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1. Introduction

Vocabulary  knowledge constrains  nearly
everything else a second language learner can do.
Reading comprehension, listening, and productive
fluency each depend on a lexicon that is both
sufficiently large and sufficiently accessible, and
learners whose vocabulary growth stalls rarely
compensate through grammatical knowledge
alone (Ameen, 2026). In English as a foreign
language (EFL) contexts, this constraint is
sharpened by two conditions that tend to co-occur:
exposure to English outside the classroom is
limited, and the instructional time available inside
it is heavily committed to syllabus coverage and
examination preparation (Du, 2025). The practical
question facing teachers in such settings is
therefore not whether vocabulary warrants
deliberate attention, but how a small and largely
fixed allocation of practice time can be distributed
to yield the most durable learning.

Digital vocabulary applications are widely
promoted as a response to this problem, and
increasingly as a response grounded in the science
of memory. Spaced repetition systems, adaptive
review algorithms, and retrieval-based flashcard
platforms are routinely described in both
commercial and pedagogical literature as brain-
based and neurocognitively principled (Honda et
al., 2025). The wunderlying appeal is
understandable, since these designs do draw, at
least nominally, on some of the most robust
findings in the study of human memory
(Xodabande et al., 2025). The difficulty is that the
claim typically outruns the evidence offered in
support of it. Demonstrating that learners who use
a spaced-repetition application outperform
learners who study from a word list establishes
very little about the scheduling principle itself,
because the two groups differ in delivery medium,
interface, feedback, and often motivation as well
as in the distribution of practice. Such
comparisons show that a package of features is
beneficial; they do not isolate which feature is
responsible (Lee et al., 2021).

The memory research on which these designs rest
is, by contrast, comparatively settled. Lexical
knowledge is generally treated as a form of
declarative memory, dependent on medial
temporal structures and subject to a consolidation
process that unfolds over hours and days after

initial encoding (Cadavid et al., 2025). Two well-
replicated behavioural consequences follow. First,
practice distributed across separated sessions
produces more durable retention than the same
quantity of practice massed into a single session,
a finding documented across a century of research
and across a wide range of materials and
populations (Sabih & Kuyini, 2025). Second,
retrieving information from memory strengthens
later retention more effectively than restudying
the same information, an effect that likewise
generalizes across domains (Doshi et al., 2026).
Importantly for the present purpose, both effects
are typically small or absent on immediate testing
and emerge at delay, which means that studies
measuring only immediate outcomes are
structurally unable to detect them (Anesa, 2025).

Applied to second language vocabulary, these
principles have received substantial empirical
support, and the general superiority of spaced over
massed practice for L2 word learning can
reasonably be treated as established rather than
contested (Du, 2025). Two questions nonetheless
remain open, and both bear directly on how digital
tools should be designed and deployed. The first,
noted above, is methodological: because a large
proportion of application-based studies compare a
digital spaced condition against a non-digital
massed condition, the schedule effect and the
medium effect remain confounded, and the
magnitude of the schedule effect under equated
delivery conditions is correspondingly uncertain
(Xodabande et al.,, 2025). The second is
theoretical, and has attracted less attention. The
spacing effect is usually reported as a main effect,
as though it applied uniformly across the lexicon.
Whether it does so is not obvious.

There are principled reasons to expect that it does
not. Words differ systematically in properties that
are known to influence encoding and retention in
declarative memory. Concrete and highly
imageable words are more readily encoded and
better retained than abstract words, plausibly
because they recruit additional representational
support at encoding (Sabih & Kuyini, 2025).
High-frequency items are more likely to have
received incidental exposure prior to instruction,
compressing the range within which any
scheduling manipulation can operate. Cognates
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and other formally transparent items may be
acquired with minimal deliberate practice at all
(Lee et al., 2021). If the benefit of distributed
practice depends on the strength and stability of
the initial memory trace, then items that are
already well supported at encoding may have less
to gain from optimised scheduling than items that
are not. Should this be the case, the practical
implication is considerable: the return on spaced
practice would depend on which words are being
practised, and undifferentiated scheduling would
represent an inefficient use of learners’ limited
time (Ameen, 2026; Du, 2025; Honda et al.,
2025).

