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A B S T R A C T

Background: Interleaved practice (or interleaving), the strategy of alternating between categories or concepts during study or practice, can enhance second language
grammar skills. It remains to be determined, however, whether that enhancement specifically involves identifying tenses, conjugating verbs, or both, and whether
close similarity between tenses is essential.
Aims: This study investigated the language skills that interleaving can enhance and the extent to which that enhancement is limited to highly similar tenses.
Sample: Participants were college students (Experiment 1, 92 participants; Experiment 2, 109 participants) and adult learners (Experiment 3, 104 participants;
Experiment 4, 88 participants).
Methods: In each experiment, participants completed two weekly learning sessions and a one-week delayed criterial test. In the blocked group, participants learned
one tense per session. In the interleaved group, participants alternated between two tenses during each session. The criterial test assessed: verb conjugation skills (all
experiments), tense identification ability for specific usage scenarios (Experiments 1–3), and the capacity to identify the language of a sentence written in a specific
tense (Experiment 4).
Results: Interleaving improved verb conjugation skills in all experiments, tense identification ability in Experiments 1 and 3, and language identification skills in
Experiment 4. Benefits of interleaving were observed across tenses varying in usage, meaning, and suffixes.
Conclusions: Interleaving enhances multiple language skills, including verb conjugation, tense identification, and language identification. Those benefits are not
limited to highly similar tenses. Accordingly, these results challenge assumptions about interleaving and underscore its potential as an effective approach for
improving language learning.

1. Introduction

Alongside vocabulary, reading, and writing, among the most
important elements of learning a second language (L2) is mastering its
grammar—that is, the rule-based system that governs the structure of
the language. Doing so usually involves learning multiple grammatical
tenses, which are categories that express temporal references (i.e., when
an action occurred or is going to occur), aspect (how a verbal action
extends over time), and other nuances such as politeness or commands.
In many language courses, each grammatical tense is learned in

isolation. For example, in an Italian course, one lesson might be devoted
to the present tense, whereas a later lesson may be devoted to the future
tense (e.g., Protej & Coggle, 2004). Although this one-topic-at-a-time
approach (which learning scientists call blocking) may seem logical,
recent research suggests that an alternative strategy known as interleaved
practice (or interleaving)—which in L2 learning entails mixing tenses
together—can yield more effective and longer-lasting learning.
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1.1. The interleaving effect for inductive learning

Interleaving involves alternating between different categories, con-
cepts, or skills during learning (for reviews, see Carpenter, 2014; Car-
valho & Goldstone, 2019; Firth et al., 2021; Richter et al., 2022; Rohrer,
2012). For example, studying topics A, B, and C in the sequence
A1B1C1B2A2C2A3C3B3 (with subscripts representing different examples)
exemplifies interleaving. It can produce the interleaving effect, in which
subsequent test performance improves compared to learning through
blocking.
Prior research has demonstrated the interleaving effect in various

domains. Such studies have often focused on inductive learning (i.e.,
acquiring conceptual knowledge from exemplars) of visual categories,
such as landscape artists’ painting styles (Kornell & Bjork, 2008), ra-
diograms (e.g., Hatala et al., 2003), bird families (e.g., Wahlheim et al.,
2011), and chemical structures (Eglington & Kang, 2017). More
recently, interleaving effects have also been observed for
problem-solving skills in such domains as mathematics (e.g., Mielicki &
Wiley, 2022; Rohrer et al., 2014) and physics (e.g., Samani & Pan,
2021). In L2 learning, interleaving has yielded mixed results for vo-
cabulary (e.g., Finkbeiner & Nicol, 2003; Schneider et al., 2002) and
pronunciation skills (e.g., Carpenter & Mueller, 2013), but studies
involving grammar skills have produced more encouraging results (e.g.,
Nakata & Suzuki, 2019b).
Two prominent theories explain the interleaving effect. The

discriminative contrast hypothesis (Kang & Pashler, 2012; see also
Carvalho & Goldstone, 2014) posits that interleaving enables or causes
learners to compare differences between categories, thereby enhancing
the capacity to differentiate between them. Spacing effect-based ac-
counts (e.g., Carpenter, 2014) suggest that the interleaving effect is
derived from the well-established spacing effect (Ebbinghaus, 1885),
where increased time between exposures to stimulus materials enhances
learning. Crucially, interleaving inherently introduces spacing—that is,
when it is used, there is always some passage of time between successive
exposures to a given category or concept. In contrast, with blocking,
each category or concept is learned in contiguous fashion and such
spacing is absent. Hence, the interleaving effect might be due at least
partly to the spacing effect. Studies of visual category learning in which
the amount of temporal spacing between exemplars was manipulated (e.
g., Birnbaum et al., 2013; Ge et al., 2021; Kang & Pashler, 2012),
however, have generally concluded in favor of the discriminative
contrast hypothesis (i.e., adding more spacing has not improved
learning). Nevertheless, the extent to which that conclusion applies
beyond visual materials remains unclear, and theoretical development
on the interleaving effect is still ongoing (Carpenter & Pan, 2024; Foster
et al., 2019).
A meta-analysis of interleaving and inductive learning by Brunmair

and Richter (2019) highlighted between-category similarity—that is,
shared perceptual or other characteristics—as a critical boundary con-
dition of the interleaving effect. They found the effect to be largest for
studies featuring artists’ painting styles (Hedges’ g = .67), which typi-
cally have high between-category similarity, and not significant in the
case of verbal materials such as expository texts (g = .21) or words (g =
− .39), which often vary in similarity and other characteristics. Given the
paucity of studies involving interleaving with authentic educational
materials and inconsistent findings, however, the extent of the inter-
leaving effect across different materials and the role of
between-category similarity remains to be determined.

1.2. Interleaving and second language grammar learning

Mastering the grammatical tenses of a language commonly requires
learning at least two related skills through study and practice
(Rodriguez, 2004) and may involve both declarative and procedural
knowledge (Ullman, 2004). These skills are tense identification, the
ability to recognize different tenses in specific usage scenarios (which

involves studying rules and viewing examples), and verb conjugation, the
ability to modify verbs to reflect the appropriate tense (which, in
Romance languages, entails learning how to append the appropriate
suffix to a root verb). Fig. 1 illustrates how these skills interact in
Romance languages such as Spanish or French. Typically, L2 learners
first acquire the rules that specify the usage of a given tense, then master
the procedures and suffixes needed for verb conjugation in that tense.
There are theoretical reasons to expect that interleaving could

benefit L2 grammar learning. For instance, interleaving-induced
discriminative contrast may be useful for learning to tell apart con-
fusable or highly similar grammatical tenses. Moreover, the temporal
spacing introduced by interleaving might improve L2 learners’ retention
of rules, procedures, and suffixes. Interleaving may also impose a more
appropriate level of difficulty than blocking at more advanced stages of
L2 learning, leading to better learning (Suzuki & Sunada, 2019).
Although a growing body of research explores the potential of

interleaving in various L2 learning scenarios (e.g., Carpenter &Mueller,
2013; Nakata & Suzuki, 2019a; Schneider et al., 2002; Suzuki, 2021;
Suzuki& Sunada, 2020), very few studies have investigated interleaving
and L2 grammar learning to date. In one example, Pan et al. (2019b,
Experiments 3–4; see also Pan, Lovelett, et al., 2019) had
English-speaking undergraduate students without prior Spanish expe-
rience learn the Pretérito Perfecto Simple and Pretérito Imperfecto tenses
across two weekly sessions. The tenses were chosen for their similar
usage and high potential for confusion (Castañeda, 2011), which ac-
cording to the discriminative contrast hypothesis should make them
highly suitable for interleaving. The blocked group learned and prac-
ticed one tense per session, whereas the interleaved group alternated
between tenses during each session as they studied and practiced. On a
one-week delayed verb conjugation test, interleaving advantages were
observed (Cohen’s d = .53 in Experiment 3; d = .79 in Experiment 4).
Discriminative contrast processes were pinpointed as a major driver of
those results.
In another example, Nakata and Suzuki (2019b) had

