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The aim of the present study was establishing to what extent individual dif-
ferences in cognitive aptitudes were associated with second language (L2)
morphological acquisition under different practice distribution. Sixty par-
ticipants studied morphological rules of a novel miniature-language system
in order to use them for oral production. They engaged in four training ses-
sions in either shorter-spaced learning (twice a week) or longer-spaced
learning conditions (once a week). Their oral production performance both
during and after the training was related to their metalinguistic rule
rehearsal ability (MRRA) and working memory capacity (WMC). Multiple
regression analyses revealed that MRRA predicted learners’ training and
posttest performance mainly under the longer-spaced condition, while
WMC played a limited role at best under both learning conditions. These
results suggest that practice distribution may be individualized based on
learners’ aptitude strengths to optimize L2 morphological learning.
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When teaching second language (L2), it is essential to determine the most optimal
schedule for multiple learning sessions aimed at facilitating learning and retention
of L2 skills. This issue has been a subject of growing body of research aiming
to ascertain whether changing the timing of study sessions, while keeping the
total amount of learning time constant, influenced the retention of L2 knowledge
and skills (Bird, 2010; Bloom & Shuell, 1981; Miles, 2014; Nakata, 2015; Rogers,
2015; Serrano & Huang, 2018; Suzuki, 2017; Suzuki & DeKeyser, 2017a). These
studies demonstrate that timing does influence L2 acquisition, corroborating the
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findings yielded by a large body of cognitive psychology research (see Carpenter
et al., 2012; Cepeda, Pashler, Vul, Wixted, & Rohrer, 2006; and Toppino & Gerbier,
2014 for review). Yet, to date, whether optimal levels of learning distribution vary
depending on individual differences in learners’ characteristics such as cognitive
aptitudes has not been examined. The only exception is an exploratory study con-
ducted by Suzuki and DeKeyser (2017b), which is extended in the current work to
examine the role of cognitive aptitudes on the effectiveness of shorter-spaced and
longer-spaced learning conditions for L2 morphological structures.

Research on aptitude for L2 learning has been conducted for several decades
(see a historical overview provided by Carroll, 1981), and recent progress in the
field involves conceptualizing and developing new measures for cognitive aptitude
components (Doughty, in press; Granena, 2013, 2016; Linck et al., 2013; Robinson,
2007; Skehan, 2002). In extant research, individual differences in cognitive apti-
tude were found to moderate the effectiveness of different types of L2 instruction
(see Li, 2015; and Vatz, Tare, Jackson, & Doughty, 2013 for review). In other
words, one type of instruction is more or less effective than another depending
on the individual’s aptitude strengths and weaknesses; this is known as aptitude-
treatment interaction (ATI) (Cronbach & Snow, 1977). Examining ATI is impor-
tant for both theoretical and practical reasons. From a practical point of view, ATI
patterns may potentially reveal the optimal matching of instruction types to the
learners’ aptitude profiles (Wesche, 1981). Seen from a more theoretical angle, they
also make it possible to infer the effect of different treatments on employment of
different learning processes. For instance, if an aptitude for linguistic analysis (e.g.,
grammatical sensitivity) was related to Treatment A but no to Treatment B, we
can infer that Treatment A induced learning processes that necessitated analysis
of linguistic structure more strongly (DeKeyser, 2012).

The current study aims to reveal L2 morphological learning processes, in the
context of explicit grammar instruction, under shorter-spaced and longer-spaced
learning conditions in the ATI framework (Cronbach & Snow, 1977; Vatz et al.,
2013). The aim is to advance the current understanding of ATI for L2 learning
in two significant aspects. First, instead of using an isolated aptitude compo-
nent, the author investigated the extent to which a meaningful set of aptitudes
or aptitude complexes (Robinson, 2007; Snow, 1987) can predict L2 acquisition.
Despite the evident potential of assembling multiple aptitude components, there
is paucity of research in which the usefulness of different sets of aptitude com-
plexes is compared (Dörnyei & Ryan, 2015). Secondly, the focus of the current
study is on the role of aptitude in different stages of L2 learning (Morgan-Short,
Faretta-Stutenberg, Brill-Schuetz, Carpenter, & Wong, 2014; Skehan, 2002, 2016;
Ullman, 2015). As L2 acquisition is contingent on multiple and complex processes,
tracking the learning processes during the training sessions can allow for a more
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fine-grained analysis of ATI patterns. As a part of this investigation, the effects of
aptitudes were examined over four one-hour training sessions as well as via two
post-test performance scores in order to track the changes of aptitude at different
time points.

The effects of shorter-spaced and longer-spaced learning

Findings from a large body of research in cognitive psychology indicate that dif-
ferent distribution influences learning and retention of knowledge and skills (see
Carpenter et al., 2012; Cepeda et al., 2006; Toppino & Gerbier, 2014 for review).
Research compares different intersession intervals (ISIs) in combination with dif-
ferent retention intervals (RIs). For instance, shorter-spaced learning (e.g., 3-day
ISI) and longer-spaced learning (e.g., 14-day ISI) conditions on retention of mem-
ory with different delays (e.g., 7-day and 35-day RIs). A large-scale study con-
ducted by Cepeda, Vul, Rohrer, Wixted, and Pashler (2008) demonstrated that the
optimal ISI is 8–43% of RI for recall memory and 7–24% of RI for recognition
memory, suggesting that the ratio of ISI-RI informs how ISI can be chosen opti-
mally. For best recall performance, for example, 3-day ISI was optimal for the
7-day RI (ISI-RI ratio of 43%), while for the 35-day RI, the 8-day ISI was the best
(ISI-RI ratio of 23%).

