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Abstract
Research suggests that spaced learning, which incorporates intervals between rep-
etitions of material, facilitates second language (L2) learning more than massed
learning, where a given item is repeated multiple times without any intervening
trials or time. Although prior studies have suggested that spacing enhances the
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acquisition of explicit knowledge, it remains unclear whether it aids the acquisition
of implicit knowledge. The present study replicated Nakata and Elgort’s (2021) study
to investigate how massing and spacing impact the acquisition of explicit and im-
plicit vocabulary knowledge in L2. In the present study, 69 Japanese students learn-
ing (L2) English studied 48 pseudowords using either massed or spaced repetition.
A meaning recall test (immediate and delayed) and a delayed meaning-form match-
ing test assessed participants’ explicit knowledge. A semantic priming task (immedi-
ate and delayed) measured implicit knowledge. Posttest results showed that spaced
learning led to better explicit vocabulary acquisition compared to massed learning.
For implicit knowledge development, however, (a) neither schedule was effective,
and (b) no significant difference was found between the two schedules.

Keywords: vocabulary learning; spacing effect; spaced/massed practice; ex-
plicit/implicit vocabulary knowledge; semantic priming

1. Introduction

Cognitive psychology research demonstrates that practice distribution influ-
ences retention (e.g., Wiseheart et al., 2019). Possibly because of its robustness
(e.g., Cepeda et al., 2006; Wiseheart et al., 2019), the effects of practice distri-
bution have attracted attention from many second language (L2) researchers
(for reviews, see Kim & Webb, 2022; Serrano, 2022; Suzuki et al., 2023), who
have attempted to enhance L2 learning by taking advantage of the spacing ben-
efits. Existing studies have distinguished between two types of spacing: be-
tween-session and within-session. In the former, temporal spacing between
separate treatment sessions is manipulated, whereas in the latter, spacing dur-
ing a single treatment session is manipulated. Studies on between-session spac-
ing typically use time as a unit of spacing (e.g., three days vs. seven days), while
those on within-session spacing often manipulate the number of intervening tri-
als (e.g., zero, two, vs. eight trials) between repetitions of a given item.

There are two related phenomena in practice distribution: the spacing effect
and the lag effect (Cepeda et al., 2006). The spacing effect suggests that spaced
learning, which involves repeated exposure to material after intervals, enhances re-
tention more effectively than massed learning, where a given item is repeated mul-
tiple times without any intervening trials or time. A lag effect, in contrast, refers to
the advantage of longer spacing over shorter spacing. While the results of L2 studies
examining the lag effect, especially those manipulating between-session spacing,
have been mixed (e.g., Kasprowicz et al., 2019; Li & DeKeyser, 2019; Rogers &
Cheung, 2021; Serrano & Pellicer-Sanchez, 2024; Suzuki, 2017; Suzuki & DeKeyser,
2017), most L2 studies on the spacing effect have shown the advantage of spaced
learning over massed learning (for a meta-analysis, see Kim & Webb, 2022).
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The spacing effect is generally more robust and reliable than the lag effect,
but it remains unclear whether it aids the acquisition of not only explicit (declarative)
but also procedural knowledge (in this paper, explicit knowledge and declarative
knowledge are used synonymously; DeKeyser & Suzuki, 2025). Explicit knowledge
refers to the type of knowledge that is consciously available (e.g., knowing that
the Japanese word ringo means “apple”), which is typically acquired through inten-
tional efforts, such as memorizing vocabulary or looking up unfamiliar words during
reading (Ellis, 2015). Procedural knowledge, in contrast, refers to knowledge that
allows for fluent, rapid, and efficient use of linguistic features (e.g., being able to
comprehend or produce the Japanese word ringo in context). One pathway to
procedural knowledge is the automatization of explicit knowledge (Suzuki et al.,
2023). Through repeated exposure to and use of linguistic knowledge, learners
may develop the ability to use the target language structure fluently (e.g., by stud-
ying with flashcards, learners acquire the ability to comprehend or produce ringo
in context). A second pathway involves implicit knowledge. Implicit knowledge is
unconscious and cannot be verbalized or intentionally retrieved (Ellis, 2015). It
develops slowly over time as a result of repeated encounters and experience, typ-
ically without the learner being consciously aware of it (e.g., through repeated
exposure to ringo, when learners hear this word, the concept of “apple” is auto-
matically activated in their semantic network without awareness). Hereafter, we
will use the term procedural knowledge when we refer broadly to the ability to use
linguistic knowledge fluently, rapidly, and efficiently regardless of underlying cognitive
mechanisms (i.e., automatized explicit knowledge or implicit knowledge). In contrast,
we use the term implicit knowledge when we refer specifically to knowledge that is
unconscious and that supports fluent performance.

Most existing studies on the spacing effect in vocabulary learning have
measured only explicit knowledge (e.g., Karpicke & Bauernschmidt, 2011; Na-
kata, 2015; Nakata & Suzuki, 2019a) and it remains unclear whether the benefits
of spacing extend to procedural knowledge development. Notable exceptions
include studies conducted by Nakata and Elgort (2021) and Fang et al. (2024)
that have yielded somewhat contradictory findings. On the one hand, Nakata
and Elgort (2021) found that spaced learning surpasses massed learning for ex-
plicit vocabulary knowledge but shows no significant difference for implicit vo-
cabulary knowledge acquisition (although Nakata and Elgort used the term tacit
knowledge, we use the more common term implicit knowledge throughout this
paper, as both refer to the same construct). Fang et al. (2024), on the other hand,
found that massing equals spacing for explicit knowledge, yet spacing excels for
automatized explicit and implicit knowledge.

The present study constitutes an approximate replication of Nakata and El-
gort (2021) with two key modifications to the original treatment design (see below
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for details). We chose to replicate their study because their findings contradict the
widely held view that spaced practice facilitates learning compared to massed
practice, which does not involve any intervening trials or time between repeti-
tions of a given item (spacing effect; e.g., Cepeda et al., 2006; Wiseheart et al.,
2019), at least for the acquisition of implicit vocabulary knowledge in L2. An ap-
proximate replication of their study allows for the evaluation of the robustness of
their findings under modified conditions, extending understanding of how differ-
ent instructional variables influence L2 vocabulary learning (Rogers, 2021).

2, Literature review
2.1. Spacing effect and lag effect in L2 learning

Since the spacing effect is recognized as a reliable and robust finding (e.g., Cepeda
et al., 2006; Wiseheart et al., 2019), researchers have attempted to increase L2
learning by taking advantage of the benefits of spacing. Most studies have
shown that spacing surpasses massing. Nakata (2015) found that spacing dou-
bled vocabulary gains for first language (L1) Japanese L2 learners of English in
posttests conducted one week after the learning phase. The spacing benefits re-
ported in Nakata (2015) are consistent with other studies manipulating within-
session spacing, such as those on L2 vocabulary (Karpicke & Bauernschmidt, 2011;
Nakata & Elgort, 2021; Nakata & Suzuki, 2019a), as well as grammar (Nakata &
Suzuki, 2019b; Pan et al., 2019; Suzuki et al., 2020).* Kim and Webb’s (2022)
meta-analysis of L2 spacing research shows that spacing yields a small to me-
dium effect (g = 0.58) on immediate posttests and a medium to large effect (g =
0.80) on delayed posttests compared to massing (no spacing).