Japanese-speaking students with prior English language experience
study five different grammatical structures in English—simple past,
present perfect, and first, second, and third conditional tense—in a
blocked, interleaved, or blocked-then-interleaved order within a single
session. As in Pan et al. (2019b), the tenses being learned are prone to
confusion with one another. An interleaving effect was not observed on
an immediate grammaticality judgment test but emerged when the test
was administered one week later (d = .64). The authors attributed these
results to discriminative contrast and spacing effect-based processes.
Suzuki and Sunada (2019) and Suzuki et al. (2022) had Japanese-

speaking students (at least some having prior English language experi-
ence) learn and practice relative clause constructions in English (e.g.,
subjective vs. objective relative clauses) via an oral picture description
task in which different construction types were mixed together (inter-
leaving) or grouped separately (blocking), then take picture-based
comprehension or production posttests. On immediate posttests, there
were speed and accuracy advantages for interleaving over blocking (ds
ranging from .19 to .58), whereas the delayed posttest results were
inconsistent: Suzuki et al. found an interleaving advantage for accuracy
(d = .37), but not for speed, whereas Suzuki and Sunada found no
advantage for either. Methodological differences such as the number of
constructions learned and the amount of practice have been suggested as
possible sources of these discrepant results (Suzuki et al., 2022).
As just described, the few studies on interleaving and L2 grammar

learning to date—which have addressed different tasks, learning mate-
rials, and different kinds of participants—encompass highly promising
results (e.g., Nakata & Suzuki, 2019b; Pan, Lovelett, et al., 2019, Pan,
Lovelett, et al., 2019) and mixed findings (e.g., Suzuki & Sunada, 2019;
Suzuki et al., 2022). More research is needed to address outstanding and
unresolved issues. For instance, most of the interleaving effects for L2
grammar learning have yet to be successfully replicated, and replication
is critical in education research (Plucker & Makel, 2021). Moreover,
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such effects have yet to be extended to other languages beyond Spanish
and English, to yet other grammar learning scenarios, and other learning
contexts. In addition, the grammar skills that interleaving can enhance
have yet to be fully characterized and especially in the case of verb
conjugation skills. For example, on the criterial test of Pan et al. (2019b),
participants’ responses were limited to typing verbs; as such, the extent
to which the results reflected proficiency in tense identification, verb
conjugation ability, or both remained unknown. Tense identification
more closely aligns with the category discrimination tasks where the
strongest interleaving effects have been demonstrated (Brunmair &
Richter, 2019), whereas verb conjugation does not map as directly onto
such tasks, raising the possibility that interleaving is more beneficial for
the former than the latter.
It is also unclear whether the benefits of interleaving for grammar

learning are specific to highly similar grammatical tenses or other con-
fusable materials. Although the discriminative contrast hypothesis and
inductive learning research imply that close similarity is necessary (and
meta-analytic findings indicate that the interleaving effect depends
heavily on the types of materials being learned), those assumptions have
yet to be evaluated in the context of L2 grammar learning. In an extreme
case, no interleaving effects might be observed outside of the Spanish
and English tenses that have been investigated thus far (for analogous
discussions, see Fiedler, 2011; Sedlmeier et al., 1998).

1.3. The present study

The present study encompassed four experiments modeled after Pan
et al. (2019b; Experiments 3–4). These experiments addressed (1) the
reproducibility of interleaving benefits for L2 grammar learning, (2) the
generalizability of these benefits across different languages and tenses,
(3) the specific grammar skills that may or may not be enhanced by
interleaving, and (4) the role of between-category similarity among
to-be-learned grammatical tenses. As in the prior study, each experiment
featured a three-week, three-session design with two learning sessions,
the learning of two tenses (excepting Experiment 4, which featured one
tense across two languages), and a one-week delayed criterial test. The
present experiments differed, however, in the specific tenses and/or
languages studied, the study setting and participants, and the design of
the criterial test, which allowed for separate assessment of tense or
language identification and verb conjugation skills in each experiment.
Across experiments, the effects of interleaving for learning seven

different grammatical tenses and two Romance languages were

investigated. These tenses, which are detailed in Table 1, varied in
similarity of use and in the suffixes required for verb conjugation (we
categorized similarity based on the defining rules for each tense,
examining suffix morphology, and in consultation with L2 instructors).
When selecting tenses, our goal was to maximize the diversity of the
chosen tenses, constrained only by tense availability and the need to
avoid combinations sharing identical suffixes, which could complicate
data analysis.

2. Experiment 1

The first experiment was a near direct replication of Pan et al.
(2019b, Experiments 3 and 4), in which participants learned to identify
and conjugate Spanish verbs in the Pretérito Perfecto Simple and Pretérito
Imperfecto tenses via interleaving or blocking. Both tenses are highly
similar in usage (both refer to past actions or information and vary in
terms of applicable situations) yet dissimilar in the suffixes used for verb
conjugation (differing in multiple letters). Unlike those prior experi-
ments, however, this experiment was conducted online and featured a
delayed criterial test that assessed the two to-be-learned language

Fig. 1. Tense Identification and Verb Conjugation Process in Romance Languages
Note. Mastering grammatical tenses involves learning at least two skills. First, tense identification (or language identification, as in Experiment 4). Second, verb
conjugation (i.e., using the correct suffix to conjugate the verb based on the tense and subject pronoun). A and B refer to different tenses.

Table 1
Spanish and French grammatical tenses.

Expt. Language Grammatical
tenses
(Romance
language)

Use
(rules),
meaning

Verb
suffixes

Closest
English
equivalent

1 Spanish Pretérito
Perfecto Simple,
Pretérito
Imperfecto

High
similarity

Low
similarity

Simple Past,
Imperfect

2 Spanish Presente de
Indicativo,
Pretérito
Imperfecto

Low
similarity

Low
similarity

Simple
Present,
Imperfect

3 French Conditionnel
Présent, Futur
Simple

High
similarity

High
similarity

Conditional
Mood, Simple
Future

4 French,
Spanish

Présent de
Subjonctif,
Presente de
Subjuntivo

Moderate
similarity

Low
similaritya

Present
Subjunctive

Note.
a Low similarity is in reference to the six verb suffixes that were learned in that
experiment.
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skills—tense identification and verb conjugation—separately. This
approach allowed for distinguishing between the effects of interleaving
on each skill and enabled conditional analyses of the types of errors
occurring during tense identification and verb conjugation. Ultimately,
this experiment addressed the question: What is the extent of the
interleaving effect for the Pretérito Perfecto Simple and Pretérito Imperfecto
tenses in terms of tense identification and verb conjugation?

2.1. Method

Data and materials for all experiments are archived at the Open
Science Framework and accessible via this URL: https://osf.io/436ya/.

2.1.1. Participants
The target sample size for all experiments was determined via a

priori power analysis in G*Power 3.1 (Faul et al., 2009), which indicated
that 43 participants per group yields 80% power to detect a group dif-
ference of d = .53 (the interleaving effect in Pan et al., 2019b, Experi-
ment 3) or larger on a two-tailed, independent-samples t-test at α = .05.
Essentially, our goal was to ensure sufficient power to detect an effect of
interleaving or blocking at this effect size or greater, whether for tense
identification or verb conjugation.
One hundred and four undergraduate participants were recruited

from the subject pool at a large U.S. university in exchange for partial
course credit. Only participants that had passed through a pre-screening
questionnaire (which verified that they were fluent in English, plus had
no prior training, were not a native speaker of, or had family members
who were native speakers of Spanish, French, or another Romance
language) were allowed to participate. The mean age was 20.4 years (SD
= 1.7); the gender distribution of the sample was 83% female, 14%
male, and 2% other. Sixty-four percent of the participants were of Asian/
Pacific Islander ancestry, 22% were Caucasian/White, 2% were African-
American/Black, 1% were Latinx/Hispanic, and 10% were of other
ethnicities. All participants were fluent in English and had no prior
Spanish language experience. Twelve participants did not complete all
three sessions, leaving 92 participants (blocked group, n = 46; inter-
leaved group, n = 46) in the final sample. All participants in this study
gave informed consent and data collection for all experiments was
conducted with ethics approval from the involved university.