Following upon the Cepeda et al.’s (2008) framework, an emerging line of
research has examined the effects of ISI on L2 grammar learning with different
RIs (Bird, 2010; Rogers, 2015; Suzuki, 2017; Suzuki & DeKeyser, 2017a). The earlier
studies (Bird, 2010; Rogers, 2015) found that the optimal ISI-RI ratio for L2
grammar learning is similar to the range of ISI-RI ratios reported by Cepeda
et al. (2008) based on their experiment, suggesting the potential for generalizing
the cognitive psychology findings to L2 grammar learning. More recent studies
(Suzuki, 2017; Suzuki & DeKeyser, 2017a), however, cast doubt on the earlier
results, as they demonstrate that shorter-spaced learning may be more beneficial
than longer-spaced learning for proceduralization of L2 grammatical knowledge
(e.g., the acquisition of oral production skills). Although consensus on this issue
is presently lacking (see Suzuki, 2017 for a detailed discussion), available evidence
clearly indicates that different levels of learning distribution impact L2 grammar
acquisition. This line of investigation is refined for the current study; the primary
focus of the current study is to examine the extent to which internal factors (i.e.,
cognitive aptitudes) moderate the effectiveness of different practice distribution.
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Aptitude complexes and L2 grammar learning

Many researchers have investigated to what extent one aptitude component mod-
erates the effectiveness of different L2 learning conditions (e.g., Goo, 2012; Sanz,
Lin, Lado, Stafford, & Bowden, 2014; Sheen, 2007). More recently, however,
authors of L2 studies have started to investigate how different sets of aptitudes
(aptitude complexes) interact with learning conditions (Erlam, 2005; Li, 2013;
Morgan-Short et al., 2014; Yilmaz, 2013). Examining the role of multiple aptitude
components, rather than an isolated aptitude component, is informative as it can
potentially reveal specific L2 learning processes. L2 acquisition involves complex
learning processes, which are facilitated or inhibited by different aptitude types
(DeKeyser & Koeth, 2010; Linck et al., 2013).

The objective of the current study is to examine how different aptitude com-
plexes interact with different levels of L2 learning distribution. To the best of
the author’s knowledge, Suzuki and DeKeyser (2017b) were the only researchers
to examine the role of aptitude complexes for longer-spaced/shorter-spaced L2
learning. They examined the role of two cognitive aptitudes in L2 morphological
learning under two different learning intervals. The first aptitude component was
language analytic ability (LAA), defined as the ability “to infer rules of language
and make linguistic generalizations or extrapolations” (Skehan, 1998, p.204), and
the second aptitude component was working memory capacity (WMC), opera-
tionalized as a control mechanism that stores and manipulates incoming infor-
mation until it is integrated into the cognitive process (Linck, Osthus, Koeth, &
Bunting, 2014). LAA was assessed by the grammatical-inferencing sub-test of the
LLAMA aptitude test (Meara, 2005) in which the participants studied the gram-
mar of an unfamiliar language for five minutes before testing their learning rates.
WMC was measured by the operation-span (Ospan) task in which the partici-
pants performed the dual task of remembering a list of alphabet letters while solv-
ing math problems. These aptitude scores were compared with the participants’
performance on the outcome tests (immediate and two delayed posttests).

The results yielded by these analyses showed that LAA was related to the
learning outcomes of the longer-spaced learning group only (.66< r< .72), while
WMC was related to learning outcomes among the shorter-spaced learning group
only (.41 < r<.56). Based on the ATI pattern found, Suzuki and DeKeyser (2017b)
posited that similar morphological rules caused strong interference in their mem-
orization, particularly under shorter-spaced learning condition (with 1-day inter-
val between sessions), and higher WMC facilitated learners’ discrimination of the
similar morphological rules. For the association of LAA with longer-spaced learn-
ing, higher LAA might have facilitated a deeper understanding of language struc-
ture, allowing learners to retain their knowledge over a longer (7-day) interval. In
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sum, a combination of LAA and WMC differentially predicted learning outcomes
under different levels of learning distribution.

Although Suzuki and DeKeyser (2017b) acknowledged the exploratory nature
of their study (given that the number of participants was small, n= 40), their find-
ings offer a promising direction for further research aimed at gaining a better
understanding of the role of aptitude complexes in longer-spaced/shorter-spaced
learning. The goal of the present study is to extend Suzuki and DeKeyser’s work
by examining another aptitude component (rote memory ability, RMA) in addi-
tion to LAA and WMC. While Suzuki and DeKeyser (2017b) chose a combination
of LAA and WMC as an aptitude complex, adding another aptitude complex may
be even more useful for differentially predicting shorter-spaced and longer-spaced
learning outcomes. Robinson (2007) presented an aptitude complex for explicit
rule learning, which is relevant for the current study. It consists of metalinguis-
tic rule rehearsal ability (MRRA) and memory for contingent text (MCT). MRRA
is segregated into LAA and RMA, while MCT refers to WMC.1 According to
Robinson (2007), WMC is relevant for L2 explicit learning because, when learn-
ers apply grammatical rules, they need to maintain and rehearse the rules in their
WM for subsequent L2 comprehension and production. In addition, MRRA was
a strong predictor of the learning outcomes in the rule-instruction learning con-
dition (Robinson, 1997), supporting the conceptualization of the aptitude com-
plex for explicit rule learning. Although Suzuki and DeKeyser (2017b) utilized
LAA only, integrating RMA with LAA (i.e., MRRA) can serve as a more pow-
erful predictor of learning rates (“ability factor” in Robinson, 2007), because L2
morphological learning relies on vocabulary or paired-associate learning (Ellis &
Schmidt, 1997; Suzuki & DeKeyser, 2017a). In sum, in the current study, MRRA
and WMC are examined as predictors of acquisition of L2 morphological features
under shorter-spaced and longer-spaced learning conditions.