Research on the lag effect (i.e., short vs. long spacing) in L2 learning, however,
has yielded inconsistent findings. While some studies have reported benefits of
longer spacing over shorter spacing (e.g., vocabulary: Karpicke & Bauernschmidt,
2011; Nakata & Webb, 2016; Nakata et al., 2023; grammar: Bird, 2010; Rogers,
2015), other studies have not (e.g., vocabulary: Nakata, 2015; Rogers & Cheung,

! As one anonymous reviewer points out, some grammar studies on the spacing effect (e.g., Nakata
& Suzuki, 2019b; Pan et al., 2019; Suzuki et al., 2020) introduce spacing through interleaving. Inter-
leaving refers to a practice schedule where exemplars from multiple concepts or skills are mixed
together, as opposed to blocking, where only one skill or concept is practiced at a time (Nakata &
Suzuki, 2019b). By definition, interleaved practice entails spaced practice, whereas blocked practice
typically involves massed practice, although it is possible to have blocked practice that incorporates
spaced practice (Taylor & Rohrer, 2010). Following Kim and Webb (2022), we included studies com-
paring blocking and interleaving in our review of the literature on the spacing effect.
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2021; grammar: Kasprowicz et al., 2019; Suzuki, 2017; Suzuki & DeKeyser, 2017;
pronunciation: Carpenter & Mueller, 2013; Li & DeKeyser, 2019). Kim and Webb’s
(2022) meta-analysis reports no significant difference between shorter and longer
spacing on immediate posttests (g = -0.15), whereas longer spacing slightly im-
proves delayed posttest retention (g = 0.40).

The spacing and lag effects in L2 learning also depend on several variables,
including learning target, posttest timing, and practice type. Kim and Webb (2022)
note stronger spacing effects for L2 vocabulary (g = 0.76 to 1.15) than grammar
(g = 0.11 to 0.14). Posttest timing may also influence the lag effect; the benefits
of longer spacing tend to be more pronounced on long-delay posttests than on
immediate or short-delay posttests (e.g., Bird, 2010; Cepeda et al., 2009; Kim &
Webb, 2022; Nakata & Suzuki, 2019a; Nakata & Webb, 2016). A further factor that
may moderate the lag effect is practice type: decontextualized or contextual vo-
cabulary learning. In decontextualized learning, vocabulary is presented outside
of meaningful context, and learners are explicitly instructed to memorize vocab-
ulary. Examples include paired-associate learning. In this type of learning, learners
are presented with pairs of L1 and L2 words at the outset (e.g., ringo [L2 Japanese]
—apple [L1 English]). This is followed by retrieval practice, where learners are asked
to translate from L2 to L1 (e.g., ringo=___ ) or vice versa (e.g., apple=___).In
contextual vocabulary learning, in contrast, the primary focus is on meaning, and
learners are not explicitly asked to learn L2 vocabulary. Examples include inci-
dental vocabulary learning from context, where learners read a passage with the
primary purpose of text comprehension and vocabulary may be picked up as a by-
product. A review of the literature suggests that while studies examining decon-
textualized learning report benefits of longer over shorter spacing (e.g., Karpicke
& Bauernschmidt, 2011; Nakata & Webb, 2016; Nakata et al., 2023), those exam-
ining contextual learning often do not (e.g., Elgort & Warren, 2014; Serrano &
Huang, 2021; Serrano & Pellicer-Sanchez, 2024; Webb & Chang, 2015; for a dis-
cussion of why this might be the case; see the section below presenting the mo-
tivation for the study). Furthermore, the research setting may also moderate the
lag effect, as the benefits reported for longer spacing in laboratory studies (e.g.,
Karpicke & Bauernschmidt, 2011; Nakata & Webb, 2016; Nakata et al., 2023) are
sometimes not replicated in quasi-experimental classroom research (e.g., Rogers
& Cheung, 2021; Serrano & Huang, 2021; Webb & Chang, 2015).

2.2. Effects of spacing on the acquisition of explicit and procedural knowledge

Another factor relevant to the present study is that spacing may have differential
effects depending on whether explicit or procedural knowledge is measured.
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Suzuki et al. (2023) observed that the lag effect in L2 learning is moderated by
knowledge type: explicit or procedural. Studies have shown that longer spacing
enhances the acquisition of explicit knowledge (e.g., Karpicke & Bauernschmidt,
2011; Nakata & Suzuki, 2019a; Nakata & Webb, 2016; Nakata et al., 2023; Rogers,
2015), but does not benefit procedural knowledge development (e.g., Li &
DeKeyser, 2019; Suzuki, 2017; Suzuki & DeKeyser, 2017). The results may be ex-
plained by skill acquisition theory (DeKeyser & Suzuki, 2025). Specifically, unlike
explicit knowledge, which can be acquired within a short time, sometimes only
from a single learning event, procedural knowledge develops slowly through re-
peated practice, exposure, and experience. As such, shorter spacing, which pro-
vides more intensive practice within a short time frame, may be more effective
for the acquisition of procedural knowledge (Suzuki et al., 2023).

Although research indicates that the lag effect in L2 learning is influenced
by knowledge type, it remains unclear whether the spacing effect varies across
different types of L2 knowledge. This lack of clarity might be due to many L2
spacing effect studies measuring only explicit knowledge (e.g., Karpicke & Bau-
ernschmidt, 2011; Nakata, 2015; Nakata & Suzuki, 2019a), overlooking proce-
dural knowledge. Studies conducted by Nakata and Elgort (2021) and Fang et al.
(2024) are, however, notable exceptions.

Nakata and Elgort (2021) investigated the effects of massing and spacing
on the acquisition of explicit and implicit knowledge. Sixty-six L1 Japanese learn-
ers of L2 English read 144 sentences, each containing one of 48 pseudowords.
Half of the pseudowords were assigned to a massed condition, and the other
half to a spaced condition. In the massed condition, three sentences for each
pseudoword were presented simultaneously, and participants inferred the
meaning of the pseudoword. In the spaced condition, participants viewed one
sentence per pseudoword, with repetitions after 47 intervening sentences (Fig-
ure 1, left). In both massed and spaced conditions, after inferring pseudoword
meanings, participants were shown the correct meaning as feedback. Explicit
knowledge was measured by a meaning recall (L2 to L1 translation) test given
immediately and two days after the treatment, as well as a meaning-form
matching test given two days after the treatment. Implicit knowledge was meas-
ured using a semantic priming task conducted immediately and two days after
the treatment. Nakata and Elgort (2021) found that, although spacing was more
effective than massing for acquiring explicit vocabulary knowledge, no signifi-
cant difference existed between the two for acquiring implicit knowledge.
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Nakata and Elgort (2021)

Massed condition

Spaced condition

Present study

Massed condition

spaced condition

Inference attempt (90 seconds)
The (emband) seems the ideal place to stay the
night, if the storm continues.

The (emband) was very old, its stone walls were
broken, and the wind was whistling through the
remains.

We must walk faster if we want to reach the
(emband) before dark

emband = 7272

Inference attempt 1 (30 seconds)

The (emband) seems the ideal place to stay the
night, if the storm continues.

emband = 7222

Initial presentation (7 seconds)
emband = shelter /}\@

Initial presentation (7 seconds)
emband = shelter /J\2

Feedback (10 seconds)

emband = shelter /\

The (emband) seems the ideal place to stay the
night, if the storm continues

Retrieval attempt 1
emband = 72?72 (type response)

47 intervening trials

Feedback (30 seconds)
emband = shelter /}\/&

The (emband) seems the ideal place to stay the
night, if the storm continues.

The (emband) was very old, its stone walls were
broken, and the wind was whistling through the
remains.

We must walk faster if we want to reach the
(emband) before dark.

47 intervening sentences

Feedback (15 seconds)

emband = shelter /\ 2

The (emband) seems the ideal place to stay the
night, if the storm continues,

Retrieval attempt 1
emband = 22?7 (type response)

Inference attempt 2 (30 seconds)
The (emband) was very old, its stone walls were
broken, and the wind was whistling through the
remains.

emband = 7222

Retrieval attempt 2
emband = ???? (type response)

Feedback (15 seconds)
emband = shelter /J\2

The (emband) seems the ideal place to stay the
night, if the storm continues,

Feedback (10 seconds)
emband = shelter /\/&

The (emband) was very old, its stone walls were
broken, and the wind was whistling through the
remains.