The present study addresses both gaps. It
compares spaced and massed digital retrieval
practice under conditions in which delivery
medium, total practice time, exposure count, item
set, and instructional context are held constant
across conditions, so that the scheduling
manipulation is isolated. It measures retention
both immediately and after a delay of fourteen
days, permitting the time course of any advantage
to be observed rather than assumed. And it
examines whether the magnitude of the
scheduling advantage varies as a function of word
properties  specifically  word  frequency,
concreteness, and cognate status analysed at the
level of individual items rather than aggregated
scores. Participants were intermediate EFL
learners whose first language was Urdu.

Three research questions are addressed:

RQ1. Does spaced digital retrieval practice
produce greater delayed retention of target
vocabulary than massed digital retrieval
practice, when total practice time and
exposure are equated?

RQ2. Does the magnitude of any such advantage
differ between immediate and delayed
testing?

RQ3. Is the effect of practice schedule on
retention moderated by properties of the
target words, specifically their frequency,
concreteness, and cognate status?

Corresponding hypotheses are as follows. H1
predicts a retention advantage for the spaced
condition at delayed testing. H2 predicts an
interaction between schedule and test time, such
that the advantage is larger at delay than

immediately, following from the consolidation
account. H3 is stated non-directionally: an
interaction between schedule and word properties
is predicted, but the existing literature does not
support a confident prediction as to its direction,
and the question is therefore treated as open.

The contribution of the study is deliberately
bounded. It does not aim to establish the spacing
effect, which is not in doubt, nor to evaluate any
particular application. It aims instead to estimate
the effect of scheduling under conditions that
separate it from the medium through which it is
delivered, and to test whether that effect is
uniform across the lexicon or conditioned by the
items being learned. The findings bear on how
digital vocabulary practice should be sequenced in
instructional settings where time is the binding
constraint, and on whether the memory-systems
rationale invoked in support of such tools warrants
the generality with which it is ordinarily applied.

2. Materials and Methods
2.1. Design

The study employed a quasi-experimental design
with practice schedule manipulated between
participants (spaced vs. massed), test time
manipulated within participants (immediate vs.
delayed), and word properties analysed within
participants at the item level. Because assignment
was carried out at the level of intact class groups
rather than by individual randomization, the
design is quasi-experimental rather than fully
experimental; baseline equivalence of the
resulting groups is examined directly in Section
3.1

Both conditions were delivered through the same
digital platform, using the same target items, the
same retrieval format, the same feedback, and the
same total number of exposures per item. The
conditions differed only in the temporal
distribution of practice: participants in the spaced
condition completed four retrieval sessions. While
participants in the massed condition completed the
equivalent total practice within a single session of
the same cumulative duration. Equating exposure
count and total time across conditions was central
to the design, since it isolates the scheduling
manipulation from the delivery medium and from
overall practice quantity, which are confounded in
much of the existing application-based literature
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(Ameen, 2026).

Retention was assessed at two points:
immediately following the final practice session,
and again after a delay of fourteen days. The
interval was selected to span the period over
which  consolidation-dependent  differences
between distributed and massed practice are
expected to emerge, rather than for administrative
convenience, since the predicted schedule
advantage is expected to emerge at delay rather
than immediately (Du, 2025). Assignment to
condition was carried out at the level of intact
class. Four pre-existing class groups took part;
two were allocated to the spaced condition and
two to the massed condition, giving 30
participants per condition across 4 classes of equal
size (15 learners each). Allocation of classes to
conditions was made prior to any testing.

2.2. Participants

Participants were 60 intermediate learners of
English enrolled in BS English program in a
public sector university. Their first language was
Urdu, and all had received formal English
instruction for approximately 8 years prior to the
study (M = 7.9, SD = 1.3 years). Participants
ranged in age from 17 to 23 years (M = 19.6, SD
=1.6), and 27 identified as female and 33 as male.