Aptitude complex for different L2 learning stages

Aptitude may play selective roles in different stages of L2 learning (Morgan-Short
et al., 2014; Serafini & Sanz, 2016; Skehan, 2002). Skehan (2002, 2016) posited
that a different set of aptitudes may relate to specific L2 developmental stages.
He argues that phonemic coding ability and WMC are particularly important
in the earlier stage (noticing form in input). In the later stage, LAA is needed

1. Robinson stipulated two separate components of WM: WM for text and speed of WM for
text. Since no measure for speed of WM was provided in his model, it was simplified to include
a single component for WM.
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more strongly for identifying and extracting linguistic patterns from the noticed
input, while various facets of memory may be implicated in faster, more efficient
retrieval of learned rules (proceduralization). Despite its evident potential, a
majority of studies focuses on the relationship between aptitude and learning out-
comes (after the treatment). Among the limited number of extant empirical stud-
ies, the work of Morgan-Short et al. (2014), which draws on Ullman’s declarative-
procedural model (Ullman, 2015), is particularly relevant for the present investiga-
tion. These authors showed that declarative memory ability, typically operational-
ized as RMA, predicted the earlier stage of artificial grammar learning (after com-
pleting two training sessions), whereas procedural memory ability, commonly
operationalized as sequence learning ability, predicted the later stage of acquisi-
tion (after completing four sessions). Examining L2 acquisition during the train-
ing phase may thus offer more fine-grained analysis of L2 learning processes.

In the current study, the training duration was extended to four one-hour ses-
sions delivered across weeks, and the two delayed post-tests were administered
one and four weeks after completing the last training session. This arrangement
allowed us to examine how the contribution of aptitudes varies at different time
points. Because of their particular relevance for shorter-spaced and longer-spaced
learning, two fundamental learning stages – learning versus forgetting/retention
(Anderson, 2015) – are distinguished in the current study. In this context, the
learning phase concerns learning gains during training sessions, whereas the
knowledge retention and forgetting phase pertains to the period during which
no re-learning opportunities are provided. In order to examine these two systems
separately, as a part of the current study, nine assessment tests were administered
during and after the training sessions. These tests were taken by the study partici-
pants at the end of Sessions 1–4 (learning phase) and at the beginning of Sessions
2–4 (forgetting/retention phase), along with two delayed post-tests administered
during Sessions 5 and 6 (see Research Design and Procedure). This research
design thus allows for delineation of the (a) learning and (b) retention/forgetting
phases of L2 grammar learning, in addition to making the distinction between the
earlier and the later stages of learning.

The present study

The present study was an extension of the ATI study conducted by Suzuki and
DeKeyser (2017b), as the aim was to examine the role of different cognitive apti-
tudes in the acquisition of L2 morphology under the shorter-spaced and longer-
spaced learning conditions. The data collected for a larger project of distributed
grammar practice (see Suzuki, 2017 for comprehensive results of the relative
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effects of shorter- and longer-spaced learning conditions) were re-analyzed for
probing the roles of cognitive aptitudes. In Suzuki’s study (2017), sixty partici-
pants were trained on an element of the miniature language system loosely based
on Spanish (i.e., present-progressive morphological markers). They all completed
four one-hour training sessions during which they learned six morphological
rules accompanied by new vocabulary and grammatical explanation. However,
half of the study sample took part in training sessions once a week (7-day inter-
vals, longer-spaced learning group, n=30), whereas the other half received the
same training sessions twice a week (3.3-day interval, shorter-spaced learning
group, n= 30). The shorter-spaced learning interval thus differed from the one-day
interval employed by Suzuki and DeKeyser (2017b) because it was not feasible to
recruit participants with that schedule. This change provided a stricter test case for
the generalizability of Suzuki and DeKeyser’s (2017b) ATI findings. Four aptitude
tests were administered to assess LAA, WMC, and RMA, which were assembled
into MRRA and WMC. The present study was guided by the following research
questions (RQs):

1. To what extent do MRRA and WMC predict L2 acquisition of morphological
rules under the shorter-spaced and longer-spaced learning conditions?

2. Does the contribution of the aptitudes vary over time?
a. Does the contribution of the aptitudes differ between the earlier and the

later learning phases?
b. Does the contribution of the aptitudes differ between the learning and the

retention phases?

For RQ1, it was predicted that MRRA would be exclusively related to the learning
outcomes of the longer-spaced learning group, whereas WMC would be exclu-
sively related to those pertaining to the shorter-spaced learning group (Suzuki &
DeKeyser, 2017b). It is important to note that the relationship with the aptitudes
might differ from Suzuki and DeKeyser’s (2017b) findings, in the shorter-spaced
learning group in particular, as the learning interval was operationalized differ-
ently in the study (3.3-day interval as opposed to 1-day interval).

The second research question was exploratory and was addressed to examine
whether the role of aptitudes would change at different time points (Skehan,
2002). As delineated above, learning and forgetting/retention phases were distin-
guished and different predictions were given for each phase. For learning gains
during training sessions, it was postulated that the contribution of aptitudes
would follow the expected pattern (e.g., longer-spaced learning -> MRRA,
shorter-spaced learning -> WMC). For the forgetting/retention phase, however,
the contribution of both aptitudes was expected to be greater in the longer-spaced
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learning group than in the shorter-spaced learning group. This difference was
anticipated because longer intervals should lead to more extensive forgetting,
while also revealing individual differences in aptitudes.

