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Testing can potentiate new learning, which is often called the forward testing effect. One potential explana-
tion for this benefit is that testing might enable participants to use more effective learning strategies subse-
quently. We investigated this possibility by asking participants to report their encoding strategies in a multi-
list foreign language learning paradigm with four preregistered experiments and one non-preregistered pilot
experiment. In Experiments 1-3, participants learned three lists of Chinese—English pairs; one group took a
test after every list (i.e., test condition) and the other group took a test only for the criterial List 3 (i.e., restudy
condition). In addition, participants completed a transfer test and a study strategy survey. Although we found
a forward testing effect in all experiments, participants in the test and restudy conditions did not report
differences in strategies. In Experiments 4 and 5, we used a within-subject design so that we could correlate
changes in strategy use with the magnitude of the forward testing effect on an individual level. Interestingly,
individual differences in strategy change were moderately associated with the magnitude of the forward test-
ing effect, but even here, strategy change did not mediate the effect of testing on performance. Overall, our
data showed that, at least for foreign language learning of Chinese characters, interim testing did not enhance
new learning by altering participants’ subsequent encoding strategies. Moreover, our data showed that
interim testing did not promote the transfer of Chinese language learning to novel characters.

Keywords: retrieval practice, forward testing effect, strategy change, foreign language learning, transfer of

learning
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Taking a test on previously learned material enhances subsequent
new learning. For example, if an instructor splits their class time in
half and introduces a quiz after the first half, this practice will help stu-
dents better retain the tested first half and also promote learning during
the second half of the class. The enhanced learning of tested items is
often referred to as the festing effect, whereas the enhanced learning
of new material is called the forward testing effect. To clearly distinguish
the two findings, we refer to the former as the retrieval practice effect.
Although both phenomena have received considerable attention (for
reviews, see Chan, Meissner, & Davis, 2018; Roediger & Karpicke,
2006; Rowland, 2014; Yang et al., 2018), teachers and students are
often unaware of the advantages of testing in learning (Halamish,
2018; McCabe, 2011, 2018), which could lead to a reluctance to
implement testing in the classroom. Thus, understanding how testing
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improves learning is important because it will allow us to better explain
to instructors why introducing quizzes during a class is beneficial.

The goal of the current study is to investigate the strategy-change
account of the forward testing effect, which suggests that testing
facilitates future learning because it enables learners to use better
strategies for new learning. Specifically, testing has been known to
enhance the use of relational processing strategy (Chan et al.,
2020; Zaromb & Roediger, 2010), which might promote conceptual
learning in which discovering relations among different concepts is
critical. An additional, related goal of this study was to examine
whether testing can facilitate the transfer of conceptual learning
using Chinese characters as material. We review the relevant litera-
ture and explain the motivation of our study below.

Testing and Learning Strategies

Several accounts have been proposed to address the question of
“how testing potentiates new learning.” In particular, a recent meta-
analysis (Chan, Meissner, & Davis, 2018) identified four classes of the-
ories—resource theories, metacognitive theories, context theories, and
integration theories, which are not mutually exclusive and might
explain different aspects of the forward testing effect. In this paper,
we will focus on the metacognitive account, which claims that testing
alters how students approach subsequent learning activities.

Chan, Manley, et al. (2018) proposed that testing promotes new
learning because it helps learners optimize their encoding or
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retrieval strategies, based on the finding that tested participants show
greater clustering during target list recall compared to nontested par-
ticipants. In their study, participants studied words from five catego-
ries (i.e., animals, weather, fruits, body parts, and building parts),
which were spread evenly across four lists. Participants in the test
condition were tested after every list, whereas those in the control
condition were tested only after List 4. When recalling List 4
words, tested participants were more likely to cluster the words
from the same category than control participants. The researchers
provided two explanations for this finding.

Retrieval Strategy Change

First, testing might enable participants to use better retrieval strat-
egies. It has been known that greater semantic clustering during recall
is associated with better recall performance (Mandler, 1967; Rawson
& Zamary, 2019; Shuell, 1969). Higher clustering shown by the tested
participants indicates enhanced organizational processes during recall,
which might be evidence that participants used recalled items as extra
retrieval cues. For example, after recalling some fruits such as apple or
banana, participants might realize the relations between these words
and then use the fruit category as a cue to recall other studied words
such as melon. Specifically, the prior recall experiences during the
interim tests might help participants realize the advantage of this
method, whereas the control participants had no way to practice
because the final test was their first and only testing experience.
Other studies have shown compelling evidence for the idea that
interim testing leads to subsequent retrieval strategy updating (Chan
et al., 2020; Dang et al., 2021; Jing et al., 2016).

Encoding Strategy Change

Second, Chan, Manley, et al. (2018) suggested that enhanced
semantic clustering may also reflect a change in participants’ encod-
ing strategy. The idea is that testing might help participants realize
the categorical nature of the learning material, which encourages
them to attend to the relations among the study words during subse-
quent encoding trials. Note that this encoding-based explanation is
inferred from recall data (i.e., high clustering during recall might
indicate a change to encoding). Indeed, most studies that have inves-
tigated the strategy-change account have focused on how interim
testing changes later retrieval processes during the final test, and lit-
tle research has directly examined how testing affects the encoding
of new information.

One way in which testing promotes subsequent encoding is by pre-
venting learners from terminating their study prematurely, which sug-
gests a quantitative (rather than qualitative) change to encoding
strategies. Specifically, Yang et al. (2017) investigated how testing
affects future study time allocation by having participants decide
how long they want to study each stimulus across multiple lists.
Participants either took an interim test after each study list or restudied
the same list. In the absence of interim testing, participants decreased
their study time across lists. However, in the presence of testing, partic-
ipants maintained (Experiment 1) or increased their study time
(Experiment 2) across lists. Similarly, Davis and Chan (2022) reported
that participants spent considerably longer time studying STEM text
material when they received interim tests relative to interim restudy.
Further, they showed that self-regulated study time was positively cor-
related with test performance.

Other studies, however, have shown that interim testing had little
to no influence on study time regulation. For instance, Ha and Lee
(2019) reported no difference in study time between tested and con-
trol participants, but the former group still performed better on the
final test. Other studies showed that testing boosted learning in an
experimenter-paced procedure, in which participants in both the
test and control conditions spent an equal amount of time studying
(Chan et al., 2020; Szpunar et al., 2008; Wissman et al., 2011;
Yang et al., 2019). One interpretation of these findings is that interim
testing may lead learners to use their study time more efficiently
(e.g., by adopting better learning strategies).

Yang et al. (2022) provided further preliminary support for the
encoding strategy-change explanation. Critically, participants
learned unrelated words in this study. Unlike categorized words,
unrelated words do not naturally lend themselves to meaning-based
retrieval strategies, so temporal clustering at retrieval (e.g., clustering
based on input position) provides a window into encoding processes.
The researchers found that interim testing increased the likelihood
that participants would cluster recall based on input positions, and
the level of temporal clustering was positively associated with recall
performance. Although this finding shows that interim testing fos-
tered the encoding of temporal information, it does not address
how this advantage is realized. It is possible that tested participants
switched from simply reading the list to using an imagery-based
encoding technique similar to the method of loci, which should pro-
mote the encoding of temporal orders and would signal a qualitative
change in encoding strategy. Alternatively, testing might simply
encourage more rehearsal during the encoding phase, which should
also increase temporal clustering but does not constitute a qualitative
shift in strategy.

Measure of Encoding Strategies

To date, few researchers have tackled the question of how or if
encoding strategies of new information are changed qualitatively
and/or quantitatively after testing (cf., Cho et al., 2017; Finley
& Benjamin, 20121), because most studies have relied on the indi-
rect measure of strategies such as recall clustering to make infer-
ences about encoding processes (Chan et al., 2020; Dang et al.,
2021; Yang et al., 2022). Although this approach is useful for
hypothesis generation, it is insufficient for confirmation. One
way to investigate encoding strategies is to ask participants to
report them explicitly, which has been used in previous studies
and regarded as a valid measure of encoding strategies. For exam-
ple, Finley and Benjamin (2012) created a strategy questionnaire
based on participants’ responses to examine how different test
expectancies led to adaptive and qualitative changes in encoding
strategy. In another study that investigated the relationship
between metacognitive control and aging (Hertzog & Dunlosky,
2004), the researchers had participants select one of several strat-
egies that they used most often or report their idiosyncratic
strategies.

To our knowledge, the study by Cho and Powers (2019) is the
only one that has examined the effects of testing (vs. restudying)

! These studies were designed to examine the retrieval practice effect, not
the forward testing effect.
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on participants’ reports of study strategies. Although the goal of their
study was to examine whether testing improves conceptual learning
in the context of the retrieval practice effect (rather than the forward
testing effect), their finding is consistent with the idea that testing
might influence learners’ encoding strategy. Specifically, partici-
pants studied Chinese-English word pairs (e.g., {L—river). The
Chinese characters consisted of two or more sub-characters called
radicals, which can provide information about the meaning of
the whole character. For example, the radical Y tepresents “water”
and can be found in characters such as YL (river) and #F (sea).
Participants were not told about the existence of radicals, but if they
noticed that some characters shared similar symbols and that these
symbols were associated with a common meaning, they might be
able to guess the meaning of characters based on the radicals.

During the initial study phase, participants learned seven charac-
ters from each of the six radicals. Then, participants in the test con-
dition attempted to recall the English meaning of the studied Chinese
characters, whereas those in the restudy condition were shown the
complete pairs again. Afterward, the entire procedure was repeated
and then participants completed an encoding strategy questionnaire,
in which they reported to what extent they used the seven encoding
strategies adapted from Finley and Benjamin (2012)—Target focus,
Cue focus, Inter-item association, Mental imagery, Rote rehearsal,
Inter-item narrative, and Intra-item narrative.

Cho and Powers (2019) reported significant differences in two
of the strategy items between the test and restudy conditions.
Specifically, the tested group reported higher usage of inter-item
association than the restudy group, which indicates that testing
encouraged participants to associate different characters with one
another (presumably by using the information provided by radicals)
during the encoding phase. For example, testing might have facili-
tated participants’ ability to notice the shared symbol across charac-
ters and extract a common meaning (e.g., after studying y—juice,
{L—river, and yti—pool, one might infer that ¥ is associated
with water). Indeed, the tested group’s performance exceeded the
restudy group in a transfer test in which they had to guess the mean-
ing of novel Chinese characters featuring the studied radicals.
Furthermore, the tested group reported less usage of rote rehearsal,
a shallow and ineffective strategy, than the restudy group. Together,
these results suggest that testing might cause learners to shift from
shallower strategies such as rote rehearsal to deeper ones such as inter-
item association. However, we believe that these results should be
interpreted with caution for the following reasons. First, Cho and
Powers (2019) conducted seven #-tests, one for each strategy between
the test and restudy conditions, thus greatly increasing the risk of
Type-1 error. Second, Cho and Powers (2019) did not examine
whether different strategy use actually affected test performance.
Although it is reasonable to assume that rote rehearsal was ineffective
and that inter-item association was effective at promoting the learning
of Chinese characters, no correlation or mediation analysis was con-
ducted to ascertain these possibilities.