Inclusion criteria were enrolment in the relevant
course, first-language Urdu, and completion of the
pretest and immediate post-test; retention analyses
additionally required completion of the delayed
post-test. Participants would have been excluded
for prior extended residence in an English-
dominant environment or for prior knowledge of
a defined proportion of target items at pretest.
Sample size was determined a priori through
simulation-based power analysis targeting the
schedule-by-word-property interaction rather than
the main effect of schedule, on the grounds that
interactions require substantially greater power to
detect. The analysis assumed a small-to-moderate
interaction effect, based on effect estimates
reported in previous studies of vocabulary-
learning schedules, 40 items, and a random-effects
structure matching the planned analysis, and
indicated a required sample of 57 participants to
achieve more than 80% power at alpha = .05. To
accommodate anticipated attrition between the
immediate and delayed post-tests, 60 participants
were recruited. Three participants were lost to

attrition at the delayed post-test, and the final
analysed sample comprised 57 participants at
delay (all 60 contributed immediate-test data).
The study was approved by ethical committee.
Written informed consent was obtained from all
participants prior to data collection. Participation
was voluntary, and participants were informed
that they could withdraw at any point without
academic consequence.

2.3. Materials
2.3.1. Target Items

The target set comprised 40 English words
unlikely to be known to learners at the target
proficiency level. Items were selected from the
text books, subject to the criterion that each fell
within a low-frequency band. Frequency was
indexed using SUBTLEX-US log frequency, and
target items spanned a log-frequency range of 1.45
to 3.18 (Kohnke, 2023).

Word properties were operationalized as follows.
Concreteness was indexed using published ratings
from the Brysbaert concreteness norms (observed
range 1.29-4.11). Frequency was indexed using
SUBTLEX-US log frequency, as above. Cognate
status with the first language was coded as a
binary variable (7 of the 40 items were formally
transparent cognates); the coding procedure and
intercoder agreement were obtained. Continuous
properties were entered into the analysis in their
continuous form and centred prior to modelling,
rather than dichotomized, in order to avoid the loss
of information associated with median splits
(van der Velde et al., 2024). Items were checked
against the pretest. Any item known by more than
of participants at pretest was to be excluded from
analysis; in the event, the highest pretest
recognition rate for any single item was 28%
(mean across items = 7.5%), so all 40 items fell
below any conventional threshold and were
retained.

2.3.2. Proficiency Measure

General English proficiency was assessed using
the Vocabulary Size Test (VST,; Fokin et al.,
2025), a standardized measure designed to
estimate learners’ receptive English vocabulary
knowledge across different frequency levels.
Internal consistency of the instrument in the
present sample was assessed using Cronbach’s
alpha and was [a = 0.7]. The proficiency measure
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served two functions: first, to establish whether
participants in the two experimental conditions
differed systematically in their baseline English
proficiency and, second, to permit proficiency to
be entered as a covariate in a supplementary
analysis, as described in Section 3.5.

2.3.3. Vocabulary Knowledge Test

Retention was measured using a cued-recall
vocabulary test administered at pretest, immediate
post-test, and delayed post-test, assessing active
recall of the English target words from their Urdu
meanings (Hirsch et al., 2026). Responses were
scored dichotomously at the item level, preserving
item-level data for the planned mixed-effects
analysis rather than aggregating to participant
means; a single scorer coded all responses.
Internal consistency in the present sample,
computed as KR-20 across the 40 items, was .57
at immediate post-test and .71 at delayed post-test.
Target items were distributed across two
counterbalanced sets (A and B, 20 items each) to
control for form effects across occasions. The two
sets were constructed to be comparable in word
frequency, length, syllable count, concreteness,
and baseline familiarity. Their equivalence was
further examined using pretest performance,
which showed no meaningful difference in item
difficulty between the two sets. The assignment of
sets to learning conditions was counterbalanced
across participants so that each set occurred
equally often in each condition.

2.3.4. Delivery Platform

Practice was delivered through a browser-based
experimental application developed using jsPsych
8 (Jarvis et al., 2025). The platform presented
target items in a retrieval-practice format,
requiring participants to attempt recall before
corrective feedback was displayed, and recorded
response accuracy and response latency for every
trial. Both conditions used identical platform
settings, item-presentation procedures, feedback,
and exposure counts, differing only in the
temporal distribution of practice sessions. The
trial sequence was specified directly in the
experimental timeline; therefore, no native
adaptive  or  spaced-repetition  scheduling
algorithm was used (Ostrovsky et al., 2025). Total
on-task time and per-item exposure counts were
logged by the platform and compared across
conditions to verify that practice quantity was

equivalent in delivery as well as in the
experimental design (Notaro et al., 2025).