Methods

Participants

Sixty students at a private Japanese university (of whom 20 were males and 40
females) participated in the study. Their mean age was 19.63 (SD=.96). None of
the participants had learned Spanish before. Twenty-eight participants studied a
foreign language other than English at the university (15 and 13 participants in the
shorter-spaced and longer-spaced groups, respectively). No significant differences
were found in the mean length of study of these foreign languages (in months)
between the shorter-spaced and the longer-spaced learning groups (M= 23.00,
21.04; SD=20.7, 13.15), t (26) =0.29, p=.77.

Instruments

Target structures
A miniature language called “Supurango” loosely based on Spanish, was created
for this study. Spanish was chosen because the phonology is easier to learn for
Japanese speakers, allowing for investigating the acquisition of grammar. The par-
ticipants in Suzuki and DeKeyser’s (2017b) study had some prior knowledge of the
target structure (-te form) before the experiment, while the students that took part
in the present study were trained on morphological structures in a novel minia-
ture language, controlling for the extraneous factors (i.e., no prior knowledge or
no exposure beyond the laboratory setting).

The target grammatical structure was present progressive (PP), which was
expressed by a morphological marking on a verb. As shown in Table 1, the lan-
guage had six morphological rules depending on the verb ending. While three
simple verb types (AR, ER, IR) required a change in the verb ending only, the
other three complex verb types (AS, ES, IS) involved two transformations in the
first vowel and verb ending.2

Four action verbs were chosen for each verb type, resulting in a set of 24
verbs used in training (see Appendix S1 in the online supporting information).

2. In the current study, separate analyses for simple and complex structures were not con-
ducted, to reduce complexity, as a significant number of factors were already examined.

Individualization of practice distribution in grammar learning 177



Table 1. Verb category and conjugation
Category Complexity Uninflected form Present progressive

AR Simple lavar (‘laugh’) laviando

ER Simple poner (‘sleep’) poniendo

IR Simple partir (‘dance’) partiondo

AS Complex montas (‘clean’) mantiando

ES Complex detenes (‘read’) diteniendo

IS Complex recibis (‘smoke’) rocibiondo

These uninflected verbs were real Spanish verbs to which meaning was arbitrarily
assigned in order to prepare a sufficient number of action verbs. For instance,
lavar means “to wash” in Spanish, but it means “to laugh” in Supurango.

Assessment tests
The assessment tests were also computerized and administered using the DMDX
software (Forster & Forster, 2003), and the responses were audio-recorded. Two
types of tests were used, namely (a) rule-application test and (b) PP test, without
providing any feedback.3 While the rule-application test was used to examine
to what extent the participants learned the morphological rules independently
from vocabulary knowledge, the PP test assessed the extent to which the partici-
pants could use the correct PP form of 24 verbs that they practiced. Participants’
responses were scored by trained independent raters based on the scoring pro-
cedures used by Suzuki and DeKeyser (2017a). In training, two raters coded the
same set of data (16% of each test) until their coding matched. In all two tests,
accuracy of each response was scored as all or nothing. The order of the test items
was randomized for each test at different time points (from Session 1 to Session
6), thus precluding the participants from having any expectations regarding the
verb-type item that would be presented next.

Rule-application test
For the rule-application test, new verbs were created based on the verbs in the
training sessions, replacing the phonemes of the stem but keeping the number of
syllables (e.g., the practiced verb lavar was changed to nonce verbs such as nopar,
for the list of nonce verbs). The task objective was to convert these unknown,
uninflected verbs (e.g., nopar) to a PP form (e.g., nopiando) as quickly as possible.
The participants heard a new uninflected verb through headphones and were

3. A vocabulary knowledge test was also conducted in Suzuki (2017); however, it was excluded
from the current analysis because the focus of the current study was the acquisition of morpho-
logical structures.
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shown the spelling on the screen. They were then asked to change it to the
PP form within eight seconds, after which the next item was automatically pre-
sented. Twenty-four items (four verbs for each category) were created and used
for the tests after the training (Tests 4B, 5 and 6). A different set of 12 verbs (two
verbs for each category) were used for the tests during the training phase (Tests
1-4A). The number of the items was decreased during the training sessions to
reduce the interference on the learning of the actual verbs (see the list of verbs
in Appendix S2 in the online supporting information). It took approximately one
minute and a half to complete the 12-item tests and three minutes to complete the
24-item test. Cronbach’s alpha for all tests was acceptable, ranging from .85 to .94.

PP test
In the PP test, the participants were presented with still images in which a man
was performing various activities. These images were snapshots taken from videos
shown in the learning sessions, thus ensuring that the participants were familiar
with their meaning. As in the rule-application test, eight seconds were given for
each test item. It took approximately three minutes to complete the test. Cron-
bach’s alpha associated with all tests was acceptable, ranging from .81 to .92.

Aptitude tests
Four aptitude tests were administered to assess three aptitude components,
namely LAA, WMC, and RMA. LAA was measured by the LLAMA-F, a sub-test
of the LLAMA aptitude test (Meara, 2005), while WMC was measured by the
automated Ospan task adopted from Unsworth, Heitz, Schrock, and Engle (2005).
On the other hand, RMA was assessed by the composite score of the two tests,
the LLAMA-B (Meara, 2005) and LABJ-PA, a sub-test of the LABJ (the Language
Aptitude Battery for Japanese) test (Sasaki, 1993).