Current Study

To summarize, despite compelling evidence that testing potenti-
ates new learning by altering participants’ retrieval strategies
(Chan et al., 2020; Dang et al., 2021), much less is known about
how interim testing might affect encoding strategies. Note that
we believe that the encoding and retrieval strategy-change

explanations are complementary rather than exclusive. Testing
affects the regulation of study time in subsequent learning (Davis
& Chan, 2022; Yang et al., 2017), but this finding is equivocal
(Ha & Lee, 2019). It has also been reported that testing influences
the encoding of temporal order (Yang et al., 2022), which might
indicate an encoding strategy change, but this claim was based
on an inference during participants’ retrieval performance. The
study that most closely examined the possibility of encoding strat-
egy change is Cho and Powers (2019), but the study’s goal was to
examine whether testing can enhance conceptual learning, and
the aforementioned statistical concerns made it difficult to draw
strong conclusions. Table 1 provides a summary of previous find-
ings about how testing affects the regulation of different study
strategies.

In the current study, we adapted Cho and Powers’ (2019) design
to study the forward testing effect and examined how interim test-
ing might affect encoding strategies of new information. Below, we
highlight some important changes relative to Cho and Powers’
(2019) experiments. First, participants studied several different
lists instead of a single list repeatedly because our research goal
was to see how testing promotes the learning of new items rather
than relearning of the tested items. Second, instead of conducting
a between-subjects t-test for each strategy, we conducted a factor
analysis on strategies to extract strategy factors and then compared
strategy factor scores across conditions to reduce the likelihood of
Type-1 errors. To better align the strategy questions with the pur-
pose of our study, we created a new strategy survey containing
12 items based on pilot testing and existing studies (Cho &
Powers, 2019; Finley & Benjamin, 2012; Hertzog & Dunlosky,
2004). Third, we asked some participants to report their learning
strategies after each list rather than only after the target list. The
objective was to examine whether the use of strategies evolved as
learners were tested on more lists. If testing indeed affects encoding
strategies, one might expect that a difference in strategies between
the test and restudy conditions to emerge as participants go through
multiple study lists (but not on the first list). Fourth, we sought to
examine the cognitive correlates of the forward testing effect by
using a within-subjects design in Experiments 4 and 5, which
enabled us to measure the magnitude of the forward testing effect
per individual and correlate it with strategy use. Lastly, to examine
the strategy-change account, we conducted a mediation analysis to
test whether strategy use mediates the relationship between interim
activity (i.e., test vs. restudy) and target list correct recall
performance.

Overview of Experiments

In our Experiments 1-3, interim activity was manipulated
between-subjects, and participants studied three lists of
Chinese—English pairs. There were two types of interim activities
for Lists 1 and 2, with participants in the test condition taking a
test after studying each list, whereas those in the restudy condition
restudied the same list. For the target List 3, all participants took a
test.

The forward testing effect has been observed using foreign lan-
guages such as Swahili-English (Cho et al., 2017) or Euskara—
English pairs (Yang et al., 2017), but this study tested Chinese char-
acters for the first time in a foreign language learning setting. Some
studies used Chinese as learning material (e.g., Dang et al., 2021;
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Potential mechanisms

Testing influenced encoding strategies when restudy

Retrieval and/or encoding strategy change
Encoding strategy change

Study time regulation
More efficient use of study time
Study time regulation

Table 1
Summary of Previous Findings About Testing and Strategy Change

Authors Testing effect Major finding
Chan, Manley, et al. (2018) Forward Testing increased organization in recall
Cho and Powers (2019) Backward

opportunity was provided

Davis and Chan (2022) Forward Testing increased subsequent study time
Ha and Lee (2019) Forward Testing did not increase subsequent study time
Yang et al. (2017) Forward Testing increased subsequent study time
Yang et al. (2022) Forward Testing increased organization in recall

Retrieval and/or encoding strategy change

Yang et al., 2022), but the participants in these studies were native
Chinese speakers, so they did not constitute foreign language learn-
ing. Chinese is different from Swahili or Euskara because it is a
logographic, rather than an alphabet-based, language. Thus, partic-
ipants who learn Chinese as a foreign language must encode the
characters as abstract visuospatial representations (Flaherty, 2003;
Shen, 2010). Given that most studies in the forward testing effect
literature have used verbal materials such as word lists (Ahn &
Chan, 2022; Szpunar et al., 2008), paired associates (Davis &
Chan, 2015; Kornell et al., 2009), or prose and lecture materials
(Jing et al., 2016; Wissman et al., 2011), investigating another
type of representation such as visuospatial information is important
for the generality of the phenomenon (cf., Kang, 2010), especially
given that Chinese is the most spoken language in the world. We
did not have any prior reason that using Chinese materials would
yield a different effect compared to using verbal materials (partly
because these materials have received little attention thus far), but
as Hintzman (2011) suggested, examining the effect with various
materials is important to form more comprehensive theories, and
our study is to first to examine whether the forward testing effect
extends to pictorial languages.

Figure 1 shows the design of our experiments. In Experiment 1,
participants reported their strategies after every list to examine
whether participants’ strategies changed across Lists 1-3. In
Experiment 2, participants reported their strategies only after study-
ing List 3, because we were concerned that the requirement of report-
ing strategies after every list might trigger metacognitive reactivity
(Double & Birney, 2019)—i.e., reporting on strategies might
cause a change in how participants approach the learning task
beyond the putative effects of testing on learning. Experiment 3
was a combination of Experiments 1 and 2, such that reporting fre-
quency was manipulated by having some participants report their
strategies after every list (Strategy Report 3x), and others reported
only after the target list (Strategy Report 1x). In Experiments 4
and 5, we manipulated interim activity within-subjects.
Experiment 4 was a smaller exploratory study, and Experiment 5
was a higher power replication of Experiment 4.

Given that testing encourages learners to put more effort into their
learning (Endres & Renkl, 2015; Pyc & Rawson, 2012), we expected
that tested participants would employ deep encoding strategies such
as mental imagery and relational strategies such as inter-item associ-
ations (Chan, Manley, et al., 2018) and restudied participants would
employ shallow strategies such as rote rehearsal (Cho & Powers,
2019).

In addition to examining the forward testing effect for foreign lan-
guage learning and strategy change, we also examined whether

interim testing would promote the transfer of learning fo new
Chinese characters. In all experiments, participants took a four-
alternative forced choice transfer test, in which they had to guess
the meanings of novel Chinese characters not presented previously.
All these new characters included a studied radical, and the test,
which was modeled after the one from Cho and Powers (2019),
was designed to provide a measure of conceptual learning.
Because Cho and Powers (2019) found that testing boosted the trans-
fer of learning to novel Chinese characters, we also expected that the
tested participants would outperform their restudy counterparts in
this transfer test.

Data Availability

All experiments, except the exploratory Experiment 4, were pre-
registered on the Open Science Framework (OSF) at https:/osf.io/
uh8wr/. The preregistration included experimental protocols, and
the coded data are available on the project page.

Experiment 1
Design and Participants

Interim activity (test vs. restudy) was manipulated between-
subjects. We conducted a power analysis using G*Power (Faul et
al., 2007) to determine the sample size. Our effect size was estimated
based on the average effect size (d = 0.63, the effect of testing on
transfer of learning) between Experiments 2 and 3 in Cho and
Powers (2019). Although their study did not investigate the forward
testing effect, we deemed it appropriate to use their effect size
because they used Chinese characters as material, and the forward
testing effect can be seen as one type of transfer in learning
(Carpenter, 2012). To achieve 85% power to detect an effect size
of .63 at a .05 o error probability, 37 participants per condition
were necessary. We collected data from 95 undergraduate students
at Jowa State University, who completed the experiment for course
credits. Five data exclusion criteria were set in advance (see pre-
registration on OSF) and implemented as follows: Participants
who failed an attention check (N = 12), those who knew Chinese
(N =4), those who reported not being alert at all during the study
(N=4), those who used a mobile device to complete the study
(N=1), and those who took notes during the study (N =1). The
final sample included data from 73 participants (37 women, 36
men; My, =19.98), with 36 in the test condition and 37 in the
restudy condition.
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Figure 1

Design for the Five Experiments
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L = Study list, T = Test, RS = Restudy, Strategy = Strategy reporting, Transfer = Transfer test, Cumul = Cumulative test.

In Experiment 2, Test w/o F means test without feedback condition, and Test w/ F means fest with feedback condition. Experiments
4 and 5 used the same procedure except that Experiment 5 employed a 2-day delay before the transfer test.

Materials
Chinese Characters

We adapted Cho and Powers’ (2019) materials as a starting point
but created our own Chinese—English pairs. We chose 12 characters
from seven radicals each (i.e., eye, hand/arm, speech, water, woman,
fire, and tree) and avoided very complicated characters (e.g., i or
%) and those with very similar or ambiguous meanings. Then, a
pilot test (N=31) was conducted for the purpose of choosing
which radical sets to use. In the pilot, participants studied four
lists. Each list comprised three characters from four radicals for a
total of 12 characters. Each Chinese—-English pair was presented
for 4 s, and participants studied each list twice in a different random
order. After studying each list, participants took a cued recall test in

which the Chinese character was presented and they had 8 s to type
the corresponding English meaning.

Four radical sets (i.e., eye, hand/arm, speech, and water) with sim-
ilar mean accuracy (i.e., 64%—68%) were chosen for the experi-
ments. Among the chosen characters, the ones that we deemed too
easy (more than 80% accuracy) or too difficult (less than 30% accu-
racy) were replaced by those with moderate difficulty (around 65%
accuracy) after another pilot experiment (N = 29). The full material
setis provided in Appendix A. The mean accuracy was similar across
the four finalized radical sets, F(3,44) = 0.49, p = .693, By; =5.75.
We selected three items from each radical set to form four lists with a
similar difficulty, F(3, 44) = 0.04, p = .990, By, = 8.73. Three lists
were presented during the learning phase, with the remaining list
reserved for the transfer test. The assignment of items to lists was
counterbalanced across participants, such that one participant
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might have studied YT.—river in List 1, whereas another might have
studied this pair in List 2 or 3. Alternatively, this item might not
appear in the study lists but instead serve as an item on the transfer
test.