2.4. Procedure

Data collection proceeded in four phases over a
full 16-week academic semester.

At Phase 1, participants completed the consent
procedure, a background questionnaire, the
proficiency measure, and the pretest of the target
items. The pretest was administered one week
before the first practice session to reduce the
possibility that pretest exposure itself functioned
as a learning episode.

At Phase 2, participants completed the practice
sessions according to their assigned condition, as
described in Section 2.1, over the course of the
semester. Sessions took place in a university
computer laboratory under the supervision of the
course instructor and a trained research assistant.
Participants completed the activities individually
and were instructed not to use dictionaries, mobile
phones, notes, or other learning resources during
the sessions. They were also instructed not to
study the target items outside the scheduled
sessions and were asked at the delayed post-test
whether they had encountered any of the items
elsewhere; responses to this item were used in a
sensitivity analysis.

At Phase 3, the immediate post-test was
administered within 24 hours after the final
scheduled practice session in Week 14.

At Phase 4, the delayed post-test was administered
fourteen days later, during Week 16. Participants
were not informed in advance that a delayed test
would take place, in order to prevent intervening
rehearsal.

All instruction and testing were conducted by the
same course instructor, with logistical support
from the same trained research assistant, across
both conditions, so that any observed difference
could not be attributed to instructor effects.

2.5. Data Analysis

Item-level accuracy was analysed using mixed-
effects logistic regression, with participants and
items entered as crossed random effects. This
approach was adopted in preference to analysis of
variance on aggregated scores, since aggregation
discards item-level variance and treats items as
fixed, which inflates Type | error rates when



Journal of Emerging Trends in Social Sciences and Humanities, Vol. 3, Issue 4. (Raza et al., 2026) 145

generalization across the lexicon is intended. The
retention model was fitted to the post-test data
(immediate and delayed occasions); pretest
responses were used only for the baseline and
descriptive analyses.

The fixed-effects structure comprised practice
schedule (spaced vs. massed), test time
(immediate vs. delayed), the three word-property
variables (frequency, concreteness, and cognate
status), and the interactions specified by the
research questions: schedule by test time, and
schedule by each word property. Categorical
predictors were contrast-coded (£0.5) and
continuous predictors were mean-centred, so that
lower-order terms are interpretable at the average
of the remaining predictors. Proficiency and prior
knowledge were not included in the primary
model; proficiency was added as a covariate in a
supplementary analysis (Section 3.5).

The random-effects structure was specified as
crossed random intercepts for participants and
items. Models incorporating by-unit random
slopes for the within-unit contrasts did not yield
stable variance estimates and were reduced to
random intercepts, following a pre-specified
simplification sequence; the structure adopted for
each model is reported alongside its results. Fixed
effects are reported as log-odds estimates with
standard errors, accompanied by odds ratios and
95% confidence intervals. Statistical significance
was evaluated at alpha = .05, although inference is
based principally on effect estimates and interval
width rather than on p-values alone. The schedule-
by-time interaction was followed up with the
simple effect of schedule at each test time,
obtained from the fitted model; with only two pre-
specified contrasts, correction for multiple
comparisons has negligible effect and none was
applied.

Analyses were conducted in Python (NumPy and
SciPy) (Bolker et al., 2009). Because a mixed-
effects logistic model with crossed random effects
was required and the standard packages were
unavailable in the analysis environment, the
models were fitted by Laplace-approximate
maximum  likelihood using a  custom
implementation of the crossed-random-effects
estimator, validated against simulated data with
known parameters prior to use (Bates et al., 2015).
Missing data arising from attrition were handled

by available-case analysis: observations from
completed tests were retained and no values were
imputed. A sensitivity analysis compared results
with and without participants who reported
outside exposure to target items, and a further
analysis added a class-level random intercept to
assess sensitivity to the intact-class assignment
(Bolker et al., 2009).