LLAMA-F
In the LLAMA-F, the participants were required to infer the grammar rules by
looking at pictures and word sequences. The test consisted of a learning phase
and a test phase. In the learning phase, participants were given five minutes to
learn a new language by examining sentences corresponding to different images.
In the testing phase, they were given two sentences, one of which was grammati-
cally correct and the other was not, and were instructed to choose the grammati-
cal sentence. The test included 35 items. The original LLAMA-F test administered
by Suzuki and DeKeyser (2017b) consisted of 20 test items and indicated a some-
what low reliability (Cronbach’s alpha = .53). In the present study, fifteen items
were added that were similar to several of the original items that showed relatively
higher item-total correlations in the original sample. Cronbach’s alpha in the pre-
sent version was higher and was satisfactory (α=.75).
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Ospan tasks
In the Ospan task, for each item, participants first solved a math problem, indicat-
ing whether the solution of an equation was correct or incorrect. After each math
problem, they were presented with a letter of the alphabet and asked to remem-
ber it. After each set of math problems and letters, they were asked to select the
letters in the presented order. Successful performance on this task requires tem-
porary updating of incoming information consecutively. The test was comprised
of fifteen trials, with three trials for five sets with five different sizes each (3 to 7).
The total number of sets was 75.

The Ospan task was scored as the sum of all correctly recalled letters in correct
positions based on the procedure used in Unsworth et al. (2005). For example,
if an individual correctly recalled four letters in a set size of six, the score was
four. In order to make sure that the Ospan task was performed appropriately, only
participants that solved the math problems with high accuracy rates are usually
recommended for inclusion. The average accuracy rate was 90.76% (SD= 6.00%,
range: 69%–97%). In the study conducted by Unsworth et al. (2005), an 85% accu-
racy criterion (i.e., a maximum of 12 errors out of the 75 operations) was set for all
participants. Six participants scored below the criterion (five in the shorter-spaced
learning group and one in the longer-spaced learning group) and their scores
were excluded from further analysis. Reliability indexed by Cronbach’s alpha was
acceptable (α=.68).

LLAMA-B
In the LLAMA-B test, the participants were presented with 20 images (unique
unfamiliar creatures) and were required to learn their names (i.e., real words from
a Central-American language). They were required to remember as many words
as possible during the two-minute study phase. In the test phase, they were pre-
sented with each of the 20 words and were asked to choose the correct image
(creature). The total possible score was 20 and Cronbach’s alpha was satisfactory
(α=.77).

LABJ-PA
In the LABJ-PA, the participants were required to remember a list of 24 Kurdish-
Japanese word pairs. After the four-minute learning phase, they were tested via
a multiple-choice test, whereby they were asked to select the correct meaning of
each Kurdish word from the four options. The total possible score was 24 and
Cronbach’s alpha was satisfactory (α=.80).
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Research design and procedure

The study design was based on two experimental groups to which the participants
were randomly assigned. Each participant took part in six sessions (four training
sessions and two delayed test sessions) accompanied by the administration of the
aptitude tests. They were randomly assigned to the following two groups that
received identical treatments while their training intervals were manipulated, with
3.3-day interval given to the shorter-spaced learning group and 7-day interval
for the longer-spaced learning group. As shown in Figure 1, participants in the
shorter-spaced learning group engaged in the four training sessions either on
Mondays and Thursdays or on Tuesdays and Fridays, whereas those in the longer-
spaced learning group attended one session every week. During the first four
training sessions, the participants completed the assessment tests, allowing their
learning gains and losses to be tracked. The assessment tests (i.e., vocabulary, rule-
application, and PP) were administered at the beginning of training Sessions 2–4
(Tests 2A, 3A, and 4A) for assessing forgetting and retention and at the end of each
training session (Tests 1, 2B, 3B, and 4B) for assessing learning gains. In Sessions
5 and 6, no training was conducted, and the same set of tests was administered
7 days and 28 days after Session 4. These post-tests were given in order to exam-
ine the extent to which the aptitude effects persist after the training sessions. After
the assessment tests were completed, the participants completed LLAMA-F and
Ospan task as a part of Session 5, while LLAMA-B and LABJ-PA were given in
Session 6.

Training procedure

All training sessions were controlled by the computer program (see Suzuki, 2017
for more detailed description of the procedure). Table 2 provides an overview
of the training procedures. Following the procedure adopted by Suzuki and
DeKeyser (2017a), the target structure was taught in an explicit step-by-step man-
ner, comprising of (a) vocabulary learning, (b) understanding explicit grammati-
cal explanations about the PP, and (c) oral practice using the PP.

In the vocabulary practice phase, the participants were presented with an
image depicting an action verb (Japanese translation was shown in the top right
corner as well) and were prompted to say the Supurango equivalent. Each image
was presented on the screen for four seconds, followed by the feedback. Feedback
was given in both oral and written forms, whereby the word was pronounced once
while its written form remained on the screen for four seconds. The set of 24 verbs
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Figure 1. Research design
Note. Each Test session involved a rule-application test and a PP test, as well as a
vocabulary test. Test A sessions occurred prior to the training session, whereas Test B
sessions were conducted after the training session.
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Table 2. Training procedures
Session 1 Session 2–4

Task Min. Task Min.