Feedback (15 seconds)

emband = shelter /\@

The (emband) was very old, its stone walls were
broken, and the wind was whistling through the
remains.

47 intervening trials

Retrieval attempt 2
emband = ???? (type response)

Retrieval attempt 3
emband = ???? (type response)

47 intervening sentences

Inference attempt 3 (30 seconds)

We must walk faster if we want to reach the
(emband) before dark.

emband = 7777

Feedback (15 seconds)
emband = shelter /\2
We must walk faster if we want to reach the
(emband) before dark.

Feedback (15 seconds)
emband = shelter /\/&

The (emband) was very old, its stone walls were
broken, and the wind was whistling through the
remains.

47 intervening trials

Retrieval attempt 3
emband = 7777 (type response)

Feedback (15 seconds)

emband = shelter /\/&
We must walk faster if we want to reach the
(emband) before dark.

Feedback (10 seconds)
emband = shelter /J\@
We must walk faster if we want to reach the
(emband) before dark.

Figure 1 Differences in treatment between Nakata and Elgort (2021) and the pre-
sent study.

Fang et al. (2024) examined the effects of massing and spacing on the ac-
quisition of explicit, automatized explicit, and implicit knowledge of English col-
locations. In their study, 29 Chinese EFL learners studied 36 verb-noun colloca-
tions (e.g., cast doubt, drop a hint) in the form of flashcards and a matching
exercise. Learning was measured by three types of dependent measures: a form
recall posttest to measure explicit knowledge, an acceptability judgment task to
measure automatized explicit knowledge, and a primed lexical decision task to
measure implicit knowledge. Unlike Nakata and Elgort (2021), Fang et al. (2024)
found that massing was as effective as spacing for explicit knowledge acquisition,
but spacing was superior for both automatized explicit and implicit knowledge.
The inconsistency may arise from different materials: Nakata and Elgort (2021)
examined the learning of novel pseudowords, whereas Fang et al. (2024) inves-
tigated the learning of collocations comprising familiar words.

3. The present study

3.1. Motivation for the study

The present study is an approximate replication of Nakata and Elgort (2021). Alt-
hough the method used in this study closely followed that of the original study,

we introduced two key modifications to the treatment design. First, Nakata and
Elgort (2021) examined contextual vocabulary learning, where participants were
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asked to infer the meaning of pseudowords from context and were not explicitly
instructed to memorize the target pseudowords (Figure 1, left). The treatment in
this study, in contrast, involved decontextualized paired-associate learning, where
participants were presented with the target pseudowords outside of meaningful
context, and explicitly instructed to learn the pairs of target pseudowords and
their meaning (i.e., L1 translations and L2 definitions; Figure 1, right). This change
was made to examine whether the results reported by Nakata and Elgort (2021)
also extend to decontextualized paired-associate learning.

As stated in the previous section, while studies examining decontextualized
learning tend to find benefits of longer spacing, those examining contextual learn-
ing often fail to do so. One possible explanation for these findings is that in contex-
tual vocabulary learning, novel lexical items need to be repeated relatively soon
after the first exposure to prevent the decay of the initial memory trace (Laufer,
2003; Nation, 2022). Otherwise, the second encounter may essentially function
as an initial encounter, instead of repetitions of (partly) familiar words. This sug-
gests that massing or short spacing, where novel L2 words are more likely to be
repeated before forgetting occurs, may facilitate contextual vocabulary learning
more than longer spacing, where new words are repeated after memory decays.
Another reason why the benefits of spacing are more pronounced in decontextu-
alized learning than contextual learning is that contextual learning typically in-
volves induction (i.e., guessing meanings of unknown words from context; Figure
1, left). Decontextualized vocabulary learning, such as paired-associate learning,
in contrast, does not involve induction, because learners are typically provided
with novel L2 words together with their meanings (e.g., L1 translation or L2 defi-
nition) at the beginning of the learning phase (Figure 1, right). Some psychology
studies suggest that although spacing may facilitate recall of previously stored in-
formation, it might inhibit inductive learning because, as Kornell and Bjork (2008)
write, it is possible that “spacing is the friend of recall, but the enemy of induction”
(p. 585). Because spacing is not necessarily beneficial for inductive learning, exist-
ing studies on contextual vocabulary learning might have found smaller benefits
of spacing compared with those on decontextualized learning.

By changing the treatment task from contextual learning to decontextualized
paired-associate learning, this study allows us to examine whether the results reported
by Nakata and Elgort (2021) regarding implicit knowledge were due to the nature of
the treatment task used (i.e., contextual vocabulary learning with induction), ora more
fundamental limitation in the ability of spaced practice to enhance the acquisition of
implicit vocabulary knowledge. The use of paired-associate learning as the treatment
task also has ecological validity. This is because paired-associate learning, such as learn-
ing from flashcards, is not only effective but also a common and popular strategy in
countries such as the USA and Japan (Nakata, 2020; Zung et al., 2022).
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Another change introduced into the treatment was the number of sentences
presented to the learners. As described in the previous section, in the massed condi-
tion in Nakata and Elgort (2021), participants were presented with three sentences
for a pseudoword simultaneously, whereas in the spaced condition, they were pre-
sented with only one sentence at a time (Figure 1, left). One drawback of this design
feature is that the number of sentences presented simultaneously (i.e., one vs. three)
was confounded with the practice schedule (massed vs. spaced). Consequently, it is
unclear to what extent their results were because of the spacing schedule versus the
number of sentences presented at once. Notably, Nakata and Elgort (2021) argue that
simultaneous exposure to three example sentences for a given pseudoword in the
massed condition might have helped the integration of the pseudowords into the ex-
isting networks of already familiar words in the mental lexicon, diminishing any po-
tential benefits of spacing. Another possibility is that processing three sentences sim-
ultaneously in the massed condition in the Nakata and Elgort (2021) study imposed a
higher cognitive load on the learner compared to processing a single sentence at a
time in the spaced condition (Figure 1, left). This increased difficulty might have led
to more effortful processing in the massed condition, resulting in more robust mental
representations of target pseudowords (desirable difficulties framework; Suzuki et al.,
2019), which might have reduced spacing benefits. In this study, in both massed
and spaced conditions, participants were presented with only one sentence for a
pseudoword at a time (Figure 1, right). This change was made to ensure that the
potential effects of spacing or massing were not confounded by the number of sen-
tences provided simultaneously, allowing a clearer investigation of how the practice
distribution might influence the acquisition of explicit and implicit knowledge.

3.2. Research questions and hypotheses

Based on the rationale presented above, in this study, we examined the effects
of spacing, relative to massing, on vocabulary learning in a decontextualized paired-
associate learning paradigm. Specifically, two research questions (RQs) were ad-
dressed in the present study:

RQ1: To what extent does spacing facilitate the acquisition of explicit vocab-
ulary knowledge compared to massing?

RQ2: To what extent does spacing facilitate the acquisition of implicit vocab-
ulary knowledge compared to massing?

Based on previous studies which were reviewed above, the following two hypoth-
eses (Hs) were formulated:
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H1: Spacing facilitates the acquisition of explicit vocabulary knowledge more
than massing for decontextualized paired-associate learning.

H2: Spacing facilitates the acquisition of implicit vocabulary knowledge more
than massing for decontextualized paired-associate learning.

4. Method

The method used in this study closely followed that used in Nakata and Elgort
(2021), except for the treatment (Figure 1). This was done to ensure that any
difference in results between the present and original studies could be at-
tributed to the difference in the treatments (i.e., paired-associate learning vs.
contextual learning; number of sentences provided simultaneously for the
massed and spaced conditions). Table 1 illustrates the comparison of methodo-
logical features of Nakata and Elgort (2021) and the present study.