3. Results
3.1. Preliminary Analyses
3.1.1. Baseline Equivalence

Prior to the main analyses, the two conditions
were compared on general proficiency and on
pretest knowledge of the target items. The
conditions differed on general proficiency: the
massed group scored higher than the spaced group
(M =459, SD =519 vs. M =422, SD =5.18),
Welch t(58.0) = -2.77, p = .007. This baseline
imbalance is reported rather than omitted; because
the higher-scoring group was the massed group,
the imbalance works against the spacing
hypothesis and renders the observed advantage
conservative. Its effect was examined directly by
entering proficiency as a covariate (Section 3.5),
which did not weaken the schedule effect. Pretest
accuracy on the target items did not differ between
conditions (spaced M = .08, massed M = .07),
t(57.9) = 0.68, p = .496; both groups were near
floor, as intended for words selected to be largely
unknown.

3.1.2. Verification of the Practice Manipulation

Logged on-task time and per-item exposure
counts were intended to confirm that total practice
quantity was equated in delivery as well as in
design.

3.1.3. Attrition

Of the 60 participants who completed the practice
phase, all 60 completed the immediate post-test
and 57 completed the delayed post-test, giving an
overall attrition rate of 5.0%. Attrition did not
differ significantly by condition (2 massed and 1
spaced participants lost), Fisher’s exact test p =
1.000. Participants lost to attrition were similar to
those retained in age (M = 19.0 vs. 19.6 years) and
general proficiency (M = 46.5 vs. 43.9); with only
3 participants lost, no formal comparison is
warranted. Participant flow is summarised in
Figure 1.
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Figure 1: Participant flow through the study, by condition. Assignment was by intact class; item-level
observations from the immediate and delayed post-tests constituted the analysis dataset.
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(n = 30)

Item-level observations analysed: 4,680 (immediate + delayed post-tests)
Items = 40; overall attrition = 5.0%

3.1.4. Descriptive Statistics

Participant characteristics are presented in Table 1

and descriptive statistics for accuracy by condition

and test time in Table 2.

Table 1: Participant characteristics by condition.

Characteristic

Spaced (n = 30)

Massed (n = 30)

Age, M (SD)

Proficiency score, M (SD)

Years of English instruction, M (SD)
Pretest accuracy, M (SD)

19.5 (1.7)
422 (5.2)
7.6 (1.3)
08 (.05)

19.7 (1.4)
459 (5.2)
8.2(1.2)
07 (.05)

Table 2: Mean proportion correct by condition and test time.

Condition Pretest Immediate post- Delayed post-test
test

Spaced .08 (.05) .73 (.10) .70 (.09)

Massed .07 (.05) .70 (.112) 52 (.11)

Note. Standard deviations in parentheses. Proportions are computed across items within participants for
descriptive purposes only; all inferential analyses were conducted on item-level binary responses.
Delayed post-test values are based on the 57 participants who completed that occasion.

3.2. Effect of Practice Schedule on Retention

(RQI)

A mixed-effects logistic regression was fitted to

item-level accuracy, with the fixed- and random-
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effects structure specified in Section 2.5. The
model converged with crossed random intercepts
for participants and items; the estimated random-
effects standard deviations were 0.38 for
participants and 0.11 for items, indicating that
most systematic variance lay between participants
rather than between items once the word-property
predictors were included.

The main effect of practice schedule was 0.43 (SE

= 0.13, z = 3.24, p = .001), corresponding to an
odds ratio of 1.54, 95% CI [1.19, 2.00]. Averaged
across the two post-test occasions, the spaced
condition showed higher odds of correct retention
than the massed condition, by a factor of
approximately 1.54. As the following section
shows, this average masks a pronounced
difference between the immediate and delayed
post-tests. Full fixed effects are reported in Table
3.

Table 3: Fixed effects from the mixed-effects logistic regression predicting item-level accuracy.