1. Questionnaire and Consent Form  5 1. Test A (2A, 3A, 4A)  7

2. Vocabulary Practice 14 2. Vocabulary Practice 16

3. Explicit Information Sheet and Explanation  5 3. Explicit Information Sheet  1

4. Grammar Practice 20 4. Grammar Practice 20

5. Test 1  7 5. Test B (2B, 3B, 4B)  7

was repeated three times in Training session 1 and four times in Training sessions
2 to 4.

After the vocabulary learning phase, the participants were provided with a
sheet that explained verb conjugations (see Appendix S3 in the online support-
ing information). During the grammar practice in all the sessions, the partici-
pants were encouraged to refer to it as required. In Session 1 only, the participants
also read a series of slides that explained the conjugations for each category after
receiving the explicit information sheet.

In the grammar practice phase, the participants watched an animation video
in which a man performed an action corresponding to the verbs they were
required to master. Each video clip lasted eight seconds, and the participants had
to orally describe the animation using the PP form of the verb. As in the vocabu-
lary learning phase, feedback was given in both oral and written form.

Data analysis

Multiple regression analyses were conducted with aptitude test scores as predic-
tors of the assessment test scores. Multiple regression analysis, rather than corre-
lational analysis, was chosen as the primary analysis method in order to control
for correlations among independent variables (Tabachnick & Fidell, 2007). The
correlation results yielded are intended as a supplement to the results of multiple
regression analyses (see Appendix S4). Two sets of 18 multiple regression analy-
ses were conducted with the two assessment tests as dependent variables (9 rule-
application and 9 PP tests) for longer-spaced and shorter-spaced learning groups,
respectively. The model comprised of MRRA and WMC as predictors and gener-
ated multiple regression coefficients (unstandardized coefficient, B; standardized
coefficients, β). No multicollinearity was detected in the data set, as the VIF was
less than 10 and the tolerance was above .02 (Field, 2009).
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With 18 multiple regression models being constructed, a guard against the
likelihood of obtaining false-positive results (Type 1 errors) was needed. The
significance of regression coefficients for the two predictors was tested using
the Benjamini-Hochberg procedure with a 5% false discovery rate (Benjamini &
Hochberg, 1995). The Benjamini-Hochberg procedure has more advantages than
Bonferroni correction because the latter can often be too conservative (Bender
& Lange, 2001). The results of the omnibus models are presented in the online
supporting material (see Appendices S5 and S6). Based on the predictions gen-
erated by previous findings from Suzuki and DeKeyser (2017b), the correction
procedure was applied to one of the predictors. Specifically, because MRRA was
hypothesized to predict L2 learning only for the longer-spaced practice group, the
correction was conducted on the 18 coefficients only of the 36 MRRA ones. Simi-
larly, because WMC was hypothesized to predict L2 learning only for the shorter-
spaced practice group, the correction was conducted on only half of the 36 WMC
coefficients.

Results

Descriptive statistics

Assessment tests
Descriptive statistics for the three assessment tests are presented in Table 3.
Results from inferential statistics are not reported here, as the aim of the current
study was not ascertaining the difference between the two groups (see Suzuki,
2017 for the detailed results). The major pattern in the findings was that the
shorter-spaced learning group outperformed the longer-spaced learning group
consistently in the earlier stages of training. The advantage of the shorter-spaced
learning condition was statistically significant (p< .05) in all test phases, from Test
3A to the final posttest, across all three assessments (vocabulary, rule, and PP).

Aptitude tests
Descriptive statistics and correlations among the aptitude test results are pre-
sented in Table 4. As can be seen, all aptitude test scores (Ospan task, LLAMA-
F, LLAMA-B, and LABJ-PA) were significantly correlated to each other. The
strongest, albeit moderate, correlation was found between LLAMA-B and LABJ-
PA (r=.56, p< .001), both of which measured RMA. In the present study, a com-
posite score of LLAMA-B and LABJ-PA (standardized z scores) was computed
and used as an RMA score. The strength of the remaining correlation coefficients
was weak (.28< r< .37, p<.05). The second-order aptitude component (i.e., RMA
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ysuzz
Cross-Out

ysuzz
Inserted Text
in the online supporting information



Table 3. Descriptive statistics of three tests for longer-spaced and shorter-spaced learning
groups

Shorter-spaced Longer-spaced

N M SD N M SD

Rule

Test 1 30 48.89 30.46 30 36.67 30.84

Test 2A 30 20.00 30.37 30 11.94 21.74

Test 2B 30 69.17 26.73 30 59.72 31.11

Test 3A 30 63.61 31.98 30 36.94 34.09

Test 3B 30 85.83 16.69 30 65.00 32.49

Test 4A 30 79.17 22.61 30 51.67 32.93

Test 4B 30 87.92 13.73 30 72.50 31.00

Test 5 30 85.97 13.99 29 67.39 31.10

Test 6 30 79.31 15.22 30 65.00 28.96

PP

Test 1 30 25.28 18.82 30 20.00 15.49

Test 2A 30 13.06 14.59 30  6.67 11.51

Test 2B 30 72.36 18.75 30 60.97 25.08

Test 3A 30 54.86 25.62 30 35.00 26.18

Test 3B 30 90.42 14.02 30 73.47 24.23

Test 4A 30 81.94 15.41 30 58.06 28.64

Test 4B 30 94.17  9.70 30 83.75 17.49

Test 5 30 85.69 14.83 29 70.40 23.68

Test 6 30 77.50 16.25 30 65.14 21.29

Note. The maximum possible score was 100.

and MRRA) also exhibited weak relations with the first-order aptitude compo-
nents (Ospan and LLAMA-F). The Ospan score was positively related to RMA and
MRRA (r=.33 and .41, p=.014 and .002), whereas LLAMA-F was also related to
RMA (r=.40, p=.002).