Table 1 Comparison of methodological features of Nakata and Elgort (2021) and
the present study

Nakata and Elgort (2021)

Present study

Location

Participants

Laboratory

66 Japanese university students with an average English
vocabulary size of 8,698.5 word families

Identical

69 Japanese university students with an average
English vocabulary size of 8,355.8 word families

Materials 48 pseudowords Identical
Procedure Session 1 Identical
1) informed consent
2) treatment
3) background questionnaire
4) filler task
5) immediate posttest
Session 2
1) delayed posttest
2) Vocabulary Size Test (VST)
3) operation span (O-Span) task
4) questionnaire
Treatment Massed condition (Figure 1, left): Massed and spaced conditions (Figure 1, right):
— An inference attempt for the meaning of a pseudoword — 1st trial: Presentation of a pseudoword and its
based on three sentences containing a pseudoword meaning
followed by feedback (presentation of the pseudoword, — 2nd to 4th trials: A retrieval attempt for the
its meaning, and three context sentences) meaning of a pseudoword followed by feedback
(presentation of the pseudoword, its meaning,
Spaced condition (Figure 1, left): and one context sentence)
— 1st to 3rd trials: An inference attempt for the meaning
of a pseudoword based on a sentence containing a
pseudoword followed by feedback (presentation of the
pseudoword, its meaning, and one context sentence)
Treatment Approximately 96 minutes Approximately 62.3 minutes on average (see Sec-
duration tion 5. reporting results)
Spacing Massed condition: 0 intervening sentences Massed condition: 0 intervening trials

10

Spaced condition: 47 intervening sentences

Spaced condition: 47 intervening trials
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Retention interval Immediate posttest: 0 days Identical
(interval between Delayed posttest: 2 days

the treatment

and posttest)

Immediate 1) semantic priming Identical
posttest 2) meaning recall
Delayed 1) semantic priming Identical
posttest 2) meaning recall

3) meaning-form matching

4.1. Participants

Sixty-nine L1 Japanese, L2 English undergraduate learners, with an average age of
19.2 (SD = 1.3), participated in the study (37 female, 32 male). This sample size
was determined based on that of the original Nakata and Elgort (2021) study (N =
66). The participants included 21 English, 17 education, 12 mathematics, 10 eco-
nomics, 5 engineering, and 4 law majors. Their English vocabulary size, assessed
via the bilingual Japanese Vocabulary Size Test (VST; Nation & Beglar, 2007), aver-
aged 8,355.8 word families (SD = 908.8), comparable to the 8,698.5 word families
(8D = 1,136.6) reported by Nakata and Elgort (2021). The participants’ average
TOEIC score was 746.8 (SD = 97.8), reflecting higher-intermediate to advanced
English proficiency. Each participant received 6,000 yen for their participation.

4.2. Materials

The study materials, sourced from Nakata and Elgort (2021), comprised 48 pseudowords
(e.g., askent, creptor). Twenty-four pseudowords were building/household-themed
(e.g., shelter, bathroom), and the other half were cooking/food-themed (e.g., pea-
nut, tasting). The 48 pseudowords were grouped into two 24-word sets (A and B),
with 12 pseudowords per theme. In a counterbalanced within-participant design,
half the participants studied Set A under the massed condition and Set B under the
spaced condition, and vice versa for the other half.

4.3. Measures
The present study adopted Nakata and Elgort’s (2021) three dependent measures:
meaning recall, meaning-form matching, and semantic priming tasks. Explicit vo-

cabulary knowledge was assessed through meaning recall and meaning-form
matching tests, with response accuracy as the primary variable. Implicit vocabulary

11
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knowledge was evaluated using the semantic priming task, where both response
accuracy and response time served as dependent variables.

The meaning recall test, designed to measure explicit vocabulary knowledge,
was conducted immediately after the treatment (Session 1) and two days later (Ses-
sion 2; see Section 4.4. describing the procedure). During the test, 48 pseudowords
were presented individually on a computer screen, and participants were asked to
type their meanings in L1 Japanese or L2 English. The meaning-form matching test,
administered only in Session 2, provided a pseudoword’s meaning as an English syn-
onym and Japanese translation (e.g., menu- X = = —) and asked participants to se-
lect the correct pseudoword from four options (e.g., warshim, brophy, dapson, ganse).

To measure participants’ implicit vocabulary knowledge, the semantic priming
task was administered in both Sessions 1 and 2 using E-Prime® software on an ASUS
personal computer with a Chronos® response box. For this task, participants were
presented with letter sequences (e.g., nation, hankest) and quickly indicated
whether they were real English words by pressing Yes or No on the response box.
We adopted counterbalanced item lists (A and B) from Nakata and Elgort (2021),
each containing 192 prime-target pairs: 24 related, 24 unrelated, and 144 filler pairs.
In related pairs, one of the 48 pseudowords studied during treatment served as the
prime for a semantically related target word (e.g., narage, meaning mural, paired
with artist). In unrelated pairs, a semantically unrelated word was the prime for the
same target (e.g., twenty —artist). Prime relatedness was evenly distributed between
lists; for instance, a related prime in list A (e.g., narage — artist) corresponded to an
unrelated prime in list B (e.g., twenty — artist), and vice versa. The two lists were
counterbalanced across participants to ensure balanced exposure to related and un-
related primes, minimizing bias in the semantic priming task. Half the participants
were assigned list A in Session 1 and list B in Session 2, with the other half receiving
list B then list A. The 144 filler pairs were excluded from analysis. Each list began with
50 practice trials to familiarize participants with the semantic priming task.

4.4, Procedure

We replicated Nakata and Elgort’s (2021) experimental procedure, modifying
only the treatment (Figure 1). The study spanned two sessions, with Session 2
conducted two days after Session 1 (see the details of the procedure in Table 1).
Data collection took place individually in a secluded, soundproof office. At the
beginning of Session 1, participants were informed about the study and signed
consent forms if agreeing to participate. Next, the treatment was conducted
with a computer program originally developed for Nakata and Elgort (2021) but
modified for the present study. During the treatment, participants encountered
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each target pseudoword four times. The first encounter was a presentation trial,
displaying each pseudoword alongside its L1 (Japanese) translation and L2 (English)
synonym for seven seconds. The subsequent three encounters were self-paced re-
trieval trials, where participants were presented with a pseudoword and asked to
type its meaning in either L1 (Japanese) or L2 (English), without a time limit. To
address variations in retrieval durations, time on task was treated as a covariate in
analyses (see information on scoring and data analysis below). Each retrieval trial
was followed by 15 seconds of feedback, showing the target pseudoword, its L1
(Japanese) translation, L2 (English) synonym, and an example sentence. We used
the same sentences from Nakata and Elgort (2021) but presented them one at a
time for both the massed and spaced conditions (Figure 1, right).

Following Nakata and Elgort (2021), the 48 pseudowords were split evenly
into massed and spaced schedules. Massed pseudowords were repeated four
times consecutively (one presentation trial + three retrieval trials, each followed
by feedback). Spaced pseudowords, however, were repeated after every 47 in-
tervening trials (approximately 10.5 minutes). After the treatment, participants
completed the same English learning background questionnaire, followed by a
filler task of 50 addition and subtraction problems (e.g., 92 + 55 = ?). Following
the filler task, participants took two immediate posttests: a semantic priming
task and a meaning recall test (see Section 4.3. for details).