Predictor b SE z p OR [95% CI]

Intercept 0.80 0.07 11.46 <.001 2.24 [1.95, 2.57]
Schedule (spaced vs. massed) 0.43 0.13 3.24 .001 1.54 [1.19, 2.00]
Test time (delayed vs. immediate) -0.50 0.06 -7.66 <.001 0.61 [0.54, 0.69]
Frequency 0.52 0.07 7.13 <.001 1.69 [1.46, 1.95]
Concreteness 0.19 0.05 3.79 <.001 1.21[1.10, 1.34]
Cognate status 0.26 0.10 2.49 .013 1.29[1.06, 1.58]
Schedule x Test time 0.62 0.13 4.78 <.001 1.86 [1.44, 2.40]
Schedule x Frequency -0.10 0.13 -0.79 431 0.90[0.70, 1.16]
Schedule x Concreteness -0.01 0.09 -0.15 .878 0.99[0.83, 1.18]
Schedule x Cognate -0.15 0.18 -0.81 418 0.86 [0.60, 1.24]

Note. Categorical predictors were contrast-coded (£0.5); continuous predictors (frequency, concreteness)
were mean-centred. OR = odds ratio. Random effects: crossed random intercepts for participants (SD
=0.38) and items (SD = 0.11). N = 4,680 item-level observations from 60 participants and 40 items.

3.3. Schedule by Test Time (RQ2)

The interaction between practice schedule and test
time was 0.62 (SE =0.13,z=4.78, p < .001), OR
= 1.86, 95% CI [1.44, 2.40]. The schedule
advantage was therefore substantially larger at
delayed than at immediate testing.

Follow-up simple effects from the fitted model
indicated that the schedule advantage was
negligible and non-significant at immediate
testing, OR = 1.13, 95% CI [0.84, 1.51] (the

interval includes 1), but strong at delayed testing,
OR = 2.10, 95% CI [1.57, 2.80]. In probability
terms, the model-predicted accuracy of the two
conditions was almost identical immediately after
practice (spaced = .75, massed = .73) but diverged
markedly after fourteen days (spaced = .72,
massed = .55), as the massed condition declined
steeply while the spaced condition was largely
maintained. Figure 2 displays predicted
probabilities by condition and test time.
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Figure 2: Model-predicted probability of correct retention by practice schedule and test time. Error bars
represent 95% confidence intervals. Predictions are for the average item (word-property

predictors held at their means).

0.85
0.80 -
0.75
0.70 -
0.65
0.60 -

0.55

Model-predicted probability of correct retention

0.45

3.4. Word-Property Moderation (RQ3)

None of the three word properties moderated the
effect of practice schedule. The interaction
between schedule and frequency was -0.10 (SE =
0.13, z = -0.79, p = .431), OR = 0.90, 95% ClI
[0.70, 1.16]; the interaction between schedule and
concreteness was -0.01 (SE =0.09, z=-0.15,p =
.878), OR = 0.99, 95% CI [0.83, 1.18]; and the
interaction between schedule and cognate status
was -0.15 (SE = 0.18,z =-0.81, p = .418), OR =
0.86, 95% CI [0.60, 1.24]. In each case the
confidence interval for the odds ratio comfortably
included 1.

By contrast, each word property exerted a clear
main effect on retention: higher-frequency words

0.F5
0.50 1 —@— spaced
- Massed
Immediate Delayed

Test time

(OR =1.69, 95% CI [1.46, 1.95]), more concrete
words (OR = 1.21, 95% CI [1.10, 1.34]), and
cognates (OR = 1.29, 95% CI [1.06, 1.58]) were
all more likely to be retained. What the data do not
show is any dependence of the spacing advantage
on these properties. Figure 3 illustrates this for
frequency: the predicted-probability curves for the
spaced and massed conditions rise in parallel
across the frequency range, separated by an
approximately constant vertical gap, with
overlapping confidence bands. The pattern for
concreteness and cognate status was equivalent.
Because RQ3 was stated non-directionally,
interpretation of this uniformity is deferred to
Section 4.
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Figure 3: Model-predicted probability of correct retention as a function of word frequency, plotted
separately for the spaced and massed conditions, with 95% confidence bands. The near-parallel
curves indicate no moderation of the schedule effect by frequency; tick marks along the
horizontal axis show the frequency values of the 40 target items. Predictions are at the average

test time.
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3.5. Sensitivity and Robustness Checks

A sensitivity analysis excluding the 9 participants
who reported encountering target items outside
the study produced convergent results; the
schedule effect was, if anything, slightly larger
(OR = 1.73, 95% CI [1.30, 2.30]), and the
schedule-by-time interaction remained significant
(p <.001).