Learning Strategies

The learning strategy questionnaire was constructed based on pre-
vious studies that examined learners’ strategy use, but with questions
specifically designed to assess strategies that were relevant to the
learning of Chinese—English pairs (Cho & Powers, 2019; Finley &
Benjamin, 2012; Hertzog & Dunlosky, 2004). To make question-
naire items more relevant to the current study, we asked participants
in our pilot study to report their learning strategies with an open-
ended question (i.e., Please describe the strategies that you used to
remember the Chinese characters). Specifically, the first author
coded participants’ answers into several categories and modified
or added several items to the strategy list. For example, Cue Focus
Strategy (i.e., focused more on the left-hand Chinese Characters)
in Cho and Powers (2019) was changed to Radical Focus Strategy
(i.e., I focused more on the left side of each Chinese character).
This change was made because some participants reported that
they noticed the existence of radicals and found characters sharing
the same radical were related to one another (e.g., words that are
related to the same subject had similar shapes of characters),
which was different from the general idea of focusing on the
Chinese character as a whole (which always appeared on the left
side, with the English meaning on the right side). Associative imag-
ery strategy (i.e., I matched the Chinese characters with what their
meaning would look like) was added to the strategy list because sev-
eral participants indicated that they tried to link the shapes of char-
acters to the words they matched (e.g., I made the Chinese
characters into pictures that symbolized the meaning). The 12 learn-
ing strategies are presented in Table 2.

Procedure

All experiments were programmed using Qualtrics, and data col-
lection was conducted online due to COVID-19. Participants were
asked to eliminate any distractions in their environment and to com-
plete the study in a single sitting.

Participants were informed that they would study lists of Chinese—
English pairs. They were also told that after studying each list, they
would solve some math problems and then either take a test on the

Table 2
List of Strategies

just-presented list or restudy the list. Participants were told that
whether or not they would be tested was determined randomly on
a list-by-list basis. But in reality, participants in the test condition
took a test after every list, whereas those in the restudy condition
only took a test on List 3 and restudied Lists 1 and 2. Participants
were also told that there would be a final cumulative test.

Before the presentation of each list, participants saw a prompt
denoting the list number (e.g., This is Chinese—English word pair
List 1). The list presentation started after participants clicked the
arrow button on the screen. Each pair was presented for 4 s in a ran-
dom order. The list was presented twice in a row, and the second pre-
sentation was ordered differently than the first. After the presentation
of a list, participants solved 10 simple math problems at 6 s apiece to
clear their short-term memory. Then participants in the test condition
took a cued recall test on the list. Specifically, Chinese characters
were presented with a question mark (e.g., ¥2—?) and participants
had 8 s to recall the English meaning. Feedback was not provided.
Instead of the recall test, participants in the restudy condition studied
the same list for a third time in a different random order. To equate
duration with the recall test, each pair was presented for 8 s. After the
recall test or restudy presentation, participants completed the strategy
survey by indicating the extent to which they used the 12 learning
strategies while studying the just-presented list, using a 6-point
Likert scale (see Figure S1 in the online supplemental material on
OSF for the screenshot of the survey). Each choice was converted
to a number during analyses (Never = 0, Rarely = 1, Sometimes =
2, About half the time = 3, Most of the time = 4, Always =5).

After the presentation of List 3 and the math problems, all partic-
ipants took a cued recall test and then completed the strategy survey
for List 3. Additionally, they also completed another survey about
strategy effectiveness separately. Specifically, participants were
asked to indicate how effective they thought each of the 12 strategies
was, using a 6-point Likert scale from Not effective at all to
Extremely effective. Participants were told to guess the effectiveness
if they had not used a certain strategy. The strategy effectiveness data
were not analyzed because, in hindsight, we suspect that participants
might have treated the strategy effectiveness and strategy usage ques-
tionnaires similarly.

Afterward, all participants took a transfer test for 12 new Chinese
characters that did not appear during the study phase. Specifically, a
Chinese character with a question mark (e.g., i%—?) was presented,
and participants were asked to guess its meaning (dizzy) among
four options. To ensure that participants could not answer the

Strategy

Text in the questionnaire

Origin

Rote rehearsal
Mental imagery
Verbalization
Personal significance
Looking

Associative imagery
Avoid distraction
Intra-item narrative
Inter-item narrative
Radical focus
Inter-item associations
Self-testing

I repeated individual pairs over and over.

I formed a mental image of the English meaning in my head.
I spoke words out loud or mouthed the words.

I related the words to something personally significant.

I focused on the word pairs by looking or staring.

I matched the Chinese characters with what their meaning would look like.

I told myself not to be distracted.

I made a story for each Chinese-English pair.

I combined multiple Chinese—English pairs into a story.

I focused more on the left side of each Chinese character.

I made associations amongst multiple Chinese characters that I’ve seen.
I tested myself during learning.

Cho and Powers (2019)
Cho and Powers (2019)

Finley and Benjamin (2012)
Finley and Benjamin (2012)
Hertzog and Dunlosky (2004)

New
New
Cho and Powers (2019)
Cho and Powers (2019)
Cho and Powers (2019)
Cho and Powers (2019)
New
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transfer questions correctly based on familiarity, each foil was asso-
ciated with the meaning of a different studied radical. For example,
the answer options were read, lake, dizzy, and throw, whose mean-
ings were associated with the studied radicals of word, water, eye,
and hand/arm, respectively. After the transfer test, participants
took a cumulative cued recall test for Lists 1-3. Finally, participants
completed a short survey on demographics, then were debriefed and
thanked.

Results and Discussion

For the strategy questionnaire data, we initially planned to conduct
a factor analysis in Experiment 1 but later realized that the sample
size was too small to conduct an exploratory factor analysis. The rec-
ommended size is a minimum of 10 cases per measure (Russell,
2002). Given that we had 12 strategy questions, we needed 120 par-
ticipants to satisfy this requirement. Thus, we collected more data in
Experiments 2 and 3 using the same strategy questionnaire and then
combined the data from across Experiments 1-3 for the factor anal-
ysis. Therefore, results for the strategy questionnaire were not pre-
sented for individual experiments. Instead, they are reported in the
“Combined Analysis Across E1-E3” section. Below, we present
results that pertain to the forward testing effect and the transfer of
learning.

Proportions of interim test performance across all experiments are
presented in Table 3. For all experiments, we first report target list
correct recall to examine whether the forward testing effect emerged
with Chinese character learning. Then, we report transfer recognition
test performance. Lastly, the cumulative test result for Experiment 1
was reported on OSF in the online supplemental material. Because
the cumulative test was not the focus of our research, we dropped
it from all subsequent experiments.

For statistical inferences, two-tailed tests with oo = .05 were used.
Bayes factors are reported for all analyses. When a result is signifi-
cant in null hypothesis testing, we report Bjo, for which a greater
number indicates more support for the alternative hypothesis.
When a result is not significant, we report By, for which a greater
number indicates more support for the null hypothesis. This
approach was taken for easier interpretation because a larger Bayes
factor always provides more support for the effect (null or otherwise)
under consideration. All Bayesian analyses were performed using
the default priors in JASP (JASP Team, 2020).

List 3 Correct Recall

The left panel of Figure 2 shows the proportion of List 3 correct
recall. An independent 7-test was conducted with correct recall per-
formance—i.e., correctly recalling the English meaning of a studied

Table 3
Nontarget, Interim Test Performance Across Experiments 1-5
Experiment List 1 List 2

Experiment 1 42 (.26) .59 (.23)
Experiment 2 45 (.25) 47 (.28)
Experiment 3 45 (.25) .52 (.27)
Experiment 4 55 (.31 .57 (.29)
Experiment 5 .55 (.29) .58 (.29)

Note. SDs are in parentheses.

Chinese character—as the dependent variable and interim activity as
the independent variable. The tested participants showed greater
recall of the List 3 characters (M = .51) than the restudied partici-
pants (M = .36), #(71) =2.16, p = .034,d = 0.51, B;p = 1.75, dem-
onstrating a forward testing effect. This result shows that interim
testing can enhance the learning of written Chinese as a foreign lan-
guage, thus extending the forward benefit of testing from alphabet-
based foreign languages to a pictorial one (Cho et al., 2017; Yang et
al., 2017).

Transfer Test

The right panel of Figure 2 shows the proportion of correct
responses on the transfer test. At first glance, one might wonder
why the performance on the transfer test was similar to that of the
List 3 memory test, given that transfer performance is typically
lower than memory performance. We hasten to remind readers that
the List 3 test was recall and the transfer test was recognition, so
their performances are not directly comparable.

In striking contrast to the List 3 recall results, interim testing had
virtually no effect on transfer performance (My= .41,
Miesuay = 42), 1(71)=0.22, p=.825, d =0.05, By; =4.05. This
result differs from the one reported by Cho and Powers (2019),
who found that retrieval practice promoted the transfer of learning
for Chinese characters. One difference between our study and Cho
and Powers’ (2019) was that we did not provide feedback to partic-
ipants, which might explain our absence of a testing benefit on the
transfer of learning. However, because the tested participants were
not informed of whether or not their answers were correct during
the interim tests, connecting the radicals with similar meanings
might have been too difficult, thereby negating the potential benefits
of testing on transfer. This possibility is bolstered by data showing
that providing feedback during tests can facilitate conceptual learn-
ing (Finn et al., 2018; Jacoby et al., 2010).

To address this possibility in Experiment 2, we added a condition
in which participants received feedback during the interim tests. The
logic is that testing, together with feedback, might enhance concep-
tual learning relative to restudy (Butler et al., 2013). Moreover, feed-
back is rarely manipulated in the forward testing effect literature. In
fact, in a meta-analysis, Chan, Meissner, and Davis (2018) showed
that providing feedback actually weakened the forward testing
effect, although they cautioned against overinterpreting that finding
(a) given how few studies included feedback and (b) the inclusion of
feedback was confounded with other manipulations (e.g., interleav-
ing of retrieval practice and new learning, Davis & Chan, 2015;
Davis et al., 2017). Consequently, the provision of feedback in
Experiment 2 offered a good opportunity to examine the influence
of providing feedback on the forward testing effect.

Another possibility for the null effect of testing on transfer is that
completing a strategy survey after every list might have helped the
restudied participants discover effective strategies that they other-
wise would not have considered, thereby minimizing the perfor-
mance gap between participants in the test and restudy conditions
(Double et al., 2018). For example, the statement “I made associa-
tions amongst multiple Chinese characters that I’ve seen” might
have encouraged some participants to associate different characters
with each other and to uncover the existence of radicals. Similarly,
the statement “I focused more on the left side of each Chinese char-
acter” might have served as an instruction for participants to pay
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Figure 2

Accuracy in Target List Recall Test and Transfer Multiple-Choice Test of Experiment 1

Restudy
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Proportion of List 3 Recall
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closer attention to the radicals. We suspect that these strategy state-
ments might not have been as helpful for the tested participants as
they were for the restudied participants because taking the interim
tests was hypothesized to promote more effective strategy use, so
the statements might be redundant for participants in the test con-
dition. In sum, answering the strategy survey might have informed
the restudied participants about the strategies they could use during
subsequent learning, which they otherwise would not have consid-
ered. Accordingly, in Experiment 2, we removed the strategy report
after Lists 1 and 2, and participants reported their strategies only
after List 3.