Session 2 occurred two days after Session 1, using the same procedure and com-
puter programs as Nakata and Elgort (2021). Specifically, Session 2 began with the se-
mantic priming task, identical to Session 1 but using the alternate item list (list A in
Session 1 switched to list B in Session 2, or vice versa). The semantic priming task was
followed by the meaning recall test, identical to Session 1 except for a randomized item
order. Lastly, a meaning-form matching test was administered to assess explicit vocab-
ulary knowledge (see Section 4.3. for details). After the tests, participants completed
levels 1to 14 of the bilingual Japanese version of the VST (Nation & Beglar, 2007). Next,
participants completed the Japanese version of the operation span (O-Span) task (Ko-
bayashi & Okubo, 2014) to assess working memory capacity. At the end of Session 2,
a questionnaire was administered to assess their perceptions of the experiment.?

2 As described in the section dealing with scoring and data analysis, the score on a working
memory test (O-span) was included as a secondary variable for all dependent measures. O-
span was included in the final model for the meaning-form matching posttest (Table 5).
However, the effect of O-span was not statistically significant (p = .118). Furthermore, the
final models for all other dependent measures did not include O-span (see Tables 3-6 and
8-10 in the results section), as keeping it in the models did not lead to a significantly better
fit. These findings suggest that working memory capacity did not have a large effect on the
results of this study. Results from the perception questionnaires were not included in the
analysis, as Nakata and Elgort (2021) also did not include them in their analysis.
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4.5. Scoring and data analysis

Following Nakata and Elgort (2021), participants’ responses during the treatment
and meaning recall posttests were automatically categorized by software into four
types: (1) correct, (2) blank, (3) cross-association errors (correct responses for
other pseudowords), and (4) other responses. Category 4 was independently
scored by one author and a research assistant, achieving 99.5% inter-rater agree-
ment. Any disagreements were resolved through discussion. Correct responses
were coded as 1, while all other responses were coded as 0 (incorrect).

Responses on the semantic priming and meaning-form matching tests
were scored following Nakata and Elgort (2021). In the semantic priming task,
E-Prime software recorded accuracy (correct: 1, incorrect: 0) and participants’
response time from stimulus appearance to their Yes/No button press on the
response box. For the meaning-form matching test, responses were automati-
cally scored as correct (1) or incorrect (0) using the same custom computer pro-
gram as in Nakata and Elgort (2021).

All statistical analyses were conducted using R software. Mixed-effects re-
gression analyses were conducted to investigate massing and spacing effects on
explicit and implicit word knowledge acquisition. Mixed logit models analyzed
binary response accuracy (1: correct, 0: incorrect) for treatment, meaning recall,
meaning-form matching, and semantic priming tasks. Linear mixed-effects mod-
els were used to analyze response time in the semantic priming task.

Results were analyzed using R software’s Ime4 package, following Nakata
and Elgort (2021), with two key differences. First, unlike Nakata and Elgort’s
(2021) single inference trial in their massed condition versus three in their
spaced condition, our study featured three retrieval trials for each pseudoword
in both massed and spaced conditions (Figure 1). To examine whether retrieval
accuracy increased as a function of the number of retrieval trials, Retrieval num-
ber (1/2/3) was added as a covariate when analyzing retrieval accuracy during
the treatment. Second, unlike Nakata and Elgort’s (2021) computer-paced treat-
ment, the present study’s treatment was self-paced. To mitigate potential differ-
ences in retrieval practice durations, we used time on task during retrieval trials
as a covariate when analyzing performance during the learning phase, meaning
recall posttests, and the meaning-form matching posttest.

Crossed random effects were applied for participants and pseudowords. A
minimally adequate statistical model was fitted using stepwise variable selection
and analyses of variance (ANOVAs) for model comparisons. For explicit knowledge
analyses, the primary predictors were schedule (massed/spaced), accuracy, and
their interaction (H1). In the semantic priming task, relatedness (related/unre-
lated) was the primary predictor, expecting faster responses to related pairs
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(priming effect). Schedule (spaced/massed) was the secondary predictor. We hypoth-
esized that spacing and massing would differentially affect semantic knowledge de-
velopment (H2), predicting an interaction between relatedness and schedule. Specif-
ically, the spaced condition was expected to produce higher response accuracy and
faster response times compared to the massed condition, reflecting stronger facilita-
tion of implicit knowledge acquisition through spaced practice.

For the analyses of both explicit and implicit knowledge, schedule, accuracy,
and their two-way interactions were tested. Secondary variables included partic-
ipants’ English vocabulary size (VST), O-span, age, and theme (building/cooking).
We repeated the posttest, factoring in Session (1 or 2) and its relationship with
other variables. For the semantic priming task, we tested the following variables:
item type (pseudoword/word), prime length (number of letters in a prime), prime
accuracy (1/0), prime response time, and target length (number of letters in a tar-
get). Effect sizes d were calculated for the main effects and interactions. For inter-
preting the effect sizes, field-specific guidelines proposed by Plonsky and Oswald
(2014) were used. R code used for data analysis is provided in the Appendix.

5. Results
5.1. Learning phase performance

The mean total retrieval latency was 9.3 [8.6, 10.0] minutes (SD = 4.1) for the
massed condition and 11.4 [10.3, 13.0] minutes (SD = 1.4) for the spaced condi-
tion (95% confidence intervals are given inside brackets). Overall, the treatment
took approximately 62.3 minutes on average (initial presentation: 5.6 minutes;
retrieval practice: 20.7 minutes; feedback: 36.0 minutes; Figure 1, right). Re-
sponse accuracy during the treatment is summarized in Table 2 and Figure 2.
The mixed logit model (Table 3) revealed a significant main effect of schedule (z
= 22.46, p < .001), with a large effect size (d = 4.26). This suggests that the
massed condition produced more correct responses during the treatment than
the spaced condition. The main effect of retrieval number was also significant (z
= 22.09, p < .001) with a small effect size (d = 0.85), suggesting that response
accuracy increased as learning progressed. There was also a significant, but
small, main effect of theme (z = 2.69, p = .007, d = 0.33); the accuracy of the
pseudowords in the cooking theme was significantly higher than the
pseudowords in the building theme. There was a significant interaction between
schedule (massed) and retrieval number (z = -7.39, p < .001) with a small effect
size (d = -0.65), suggesting that the benefit of repeated retrieval in the massed
condition was smaller compared to the spaced condition.
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Table 2 Response accuracy by retrieval attempt during the treatment

Schedule Retrieval number M 95% Cl SD
Massed 1 96% [95%,97%] 20%
2 99% [98%,99%] 12%
3 98% [97%,99%] 15%
Spaced 1 13% [11%, 15%] 34%
2 36% [33%,39%] 48%
3 59% [56%, 62%] 49%

Figure 2 Effect plot for response accuracy by retrieval attempt (fit and 95% Cls).

Table 3 Retrieval accuracy during the treatment (fixed effects)

Parameter b SE z p d [95% Cl]
Intercept? -428 030 -14.19 <.001 -2.36[-2.69,-2.03]
Schedule = massed 7.73 0.34 2246 <.001 4.26 [3.89, 4.64]
Retrieval number 1.54 0.07 22.09 <.001 0.85[0.77,0.92]
Theme = cooking 0.59 0.22 2.69 .007 0.33[0.09, 0.56]

Schedule = massed: Retrieval number -1.18 0.16 -739 <.001 -0.65[-0.82,-0.48]
Note. 2Intercept levels: schedule = spaced, retrieval number = 1, theme = building

5.2. Meaning recall posttest

On the immediate posttest, the mean response accuracy was 18% [12%, 24%)]
(SD = 39%) and 65% [58%, 72%] (SD = 48%) for the massed and spaced condi-
tions, respectively. On the delayed posttest, mean response accuracy was 14%
[9%, 19%] (SD = 35%) for the massed condition and 52% [44%, 60%)] (SD = 50%)
for the spaced condition (Figure 3). The mixed logit model (Table 4) revealed a
significant main effect of schedule (z = 26.05, p < .001), with a large effect size (d
=1.63). The results suggest that the spaced condition led to better meaning recall
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than the massed condition on both immediate and delayed posttests. A significant
main effect of session (z = -7.82, p < .001) with a very small effect size (d = -0.38)
indicates that scores on the immediate posttest were significantly higher than those
on the delayed posttest. Theme was also a significant factor, with the words in the
cooking theme significantly easier than in the building theme (z = 2.02, p = .044),
despite a very small effect size (d = 0.31). The main effect of time on task during the
treatment was also significant (z = 4.22, p < .001), although the effect size was very
small (d = 0.12). There were no significant interactions in the model.