2.1.2. Design
The independent variable was the type of learning schedule (Blocked

vs. Interleaved). There were two dependent variables, tense identifica-
tion and verb conjugation performance (on the criterial test). Each
participant was randomly assigned to a blocked group or an interleaved

group, then completed two weekly learning sessions followed by a one-
week delayed criterial test. Within or across sessions, each tense was
learned across three phases: In Phase 1, the defining rules for the tense
were presented and practiced; in Phase 2, the suffixes that are to be used
to conjugate verbs for different pronouns in the tense were learned and
practiced; and Phase 3 consisted of a series of verb conjugation practice
trials.
Although all participants viewed identical materials, presentation

order differed between groups (see Fig. 2). The blocked group focused
on one grammatical tense per session whereas the interleaved group
learned both tenses in the first session and revisited them in the second
session. The order of tense presentation was counterbalanced across
participants.

2.1.3. Materials
To reduce confusion, all L2 materials in this study were presented

with accompanying English language translations and without diacrit-
ical marks. Learning materials were adapted from Pan et al. (2019b).
Examples of the practice trials and questions used during the learning
sessions and on the criterial test for all experiments are included in
Appendix A.

2.1.3.1. Learning sessions. Phase 1 included 4 rules per tense, each
presented using 3 example English sentences, and 8 additional English
sentences for practice trials. Phase 2 involved 3 pronoun-verb combi-
nations per tense (e.g., equivalent to “I”, “You,” and “We” in English),
with each having one example sentence and one fill-in-the-blank prac-
tice question. The practice questions were in English except for the
Spanish root verb. Phase 3 used 18 fill-in-the-blank questions per tense,
formatted similarly to Phase 2’s materials but with different Spanish
root verbs (all ending in “-ar”) and novel sentences.

2.1.3.2. Criterial test. The criterial test included 42 trials divided be-
tween the two to-be-learned tenses. Each trial included a sentence that
was presented in Spanish fill-in-the-blank form (i.e., with a blank where
a conjugated verb was meant to be inserted), along with a different
Spanish “-ar” root verb and a translation of the sentence into English. All
criterial test trials were dissimilar from the practice materials used
during the learning sessions (i.e., different verbs, different sentences).

2.1.4. Procedure
Experiment 1 was conducted through the university’s subject pool

website. Participants signed up for all three sessions before starting the
first session, with subsequent sessions becoming available at 7-day in-
tervals (automatically scheduled from the completion of the first

Fig. 2. Experimental Design
Note: In the Blocked group, participants focused on one grammatical tense per session, whereas the Interleaved group learned and practiced two tenses in session 1,
then revisited them in session 2. All participants completed a criterial test in session 3, where they first identified the grammatical tense (Experiments 1–3) or
language (Experiment 4), then conjugated the verb accordingly (Experiments 1–4). In the figure, A = first grammatical tense, B = second grammatical tense, and AB
= alternating between tenses.
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session). Reminder emails were sent the day before the second and third
sessions and in cases of completion delays. All sessions were self-paced,
computer-presented, and conducted via internet browsers.

2.1.4.1. Learning sessions. The general procedure for each phase, based
on Pan et al. (2019b), was as follows. The specific rules and suffixes that
were learned are presented in Appendix B.

2.1.4.1.1. Phase 1 (tense rules). Participants studied four defining
rules one at a time, each accompanied by example sentences. They then
viewed a rules summary slide before completing eight practice trials.
These trials involved identifying whether presented sentences fit any
learned rules. Feedback, including correct answers and relevant rules,
was provided after each response. Participants repeated the practice
trials once in a newly randomized order. By the end of Phase 1, partic-
ipants were expected to have acquired a foundational understanding of
the learned tense’s defining characteristics.

2.1.4.1.2. Phase 2 (verb suffixes). Participants learned to conjugate
verbs in the specified tense for three pronoun-verb scenarios: “I” (“yo”),
“You” (“tu”), and “We” (“nosotros”), with root verbs ending in “-ar.”
Each scenario was studied individually, along with the appropriate verb
suffix and example sentence. Participants completed a single fill-in-the-
blank practice trial for each scenario, receiving the correctly conjugated
verb as feedback. The order of scenarios was consistent for each
participant. By the end of Phase 2, participants were expected to un-
derstand how to conjugate “-ar” verbs in the given tense for the specified
pronouns.

2.1.4.1.3. Phase 3 (verb conjugation practice). The third phase began
with a summary slide detailing defining rules and verb suffixes, followed
by a series of 18 randomly-ordered fill-in-the-blank verb conjugation
practice trials. After each trial, a feedback screen displayed the correct
answer, the relevant pronoun, and grammatical tense.

2.1.4.1.4. Blocked and interleaved schedules. The blocked group
focused exclusively on one tense per session without mixing between
them, whereas the interleaved group alternated between the two tenses
across sessions. Specifically, the blocked group completed Phases 1–3
for a given tense in the first session and repeated the sequence for the
other tense in the second session (see top row of Fig. 2). In contrast, the
interleaved group completed Phase 1 and Phase 2 for both tenses in
succession (see bottom row of Fig. 2), followed by Phase 3 with 18
randomly-ordered practice trials evenly split between the two tenses, all
in the first session. Their second session only included Phase 3, featuring
18 randomized practice trials evenly split between the two tenses. Both
groups spent approximately 30 min in total across both sessions. After
each session, they answered metacognitive questions on difficulty and
learning, rated on a five-point Likert scale (results discussed in the
General Discussion).

2.1.4.2. Criterial test. The third session consisted of the criterial test, the
design of which differed from that in Pan et al. (2019b). Each test trial
involved a two-step procedure. First, in a two-option multiple-choice
question, participants identified which of the previously-learned tenses
best represented the presented sentence. Second, they typed the
correctly conjugated verb that fit the sentence. Trials were presented
sequentially and in random order. The experiment concluded after all
trials were completed.

2.2. Results

2.2.1. Learning sessions
Table 2 reports descriptive statistics from Phases 1–3 in the first and

second learning sessions, where applicable, in the blocked and the
interleaved groups from each experiment of this study. In Experiment 1,
performance was relatively similar between groups during Phases 1 and
2, whereas during Phase 3, the blocked group’s performance was sub-
stantially higher (by > .30 proportion correct). Those patterns match

that observed in prior work (e.g., Pan, Lovelett, et al., 2019, Pan,
Lovelett, et al., 2019). Adherence to the three-session schedule was
excellent, with 96% of participants in the final sample completing each
session on the assigned day.

2.2.2. Criterial test
Violin and box plots depicting the criterial test results for the two

assessed language skills are presented in the first-row panels of Fig. 3
and descriptive statistics for those results are presented in Table 3.
Criterial test results were analyzed using t-tests wherein p-values were
used to assess statistical significance. For non-significant results,
equivalence testing was also performed to evaluate whether the effect
sizes were small enough to be considered practically negligible. The
reliability of the tense identification and verb conjugation scores (split-
half reliability) was .89 and .95 for the interleaved group, and .97 and
.94 for the blocked group, respectively.

2.2.2.1. Tense identification and verb conjugation performance. An
independent-samples t-test comparing mean proportion correct scores
between the interleaved and blocked groups for tense identification
found no significant difference, t(90) = 1.95, p = .055, d = .41, whereas
an analogous t-test for the case of verb conjugation revealed a significant
interleaving benefit, t(90) = 2.36, p = .020, d = .49. These results
correspond to inspection of the relevant panels of Fig. 3, in which a
substantial interleaving advantage is evident for verb conjugation,
whereas for tense identification, there is a smaller numerical inter-
leaving advantage.
To better characterize the non-significant difference in tense iden-

tification, we conducted an equivalence test using the two one-sided test
(TOST) approach with an equivalence margin of ±.5 standard de-
viations. The 90% confidence interval for the mean difference between
the interleaved and blocked groups (.014–.18) did not fall within the
margin, indicating that we cannot conclude practical equivalence. Thus,
while the difference in tense identification performance between the

Table 2
Learning Session Mean Performance (SE).

