made available through retrievals when
evaluating and predicting the learning progress.

In fact, researchers have proposed a two-process account
(Liu and Reder, 2016; Liu et al., 2018) for the testing effect,
emphasizing that individuals undergo a re-encoding process
through re-exposure to the correct answer after successful
retrievals (post-retrieval re-encoding), in addition to the
retrieval attempt process. This post-retrieval re-encoding process
also involves metacognitive monitoring and self-evaluation
(Johansson and Mecklinger, 2003; Bai et al., 2015; Zhang et al,,
2018) and can further enhance testing-related benefits (Liu and
Reder, 2016). In addition, a prior fMRI study showed that testing,
compared with re-study, involved more monitoring and working
memory-related brain activity (Liu et al, 2014). Altogether,
the reliance on retrieval outcomes when making JoLs might
reflect the metacognitive evaluation of the quality of the retrieval
attempt process. The reliance on retrieval fluency might reflect
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