Figure 3 Mean accuracy of massed vs. spaced schedules on meaning recall post-
tests (fit and 95% Cls).

Table 4 Accuracy on recall posttests (fixed effects)

Parameter b SE z p d [95% Cl]
Intercept? -2.81 0.33 -8.53 <.001 -1.55[-1.91,-1.19]
Schedule = spaced 2.97 0.11 26.05 <.001 1.63[1.51, 1.76]
Session = delayed -0.70 0.09 -7.82 <.001 -0.38 [-0.48, -0.29]
Theme = cooking 0.57 0.28 2.02 .044 0.31[0.01, 0.62]
Time on task 0.01 0.01 4.22 <.001 0.12[0.06, 0.18]

Note. 2Intercept levels: schedule = massed, session = immediate, theme = building

5.3. Meaning-form matching posttest

The mean accuracy on the meaning-form matching posttest was 61% [55%, 67%)
(SD = 49%) for the massed and 86% [82%, 91%] (SD = 35%) for the spaced condi-
tion (Figure 4). The mixed logit model (Table 5) showed a significant main effect
of schedule (z=12.98, p < .001) with a small effect size (d = 0.91), suggesting that
the spaced condition yielded a significantly higher score than the massed sched-
ule. Time on task was also significant (z = 2.56, p = .010), although the effect size
was very small (d = 0.10). There were no significant interactions in the model.
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Figure 4 Mean accuracy of massed vs. spaced schedules on meaning-form match-
ing posttest (fit and 95% Cls).

Table 5 Accuracy on meaning-form matching posttest (fixed effects)

Parameter b SE z p d [95% Cl]
Intercept? 0.11 0.26 0.42 .673 0.06 [-0.22, 0.35]
Schedule = spaced 1.65 0.13 12.98 <.001 0.91[0.77, 1.05]
Vocabulary size 2.40 1.61 1.49 .136 1.32[-0.41, 3.06]
Theme = cooking 0.46 0.24 1.91 .056 0.25[-0.01, 0.51]
Ospan 0.03 0.02 1.56 .118 0.01[0.00, 0.03]
Time on task 0.01 0.01 2.56 .010 0.10[0.02,0.17]

Note. 2Intercept levels: schedule = massed, theme = building

5.4. Semantic priming task

In the analyses of the semantic priming task, accuracy and response time were
examined for semantic priming and lexical decision, respectively.

5.4.1. Semantic priming: Accuracy analysis

The mixed logit model (Table 6) showed a significant main effect of schedule, with
the spaced condition being significantly more accurate than the massed condition (z
= 3.46, p < .001), despite a very small effect size (d = 0.26). This indicates that re-
sponse accuracy for targets was significantly higher when they were preceded by a
prime studied in the spaced condition than in the massed condition (Figure 5). Target
length was also a significant factor (z=-2.59, p = .010) with a very small effect size (d
=-0.16), suggesting that targets with more letters had reduced accuracy. Session was
also a significant main effect, with significantly reduced accuracy in the delayed test
compared to the immediate test (z = -3.36, p = .001), although the effect size was
very small (d =-0.18). There were no significant interactions in the model.
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Figure 5 Effect plot for the interaction between schedule and item type in se-
mantic priming (fit and 95% Cls).

Table 6 Semantic priming, accuracy analysis (fixed effects)

Parameter b SE z p d [95% Cl]
Intercept? 2.75 0.32 8.55 <.001 1.51[1.17, 1.86]
Relatedness = unrelated 0.19 0.11 1.65 .100 0.10[-0.02, 0.23]
Schedule = spaced 0.47 0.14 3.46 <.001 0.26[0.11, 0.41]
Vocabulary size 0.09 0.14 0.61 .540 0.05 [-0.11, 0.20]
Target length -0.30 0.12 -2.59 .010 -0.16 [-0.29, -0.04]
Session = delayed -0.32 0.09 -3.36 .001 -0.18 [-0.28, -0.07]

Note. 2Intercept levels: relatedness = related, schedule = massed, session = immediate

5.4.2. Semantic priming: Response time analysis

Following Nakata and Elgort (2021), incorrect responses to targets (and their corre-
sponding primes) were removed before the data analysis (18% of the data points;
cf. 21% in Nakata & Elgort, 2021). Descriptive statistics for response times are pro-
vided in Table 7. The final model showed no significant main effects or interactions.
There was also no effect of schedule, and the simplest model (see Table 8) did not
include schedule. The results suggest that no significant difference existed between
the massed and spaced schedules regarding the development of implicit vocabulary
knowledge. Furthermore, neither the main effect of relatedness nor the interaction
between relatedness and schedule was statistically significant, indicating a lack of
significant semantic priming effect. The results suggest that neither massing nor
spacing facilitated the acquisition of implicit knowledge.
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Table 7 Descriptive statistics for response times (ms) by condition and time

Immediate posttest Delayed posttest

M SD 95% Cl M SD 95% Cl

Massed 1,232 556 [1,179, 1,285] 1,030 513 [979, 1,080]
Spaced 1,151 581 [1,097, 1,205] 1,025 424 [985, 1,066]
Unrelated 868 454 [837, 898] 809 353  [785, 833]

Table 8 Semantic priming, response time analysis (fixed effects)

Parameter b SE z p d [95% Cl]
Intercept? -0.01 0.07 -0.23 1.000 -0.01 [-0.08, 0.06]
Relatedness = unrelated -0.06 0.05 -1.37 .608 -0.03 [-0.08, 0.01]
Prime response time -0.02 0.02 -1.12 781 -0.01 [-0.03, 0.01]
Prime accuracy 0.09 0.05 2.04 .198 0.05 [0.00, 0.10]
Session = delayed -0.01 0.04 -0.15 1.000 0.00 [-0.04, 0.04]
Target length -0.01 0.01 -0.68 .969 0.00[-0.01, 0.01]

Note. 2Intercept levels: relatedness = related, session = immediate; prime response time is inverted
and centered

5.4.3. Lexical decisions to primes: Response accuracy analysis

On the immediate posttest, the mean response accuracy for lexical decisions to
the primes was 35% [28%, 41%] (SD = 48%) for the massed condition and 62%
[54%, 71%] (SD = 49%) for the spaced condition. On the delayed posttest, it was
20% [15%, 25%)] (SD = 40%) for the massed condition and 44% [36%, 52%)] (SD =
50%) for the spaced condition. The fixed effects are presented in Table 9, with
all main effects reaching statistical significance. Critically, accuracy in the spaced
condition was significantly higher than in the massed condition (z = 4.68, p
< .001) with a small effect size (d = 0.89). Accuracy on the immediate posttest
(session = immediate) was significantly higher than on the delayed posttest (z =
3.50, p <.001), although the effect size was very small (d = 0.14).