Phase 1: Tense
rules

Expt. Session Group First
cycle

Second
cycle

Phase 2:
Verb
suffixes

Phase 3: Verb
conjugation
practice

1 1 Blocked .78
(.030)

.85
(.027)

.89
(.034)

.88 (.026)

Interleaved .80
(.024)

.88
(.019)

.84
(.031)

.58 (.034)

2 Blocked .83
(.025)

.91
(.020)

.84
(.036)

.91 (.025)

​ Interleaved – – – .49 (.033)
2 1 Blocked .91

(.017)
.97
(.0077)

.90
(.023)

.91 (.015)

Interleaved .90
(.015)

.95
(.012)

.90
(.020)

.67 (.033)

2 Blocked .88
(.019)

.94
(.016)

.85
(.033)

.90 (.017)

​ Interleaved – – – .55 (.027)
3 1 Blocked .79

(.024)
.87
(.023)

.79
(.038)

.88 (.016)

Interleaved .78
(.023)

.87
(.021)

.79
(.031)

.55 (.028)

2 Blocked .72
(.026)

.83
(.021)

.83
(.035)

.89 (.014)

​ Interleaved – – – .54 (.033)
4 1 Blocked .74

(.024)
.83
(.025)

.79
(.047)

.86 (.025)

​ Interleaved .70
(.028)

.83
(.026)

.83
(.031)

.51 (.035)

2 Blocked .76
(.029)

.84
(.025)

.86
(.040)

.90 (.020)

Interleaved – – – .48 (.038)
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Fig. 3. Criterial test results.
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blocked and interleaved groups was not statistically significant (p =

.055), the effect size was too large to be considered negligible.

2.2.2.2. Conditional error analyses. Drawing on the data generated by
the two-step criterial test procedure, we investigated two error types
that participants may have committed on the test.

2.2.2.2.1. Correct tense, incorrect suffix. In cases where participants
correctly identified the tense, errors in verb conjugation could still
occur, indicating incomplete learning of the rules or procedures for verb
conjugation in that tense. An analysis of criterial test trials where the
tense was correctly identified (accounting for >80% of all test items)
showed that the blocked group had a significantly higher error rate (M=

.57) than the interleaved group (M = .41), t(90) = 2.23, p = .028, d =

.46. Therefore, in cases where the two groups demonstrated similar
ability to identify grammatical tense, the interleaved group showed
better verb conjugation skills as well.

2.2.2.2.2. Incorrect tense, correct suffix. In cases where the incorrect
tense was identified, participants might conjugate the verb appropri-
ately for the tense they mistakenly believe the sentence represents. Such
patterns would suggest accurate knowledge of verb conjugation pro-
cedures and suffixes. On criterial test trials where the tense was incorrect
(fewer than 20% of all items), the interleaved group had a numerically
higher, though not statistically significant, rate of correct conjugation
(M = .54) compared to the blocked group (M = .41), t(86) = 1.58, p =

.12, d = .34. A TOST equivalence test with a ±.5 standard deviation
margin found that the 90% CI for the mean difference (− .27 to .007) did
not fall within the equivalence margin, indicating that the difference
was not negligible.

2.3. Discussion

In Experiment 1, benefits of interleaving for Spanish L2 grammar
learning were observed and particularly for the case of verb conjugation
skills. Moreover, those benefits were observed on a modified criterial
test versus that used in prior research and in an online setting. Condi-
tional analyses further indicated that correct verb conjugation was more
likely following interleaving than blocking when the tense was correctly
identified. Thus, Experiment 1 demonstrated that the benefits of inter-
leaving for Spanish L2 grammar learning are not specific to the most
similar and arguably most confusable elements of the Pretérito Perfecto
Simple and Pretérito Imperfecto tenses (i.e., tense identification).

3. Experiment 2

Experiment 2 investigated the effects of interleaving for learning two
Spanish tenses that are not easily confused, the Presente de Indicativo and
Pretérito Imperfecto tenses. These tenses are highly dissimilar both in
usage (the former refers to actions occurring in the present, whereas the
latter refers to certain past actions) and in the suffixes used for verb
conjugation (differing in multiple letters; for details, see Appendix B). As
in Experiment 1, participants completed a one-week delayed criterial
test that assessed tense identification and verb conjugation skills

separately. This experiment addressed the question: What is the extent
of the interleaving effect for tense identification and verb conjugation
when the tenses being learned are highly dissimilar?

3.1. Method

The design and analysis plan for Experiment 2 were preregistered at
https://aspredicted.org/cp6s-56mw.pdf.

3.1.1. Participants
Undergraduate student participants were recruited from the same

subject pool, using the same pre-screening questionnaire, and compen-
sated in the same manner as in Experiment 1. The mean participant age
was 20.4 years (SD = 2.2); the gender distribution of the sample was
83% female, 15% male, and 1% other. Sixty-two percent of the partic-
ipants were of Asian/Pacific Islander ancestry, 20% were Caucasian/
White, 4% were African-American/Black, and 13% were of other eth-
nicities. One-hundred and twenty-three participants signed up for
Experiment 2; 14 participants did not complete all three sessions,
leaving 109 participants (blocked group, n = 53; interleaved group, n =

56) in the final sample.

3.1.2. Design, materials, and Procedure
The design was identical to that of Experiment 1, with the sole

change being the use of the Presente de Indicativo tense in place of the
Pretérito Perfecto Simple tense (with the same number and type of items
for Phases 1, 2, and 3). Presente de Indicativo has not previously been
investigated in studies of L2 learning and interleaving. Accordingly,
participants learned the equivalent of a present tense and a past tense.
All procedures, including reminders to participants in case of delayed
session completion, were identical to that used in the preceding
experiment.

3.2. Results

3.2.1. Learning sessions
Performance during the learning sessions (see Table 2) was relatively

similar between groups during Phases 1 and 2, whereas during Phase 3,
the blocked group’s performance was substantially higher (by > .20
proportion correct). Adherence to the three-session schedule was
excellent, with 98% of participants in the final sample completing each
session on the assigned day.

3.2.2. Criterial test
Violin and box plots in the second-row panels of Fig. 3 depict the

criterial test results for the two language skills assessed and descriptive
statistics for those results are presented in Table 3. The preregistration
specified pairwise comparisons and conditionalized analyses, both of
which were conducted. Additionally, equivalence testing analogous to
that performed for the prior experiment was used to evaluate non-
significant results; such tests were not preregistered. The reliability of
the tense identification and verb conjugation scores was .85 and .97 for
the interleaved group, and .82 and .98 for the blocked group,
respectively.

3.2.2.1. Tense identification and verb conjugation performance. An
independent-samples t-test comparing mean proportion correct scores
between the interleaved and blocked groups for tense identification
found no significant difference, t(107) = .23, p = .81, d = .045, whereas
an analogous t-test for verb conjugation revealed a significant inter-
leaving benefit, t(107) = 3.27, p = .0014, d = .63. These results corre-
spond to inspection of the relevant panels of Fig. 3, which show no
indications of an interleaving advantage for tense identification and
evidence of an interleaving advantage for verb conjugation. A TOST
equivalence test with a±.5 standard deviation margin performed on the

Table 3
Criterial test mean performance (SE).

Experiment Group Tense identification (Experiments
1–3) or language identification
(Experiment 4)

Verb
conjugation

1 Blocked .69 (.040) .38 (.043)
Interleaved .79 (.029) .53 (.044)

2 Blocked .91 (.013) .50 (.045)
Interleaved .91 (.014) .69 (.037)

3 Blocked .57 (.016) .37 (.028)
Interleaved .65 (.025) .49 (.036)

4 Blocked .54 (.017) .35 (.024)
Interleaved .61 (.024) .44 (.035)
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tense identification results found that the 90%CI for the mean difference
(− .028 to .037) fell within the equivalence margin, suggesting that the
difference between the interleaved and blocked groups for the tense
identification was negligible.

3.2.2.2. Conditional error analyses. We performed conditional error
analyses analogous to those conducted for the first experiment.

3.2.2.2.1. Correct tense, incorrect suffix. In cases where the tense was
correctly identified (representing over 90% of all test items), the blocked
group had a higher rate of conjugating the verb incorrectly (M = .47)
than the interleaved group (M= .27), t(107)= 3.40, p= .00095, d= .65.
That result suggests that the blocked group did not learn verb conju-
gation skills as well as the interleaved group.

3.2.2.3. Incorrect tense, correct suffix. In cases where the tense was not
correctly identified (representing <10% of all test items), the inter-
leaved group had a higher rate of conjugating the verb correctly for the
tense that they believed the sentence represented (M = .59) than the
blocked group (M= .37), t(83)= 2.42, p= .018, d= .53. Hence, in cases
where they mistakenly identified the tense, the interleaved group was
less likely to compound that error during verb conjugation.