In order to examine whether the aptitude scores of the two groups were
comparable, independent-samples t-tests were conducted for six aptitude compo-
nents. None of the comparisons produced statistically significant results at p> .05
(see Appendix S6 in the online supporting information for the results of t-tests).
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Table 4. Means, standard deviations, and inter-correlations for aptitude test scores

Ospan LLAMA-F
LLAMA-

B LABJ-PA

RMA
(LLAMA-B +

LABJ-PA)
MRRA (RMA
+ LLAMA-F)

Ospan 1      .35 **     .28 *     .31 *     .33 *      .41 **

LLAMA-
F

1     .32 *      .37 **      .40 **      .72 **

LLAMA-
B

1      .56 **      .88 **      .80 **

LABJ-
PA

1      .88 **      .82 **

RMA 1      .92 **

MRRA 1

M 55.72 27.67 12.72   18.83     .00     .00

SD  9.33  4.38  3.94    4.09     .88     .78

Note.
* p< .05 ** p<.01

Multiple regression analysis

Table 5 presents multiple regression coefficients of MRAA and WMC for the
longer-spaced and shorter-spaced learning groups. In the longer-spaced learning
group, MRRA predicted all the rule-test performance (with the exception of Tests
1 and 2B) and all PP test performance. WMC, in contrast, did not play any role in
the test scores.

In the shorter-spaced learning group, neither MRRA nor WMC turned out to
be a significant predictor of rule-application test performance. On the other hand,
for the PP test performance, only MRRA showed a systematic pattern of associa-
tions. Specifically, MRRA was significant predictor of the scores on the PP tests,
which were administered immediately after the participants completed the train-
ing sessions (i.e., Test 2B, 3B, and 4B).

Discussion

An overview of multiple regression results is summarized in Figure 2. The findings
are presented and discussed for each of the two research questions.
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Figure 2. Summary of significant multiple regression coefficients
Shorter-spaced Longer-spaced

MRR WMC MRR WMC

Test 1

Test 2A

Test 2B

Test 3A

Test 3B

Test 4A

Test 4B

Test 5

Ru
le

Test 6

Test 1

Test 2A

Test 2B

Test 3A

Test 3B

Test 4A

Test 4B

Test 5

PP

Test 6

Note. Shaded cells indicate the significant multiple regression coefficients (p<.05).

Aptitude-treatment interaction patterns: Roles of MRRA and WMC

The first research question concerned the extent to which MRRA and WMC
predicted L2 acquisition of morphological rules under the different practice-
distribution conditions. The current study revealed that MRRA significantly pre-
dicted the rule and PP test scores consistently across time (with the exception
for Tests 1 and 2B aimed at testing rule knowledge) in the longer-spaced learning
group, not in the shorter-spaced learning group. The present findings lend sup-
port for the pattern reported by Suzuki and DeKeyser (2017b), who observed
that LAA (a subcomponent of MRRA) was a significant predictor of the scores
achieved only by the group provided a longer-spaced (7-day ISI) learning treat-
ment. Learners with higher MRRA generally excel at instructed, explicit learning
(Robinson, 2007) involving memorization of verbs and processing inflected verbs
while rehearsing explicit grammatical rules. Therefore, they were most likely to
have understood the morphological rules more deeply, which might have allowed
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them to retain the rules and inflected verbs even after a relatively longer-spaced
(7-day) interval.

As opposed to the significant role of MRRA particularly on longer-spaced
learning, the effect of WMC was not significant among the shorter-spaced learn-
ing group. The findings from Suzuki and DeKeyser’s (2017b) study were not
supported. Although the effects of WMC during the training phase were also
examined, they were not significant as shown in test performance either in the
beginning or at the end of each training session. Two possibilities are highlighted
to seek future directions.

One possible explanation is simply that the meaningful association between
WMC and learning under the shorter-spaced learning condition was spurious in
Suzuki and DeKeyser’s (2017b) research. The lack of association between WMC
and L2 morphological learning is actually not inconsistent with the findings
yielded by other empirical studies on morphological learning of L2 (artificial
language). Although WMC was found to be associated with L2 morphology
learning when no metalinguistic information is provided, WMC plays a lim-
ited role when grammatical explanations are given to study participants prior to
morphology learning (Kempe & Brooks, 2008; Sanz et al., 2016). The effect of
WMC was diminished in the current study, possibly because the metalinguistic
information was provided during the training sessions. Hence, in future studies,
it may be interesting to examine whether the role of WMC in longer-spaced and
shorter-spaced learning conditions changes when metalinguistic information is
not provided.

Another possibility may be more interesting and worthwhile to explore from
the author’s perspective. Recall that Suzuki and DeKeyser (2017b) interpreted the
association between WMC and the learning outcomes attained by the shorter-
spaced group as an indication of stronger memory interference experienced by
the learners. These researchers claimed that similar morphological rules caused
interference in their memorization, particularly in the shorter-spaced learning
condition in which higher WMC helped to discriminate the similar morpholog-
ical rules. Compared to the training interval employed by Suzuki and DeKeyser
(1 day), the interval adopted in the current study (3.3 days) was longer. This
longer interval might have lessened the interference and the burden on WM,
yielding no systematic correlation between WMC and learning outcomes. The
discrepancy between the research design and findings in these two studies raises
an interesting question as to whether there is a threshold of intervals where the
impact of aptitudes becomes substantial/insubstantial. In other words, a certain
interval length that can alleviate the burden placed on individuals’ WMC can
potentially exist. Thus, authors of future research in this field should further
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examine the role of WMC in L2 learning by introducing a variety of training
intervals, focusing on shorter intervals in particular.