Experiment 2

In Experiment 2, two changes were implemented to examine why
interim testing did not enhance performance on the transfer test in
Experiment 1 relative to interim restudy. First, a test with feedback
condition was added. If feedback during the interim test facilitates
conceptual learning, participants in the test condition should per-
form better in the transfer test with feedback than without feedback
(and restudy)—we termed this the feedback hypothesis. Second, par-
ticipants reported their strategies only after List 3. If the restudied
participants’ transfer test performance was enhanced due to the
exposure of strategies after Lists 1 and 2, then their performance
should decrease when there was no strategy survey for Lists 1 and
2—which we named the strategy introduction hypothesis.

Design, Participants, and Procedure

Interim activity (test with feedback vs. test without feedback vs.
restudy) was manipulated between-subjects. For the power analysis,
the forward testing effect size from Experiment 1 (d = 0.49)* was
used. A power analysis with the same criteria as Experiment 1 indi-
cated that 61 participants per condition were necessary. Given that
there were four counterbalances, we aimed to collect 64 participants
per condition. In contrast to Experiment 1, which collected data
using a college student sample, participants in Experiment 2 were
223 workers recruited via online experiment sampling platform
Prolific. Participation was restricted to people between the age of
18-35, US nationality, and English-speaking monolinguals. Each par-
ticipant was paid $3.50. Data from 26 participants who knew Chinese
(N =20) and took notes (N = 6) were excluded from analyses. The
final sample included data from 197 participants (113 women, 83
men, and one non-binary; M, = 26.84), with 65 in the test with feed-
back condition, 69 in the test without feedback condition, and 63 in

Restudy P

.00 .10 .20 .30 40 .50 .60 .70 .80
Proportion of Transfer Performance

Error bars display descriptive .95 confidence intervals.

the restudy condition. The procedure was identical to Experiment 1
except for three changes. First, the test with feedback condition was
added. In this condition, the Chinese character with a question mark
was presented for 6 s for participants to recall the English meaning,
and then the corresponding English meaning was presented for 2 s.
Second, all participants completed the strategy survey only after
List 3. Lastly, the cumulative final test was omitted.

Results and Discussion

As mentioned earlier, the data for the strategy survey were ana-
lyzed after Experiment 3, when we combined the data collected
from Experiments 1-3.

List 3 Correct Recall

The left panel of Figure 3 shows the proportion of List 3 correct
recall. An analysis of variance (ANOVA) revealed that the main
effect of interim activity was significant, F(2, 194)=14.58,
p <.001, nﬁ =.13, B;g = 12,246.04. Specifically, the tested partic-
ipants, with feedback (M = .44) or not (M = .47), recalled far more
English meanings of the Chinese characters than the restudied partic-
ipants (M = .23), ts > 4.47, ps <.001, ds > 0.78, Bjos > 1,095.17.
Thus, the forward testing benefit for Chinese foreign language learn-
ing has been generalized to a non-college sample and a condition
with feedback.

The issuance of feedback also allowed us to examine whether
feedback affects the magnitude of the forward testing benefit—it
did not, #(132) =0.49, p =.623, d=0.09, By; = 4.84. This result
indicated that the administration of feedback during initial tests
did not enhance new learning further, nor did it cause the forward
testing effect to diminish, as the moderator analysis from Chan,
Meissner, & Davis (2018) showed.

Transfer Test

The right panel of Figure 3 shows that the main effect of interim
activity on transfer performance was not significant, F(2, 194) =
2.70, p =.069, n,% =.03, Bjp = 1.80. But somewhat unexpectedly,
participants in the test without feedback condition (M =.51)
selected the correct meaning of the novel Chinese items more

2 The actual forward testing effect size in Experiment 1 was d = 0.51, but
the power analysis was conducted when data collection of Experiment 1 was
almost complete, and the effect size of the incomplete sample was d = 0.49.
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Figure 3

Accuracy in Target List Recall Test and Transfer Multiple-Choice Test of Experiment 2
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Note. w/ F = with feedback, w/o F = without feedback. Error bars display descriptive .95 confidence intervals.

frequently than those in the restudy condition (M = .41), #(130) =
2.37, p=.019, d=0.41, B;o=2.31, whereas the participants in
the test with feedback condition did not (M = .46), #(126) = 1.31,
p=.193, d=0.23, Byp; = 2.43 (note that both of the above Bayes
factors provided only anecdotal support for their respective find-
ings). These results are surprising because the feedback hypothesis
proposed that the absence of feedback in the test condition in
Experiment 1 might have hampered the transfer of learning for the
tested participants compared to the restudied ones. Therefore, the
prediction was that a transfer effect would occur when participants
were given feedback. In sum, the data in Experiment 2 did not pro-
vide support for the feedback hypothesis.

The strategy introduction hypothesis proposed that the implemen-
tation of a learning strategy survey after every list might have
informed restudied participants of learning strategies that they
might not have considered. If this were the case, removing the
interim strategy surveys should eliminate this possibility and partic-
ipants in the test conditions, regardless of feedback, should show a
superior transfer of learning compared to participants in the restudy
condition—but our data showed that only participants in the test
without feedback condition, but not in the test with feedback condi-
tion, showed a transfer effect.

Experiment 3

The data in Experiment 2 did not support either the feedback
hypothesis or the strategy introduction hypothesis, which were
both proposed to explain the null effect of interim testing on the
transfer of learning. Moreover, we unexpectedly found a small trans-
fer of learning effect in the Test without feedback condition in
Experiment 2, which was not found in Experiment 1. To ascertain
the replicability of our findings, we manipulated both interim task
and strategy survey frequency in Experiment 3. We omitted the
Test with feedback condition in Experiment 3 because it had little
influence on both recall and transfer performance.

Design, Participants, Materials, and Procedure

Interim activity (test vs. restudy) and frequency of strategy surveys
(report 1x vs. report 3x) were manipulated between-subjects. The
effect size for the power analysis was based on the transfer test

performance (d = .41) between the test without feedback and the
restudy conditions in Experiment 2, and this analysis showed that
91 participants per condition were necessary. Participants were
416 undergraduate students from Iowa State University who com-
pleted the experiment online for course credits. Data from partici-
pants who failed an attention check (N =25), those who knew
Chinese (N =11), those who used a mobile device to complete
the study (N = 6), those who took notes (N =15), and those who
have participated in Experiment 1 (N = 2) were excluded from anal-
yses. The final sample included 367 participants (230 women, 137
men; Mg, 19.16), with 91 in the test-report 3x condition, 93 in
the test-report 1x condition, 91 in the restudy-report 3x condition,
and 92 in the restudy-report 1 x condition. The materials and proce-
dure were a combination of Experiment 1 (without the cumulative
test) and Experiment 2 (without the test with feedback condition).

Results and Discussion
List 3 Correct Recall

The left panel of Figure 4 shows the proportion of List 3 correct
recall. A 2 (interim activity: fest vs. restudy) x 2 (report: 1x Vvs.
3x) ANOVA revealed a significant forward testing effect, with the
tested participants (M =.52) recalling the meaning of far more
Chinese characters than the restudied participants (M = .30), F(1,
363) =54.50, p < .001, d =0.77, By = 4.427e+9. Strategy report-
ing frequency also affected learning. Participants who completed the
strategy survey after every list (M = .45) were slightly more likely to
recall the English meanings than those who completed the survey
after only the final list (M = .38), F(1, 363) =5.06, p =.025, d=
0.22, By = 0.93 (but note the small effect size and the virtually neu-
tral Bayes Factor). The interaction was not significant, F(1, 363) =
1.04, p =309, 1, = .00, By; = 3.95.

Transfer Test

For the transfer test (see the right panel of Figure 4), neither
interim activity, F(1, 363)=0.03, p =.864, d=.02, By; =8.55,
nor reporting frequency affected performance, F(1, 363) = 0.40,
p=.526, d=.07, By; =7.13. Of greater interest, the interaction
was also not significant, F(1, 363)=0.00, p = .984, n§=.00,
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ORestudy

Figure 4

Accuracy in Target List Recall Test and Transfer Multiple-Choice Test of Experiment 3
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Note. Error bars display descriptive .95 confidence intervals.

By = 6.82. Similar to Experiment 1, transfer performance did not
differ between the test-report 3x condition (M =.40) and the
restudy-report 3x condition (M = .40), #(180)=0.14, p = .886,
d=0.02, By; =6.16. In fact, performance in the two conditions
were virtually identical. Further, we did not replicate the surprising
finding of Experiment 2, in which the tested participants outper-
formed the restudied participants when the former reported strategies
only for List 3. Instead, participants in the test-report 1x condition
(M = .41) and those in the restudy-report 1x condition (M = .42)
performed nearly identically, #(183)=0.10, p=.919, d=0.02,
By, = 6.24. Given that the sample size was larger in Experiment 3
(Niestreport 1x = 93) than in Experiment 2 (Nt wio r=69), and
the transfer effect was observed in only one comparison across
three experiments, we suspect that the testing benefit on the transfer
of learning in Experiment 2 was spurious. Given that the overall per-
formance on the transfer test (~40%) in Experiments 1-3 seems
quite low, one could think that participants were just guessing.
However, although 40% performance might sound low, it far
exceeds chance level performance in a four alternative forced choice
test of 25%, 1(636) = 18.82, p <.001, d = 1.81, Byg = 3.445¢e+59.

Overall, when considering the transfer of learning effect, our
results clearly differed from Cho and Powers (2019), who observed
that testing promoted the transfer of learning of Chinese characters.
Although we have already addressed the difference of feedback,
there was still an outstanding difference between our studies—
namely, that participants in Cho and Powers’ (2019) experiments
studied the same list six times, whereas participants in our experi-
ments studied three different lists twice. This discrepancy was
unavoidable because we had disparate research goals. The different
number of repetitions of the study list might play a role in the dis-
crepancy between the results of our study and Cho and Powers’
(2019). Specifically, it might be difficult for participants in our
study to associate the characters with one another because they stud-
ied each list only twice. Furthermore, characters with the same rad-
icals were distributed across three lists in our experiments, which
could make relating characters more difficult. In contrast, Cho and
Powers’ (2019) participants studied the same list repeatedly, which
might make it easier for participants to extract the meaning of the
radicals. We will address these possibilities more fully in the

General Discussion, but at the very least, our results show that testing
does not always promote recognition of novel Chinese characters
compared to restudying.

Combined Analysis Across E1-E3

In the following, we sought to address two questions based on the
combined data of Experiments 1-3. First, to what extent did strategy
use change across Lists 1-3 in the test condition compared to the
restudy condition? Second, did List 3 strategy use mediate the rela-
tionship between interim activity (i.e., test vs. restudy) and List 3
recall? To accomplish these goals, we first conducted a factor anal-
ysis to consolidate results of the strategy questionnaire; we then used
the extracted factors for our analyses. It is important to consider that
we conducted parametric tests for the following analyses despite our
measurements being ordinal. However, Robitzsch (2020) suggested
that under many circumstances, ordinal data can be treated as scale
data for analysis purposes.