3.3. Discussion

Experiment 2 revealed that previously observed benefits of inter-
leaving for two highly similar Spanish tenses are not an isolated case.
Even for a highly dissimilar combination of Spanish tenses, interleaving
was still beneficial for verb conjugation skills. Conditional error analyses
reinforced that conclusion (in fact, if tense identification accuracy is
disregarded, then the advantage of interleaving over blocking would
have been even higher). Both groups, however, easily distinguished
between the two tenses, resulting in no interleaving advantage for tense
identification (although a ceiling effect may have been involved).
Overall, these results heighten the possibility that discriminative
contrast is not the sole driver of the benefits of interleaving for Spanish
L2 grammar learning, at least for verb conjugation skills.

4. Experiment 3

Experiment 3 investigated potential benefits of interleaving for L2
grammar learning in another Romance language, French. It involved the
Conditionnel Présent and Futur Simple tenses, which even proficient
French speakers can confuse due to similarities in usage and suffixes
(both represent future actions; the former refers to possible, wishful, or
supposed actions whereas the latter expresses intentions as well as
suppositions) (Chevalier-Karfis, 2023; Sallee & Hebert, 2011). As such,
the tenses used in this experiment exhibited a substantial amount of
between-category similarity (and were, in that respect, the polar oppo-
site of those used in Experiment 2). This experiment addressed the
question: What is the extent of the interleaving effect for tense identi-
fication and verb conjugation in French when the tenses are highly
similar in how they are used and the suffixes involved?

4.1. Method

The design and analysis plan for Experiment 3 were preregistered at
https://aspredicted.org/vkx4-7wpn.pdf.

4.1.1. Participants
In a departure from the prior experiments, 110 adult participants

were recruited from Prolific Academic, a crowdsourcing platform for
online studies. Eligibility criteria included being located in an English-
speaking country (Australia, Canada, New Zealand, the U.K., or the U.
S.), having a 95% or higher approval rate on prior Prolific studies,
fluency in English, and no prior experience (i.e., having taken a class,

native fluency) with any Romance language. Participants were informed
that they would learn French for a payment of at least GBP 8.70 or USD
10.50, with a GBP 1.65 or USD 2.00 bonus for on-time completion. Six
participants did not complete all sessions, leaving 104 participants
(blocked group, n = 53; interleaved group, n = 51) in the final sample.
The mean age was 33.3 years (SD = 11.6); the gender distribution of the
sample was 73% female and 27% male. Seventy-four percent of the
participants were of Caucasian/White ancestry, 9% were Asian, 5%
were Black, 4% had a multi-ethnic background, 7% were of other ethnic
groups, and 1% declined to provide ethnicity information. Most par-
ticipants had an undergraduate degree or higher (66%), some under-
graduate coursework (18%), or a high school diploma (15%). Most
participants (64%) were from the U.K., followed by Canada (30%), the
U.S. (2%), and other countries.

4.1.2. Design
The design closely mirrored that of previous experiments. To

accommodate time zone differences and Prolific Academic’s automatic
payment limits, each participant had up to 36 h to complete each session
upon it becoming available. Consequently, most participants completed
the second and third sessions within a seven or eight-day interval from
the immediately preceding session.

4.1.3. Materials
All materials were similar to those used in previous experiments,

with the same number and type of items for Phases 1, 2, and 3 for each
tense, but involving the Conditionnel Présent and Futur Simple tenses in
French. The verb suffixes learned involved root verbs ending in “-er” and
pronouns equivalent to “He”/“She,” “We,” or “You” (plural) in French,
as the suffixes did not overlap within or across tenses.

4.1.4. Procedure
Procedures were adapted for the Prolific Academic platform. Par-

ticipants signed up for the first session knowing they would receive links
to the second and third sessions at weekly intervals and be emailed when
the next session was available. Only participants who completed a ses-
sion received access to the next one. At the end of each session, partic-
ipants were redirected to the Prolific website, where their participation
was recorded. Payment was provided after the third session. The pro-
cedure for each phase of the learning sessions and the criterial test was
identical to the preceding experiments.

4.2. Results

4.2.1. Learning sessions
Performance during the learning sessions (see Table 2) was compa-

rable between groups in Phases 1 and 2, whereas in Phase 3, perfor-
mance in the blocked group was higher (by approximately .33
proportion correct). Adherence to the three-session schedule was good,
with 79% of participants in the final sample completing each session on
the assigned day.

4.2.2. Criterial test
Violin and box plots of the criterial test results are presented in the

third-row panels of Fig. 3 and descriptive statistics for those results are
presented in Table 3. The reliability of the tense identification and verb
conjugation scores was .91 and .96 for the interleaved group, and .75
and .89 for the blocked group, respectively.

4.2.2.1. Tense identification and verb conjugation performance. Indepen-
dent-samples t-tests comparing mean proportion correct scores between
the interleaved and blocked groups revealed significant interleaving
advantages for tense identification, t(102) = 2.64, p = .0096, d = .52,
and for verb conjugation, t(102) = 2.45, p = .016, d = .48. These results
correspond to inspection of the relevant panels of Fig. 3, which show
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indications of an interleaving advantage for tense identification and for
verb conjugation.

4.2.2.2. Conditional error analyses. Analyses are as follows.
4.2.2.2.1. Correct tense, incorrect suffix. In cases where the tense was

correctly identified (representing over 50% of all test items), the blocked
group had a higher rate of incorrect verb conjugation (M = .52)
compared to the interleaved group (M = .35), t(102) = 2.50, p = .014, d
= .49. That result suggests that the blocked group did not acquire verb
conjugation skills as effectively as the interleaved group.

4.2.2.2.2. Incorrect tense, correct suffix. In cases where the tense was
not correctly identified (over 30% of all test items), the interleaved
group had a higher rate of correctly conjugating the verb for the tense
they believed the sentence represented (M = .61) compared to the
blocked group (M = .44), t(101) = 2.78, p = .0065, d = .55. Thus, even
when they mistakenly identified the tense, the interleaved group was
less likely to compound that error with incorrect verb conjugation.

4.3. Discussion

Experiment 3 found benefits of interleaving for learning two highly
similar tenses in French. The observed benefits most closely resembled
the patterns observed in Experiment 1—that is, interleaving improved
tense identification and verb conjugation skills. Conditional error ana-
lyses provided further evidence that interleaving enhanced verb conju-
gation performance over blocking.

5. Experiment 4

Experiment 4 examined the effects of interleaving on learning the
present subjunctive tense in two Romance languages, French (Présent de
Subjonctif) and Spanish (Presente de Subjuntivo), simultaneously. Owing
to the two languages’ shared Latin origins, these tenses exhibit moderate
similarity in usage and suffixes (although the subsets of suffixes used in
this experiment shared few letters and hence their similarity can be
categorized as low). While learning multiple languages concurrently is
somewhat uncommon, it is not unheard of (e.g., Fukui& Yashima, 2021;
Henry, 2010) and such learning forms a cornerstone of the E.U.’s plu-
rilingual approach (Council of Europe, 2006). Identifying the language
that a sentence represents is a separate skill in its own right (for related
discussions, see Erard, 2012; Lightbown & Spada, 2013), including in
the context of intercomprehension (where differentiating between
related languages facilitates effective communication; for details see
Doyé, 2005). This experiment addressed the question: What is the extent
of the interleaving effect in the case of learning a tense and associated
verb conjugation procedures in two languages simultaneously?

5.1. Method

The design and analysis plan for Experiment 4 were preregistered at
https://aspredicted.org/7t4j-5h23.pdf.