Table 9 Lexical decisions to primes, accuracy analysis (fixed effects)

Parameter b SE z p d [95% Cl]
Intercept? 203 020 9.99 <.001 1.12[0.90, 1.34]
Item type = pseudoword -195 042 -4.64 <.001 -1.07[-1.53,-0.62]
Item type = word 1.65 032 523 <.001 0.91[0.57, 1.25]
Schedule = spaced 1.61 0.34 4.68 <.001 0.89[0.52, 1.26]
Session = immediate 0.25 0.07 3.50 <.001 0.14 [0.06, 0.21]
Prime response time -0.01 0.03 -0.24 .809 0.00 [-0.03, 0.03]
Item type = pseudoword: Session = delayed  -1.22 0.18 -6.85 <.001 -0.67[-0.87,-0.48]
Item type = word: Session = delayed -0.52 0.13 -4.13 <.001 -0.29[-0.43,-0.15]
Schedule = spaced: Session = delayed -0.07 022 -0.31 .759 -0.04 [-0.28, 0.20]

Note. 2Intercept levels: schedule = massed, session = immediate, item type = pseudoword
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5.4.4. Lexical decisions to primes: Response time analysis

As in Nakata and Elgort (2021), instead of removing incorrect responses to
primes, we included prime accuracy in the model for this analysis. In the imme-
diate posttest, the mean response time for lexical decisions to the primes was
1,220 ms [1,112, 1,328] (SD = 543) and 1,141 ms [1,048, 1,234] (SD = 555) for
the massed and spaced conditions, respectively. In the delayed posttest, the
mean response time was 1,005 ms [907, 1,105] (SD = 491) for the massed con-
dition and 1,017 ms [940, 1,094] (SD = 420) for the spaced condition. As shown
in Table 10, none of the fixed effects reached statistical significance.

Table 10 Lexical decisions to primes, response time analysis (fixed effects)

Parameter b SE z p d [95% Cl]
Intercept? 0.04 0.07 0.55 .987 0.02 [-0.06, 0.10]
Item type = pseudoword -0.03 0.03 -1.08 .805 -0.02 [-0.05, 0.01]
Item type = word 0.00 0.02 0.12 1.000 0.00[-0.02, 0.02]
Session = delayed 0.01 0.02 0.44 .995 0.00[-0.02, 0.02]
Prime accuracy =1 -0.01 0.02 -0.60 .981 -0.01 [-0.03, 0.02]
Prime length 0.00 0.01 0.14 1.000 0.00[-0.01, 0.01]

Note. 2Intercept levels: item type = pseudoword, session = immediate

5.5. Comparing Nakata and Elgort (2021) with this study

Table 11 and Figure 6 present a comparison of descriptive statistics between
Nakata and Elgort (2021) and the present study. Descriptive statistics are pro-
vided only for the meaning recall and meaning-form matching posttests because
those for the semantic priming task are not reported in the original Nakata and
Elgort study. Table 11 shows that the posttest scores are 1.1 to 2.0 times higher
in the present study than in the original study. The comparison of the effect sizes
between the two studies is summarized in Table 12. The table indicates that the
main effect of schedule led to larger effect sizes in this study (meaning recall: d
= 1.63; meaning-form matching: d = 0.91) than those reported by Nakata and
Elgort (2021; meaning recall: d = 0.86; meaning-form matching: d = 0.29). Over-
all, the results suggest that, for the acquisition of explicit knowledge, (a) the
treatments in this study led to larger gains than those in the original study, and
(b) spacing facilitated learning more in this study than in the original study.
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Table 11 Comparing descriptive statistics: Nakata and Elgort (2021) vs. the present study

Nakata and Elgort (2021) Present study

Measure Timing Massed Spaced Massed Spaced
M SD M SD M SD M SD

Meaning recall Immediate  12% 12% 42% 24% 18% 39% 65% 48%
Meaning-form matchin Delayed 7% 8% 32% 21% 14% 35% 52% 50%
& €  Delayed  55% 17% 75% 17% 61% 49% 86% 35%

Figure 6 Comparing average accuracy on meaning recall and meaning-form
matching posttests: Nakata and Elgort (2021) vs. the present study.

Table 12 Comparing the main effect of schedule: Nakata and Elgort (2021) vs.
the present study

Nakata and Elgort (2021) Present study

z p d z p d

Meaning recall 5.81 <.001 0.86 26.05 <.001 1.63
Meaning-form matching 2.79 .005 0.29 1298 <.001 0.91
Semantic priming (accuracy) 2.97 .003 0.12 346 <.001 0.26
Lexical decisions to primes (accuracy) 9.19 <.001 0.47 4.68 <.001 0.89

Note. For semantic priming and lexical decisions to primes, only accuracy analysis is included. This is because
the main effect of schedule did not reach statistical significance in the analysis of response time for these
measures in either the previous or present study, and thus it was not included in the final model

6. Discussion

The purpose of this study was to replicate a study conducted by Nakata and El-
gort (2021) to examine the effects of massing and spacing on the acquisition of

22



Effects of spacing on the acquisition of explicit and implicit vocabulary knowledge: An approximate . . .

explicit and implicit vocabulary knowledge. H1 predicted that spacing would surpass
massing for explicit knowledge acquisition. The results showed the advantage of
spacing over massing across all explicit knowledge measures: immediate meaning re-
call, delayed meaning recall, and meaning-form matching. Our results support H1,
confirming the benefits of spacing for explicit vocabulary knowledge acquisition, align-
ing with existing literature (e.g., Karpicke & Bauernschmidt, 2011; Nakata, 2015; Na-
kata & Elgort, 2021; Nakata & Suzuki, 2019a). The effect sizes in the present study
(meaning recall: d = 1.63; meaning-form matching: d =0.91) exceeded those reported
by Kim and Webb (2022) in their meta-analysis (0.58 < g < 0.80), indicating that
spaced practice in this study effectively enhanced explicit vocabulary knowledge ac-
quisition. The advantage of spacing over massing in this study is also consistent with
research in cognitive psychology (e.g., Cepeda et al., 2006; Wiseheart et al., 2019).

According to the descriptive statistics detailed in Table 11 and Figure 6, post-
test scores for meaning recall and meaning-form matching in this study were 1.1
to 2.0 times higher than those found in the original Nakata and Elgort (2021) study.
The results support the finding that paired-associate learning, such as the one used
in this study, leads to larger vocabulary gains than contextual learning (Nakata,
2020). The present study also led to stronger spacing effects (meaning recall: d =
1.63; meaning-form matching: d = 0.91) than the Nakata and Elgort study (meaning
recall: d = 0.86; meaning-form matching: d = 0.29; Table 12). The results are con-
sistent with the finding that for the acquisition of explicit knowledge, the benefits
of spacing are more pronounced in decontextualized learning than in contextual
learning (see Section 3.1. on motivation for the study).

H2 predicted that the spacing effect would also be observed for the acqui-
sition of implicit vocabulary knowledge. Results on the semantic priming task, how-
ever, showed no significant difference between massing and spacing for the acqui-
sition of implicit knowledge. The results are consistent with Nakata and Elgort (2021),
failing to support H2. The findings suggest that Nakata and Elgort’s (2021) implicit
knowledge results may not stem from the design features of their study (i.e., con-
textual learning with induction vs. paired-associate learning without induction;
number of sentences provided simultaneously for the massed and spaced con-
ditions). Instead, they may indicate that spaced practice may have fundamental
limitations in enhancing implicit vocabulary knowledge acquisition. No spacing
effect emerged for implicit knowledge, possibly because it develops slowly
through repeated exposure and usage (Suzuki et al., 2023), likely requiring more
extensive and varied input than this study provided.

Although consistent with Nakata and Elgort's (2021) results, our findings were at
odds with those reported by Fang et al. (2024), who found that whereas massing is as
effective as spacing for acquiring explicit knowledge, spacing may be more effective for
acquiring automatized explicit and implicit knowledge. The inconsistency between Fang
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etal. (2024), on the one hand, and Nakata and Elgort (2021) and the present study, on
the other, may partly stem from the target items, as we speculated earlier in this paper:
While Nakata and Elgort (2021) examined novel single words (pseudowords), Fang et
al. (2024) investigated the learning of collocations comprising familiar words.