Factor Analysis

In our pre-registration, we initially planned to compare deep ver-
sus shallow learning strategies. But during our data collection pro-
cess, we decided to conduct factor analysis instead. This was
because, in hindsight, we thought shallow versus deep categoriza-
tion might not fully reflect the latent structures of the strategies.
Thus, we conducted an exploratory factor analysis to identify possi-
ble strategy factors. We chose this approach to avoid conducting a
t-test on each of the 12 strategy items, which either greatly inflates
the Type-1 error rate without multiple comparison correction or
greatly reduces power when implementing multiple comparison
correction.

Responses on List 3 strategy were used for the factor analysis. We
conducted principal axis factor extraction with varimax rotation in
JASP. To decide on the number of factors, a parallel analysis was
conducted, which is recommended over the traditional method of
retaining only factors with eigenvalues greater than 1.0 (Hayton
etal., 2004; Ledesma & Valero-Mora, 2007). A three-factor solution
explaining 32% of the variance emerged. The first factor accounted
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for 14% of the variance, with each of the other two factors account-
ing for an additional 9% of the variance. Intercorrelation among fac-
tors was low (rs <.15).

Factor loading of .30 was used as a criterion (Costello & Osborne,
2005; Howard, 2016) to select items for each factor (see Table 4).
The first factor was named “relational strategy” because most of
the items meeting the criterion (i.e., Inter-item narrative, Intra-item
narrative, Inter-item associations, Personal significance, and
Self-testing) were associated with learners trying to find relations
among different items (Dumas et al., 2013). The Self-Testing
item was dropped from the factor because it is not clearly a relational
strategy, given that any self-testing that occurs during an encoding
phase is likely based on working memory retrieval (i.e., similar
to rehearsal).” The second factor was named “rehearsal strategy”
because all three items satisfying the criterion (i.e., Rote
Rehearsal, Looking, and Verbalization) were associated with
rehearsal. The third factor was named “imagery strategy” because
both items passing the criterion (i.e., Mental Imagery, Associative
Imagery) were related to imagery. The Radical Focus and Avoid
Distraction strategies did not belong to any factors. Strategy scores
were calculated by averaging the ratings of items within each factor.
Of course, there are multiple ways to compute factor scores.
However, we opted to use the mean rating system because we wanted
all items in a factor to be weighted equally. Note that this approach is
not without precedents and is commonly employed in the neuropsy-
chology literature (e.g., Chan & McDermott, 2007; Glisky et al.,
1995).

Strategy Use Across Lists

To validate our strategy measures, we calculated Spearman’s rank
correlation between strategies and List 3 recall, and all three strategy
factors were positively associated with List 3 recall (preatonal
[635] = .16, prencarsal [635] = .16, pimagery [635] =25, ps <.001,
Bjos > 26.67). Consequently, employing the encoding strategies
(especially imagery) was beneficial to learning in the present
experiments.

If testing affects encoding strategies, one might expect a differ-
ence in strategy use to emerge across study lists, such that the tested
participants might begin favoring relational strategies relative to the
restudied participants. To investigate this possibility, a 3 (List num-
ber: 1 vs. 2 vs. 3) x 2 (Interim activity: Test vs. Restudy) ANOVA

Table 4
Factor Loadings for List 3 Strategy Factors
Item Relational Rehearsal Imagery

Inter-item narrative .80 .06 .07
Intra-item narrative 71 —.02 18
Personal significance 41 21 25
Inter-item associations 31 28 —.01
Rote rehearsal .00 58 .20
Looking .02 46 11
Verbalization 12 43 .08
Mental imagery .08 18 85
Associative imagery .19 13 39
Self-testing 30 28 .16
Radical focus 22 .26 —.15
Avoid distraction .14 17 .09

Note. Bolded numbers indicate that items were chosen for each factor.

was conducted for each of the three strategy factors as a dependent
variable. List number was a within-subjects variable, and interim
activity was a between-subjects variable.

As shown in Figure 5, each ANOVA resulted in a significant inter-
action, all of which were characterized by a similar pattern, relational
—F(2,506)=5.22, p = .006, n,% =.00, B¢ = 3.30; rehearsal—F(2,
506) =5.71, p = .004, n,f =.00, B;p = 5.52; imagery—F (2, 506) =
12.65, p < .001, npz = .01, Byp = 3,281.44. Specifically, from List 1
to List 3, the tested participants reported increased use of all three
strategies, F's > 6.40, ps < .003, nﬁs > .05, Bgs > 9.96. In contrast,
for the restudied participants, strategy use remained at a similar level
across lists for relational, F(2, 254)=0.20, p =.815, nﬁ =.00,
Bo1 =29.09, and rehearsal, F(2, 254)=2.21, p=.112, n,% =.02,
By =4.62, strategies and decreased for imagery strategies, F(2,
254)=9.41, p <.001, nﬁ =.07, Bjo=142.38. These results sug-
gest that interim testing may have prompted participants to increase
the use of each strategy. However, as can be seen in Figure 5, the
restudied participants unexpectedly reported greater use of List 1
strategy than the tested participants in all three strategies, indicating
that the baseline was different between the two conditions, which
clouded the interpretation of this interaction, s > 3.10, ps < .003,
ds > .39, Byps > 12.33.

Taken together, the tested participants increased their use of strat-
egies across Lists 1-3 for all factors, whereas the restudied partici-
pants maintained a similar or decreased strategy use. However,
there was no qualitative shift in strategy use; instead, the tested par-
ticipants simply reported increased use of all strategies. One might
wonder why participants could increase their use of all strategies
rather than shifting their use from one strategy to another across
lists. Although strategy use being a zero-sum game is an intuitive
concept, our survey did not allot participants with a maximum num-
ber of points and had them distribute those points across the 12 strat-
egies. Instead, the strategies were not mutually exclusive, so
participants could report having used more of every strategy after
they were tested. For example, participants might report using
more of all strategies because they put in more effort across the
board and made use of strategies more often in general.
Alternatively, as we have discussed in the paper, answering the strat-
egy questionnaires might have made those strategies salient to par-
ticipants, thereby increasing the reporting of multiple strategies.
Perhaps most importantly, the tested participants did not use any
of the List 3 strategy to a greater extent than the restudied partici-
pants, ts < 0.53, ps > .513, ds < 0.08, By;s > 5.94, despite a sub-
stantial forward testing effect in List 3 recall. Although this
dissociation in strategy use (i.e., null effect) and recall (i.e., forward
testing effect) might be problematic for the strategy-change account,
the null effect in List 3 strategy use might be attributable to the afore-
mentioned baseline difference. If the baseline was similar across the
two conditions, the tested participants might have reported greater
use of strategies for List 3 than the restudied participants.

Itis not clear why the restudied participants reported greater use of
all three strategies during List 1 than the tested participants, but one
possibility could be a sampling difference. Although we deemed this
possibility remote, we still wanted to address it. Thus, we used a
within-subjects design in Experiments 4 and 5 to eliminate

3 We conducted the analyses with including the self-testing item, but the
overall result pattern remained the same.
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Figure 5

Strategy Use Change Across Lists 1-3 for Each Strategy Factor
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Note. The strategy rating of 1, 2, and 3 meant rarely, sometimes, and about half the time. Error bars display standard errors.

between-group differences. Furthermore, we expected participants
would be better able to distinguish strategies used when they
could experience both conditions.

Did List 3 Strategy Use Mediate the Relationship Between
Interim Activity and Correct Recall?

We conducted a confirmatory factor analysis (CFA) first to test the
fit of the measurement model before conducting structural equation
modeling (SEM) to test the mediation of strategy-change account. In
the mediation model, we considered interim activity and reporting
frequency as independent variables, strategy factor as a mediating
variable, and List 3 correct recall as a dependent variable (see
Figure 6). For CFA, the three strategy factors were treated as latent
variables, and each strategy item was treated as a manifest variable.
CFA was conducted using Mplus 7.0. The measurement model
showed a poor fit, x*> =268.47, df=49, p <.001, with multiple
indices suggesting that the model did not fit the data well,
RMSEA = .08, CFI=.81, SRMR = .07. Moreover, none of the
beta coefficients between interim activity and strategy factors were
significant, Bs < .061, p > .255. Thus, the SEM was not conducted
because there would be no mediation effect given that the indepen-
dent variable (i.e., interim activity) was not associated with the medi-
ators (i.e., strategy use), although interim activity was significantly
associated with List 3 correct recall ( = .051, p <.001).

Discussion

The results in the combined analysis showed an absence of a
mediation effect of strategies; moreover, List 3 strategy use did not
differ significantly between the tested and restudied participants.
The latter finding contrasts with the one reported by Cho and
Powers (2019), who showed that tested participants reported greater
use of inter-item association and diminished use of rote rehearsal
than restudied participants. One might wonder if this discrepancy
can be attributed to the different analysis approaches, as we reduced
our strategy questionnaire data from 12 questions into three factors,
whereas Cho and Powers (2019) conducted one #-test per strategy

question. To explore this possibility, we compared each List 3 strat-
egy question between the test and restudy conditions. Out of 12
t-tests, only the Avoid Distraction strategy (i.e., I told myself not
to be distracted) revealed a significant difference, with higher
usage reported by the restudied participants (M = 2.92) than the
tested participants (M =2.55), #(641)=—-2.63, p=.009, d=
0.21, Byp=2.57. Verbalization strategy (i.e., I spoke words out
loud or mouthed the words) showed a marginal difference in favor
of the tested participants (Mresuay =2.55 VS. M =2.85), ¢
641)=1.96, p=.050, d=0.16, B;o=0.58. Therefore, even
when we used the same analysis approach as Cho and Powers
(2019), we found little evidence that testing had encouraged partic-
ipants to use deeper encoding strategies.

Another possibility that may have led to no difference in List 3
strategies between the test and restudy conditions is that reporting
strategies after Lists 1 and 2 could have affected List 3 strategy
use, because Cho and Powers (2019) had participants report strategy
use only once. To examine this possibility, we conducted the same
t-tests comparing List 3 strategies for only participants who reported
their strategies once (i.e., Experiment 2 and the report 1x condition
in Experiment 3). The results of this analysis showed a similar
pattern, with the same two strategies showing a significant differ-
ence, Avoid Distraction—#(381)=—2.76, p=.006, d=0.29,
Big=4.41; Verbalization—#(381)=2.08, p=.038, d=0.22,
B 10 — 091)

Experiment 4

As a whole, our results suggest that testing did not influence par-
ticipants’ subsequent encoding strategies. But we wanted to investi-
gate whether this finding still holds when we manipulate interim
activity within-subjects. To this end, we conducted Experiment 4
as a non-preregistered pilot study. There were three reasons why
we chose a within-subjects design. First, there was a baseline differ-
ence in strategy reporting between the test and restudy conditions,
which suggests the possibility of a sampling issue. Second, partici-
pants might be able to better distinguish their strategy usage across
conditions if they have experienced both, so the present experiment



k3]
=]
2
7
<
S
)
=]
S
<=
)
>
1)
=W
)
2
2
>
o
=
2
=)
>
j=¥
o
5]
2
o
=]
5]
(=]
k]
)

=

personal use of the individual user

lely for the

=
()
=)
=1
Q
2]
)

FORWARD TESTING EFFECT AND STRATEGY 447

Figure 6
The Strategy-Change Account Mediation Model

Interim
Activity

Note.