5.1.1. Participants
One-hundred and five adult participants were recruited using Prolific

Academic in the same manner as the preceding experiment, including
under the same eligibility criteria and in exchange for the same amount
of monetary compensation. Participants were informed that they would
be learning about “Romance languages”. Data were excluded from 15
participants did not finish all three sessions and 2 participants that did
not follow study instructions, leaving 88 participants (blocked group, n
= 44; interleaved group, n = 44) in the final sample. The mean partic-
ipant age was 37.5 years (SD = 13.3); the gender distribution of the
sample was 71% female, 28% male, and 1% non-binary. Sixty-seven
percent of the participants were of Caucasian/White ancestry, 14%were
Asian, 6% were Black, 4% had a multi-ethnic background, 5% were of

other ethnic groups, and 4% declined to provide ethnicity information.
Most participants’ highest level of education was an undergraduate
degree or higher (66%), whereas the remainder had completed some
undergraduate coursework (18%) or finished high school or secondary
school (15%). Most of the participants (67%) were located in the U.K.,
followed by Canada (30%) and other countries (3%).

5.1.2. Design, materials, and Procedure
The design, materials, and procedure were largely identical to the

prior experiment, except as follows. The materials involved the Présent
de Subjonctif and Presente de Subjuntivo tenses in French and Spanish. In
Phase 1, there were only three rules learned per tense (reflecting the
manner in which those tenses are commonly defined and keeping the
number of rules equal between both tenses), and there were six practice
trials instead of eight; and in Phase 2, verb suffixes corresponding to the
equivalent of the pronouns “I”, “You,” and “You” (plural) in French and
Spanish, and all for the case of root verbs ending in “-er”, were learned
(the verb suffixes involved did not overlap between languages).
Reflecting the fewer rules for each tense, the number of criterial test
items was also reduced to 36, and on each test trial, participants were
asked to identify language rather than tense prior to conjugating verbs
(all of the sentences were written in the present subjunctive tense in
either language; for each sentence, participants were asked to identify
whether it best reflects the present subjunctive tense in French or
Spanish).

5.2. Results

5.2.1. Learning sessions
Performance during the learning sessions (see Table 2) was relatively

comparable between groups in Phases 1 and 2, whereas in Phase 3, per-
formance in the blocked group was higher (by> .40 proportion correct).
Adherence to the three-session schedule was good, with 73% of partici-
pants in the final sample completing each session on the assigned day.

5.2.2. Criterial test
Violin and box plots depicting the criterial test results are presented

in the bottom row panels of Fig. 3 and descriptive statistics for those
results are presented in Table 3. The reliability of the tense identification
and verb conjugation scores was .79 and .90 for the interleaved group,
and .55 and .70 for the blocked group, respectively (Note: the reduced
reliability for language identification in the blocked group may reflect
more random guessing in that group; for related discussion see Zim-
merman & Williams, 2003).

5.2.2.1. Language identification and verb conjugation performance. Inde-
pendent-samples t-tests comparing mean proportion correct scores be-
tween the interleaved and blocked groups revealed significant
interleaving advantages for tense identification, t(86) = 2.55, p = .013,
d = .54, and for verb conjugation, t(86) = 2.18, p = .032, d = .46. These
results correspond to inspection of the relevant panels of Fig. 3, which
show indications of an interleaving advantage for tense identification
and for verb conjugation.

5.2.2.2. Conditional error analyses. Analyses are as follows.
5.2.2.2.1. Correct language, incorrect suffix. In cases where the lan-

guage was correctly identified (representing over 50% of all test items),
the blocked group was more prone to conjugating the verb incorrectly
(M = .57 vs. M = .42), t(86) = 2.57, p = .012, d = .55. As in prior ex-
periments, this result suggests better learning of verb conjugation skills
in the interleaved group.

5.2.2.2.2. Incorrect language, correct suffix. In cases where the lan-
guage was not correctly identified (over 40% of all test items), the
interleaved group was more likely to correctly conjugate the verb for the
tense they believed the sentence represented than the blocked group (M
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= .53 vs. M = .38), t(86) = 2.40, p = .019, d = .51. Therefore, even in
cases where they mistakenly identified the language, the interleaved
group was less likely to compound that error with incorrect verb
conjugation.

5.3. Discussion

Experiment 4 revealed that the benefits of interleaving for L2
grammar learning further extend to learning two Romance languages
concurrently. In a scenario where the same tense is being learned in
French and Spanish—in which learners might benefit from engaging in
comparison or discriminative contrast between languages—a substan-
tial interleaving benefit for a third skill, language identification, was
observed. Benefits of interleaving for verb conjugation also occurred.

6. Supplementary analyses

6.1. Retention interval analyses

In each blocked group, one tense was introduced two weeks prior to
the criterial test, whereas the other tense was introduced one week prior
(versus the interleaved group, where both tenses were introduced two
weeks prior). Following Pan et al. (2019b), we examined whether that
retention interval difference affected the criterial test results.
One-sample t-tests comparing performance in the blocked group for
tenses learned in the first versus second sessions showed no significant
difference in verb conjugation performance (p-values ≥.15). Addition-
ally, TOST equivalence tests with a ±.5 standard deviation margin
found that the 90% confidence intervals for those mean differences fell
within the equivalence bounds, indicating negligible criterial test per-
formance differences between sessions in each experiment.
For tense or language identification, the blocked group showed no

significant difference between the tenses learned in the first versus
second session across all experiments except Experiment 2 (p-values
≥.43), reflecting patterns similar to verb conjugation. TOST equivalence
tests, analogous to those for verb conjugation, also indicated negligible
differences in tense or language identification between the two sessions
for the blocked group. In Experiment 2, however, a significant retention
interval difference favored the tense learned in the second session (M1st
session = .86 vs. M2nd session = .96), t(52) = 4.71, p < .0001), suggesting
greater forgetting of the first learned tense. Uniquely in that experiment,
however, tense identification scores were near ceiling, and moreover,

there was a negligible difference in such scores among the interleaved
and blocked groups.

6.2. Internal meta-analyses

To further characterize the interleaving effects across experiments,
we conducted two internal meta-analyses separately for tense/language
identification and verb conjugation skills, using themetafor package in R
(Viechtbauer, 2010) and effect size and sample size information from
each experiment (Note: these analyses were not preregistered and hence
could be regarded as exploratory). The results are shown in Fig. 4. As
shown in the figure, interleaving enhanced tense/language identifica-
tion ability in all but Experiment 2. The estimated benefit of interleaving
for tense/language identification was d= .36, 95% CI [.12, .60]; for verb
conjugation skills, it was d = .52, 95% CI [.32, .73]. Overall, the effect
sizes of these improvements can be considered meaningful from an
educational standpoint (Kraft, 2020).
In the figure it is apparent that the individual effect sizes for tense/

language identification (except Experiment 2) and verb conjugation
skills are quite similar, occupying a relatively narrow band across ex-
periments. That consistency implies reliable interleaving benefits
despite varying tense/language combinations. Overall, the internal
meta-analysis results are compatible with a potentially general or broad
benefit of interleaving for learning to identify tense or language, at least
when there is some degree of similarity between tenses, as well as a
general benefit of interleaving for verb conjugation skills that appar-
ently does not depend on similarity between tenses.

7. General Discussion

The present study yielded insights into the reproducibility, general-
izability, associated language skills, and specificity of the benefits of
interleaving for L2 grammar learning. In response to the issues raised at
the outset of this manuscript, we found that (1) the advantages of
interleaving for learning highly similar (in use) Spanish tenses were
largely reproducible; (2) such advantages successfully generalized to
other Spanish tenses, French tenses, tenses that share and do not share
highly similar verb suffixes, and even learning a single tense in Spanish
and French; (3) tense identification, verb conjugation, and language
identification skills benefited from interleaving; and (4) low-to high-
similarity tenses (in use or in the suffixes needed for verb conjugation)
were better learned through interleaving than blocking, at least with

Fig. 4. Internal Meta-Analyses of Experiments 1-4
Note. Upper portion: benefits of interleaving versus blocking for tense (Experiments 1–3) or language identification (Experiment 4) skills. Lower portion: benefits of
interleaving versus blocking for verb conjugation skills (Experiments 1–4). Abbreviated tense names shown (subj. = subjunctive).
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respect to verb conjugation. Moreover, in a now-classic pattern that is a
hallmark of many “desirably difficult” learning techniques (Bjork &
Bjork, 2011; Pan& Bjork, 2022), interleaving consistently yielded lower
performance than blocking during practice (Phase 3), but that pattern
was almost always reversed on the criterial test. Further, a comparison
of the patterns across experiments, including via internal meta-analyses,
suggests a strong degree of consistency in the observed interleaving
benefits. The implications of these results encompass theoretical ac-
counts of the interleaving effect and how L2 instruction might be
optimized.
The largely successful replication of Pan et al. (2019b; Experiments 3

and 4) on a modified criterial test provides insights into the interleaving
benefits observed in that study. Specifically, it appears that such benefits
did not stem solely from or largely depend on enhanced tense discrim-
ination, as has previously been assumed. Instead, improvements in verb
conjugation ability were almost certainly also involved. Moreover, when
considering the patterns of results for different language skills across
experiments, it appears that the interleaving effects in Pan et al. and in
the present study involved more than one cognitive mechanism.