Contribution of MRRA over the course of learning

The second research question pertained to the contribution of the aptitudes
across time. MRRA was found to be a consistent predictor of all the stages of
learning in the longer-spaced learning group. In contrast, MRRA played a more
selective role in the learning gains exhibited by the shorter-spaced learning group
(assessed by Tests 2B, 3B, and 4B). In other words, MRRA was not related to
the scores achieved in the beginning of any of the training sessions (assessed by
Tests 2A, 3A, and 4A) or after completion of the four training sessions (assessed
by Tests 5 and 6).

Overall, the effects of aptitude did not greatly differ between the earlier and
the later learning stages within this treatment period (RQ 2a; cf., Morgan-Short
et al., 2014). In contrast, the effects of aptitudes were clearly selective when learn-
ing and forgetting/retention phases were distinguished (RQ 2b). Since MRRA per-
tains to the ability to remember and rehearse vocabulary and grammar rules for
production, it is reasonable to posit that learning rate is predicted by MRRA in
both groups. On the other hand, with respect to forgetting/retention of knowledge
gained in the previous training session, MRRA significantly predicted the test
performance in the longer-spaced learning group only, while it had no effect on
the shorter-spaced learning group performance. Longer intervals (longer-spaced
learning) seemed to have placed more burden on learners, whilst shorter intervals
(shorter-spaced learning) seemed to have lessened the burden. It was shown that,
among the longer-spaced learning group, learners with higher MRRA can retain
newly acquired information in their memory better than those with lower MRRA.
In contrast, shorter-spaced practice neutralized the effects of MRRA particularly
on the forgetting/retention from the previous training session(s). In other words,
shorter-spaced learning may be beneficial for L2 learners irrespective of their
MRRA, i.e., leveling the playing field for different L2 learner types (Sanz et al.,
2016). In sum, the findings yielded by the current study isolated the effects of apti-
tudes at different phases of L2 morphological learning.

Conclusion

The aim of the present study was to investigate the extent to which individual dif-
ferences in cognitive aptitudes were associated with L2 morphological acquisition
at different levels of practice distribution. Participants were trained on the mor-
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phological rules for oral production, and they completed four training sessions in
either shorter-spaced learning (twice a week) or longer-spaced learning (once a
week) schedules. The results yielded by the multiple regression analyses suggest
that MRRA in particular has stronger predictive power. The role of WMC was
found to be limited, contradicting the findings reported by Suzuki and DeKeyser
(2017b). While the MRRA played an important role in all stages of learning in the
longer-spaced learning group, the retention/forgetting of the previously trained
items was not influenced by MRRA for the learners in the shorter-spaced learning
group. This highlights that examining the roles of aptitudes during the training
phase allowed for gleaning more fine-grained information about different stages
of L2 learning processes.

These ATI findings suggest that practice distribution may be individualized
based on learners’ aptitude strengths to optimize L2 morphological learning
(Vatz et al., 2013). For example, it can be inferred that shorter-spaced (shorter-
interval) learning may neutralize the effects of individuals’ MRRA on L2 mor-
phological learning (Sanz et al., 2016). Recall that the group subjected to the
shorter-spaced learning condition significantly outperformed participants
assigned to the longer-spaced conditions, in Test 3A and all subsequent tests
(see Suzuki, 2017 for details). Hence, when the aim is to maximize learning and
retention, L2 learners can benefit most from a shorter-spaced learning schedule
regardless of their MRRA.

The current study opens up new avenues for future research. First, in the
work presented here, only two learning schedules (3.3-day and 7-day intervals)
were employed. It would thus be beneficial to examine how other shorter (e.g., 1
or 2 days) and longer learning intervals (e.g., 14 days) influence the role of apti-
tude complexes. One possibility is that a longer interval monotonically leads to
a greater effect of aptitude, whereas an alternative possibility is that the effects of
aptitude plateau after a certain interval length. In order to establish these effects,
authors of future research should employ more than two learning intervals and
examine the function of learning intervals in aptitude complexes on a wider scale.
Second, the current study was conducted as a laboratory experiment using an
unfamiliar novel language structure. In order to seek higher ecological validity,
the current findings need to be verified in more naturalistic learning settings (e.g.,
classroom instruction). Third, different types of aptitude complexes should be
examined for learning of different grammatical structures (see Robinson, 2007 for
different aptitude types). Since the role of aptitudes is moderated by target linguis-
tic features such as saliency and difficulty (DeKeyser, 2012; Yalçın & Spada, 2016),
in future research, authors need to select and examine different sets of aptitude
complexes that are pertinent to the acquisition of target grammatical structures.
Finally, future research in this domain can employ an off-line outcome task (e.g., a
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fill-in-the-blank task) to assess declarative grammatical knowledge, as well as pro-
cedural knowledge tasks, because optimal practice distribution may differ for the
acquisition of declarative and procedural knowledge (Kim, Ritter, & Koubek, 2013;
Suzuki & DeKeyser, 2017a; Ullman & Lovelett, 2018).

In sum, the current study revealed complex but systematic interactions
between different levels of learning distribution and cognitive aptitudes. Its find-
ings underscore that ATI researchers need to examine not only how aptitudes and
treatment types interact but also establish when and why a certain ATI pattern is
found, in order to uncover different L2 learning processes.
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