Rehearsal

Reporting
Frequency

List 3
Correct Recall

Numbers are not included because we did not test the mediation model. We included this figure to depict the medi-

ation model that we intended to test. IEN = Inter-item narrative, IAN = Intra-item narrative, IEA = Inter-item associations,
PS = Personal significance, RR =Rote rehearsal, LK =Looking, VB = Verbalization, MI = Mental imagery, Al =

Associative imagery.

might provide a more sensitive measure of strategy change. Lastly,
we sought to investigate which encoding strategies might contribute
to the forward testing effect at an individual level. Extant studies
have not been able to associate the forward testing effect to a partic-
ular strategy use. By manipulating interim activity within-subjects,
we could examine whether the magnitude of the forward testing
effect (as demonstrated by each participant) is associated with
increased usage of a particular encoding strategy between testing
and restudying.

Design and Participants

Interim activity (test vs. restudy) was manipulated within-
subjects. Because this study was conducted as a pilot, we did not
conduct a power analysis in advance. Participants were 86 under-
graduate students from lowa State University who completed the
experiment for course credits. Data of participants who knew
Chinese (N =7), failed an attention check (N = 3), did the same
experiment previously (N=2), and took notes (N=1) were
excluded from analyses. The final sample included 73 participants
(56 women, 17 men; M,z = 19.52), with 36 completing the restudy
condition first and 37 completing the test condition first.

Material and Procedure

Two radicals (i.e., fire ‘K and tree /K), each with 12 characters,
were added to the four existing ones (i.e., eye, hand, water, speech)
because more Chinese characters were necessary to conduct a
within-subjects experiment. This resulted in 72 characters in total

(see Appendices A and B). Two different material sets were con-
structed. Each set consisted of four lists of characters from three dif-
ferent radicals (i.e., Set A—eye, hand, fire; Set B—water, tree,
speech). Each list contained three Chinese characters from each of
the three radicals. Three lists from Set A and three lists from Set B
were used for the list learning phase, with the fourth list from each
set reserved for the transfer test. One set (i.e., A or B) was assigned
to the restudy condition, and the other was assigned to the test con-
dition. The order of the restudy or test conditions was counterbal-
anced across participants (i.e., restudy-first or test-first). This
counterbalancing allowed us to examine whether the forward testing
effect is affected by sequencing in a within-subjects design. For
example, for participants who completed the test condition first,
there might be some carryover effects of testing, so the forward test-
ing effect could be smaller compared to participants who were
assigned the opposite sequence. Immediately after the test of List
3 or 6, participants completed the strategy survey that was used in
Experiments 1-3. Finally, at the end of the experiment, all partici-
pants took a transfer test on two novel lists (i.e., one from Set A
and one from Set B).

Results and Discussion

Target List Correct Recall and Transfer Test

A 2 (interim activity: test vs. restudy) x 2 (sequence: restudy-first
vs. test-first) ANOVA was conducted on target list recall (Figure 7
top panel). There was a main effect of interim activity, showing a
within-subjects forward testing effect for Chinese foreign language
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Figure 7
Accuracy in Target List Recall Test and Transfer
Multiple-Choice Test of Experiment 4
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Note. Error bars display descriptive .95 confidence intervals.

learning (Mg = .55, Miesuay = -40), F(1, 71)=15.69, p <.001,
d=0.47, Bjp=135.94. Neither the main effect of sequence nor
the interaction was significant: Sequence—F(1, 71)=0.08,
p=.771, d=0.07, By, =4.00; Interaction—F(1, 71)=0.81,
p=.372, n§ =.00, By; = 2.99. There was no carryover effect of test-
ing. Participants’ restudy performance was similar regardless of
sequence  (Mregay-first = 41 V8. Micgrfirs = -40), #(71) = 0.24,
p=.814,d=0.06, By, = 4.04.

For transfer performance (Figure 7 bottom panel), neither the
main effects nor the interaction was significant: Interim activity—
F(1, 71)=0.00, p =.934, d = .01, By, =7.73; Sequence—F1(1,
71)=1.46, p=.232, d=0.28, By =2.21; Interaction—F(1,
71)=1.99, p=.162, T\;% =.00, By; = 1.75). Again, replicating the

results of Experiments 1-3, transfer test performance was not
affected by interim activity (Mie = .32 VS. Miegruay = -32).

Strategy Change and Forward Testing Effect

To examine whether there was a difference in strategy reports
between the test and restudy conditions, we conducted a 2 (interim
activity; test vs. restudy) x 3 (strategy factor; relational vs. rehearsal
vs. imagery) ANOVA. We inherited the same strategy factors from
Experiments 1-3 by averaging the ratings of items within each
factor.

Table 5 shows strategy reporting by condition. There was a main
effect of strategy factor, indicating that participants used each strat-
egy factor to a different extent, F(2, 144)=4547, p <.001,
nﬁ =.30, Byp =2.021e+26. Specifically, participants used imagery
strategies most frequently (M =3.44), then rehearsal strategies
(M =2.99), and lastly, relational strategies (M = 1.98). Neither the
main effect of interim activity nor interaction was significant,
Fs<1.27, ps>.264, Bgys>7.62. Therefore, the data in
Experiment 4 showed once again that interim testing did not change
participants’ encoding strategy compared to interim restudy, even
when participants had experienced both interim tasks.

Although interim activity did not affect strategy reports at the con-
dition level, the within-subjects design of this experiment allowed us
to investigate the relationship between the forward testing effect and
strategy use at an individual level. Specifically, we examined
whether the size of the forward testing effect was associated with
a change in strategy use between test and restudy at an individual
level. For each participant, we calculated a strategy difference
score (instead of the group level strategy scores displayed in
Table 5) by subtracting the restudy strategy score from the test strat-
egy score for each type of strategy. For example, if a participant
answered the mental imagery question with a 3 following a restudy
trial but a 5 (i.e., always) following a test trial, the difference score
would be 2 (i.e., 5 — 3 =2). Using this method, we calculated the
average difference scores for each of the three factors (i.e., relational,
rehearsal, and imagery). The forward testing effect size was calcu-
lated for each participant by subtracting target list recall performance
of the restudy condition from that of the test condition. We used
Spearman’s p for correlation.

Interestingly, as can be seen in Figure 8, there was a positive cor-
relation between the forward testing effect and the imagery strategy
difference score, p(71) = .27, p = .024, Byy = 4.03. The correlation
was not significant for relational strategy, p(71) =.15, p =.216,
By1p=1.51, and rehearsal strategy, p(71)=.07, p =.550, By, =
5.30. These results suggest that an increase in imagery strategy
usage (from restudy to test) was associated with a larger forward

Table 5
Mean Strategy Reporting by Condition in Experiments 4-5
Experiment Condition Relational Rehearsal ~ Imagery
Experiment 4
Test 1.99 (1.23) 3.04 (1.17) 3.50 (1.10)
Restudy 1.97 (1.12) 2.95 (1.15) 3.37 (1.20)
Experiment 5
Test 1.89 (1.18) 2.88 (1.16) 3.25(1.36)
Restudy 1.85 (1.13) 2.86 (1.24) 3.13 (1.42)

Note. Standard deviations are in parentheses.
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Figure 8

Scatterplots Showing the Association Between Strategy Difference Scores and Forward Testing Effect Size in

Experiment 4

p=.27
1 2

Imagery strategy difference

1.0
@ os
‘®
3
=
] _
o 0.0 o
£ =
k]
5]
©
—
g -0.5
(]
(VIR
-1.0
2 -1
1.0|
o)
N
»n 0.5
—
3
2 _
) e P -
el ) Py
£ 00 . 0 o
= L
(2]
]
2
o
@
g 05 p
[

-1.0

-2 -1 0 1 2
Relational strategy difference

1.0
N
‘» 05
bt
®
5 ]
(] e s e
()] (& o e e
£ 00 o . R
»
"9 L J
©
T
g 05 0=.07
o
L
1.0

2 -1 0 1 2
Rehearsal strategy difference

Note. Overlapping data points are shown as darker dots. See the online article for the color version of this figure.

testing effect. We discuss these findings after reporting the results
from Experiment 5, which was preregistered and had a larger
sample.

Experiment 5

In Experiment 5, we aimed to replicate the findings in Experiment
4 using a larger sample. In addition, to further examine whether test-
ing can promote the transfer of learning to novel Chinese characters,
we inserted a 2-day delay before the transfer test in Experiment
5. We opted for this procedure because Cho and Powers (2019)
implemented their transfer test with a 2-day delay after the study
phase.

Design, Participants, Material, and Procedure

Experiment 5 was identical to Experiment 4 except that partici-
pants took the transfer test after a 36—48 hr delay. Thirty-six hours
after Session 1, participants received an email informing them to fin-
ish Session 2 (i.e., transfer test) within the next 12 hr. For exposition
purposes, henceforth, we term this a 2-day delay.

For the power analysis, we used the correlation between the for-
ward testing effect and the imagery strategy difference score
(p=.30) in Experiment 4 as the effect size of interest. Given the
novelty of this finding, we aimed to be conservative. Thus, we
used 75% of the original correlation (p = .225), and a power analysis
showed that 137 participants were necessary. Participants were 230
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undergraduates from Iowa State University who completed the
experiment for course credits. Data of participants who knew
Chinese (N = 17), failed an attention check (N = 14), did the exper-
iment previously (N =38), took notes (N =4), and used a mobile
device (N =4) were excluded from analyses. Out of the remaining
183 participants (105 women, 78 men; M,,. 19.65), 72 did not com-
plete the Session 2 transfer test. However, because our main interest
was in the association between strategy use and the forward testing
effect, which occurred in Session 1, we decided to include the par-
ticipants who did not complete Session 2 in the analyses (and it
would be exceptionally wasteful to drop data from 72 participants).
Furthermore, a missing data analysis showed that there was no sys-
tematic differences in target list correct recall between those who
completed both sessions and those who completed only Session 1,
either in the test condition (Mcomplete = -33 VS. Mincomplete = -32), ¢
(181)=0.08, p =.931, d =0.01, By; = 6.08, or in the restudy con-
dition  (Mcomplete =-32 VS, Mincomplete = -33),  1(181) =0.24,
p=.814,d=0.04, By; =5.95.