7.1. How interleaving impacts second language grammar learning

To reiterate, much of the literature on interleaving effects has
focused on inductive category learning with visual materials, where
evidence for a major role of discriminative contrast is compelling (e.g.,
Birnbaum et al., 2013; Ge et al., 2021; Kang & Pashler, 2012). In the
present study, a case can also be made for the importance of discrimi-
native contrast for learning tense and language identification skills.
Alternating between tenses (or languages) likely enables comparison
processes that enhance the ability to differentiate the materials being
learned. At a task level, tense and language identification tasks focus on
identifying the category membership of presented items rather than
requiring complex procedures, similar to the classification tasks used in
studies of interleaving and visual category learning. When the tenses or
languages are at least somewhat challenging to tell apart (as analyses of
similarity and the criterial test results of Experiments 1–4 confirm), then
interleaving is beneficial for those tasks. In Experiment 2, however,
when the tenses were highly dissimilar and easily distinguishable, there
was no apparent benefit of interleaving for tense identification.
Although the impact of a ceiling effect cannot be completely dismissed,
that result aligns with the importance of discriminative contrast in
interleaving effects for similar sets of materials.
With respect to verb conjugation skills, however, it appears that

mechanisms beyond discriminative contrast are more important. An
interleaving effect was observed for these skills in all experiments,
irrespective of similarity in suffixes or related elements such as tense
usage. That finding does not align with discriminative contrast being a
critically important factor. Moreover, it suggests that stimulus similar-
ity, a potent boundary condition in interleaving effects for other learning
tasks (Brunmair & Richter, 2019), may have less impact on interleaving
for verb conjugation skills.
Crucially, verb conjugation involves more than just discrimination. It

is a multistep process requiring recall of suffixes, conjugation steps, and
executing those steps with the appropriate suffix correctly. A potential
mechanism for the interleaving effect in such cases has been highlighted
in studies of interleaving and math learning, where interleaving effects
occur even with dissimilar materials (e.g., Rohrer et al., 2014; see also
Foster et al., 2019), and in which multi-step problem-solving procedures
have to be learned. In that literature, it has been argued that interleaving
benefits problem-solving skills by strengthening associations between
problem types and solution strategies (for related theorizing from
research on interleaving and logic rule learning, see Schneider, 1991).
By this account, when practice is blocked, a particular solution strategy
or procedure is loaded into working memory once and reused until
practice is completed, whereas with interleaving, such information
needs to be reloaded into memory on each trial, with problem

type-to-procedure associations being strengthened as a result. It is
plausible that interleaving can strengthen memory associations for verb
conjugation skills in an analogous manner.
Strengthening of memory associations might also be ascribed to the

temporal spacing between successive study or practice trials for each
grammatical tense. Such spacing occurred within each learning session
in the interleaved groups (as an unavoidable consequence of inter-
leaving) and also across the first and second sessions (it should be noted,
however, that comparable interleaving effects were observed by Pan,
Lovelett, et al., 2019 in a single-session design, suggesting that
between-session spacing is not essential for interleaving to be beneficial
for such learning). Other mechanisms associated with the spacing effect
beyond strengthened memory associations, however—for instance,
encoding variability or attentional factors—cannot be entirely ruled out
(for discussion see Carpenter & Pan, 2024).
In our view, the most likely explanation for the interleaving effects

across experiments ultimately involves two different mechanisms
depending on the task type: (a) discriminative contrast being important
in the case of tense/language identification skills and (b) strengthened
associations between tense-pronoun combinations, suffixes, and pro-
cedures being crucial in the case of verb conjugation skills. Temporal
spacing in the interleaving groups may have contributed or been
responsible for those strengthened associations.

7.2. Study limitations

Although the present study is arguably the most comprehensive to
date in addressing a considerable range of grammatical tenses and lan-
guage skills, several limitations must be acknowledged. First, the
learning materials used were a subset of those required for mastering
Spanish and/or French in real-world contexts, focusing only on regular
verbs and excluding irregular ones, which are more challenging. Second,
our experimental design did not fully reflect how grammatical tenses are
commonly learned in actual L2 courses. Such courses often involve not
just reading and a minimal amount of writing, but also auditory activ-
ities (i.e., listening, speaking) and more extensive written exercises. In
such courses, it is also common for grammatical tenses to be encoun-
tered across more than one session, even in a “blocked” schedule. Any
benefits of interleaving relative to such repeated blocked exposure may
not be as large as those that were observed in the present experiments.
Further, while the present study did not find a larger interleaving

effect for more similar versus less similar sets of tenses, the combinations
of tenses being learned were not directly manipulated within experi-
ments. It should also be acknowledged that some of the interleaving
effect sizes that were detected fell below the target value of d = .53 used
for a priori power analysis. Although our study had adequate power to
detect moderate effects, those smaller effect sizes warrant caution in
interpreting the robustness of the interleaving effect for L2 grammar
learning.

7.3. Future research directions

Future research could address the aforementioned study limitations
and other questions. For example, new studies could focus on the effects
of interleaving for learning three or more tenses among learners that are
new to a particular language (cf. Nakata & Suzuki, 2019b), learning the
most frequently intermixed tenses, learning combinations of tenses with
identical verb suffixes, or learning irregular verbs. Moreover, examining
how the similarity of tenses impacts interleaving effects, through direct
manipulation of tense combinations, could provide additional insights.
Future studies could consider even longer retention intervals, larger
sample sizes, tighter limits on study or practice time (cf. Pan et al.,
2019b), combining interleaving with other learning strategies (e.g.,
practice testing, e.g., Pan et al., 2024) and exploring yet-to-be-addressed
cases of interleaving in actual L2 learning settings (Schweppe et al.,
2024).
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At a broader level, it is important to emphasize that whereas there is
growing evidence of interleaving benefits for L2 grammar learning,
there is much weaker evidence for other forms of L2 learning such as
vocabulary acquisition (e.g., Nakata & Suzuki, 2019a; Schneider et al.,
2002) and learning pronunciation-based skills (Carpenter & Mueller,
2013; Suzuki, 2021). The lack of any need to engage in discriminative
contrast between different categories—and, conversely, greater benefits
of blocked practice on a specific category (e.g., pronunciation rule)—has
been suggested as a reason for blocking being more advantageous in
such studies. It remains for further research to clarify whether L2
grammar learning represents an area where interleaving is uniquely
beneficial or if there are underlying principles that can account for the
presence or absence of interleaving effects for different types of L2
learning.
Another direction for future research is to explore the metacognitive

aspects of interleaving for L2 learning (which the present study did not
emphasize). As shown in Table 4, there was a trend towards higher
difficulty ratings and lower judgments of learning among the interleaved
groups in all experiments. Whether those trends translate to greater
propensity for blocking (and associated issues, such as how to persuade
learners of the efficacy of interleaving; e.g., Onan et al., 2022; see also
Hartwig et al., 2022) remain to be investigated.

7.4. Pedagogical implications

The present study reveals that interleaving can be a highly beneficial,
robust, and broadly applicable strategy for promoting durable and
flexibly applicable L2 grammar learning. Whereas prior research has

demonstrated the potential of interleaving for learning limited sets of
highly similar tenses, it now appears that grammar learning in Romance
languages can benefit from interleaved schedules more generally. The
pedagogical value of interleaving for L2 grammar learning is heightened
by the finding that it can enhance not only tense identification skills, but
also verb conjugation and language identification skills. It is important
to note, however, that the present results were derived from online
experimental contexts, and that any practical recommendations should
be regarded as tentative. Nevertheless, when considering the current
popularity of blocked learning in L2 courses and other widely-taught
academic domains (Rohrer et al., 2020), the potential of strategies
such as interleaving to optimize and even revolutionize language
learning (Suzuki et al., 2019), at least in the case of grammar skills,
warrants strong consideration.
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Appendix A

Learning Session and Criterial Test Example Materials

Table 4
Metacognitive judgments from learning sessions 1 and 2.