Importantly, although Nakata and Elgort (2021) observed a significant semantic
priming effect for the pseudowords regardless of the schedules, no such effect was
found for pseudowords studied in the massed or spaced condition in this study. The
findings suggest that neither massing nor spacing facilitated implicit knowledge acqui-
sition. The inconsistency may partly stem from three factors: treatment type, treat-
ment duration, and L2 proficiency. First, the treatment in the present study involved
decontextualized paired-associate learning, whereas Nakata and Elgort (2021) exam-
ined contextual vocabulary learning. The inconsistency suggests that contextual learn-
ing may facilitate implicit knowledge acquisition more than decontextualized learning
(Chun et al., 2012). Second, the lack of the semantic priming effect in this study may
also partly be attributed to the relatively short duration of the treatment. Elgort (2011)
observed a significant semantic priming effect for pseudowords studied in a decontex-
tualized format. However, the treatment in her study was implemented over one week,
whereas it was concentrated into one session in this study. From the perspective of
skill acquisition theory (DeKeyser & Suzuki, 2025), L2 learners progress from an initial
reliance on explicit knowledge to automatized knowledge through repeated practice.
Because the development of such fluent knowledge, whether it takes the form of au-
tomatized explicit knowledge or implicit knowledge, is a gradual process requiring ex-
tensive exposure and usage (Suzuki et al., 2023), neither massing nor spacing may have
been sufficient to facilitate the acquisition of implicit knowledge in the present study.
Notably, Nakata and Elgort (2021) observed a significant semantic priming effect in
both massed and spaced conditions, although their treatment involved only one ses-
sion. However, it is worth noting that their treatment lasted longer (approximately 96
minutes) compared to the treatment in the present study (approximately 62.3 minutes;
Table 1). The findings suggest that, depending on the nature of the treatment, target
stimuli, and participants, it is possible for implicit knowledge to develop after only a
single treatment session. Third, another possible reason for the lack of a significant
semantic priming effect relates to the proficiency level of the participants. Although
participants in the present study had a relatively large English vocabulary size (M =
8,355.8 word families, SD = 908.8, range = 5,400-11,800), this was still smaller than
that of the participants in Elgort and Piasecki (2014; M = 9,444 word families, SD =
1,689, range = 5,100-13,800). Given that Elgort and Piasecki (2014) found that decon-
textualized paired-associate learning may lead to a significant semantic priming effect
only for those with larger vocabulary sizes, if the vocabulary size of our participants
had been larger, we might have observed a significant priming effect. Therefore, it may
be useful to recruit higher-proficiency learners in future research.
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7. Pedagogical implications

Pedagogically, the findings of this study suggest that when learning novel words,
it may be more beneficial to distribute practice opportunities over a certain period
instead of repeating an item multiple times with no intervals, at least for the ac-
quisition of explicit knowledge. This can be achieved by using flashcard software
with spaced retrieval algorithms (Nakata, 2020), giving quizzes on previously in-
troduced words, or using the same reading or listening materials after certain in-
tervals. Although the spaced schedule outperformed the massed schedule on the
meaning recall test, delayed posttest scores in the spaced condition were signifi-
cantly lower than those on the immediate posttest. These findings suggest that,
in order to promote long-term retention, distributing practice within a given treat-
ment session, as in the present study, may not be sufficient; practice may need to
be distributed over multiple days. We also observed larger gains in explicit vocab-
ulary knowledge and a more pronounced spacing effect than those reported by
Nakata and Elgort (2021). These enhanced outcomes are likely attributed to a key
methodological modification: a shift from contextual to decontextualized paired-
associate learning. Overall, the findings show the value of incorporating deliber-
ate, spaced practice for the learning of explicit vocabulary knowledge.

The present study showed no spacing advantage for the acquisition of im-
plicit knowledge. Therefore, if the goal is to develop learners’ implicit vocabulary
knowledge, relying solely on decontextualized paired-associate learning may not be
sufficient. Because the brief treatment duration in our study did not help to form
robust implicit knowledge, instructors are advised to extend learning sessions and
maximize learners’ repeated exposure to, and active use of, target words across var-
ious contexts (Suzuki et al., 2023). However, considering that explicit knowledge
serves as a foundation for developing procedural knowledge (DeKeyser & Suzuki,
2025; Li & DeKeyser, 2019), explicit spaced learning may still have some value for
classroom instruction. Instructors can utilize spaced practice to help learners es-
tablish initial form-meaning mappings of new words. By ensuring that learners
have an initial, explicit understanding of new vocabulary items, instructors can
create opportunities for learners to encounter and use these words in meaningful
and communicative contexts.

8. Conclusion
In the present study, we replicated Nakata and Elgort’s (2021) study to investi-

gate the impact of massing and spacing on the acquisition of explicit and implicit
knowledge in paired-associate learning of L2 vocabulary. The acquisition of explicit,
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but not implicit, knowledge showed a spacing advantage in the results. The findings
of the present study are useful because, although the benefits of spacing over massing
are well-documented (e.g., Cepeda et al., 2006; Wiseheart et al., 2019), it remains
unclear if spacing advantages apply to the acquisition of implicit knowledge.

Despite showing the robustness of the spacing effect on explicit vocabulary
knowledge, the present study has several limitations. First, unlike Nakata and Elgort
(2021), this study showed no significant semantic priming effect, possibly because
of the relatively short treatment duration or the L2 proficiency levels of the partici-
pants. Future research should consider extending the treatment duration or recruit-
ing higher-proficiency learners. Another limitation lies in the use of pseudowords.
Although using pseudowords helps control participants’ prior knowledge and en-
sures that any vocabulary gains are solely due to the treatment, it may limit gener-
alizability. Future research might explore whether these pseudoword findings ex-
tend to real words. Since the development of implicit knowledge is critical for fluent
and effortless language use, further research examining the acquisition of not only
explicit but also implicit knowledge will be a useful follow-up to this study.
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APPENDIX
R code used for data analysis

Table 3:
Model: glmer(Correctness ~ Schedule * Retrieval_number + Theme + (1 | id) + (1 | item_id),
dataset, family= “binomial”)

Table 4:
Model: glmer(Correctness ~ Schedule + Session + Theme + Time_On_Task + (1 | id) + (1 |
item_id ), dataset, family= “binomial”)

Table 5:
Model: glmer(Correctness ~ Schedule + Vocabulary_size + Theme + Ospan + Time_On_Task
+(1]id) + (1 | Correct.Response), dataset, family= “binomial”)

Table 6:
Model: glmer(Target_Accuracy ~ Relatedness + Schedule + Vocabulary_size + Target_length
+ Session + (1 | id) + (1 + Vocabulary_size | Target), dataset, family = “binomial”)

Table 8:

Model: Imer(Target_Response_Time ~ Relatedness + Prime_Response_Time + Prime.Accu-
racy + Session + Target_length + (1 + Relatedness + Target_length + Prime.Response_Time
+ Session | id) + (1 | Target), dataset)

Table 9:

Model: glmer(Prime.Accuracy ~ Item_type * Schedule * Session + Prime.Response_Time +
(1 + Item_type | id)+ (1 | Prime), dataset, family="binomial”, control = glmerControl(opti-
mizer = “bobyqga”))

Table 10:

Model: Imer(Prime.Response_Time =~ Item_type + (Session + Prime.Accuracy) +
Prime_length + (1 + Item_type + Session + Prime.Accuracy | id) + (1 + Prime.Accuracy |
Prime), dataset)
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