Results
Target List Correct Recall and Transfer Test

Figure 9 shows the proportion of target list correct recall (top
panel) and accuracy on the transfer test (bottom panel). Once
again, a forward testing effect was observed, F(1, 181)=98.25,
p <.001, d=0.74, By =6.772e+15, with participants recalling
more English meanings of Chinese characters in the test condition
(M = .53) than in the restudy condition (M = .33). Neither the
main effect of counterbalancing nor the interaction was significant:
Sequence—F(1, 181)=2.13, p=.146, d=0.22, By =2.32;
Interaction—F(1, 181)=0.00, p=.869, n,% =.00, By =6.55.
Similar to Experiment 4, there is little evidence for the carryover
effect of testing, such that participants performed similarly in the
restudy condition regardless of whether it was preceded by the test
condition (Meg-first = -35) or N0t (Mregruay-irse = -30), #(181) =
1.20, p = .234, d =0.18, By; = 3.20.

Extending the results from Experiments 1-4, interim activity did
not affect transfer test performance even after a 2-day delay
(Mg = .32 vs. Mieguay =-30), F(1, 109)=1.10, p=.296, d=
0.10, By; = 5.70. Neither the main effect of sequence nor its interac-
tion with interim task was significant, Fs < 1.50, ps > .224, ds <
0.23, By;s > 2.54.

Forward Testing Effect Size and Strategies

A 2 (interim activity) x 3 (strategy factor) repeated-measures
ANOVA showed that participants used each type of strategy to a dif-
ferent extent, F(2, 364) = 101.52, p <.001, n,% = .29, B;p =2.236¢e
+38, with the same rank ordering as in Experiment 4 (Mjmagery =
3.19, M chearsal = 2.88, M cationa = 1.87, see Table 5). Neither the
main effect of interim activity nor interaction was significant,
Fs <2.05, ps > .153, By;s > 9.87.

The correlations between the strategy difference scores and the
size of the forward testing effect were calculated using the same
method as in Experiment 4 (see Figure 10 for scatterplots). A
small but positive correlation was observed between each of the strat-
egy difference scores and the magnitude of the forward testing
effect: Imagery—p(181) = .14, p =.060, B,y = 0.73; Relational—

Figure 9
Accuracy in Target List Recall Test and Transfer
Multiple-Choice Test of Experiment 5
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Note. Error bars display descriptive .95 confidence intervals.

p(181)=.21, p=.005, Bjo=06.96; Rehearsal—p(181)=.16,
p=.029, B;;=0.53.

To further examine the overall influence of the three strategy dif-
ference scores on the forward testing effect, we conducted a multiple
regression analysis with the three strategy difference scores as inde-
pendent variables and the forward testing effect as the dependent
variable using the combined data from Experiments 4 and 5.

The overall model explained a moderate amount of variance of the
forward testing effect, r = .29, F(3, 255)=7.44, p <.001, By; =
14821, with  Bimagerya=.04  (p=.007),  Bretationaia = -06
(p=.005), and Brepearsain = -03 (p =.141). This result indicates
that people who showed a greater forward testing effect reported
more strategy change following interim testing (compared with
interim restudying). One might interpret this result as providing
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Figure 10
Scatterplots Showing the Association Between Strategy Difference Scores and Forward Testing Effect Size in Experiment 5
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partial support for the strategy-change account. Due to its correla-
tional nature and the lack of overall difference in strategy reports
across conditions, caution is necessary when interpreting these
data. We will further consider the implications of this finding in
the “General Discussion”.

To further examine whether strategy change mediates the relation-
ship between interim activity and target list recall, we conducted a
mediation analysis. Before the mediation analysis, we checked the
validity of strategy measure by correlating each of strategy factors
(not the strategy difference scores) with target list recall, and all of
them showed positive correlations in both restudy (prerational = -22,
Prehearsal = -23, Pimagery = -30, ps <.001, By;s >43.31) and test
(Pretational = -16, Prehearsal = .23, Pimagery = 21, ps <.001, Bois >
2.39) conditions. We used Montoya and Hayes’ (2017) approach

for the within-subjects mediation analysis. In mediation analysis,
there are three causal paths. In Figure 11, path c is the effect of pre-
dictor (X) on the outcome variable (Y), path a is the effect of predic-
tor (X) on mediator (M), and path b is the effect of mediator (M) on
outcome variable (Y). The total effect of X on Y is demonstrated by
two components, a direct effect ¢/, and an indirect-mediation effect
ab, which is the product of a and b. Each of the three strategy factors
served as a mediator. As can be seen in Figure 11, despite a powerful
direct relationship between interim activity in Target list correct
recall (¢’ =1.751, CI [1.397, 2.105]), it was not mediated by any
of the three strategy factors: Relational (ab = 0.008, CI [—0.046,
0.072]), Rehearsal (ab =0.008, CI [-0.050, 0.063]), and Imagery
(ab =0.037, CI [—0.010, 0.118]). Total indirect effect was 0.052,
CI [-0.048, 0.163].
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Figure 11
A Mediation Model With Strategy Factors as Mediators in Path
Analysis Form
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Note. Size of the Forward Testing Effect was the difference in target list
recall between the restudy and test conditions.
#¥p < .001.

General Discussion

The main goal of the present study was to examine the strategy-
change account of the forward testing effect. Specifically, we exam-
ined whether interim testing changes the strategies learners use to
encode new information. Across five experiments, interim testing
(relative to restudying) did not affect encoding strategies, and this
null effect was found (a) regardless of whether participants reported
strategy use after every study list or after only the criterial list, (b)
whether the interim task was manipulated between or within-
subjects, and (c) strategy use did not mediate the relationship
between interim activity and recall. Most importantly, these null
effects occurred in spite of a robust forward testing effect being
observed in every experiment. Lastly, we found no evidence that
interim testing promoted the recognition of novel Chinese materials
compared to restudy in the transfer test.

Strategy-Change Account

If we take at face value the null effect of testing on participants’
reported encoding strategies, a natural interpretation is that interim
testing did not change encoding strategies for new materials. This
finding thus places an important constraint on the strategy-change
account, such that interim testing might affect learners’ subsequent
retrieval strategies (Chan et al., 2020; Chan, Manley, et al., 2018;
Dang et al., 2021), but leaving the encoding strategies unchanged.
Consistent with this idea, a recent study by Ahn and Chan (2022)
suggested that strategy change may occur during retrieval rather
than encoding. Their participants studied several category word
lists arranged with the same category words blocked together (i.e.,
blocked) or with a mixture of different category words per list
(i.e., intermixed). The researchers hypothesized that if testing facil-
itates new learning because it promotes relational processing during
the encoding stage, then the forward testing benefit should be dimin-
ished in the blocked condition compared to the intermixed condi-
tion. Their rationale was that presenting the same category words
consecutively would encourage relational encoding even in the

absence of testing, which should in turn reduce the performance
gap between test and restudy. However, Ahn and Chan (2022)
found that the forward testing effect was unaffected by category
arrangements, which suggests that testing may not affect how partic-
ipants encode subsequent materials.

Although we did not find a strategy difference at the condition
level, strategy change was moderately correlated with the forward
testing effect at an individual level. There are several possibilities
for these seemingly discrepant findings, although we believe that
the contradiction is more apparent than real. First, despite the fact
that we found a forward testing effect (e.g., d=0.74 in
Experiment 5), not all participants experienced the benefit of for-
ward testing. In Experiment 5, 69% of the participants showed a for-
ward testing effect, but 31% experienced either no benefit or a
negative effect. The positive correlation between the forward testing
effect and strategy change was driven by a small increase in strategy
use for people who experienced a positive forward testing effect
(+0.13 across the three strategies) and a small decrease in strategy
use for people who did not show a forward testing effect (—0.09).
Consequently, there was a correlation but no overall change in strat-
egies based on testing at the group level.

Based on these results, we suspect that the individual differences
in strategy use and their association with the forward testing effect
were driven by a third variable. For example, students who tend to
report more change in strategy use (based on testing) might be stu-
dents who were naturally motivated to learn the material in the exper-
iment, and these individuals might be particularly likely to
demonstrate a forward testing effect (for similar demonstrations of
individual differences in the retrieval practice effect literature, see
Fellman et al., 2020; Minear et al., 2018). Moreover, as stated earlier,
testing might instigate a shift in retrieval strategy, which leads to a
forward testing effect, and changes in retrieval strategies might in
turn cause some participants to change their encoding strategies,
and this second-order change is then registered as the weak positive
correlation between the encoding strategy difference scores and the
forward testing effect observed in Experiment 5 (ps between .14 and
21).

Before moving on, two existing findings must be considered in the
context of our finding that “interim testing does not change partici-
pants’ encoding strategy.” First, interim testing has been shown to
alter participants’ expectations about whether they will be tested
in the imminent future. Specifically, Weinstein et al. (2014) and
Chan et al. (2020) reported that participants who had completed
more interim tests were more likely to expect another test in the
future, even if they were told that whether they would be tested on
each trial was determined randomly. Therefore, participants’ esti-
mated test likelihood should remain at 50% across trials, but in real-
ity, participants who are in the interim test condition increased their
test expectancy across trials, whereas those in the interim restudy
condition reported the opposite. Second, Finley and Benjamin
(2012) showed that learners shifted their encoding strategies when
they perceived a change in ongoing task demands. In Finley and
Benjamin’s (2012) experiments, participants were led to believe
that they would later complete a recall or a recognition test, and par-
ticipants’ strategies changed based on the expected test format.

Taken together, if altering learners’ expectations about the rype of
test they will receive changes their encoding strategies, and if interim
testing alters learners’ expectations about the likelihood that they
would be tested, then a logical extension is that interim testing
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should affect learners’ encoding strategies. The results of our five
experiments, if proven generalizable beyond the present materials,
suggest that learners’ expectancy about fest likelihood and test
type are fundamentally different. Increasing test likelihood might
not change people’s encoding strategies because there are no quali-
tative changes to the task demand, whereas changing the type of test
(between recall and recognition) does, and a change in perceived
task demand might be necessary to elicit a qualitative shift in encod-
ing strategies. Indeed, these results, together with the finding that
interim testing can increase participants’ self-regulated study time
(Davis & Chan, 2022; Yang et al., 2017), suggest that interim
retrieval might affect encoding strategies quantitatively (e.g., they
might effort greater effort in general) but not qualitatively (e.g.,
they might not shift to a new encoding strategy), although this
conclusion is clearly preliminary and awaits more research to be
verified.