Expt. Session Judgments of difficulty Judgments of learning

Group Very easy Easy Moderate Somewhat difficult Very difficult Excellent Good Average Fair Poor

1 1 Blocked 35% 39% 20% 4% 2% 11% 41% 37% 11% 0%
​ Interleaved 2% 11% 37% 30% 20% 0% 22% 39% 20% 20%
2 Blocked 33% 35% 26% 4% 2% 15% 41% 24% 20% 0%
​ Interleaved 0% 13% 28% 37% 22% 0% 13% 28% 28% 30%

2 1 Blocked 40% 49% 9% 2% 0% 25% 47% 21% 8% 0%
​ Interleaved 9% 36% 29% 13% 14% 9% 29% 39% 14% 9%
2 Blocked 32% 47% 19% 2% 0% 19% 45% 25% 9% 2%
​ Interleaved 4% 11% 48% 32% 5% 2% 20% 43% 18% 18%

3 1 Blocked 11% 55% 23% 11% 0% 17% 38% 34% 11% 0%
​ Interleaved 0% 8% 37% 31% 24% 0% 22% 39% 24% 16%
2 Blocked 19% 26% 49% 6% 0% 11% 34% 40% 13% 2%
​ Interleaved 0% 16% 37% 27% 20% 2% 1% 43% 22% 18%

4 1 Blocked 39% 25% 32% 5% 0% 30% 42% 16% 12% 0%
​ Interleaved 2% 9% 52% 18% 18% 2% 18% 34% 27% 18%
2 Blocked 45% 32% 23% 0% 0% 45% 32% 16% 7% 0%
​ Interleaved 2% 11% 41% 23% 23% 0% 16% 34% 20% 30%

Note. Data are presented in percentages of participants per group.
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Appendix B

Spanish and French Grammatical Tense Rules and Verb Suffixes

Expt. Language Grammatical tense Rules governing use Verb suffixes

1 Spanish Pretérito Perfecto
Simple

1. For past actions that had a specific and clear beginning and/or end.
2. To specifically state the beginning and end of a past action.
3. For past actions that were repeated a specific number of times.
4. For past actions that occurred during a specific period of time.

If the pronoun is “I” (“yo”), replace “-ar” with “-e”
If the pronoun is “you” (“tú”), replace “-ar” with “-aste”
If the pronoun is “we” (“nosotros”), replace “-ar” with
“-amos”

1, 2 Spanish Pretérito Imperfecto 1. For past actions that lack a specific and clear beginning or end.
2. For past actions that were repeated habitually.
3. For stating one’s age in the past.
4. For past actions that “set the stage” for another action.

If the pronoun is “I” (“yo”), replace “-ar” with “-aba”
If the pronoun is “you” (“tú”), replace “-ar”with “-abas”
If the pronoun is “we” (“nosotros”), replace “-ar” with
“-abamos"

2 Spanish Presente de Indicativo 1. To describe something that is happening right now.
2. To describe something happening in the near future.
3. To express general truths and facts.
4. To describe a habitual actions and routines.

If the pronoun is “I” (“yo”), replace “-ar” with “-o”
If the pronoun is “you” (“tú”), replace “-ar” with “-as”
If the pronoun is “we” (“nosotros”), replace “-ar” with
“-amos"

3 French Conditionnel Présent 1. To express future intentions from a past point of view.
2. To imagine present or future situations that are impossible or unlikely
in reality.

3. To express a wish/what you want to do.
4. To express uncertain information and rumors.

If the pronoun is “he/she” (“il”/"elle”), replace “-er”with
“-ait”
If the pronoun is “you” (“tu”), replace “-er” with “-iez”
If the pronoun is “we” (“nous”), replace “-er” with
“-ions"

​ French Futur Simple 1. To express future intentions from a present point of view.
2. To express conditional future situations that we believe are real or
possible.

3. To give an order referencing a future action.
4. To express what will happen when/after another action had occurred.

If the pronoun is “he/she” (“il”/"elle”), replace “-er”with
“-a”
If the pronoun is “you” (“tu”), replace “-er” with “-ez”
If the pronoun is “we” (“nous”), replace “-er”with “-ons”

4 French Présent de Subjonctif 1. To express an opinion in negative form.
2. To express contrasting ideas.
3. To express an obligation.

If the pronoun is “I” (“je"), replace “-er” with “-e”
If the pronoun is “you” (“tu”), replace “-er” with “-es”
If the pronoun is “you all” (“vous tous”), replace “-er”
with “-iez"

​ Spanish Presente de Subjuntivo 1. To express a doubt or a possibility.
2. To express a hope or a wish.
3. To express what will happen when or after another action had
occurred.

If the pronoun is “I” (“yo”), replace “-er” with “-a”
If the pronoun is “you” (“tú”), replace “-er” with “-as”
If the pronoun is “you all” (“vosotros”), replace “-er”
with “-ais"

Expt. Grammatical
tenses

Learning sessions Criterial test

Phase 1 Practice rules Phase 2 Learn suffixes Phase 3 Practice
conjugation

Step one: Tense/language
identification

Step two: Verb conjugation

1 Pretérito Perfecto
Simple vs.
Pretérito
Imperfecto

Is the following
sentence pretérito? “I
walked through the
park.” a. Yes
b. No

Type the correctly conjugated
version of bailar that fits in the
following sentence: “I _______ with
my friend.”

Conjugate bailar into:
“You ____ with my friend
last month.”

What is the grammatical
tense of the following
sentence?
“Yo _____ a él por tres años”.
(I supported him for three
years) a. Pretérito Perfecto
Simple
b. Pretérito Imperfecto

Conjugate the verb apoyar
(to support) into the
following sentence:
“Yo _____ a él por tres años”. (I
supported him for three years)
Answer: ______________

2 Presente de
Indicativo vs.
Pretérito Perfecto
Simple

Is the following
sentence presente? “You
speak Spanish.” a. Yes
b. No

Type the correctly conjugated
version of hablar that fits in the
following sentence: “You _______ to
your neighbour.”

Conjugate hablar into:
“I ____ with my cousin
every day.”

What is the grammatical
tense of the following
sentence?
“Yo _____ con un futuro
mejor”. (I dream of a better
future) a. Pretérito Perfecto
Simple
b. Presente de indicativo

Conjugate the verb soñar (to
dream) into the following
sentence:
“Yo _____ con un futuro mejor”.
(I dream of a better future)
Answer: ______________

3 Conditionnel
Présent vs.
Futur Simple

Is the following
sentence conditionnel?
“We would like a tea.” a.
Yes
b. No

Type the correctly conjugated
version of manger that fits in the
following sentence: “He _______ a
dessert.”

Conjugate manger into:
“You ____ a soup as a
starter.”

What is the grammatical
tense of the following
sentence?
“Il _____ partir en vacances”.
(He wants to go on vacation)
a. Conditionnel Présent
b. Futur Simple

Conjugate the verb souhaiter
(to want) into the following
sentence:
“Il _____ partir en vacances”.
(He wants to go on vacation)
Answer: ______________

4 Présent de
Subjonctif
(French) vs.
Presente de
Subjuntivo
(Spanish)

Is the following
sentence présent de
subjonctif (French)?
“I have to play with my
son now.” a. Yes
b. No

Type the correctly conjugated
version of acceder that fits in the
following sentence: “I do not
think I _______ the website
tomorrow.”

Conjugate voyager into:
“While I usually ____ by
train, I prefer to travel by
plane.”

The following sentence
best represents the present
subjective tense in French
or Spanish?
“I have a dinner tonight and
I have to _____ a good wine”.
a. French
b. Spanish

What would be the correctly
conjugated form of the root
verb apporter (to bring) that
best fits this sentence?
“I have a dinner tonight and I
have to _____ a good wine”.
Answer: ______________

Note. Diacritical marks were removed from the presented materials.
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