Limitations, Broader Implications, and Future Directions

We would like to address why the baseline of strategy use was
different between the test and restudy conditions in the combined
analysis across E1-E3. We suspect that it might be related to the
timing of strategy reporting. Participants reported their strategies
after they restudied the previous list or took an interim test. This
was because we were concerned about participants in the restudy
condition seeing the strategies before receiving the restudy oppor-
tunity, which could then lead them to implement those strategies
during the restudy session. Specifically, the following question
was provided during the strategy survey, “How much have you
used the following strategies while you studied List 1?7 The phrase
“while you studied List 1”” meant only the initial study trial, not the
interim restudy or test trial. However, it is possible that when the
restudied participants were doing the survey, they had considered
the restudy trial to answer the questionnaire, whereas the tested
participants would be more likely to consider only the initial
study trial. Thus, in future studies, it might be necessary to vary
when participants are asked to report their strategies. For example,
instead of using a retroactive strategy report, Dunlosky and
Hertzog (2001) asked participants what strategy was used for
each item among the five strategies. Similarly, a follow-up study
could use an item-based strategy measure instead of a list-based
measure.

Finally, one could argue that we found no difference in encod-
ing strategies because participants might not be able to recognize
changes to their strategies, rather than because testing did not
influence their encoding strategies. We caution against claims of
this nature, because they make the strategy-change account diffi-
cult to falsify. An alternative, more plausible argument might be
that our paired-associate materials may not be suitable to examine
the strategy-change account, given that studies that led to the pro-
posal of that account were based on associative word lists (Chan et
al., 2020; Chan, Manley, et al., 2018; Dang et al., 2021). In those
studies, participants benefited from associating different items
with one another and that each recalled item could serve as a
retrieval cue for other items. However, this type of relational rea-
soning might not be suitable for learning Chinese—English paired
associates. Because participants were always provided with the
Chinese character as a cue, it was sufficient to learn the associa-
tion within each pair, without making associations across pairs,

especially because participants were not told about the existence
of radicals.

In fact, the imagery strategy might have been more useful than
the relational strategy, given the characteristics of our material.
Chinese is a logographic writing system because the shapes of
many characters represent the actual meaning of the words. This
feature is especially distinctive among characters created based
on radicals. For example, ‘K means fire, and its origin was based
on the shape of fire around pieces of logs. Although participants
were not told about the representational characteristics of the
Chinese characters, some might have noticed the correspondence
between the shape of the Chinese characters and their meanings.
Indeed, participants reported using imagery strategies most fre-
quently (see Figure 5 for data from Experiments 1-3 and Table 5
for data from Experiments 4-5). Moreover, when we asked partic-
ipants about their learning strategies with an open-ended question
during the pilot study, some participants reported associating the
shapes of characters with their English meanings. Despite the
above arguments, we had considered the present materials condu-
cive to encoding strategies that use relational, and inter-item asso-
ciations before the start of the experiments, so any reasoning to the
contrary was done post hoc.

Future studies should examine whether our results would gener-
alize beyond paired-associate learning. At the very least, our data
highlight the importance of broadening the materials used in the
forward testing effect literature, which is essential to developing
well-rounded theories (Hintzman, 2011). Although some readers
might find the conclusion that “interim testing does not cause a
qualitative change to subsequent encoding strategy for Chinese—
English paired associates learning” overly constrained, it is impor-
tant to consider that this finding occurred while we repeatedly
observed a robust forward testing effect. Consequently, our results
have the potential to rule out encoding strategy change as an expla-
nation for the forward testing effect, but it is also important to
remember the context in which this finding emerged. Jenkins
(1979; see also Roediger, 2008) proposed a tetrahedral model of
human memory experiments, in which he argued that all memory
phenomena must be considered in the context of their discovery,
including subject variables such as age and cognitive abilities, ori-
enting task variables such as instructions, criterial task variables
such as test types (e.g., recall, recognition), and material variables
such as the sensory mode (e.g., verbal, visual). In our opinion, it is
the material variable that placed the greatest constraints on the gen-
erality of our critical finding.

Students learn different types of material daily, and different
materials have different demands on learning. Take for example
the finding that interim testing can reduce the frequency of mind
wandering when participants watched a statistic lecture (Szpunar
et al., 2013); a similar study found that interim testing only altered
the nature of mind wandering (e.g., task-related vs. task-unrelated),
but not the frequency of mind wandering, when participants watched
a public health lecture, which was presumably more engaging than
the statistic lecture (Jing et al., 2016). Indeed, the literature is replete
with examples that show the elimination or reversal of a seemingly
robust and powerful effect based on a change in the study material
(e.g., Huff et al., 2016; LaPaglia & Chan, 2013, 2019; Pereverseff
et al., 2020). An important goal, in our opinion, is to discover how
different materials can affect the processes involved in learning. In
sum, further research with different materials is necessary to
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ascertain the generality of our conclusion on the encoding strategy-
change account of the forward testing effect.

Transfer of Learning

Across five experiments, we examined whether interim testing
could enhance the transfer of learning. We included this research
question because testing has been known to promote relational pro-
cessing, and finding relations (i.e., radicals) among different charac-
ters can promote participants’ ability to infer the meaning of novel
Chinese characters (Cho & Powers, 2019). However, we did not
find a benefit of testing on the transfer test, even when we included
feedback (Experiment 2), varied the frequency of strategy reporting
(Experiment 3), and inserted a 2-day delay (Experiment 5). These
null effects contrast with the results shown by Cho and Powers.

When designing our experiments, we discovered several issues
with the materials in Cho and Powers (2019) that could cloud inter-
pretations of their transfer test results (see Figure S2 in the online
supplemental material on OSF for their material), which prompted
us to create new materials. The first issue is that some of their
Chinese characters had very similar meanings or that the English
words had substantial orthographic overlap. For example, for charac-
ters that used the Z—woman radical (i.e., the first column in
Figure S2 in the online supplemental material), the first item (%)
is beautiful, and the second item (%) is beauty. A similar concern
applies to the FH—eyes radical, in which three items (i.e., gaze,
see, stare) have extremely similar meanings. This issue was exacer-
bated for items with the Y —water radical, with two items (i.e., Il
and i) being assigned the identical English translation of “flood,”
and another character (L) given the translation of “float.” The over-
lap in meaning and orthography of the English words is problematic
because their transfer test might be assessing retention of the verba-
tim item rather than transfer. Specifically, if participants had studied
the character for “beautiful” during the encoding phase and then
received the character for “beauty” in the transfer test, they might
be biased towards selecting “beauty” as the answer not because
they correctly inferred the meaning of the radical, but because
they mistakenly recognized “beauty” as a studied item (this issue
would be exacerbated if “JB—flood” was studied and “Yl—flood”
appeared on the transfer test).

The second issue is that some of Cho and Powers’ (2019) Chinese
characters look extremely similar. For example, for the ¥ —water
radical, the second (1) and third (Y1) characters were nearly indis-
tinguishable. The same applies to the fourth (¥]) and seventh (4L)
characters with the ‘K—fire radical. Furthermore, for the K—tree
radical, the second to fifth items (i.e., #, #k, B, #1) have extremely
similar appearances. In fact, the second and fifth items were identical
but were assigned different English meanings. Accordingly, instead
of recognizing a radical and inferring the meaning of the character—
thereby showing transfer, participants in Cho and Powers (2019)
might have recognized the entire character because of their similarity
to the studied ones—thereby showing recognition memory.

Together, the high perceptual similarities of some of the Chinese
characters and conceptual/orthographic similarities of the English
words might have turned what was intended to be a transfer test
into a recognition test, at least for some of the trials. Thus, the higher
performance in the transfer test of the test condition compared to the
restudy condition in Cho and Powers (2019) could have reflected, at

least in part, enhanced retention by testing instead of transfer of
learning.

Finally, although some evidence has shown that testing can help
students apply learned knowledge to new contexts (see Carpenter,
2012), the results are not universal and dependent on various factors
(Pan & Rickard, 2018). Some studies reported an advantage of test-
ing on transfer (Pan & Rickard, 2017; Rohrer et al., 2010), whereas
others reported no benefits (Brunyé et al., 2020; Tran et al., 2015).
Critically, a recent meta-analysis found that several moderator vari-
ables, such as test format and material type, can determine the extent
to which the benefits of testing would transfer to new environments
(Pan & Rickard, 2018). Regarding our study, the moderator of inter-
est is the number of training phase repetitions. Specifically, Pan and
Rickard (2018) indicated that studies with more encoding repetitions
produced a larger benefit of testing on the transfer of learning. In our
study, the tested participants studied three different lists twice (w/o
feedback) or three times (w/feedback), whereas Cho and Powers’
(2019) participants studied a single list six times. This difference
in encoding repetitions might explain why testing failed to improve
the transfer of learning in our experiments relative to restudying.
Additionally, Pan and Rickard (2018) pointed out that the study
phase repetition effect was particularly pronounced when the trans-
fer test comprised inference questions that required learners to apply
knowledge to new contexts, as our transfer test did. In sum, our data
showed that testing-based transfer effects for Chinese character
learning might not be expected in all situations.

Conclusion

In the present experiments, we tested the strategy-change account
for the forward testing effect. Across five experiments, we consis-
tently found no effect of testing on participants’ encoding strategy
reports when they attempted to learn written Chinese characters—
despite observing a robust forward testing effect in every compari-
son. Our study also showed that interim testing did not promote
the transfer of learning to novel Chinese characters relative to
restudying.

Finally, this study extended the forward testing effect to foreign
language learning of Chinese characters. Although the benefit of
interim testing on foreign language learning has been known, it
had only been observed with alphabetic languages (Cho et al.,
2017; Yang et al., 2017). Chinese characters are qualitatively differ-
ent because of their logographic and visuospatial nature. Overall, our
data suggest that interim testing can be used to enhance the learning
of written Chinese—the most widely used language in the world—
but further work is necessary to ascertain how interim testing pro-
duced its benefits.
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Appendix A

The Full Material Set Used in Experiments 1-3

Radical Eye (H) Hand/arm (4 ) Speech (%) Water (7 )
Chinese-English flk—sleep $b—copy ii—speak ¥t —juice
P& —glare H—carry i#—explain T5—dirty
fE—blind +l—hook FF—poetry W—wave
fift—overlook hr—drag Hil—proclaim Va—thirsty
filfi—nap ##—pinch i—consult Vl—sink
Z—dizzy Hj—throw iH—read Hl—lake
l#—eyelash ¥g—finger #/ll—instruct #fi—ocean
ifi—glance He—receive #E—slander i—pool
i —eye FT—hit Fl—record Wh—soak
7 —wink $&—hold fi—word VT.—river
[fiE—pupil Ph—lift fi—discuss if—clear
Pk —squint Pb—toss #t—count —soup
Appendix B

Added Chinese Characters in Experiments 4-5

Radical Fire (°X) Tree ()
Chinese-English J#%—bake #—board
J%—bright i —chair
J%—barbeque fi—plant
Jii—candle Hi—cypress
J4)—burn FA—pine
Yf—frying M —maple
Ji5—melt M—forest
JE—torch Hi—cotton
Ji—smoke Fi—seed
I —stew FF—stick
Jf1—stove W—twig
$T—lamp Hl—willow
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