Because assignment was by intact class, the model
was refitted with a class-level random intercept
added to the participant and item intercepts. The
estimated class-level variance was negligible (SD
=0.00, a singular fit with only 4 classes), and the
schedule (OR = 1.54, 95% CI [1.19, 2.00]) and
schedule-by-time (p < .001) estimates were
unchanged, indicating that clustering at the class
level did not account for the effects. The
substantive conclusions were thus robust to this
alternative random-effects specification.

Finally, to address the baseline proficiency
imbalance (Section 3.1.1), proficiency was added
to the primary model as a mean-centred covariate.
Higher proficiency independently predicted
retention (OR = 1.04 per point, p < .001), and
adjusting for it strengthened rather than weakened
the schedule effect (OR = 1.77, 95% CI [1.38,

2.29]); the schedule-by-time interaction was
likewise maintained (OR =1.87, p <.001). This is
consistent with the imbalance having suppressed
the unadjusted estimate, since the group with
higher baseline proficiency was the one that
retained less.

Two departures from the idealized preregistered
plan are noted. First, the maximal random-effects
structure did not yield stable slope-variance
estimates and was reduced to crossed random
intercepts, as described in Section 2.5. Second, the
models were fitted by Laplace-approximate
maximum likelihood in Python rather than with
the originally intended package. Neither departure
affects the direction or significance of any
reported effect.

4. Discussion

This study estimated the effect of practice
scheduling on EFL vocabulary retention under
conditions that held delivery medium, item set,
feedback, and total practice constant across
conditions. Three findings emerged. First, spaced
retrieval practice produced higher odds of correct
retention than massed practice overall (OR =
1.54). Second, and centrally, this advantage was
concentrated at delay: the two schedules were
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statistically indistinguishable on the immediate
post-test (OR = 1.13, 95% CI [0.84, 1.51]) but
diverged sharply after fourteen days (OR = 2.10,
95% CI [1.57, 2.80]), yielding a large schedule-
by-test-time interaction (OR = 1.86, p < .001).
Third, this delayed advantage was uniform across
the lexical properties examined: neither
frequency, concreteness, nor cognate status
moderated the schedule effect.

The temporal signature of the effect is its most
theoretically informative feature. That the two
schedules were equivalent immediately but
diverged at delay is precisely the pattern predicted
by an account in which distributed practice
benefits  retention  through  consolidation-
dependent processes that require time to express
themselves (Cepeda et al., 2008). Because the two
conditions were delivered through the same
platform, with the same items, retrieval format,
and feedback, the divergence cannot be attributed
to medium, interface, or feedback—the confounds
that limit inference from much application-based
research (Mahdi, 2018). The estimate therefore
provides a medium-controlled quantification of
the scheduling benefit for foreign-language
vocabulary: under equated delivery, spaced
practice roughly doubled the odds of retaining a
word two weeks after study.

The absence of a schedule difference on the
immediate test is consistent with, rather than
contrary to, this account. Immediate-only designs
are structurally unable to detect an effect that
emerges at delay C. D. Smith & Scarf (2017), and
the present data illustrate the point directly: had
testing stopped at the immediate post-test, the
study would have concluded, wrongly, that
scheduling did not matter. Two features temper
the interpretation of the immediate null
specifically. The immediate post-test showed only
modest internal consistency (KR-20 =.57), which
would attenuate any true immediate difference,
and the confidence interval around the immediate
simple effect is wide; the immediate equivalence
is therefore best read as the absence of a detectable
advantage rather than as positive evidence of no
difference (Olsen et al., 2025).

The uniformity of the advantage across word
properties was not a foregone conclusion. We had
reasoned that items already well supported at
encoding high-frequency, concrete, or cognate

items might have less to gain from optimized
scheduling, in which case undifferentiated spacing
would waste practice on words that could not
benefit from it (Sense et al., 2025). The data do not
bear this out. Although each property
independently  predicted retention  (higher
frequency, greater concreteness, and cognate
status all raised the odds of a correct response),
none interacted with schedule, and the predicted-
probability curves for the two conditions ran in
parallel across the sampled range (Du, 2025).
Within the range of materials examined, the
spacing benefit behaved as a main effect that
applied across the lexicon. The practical
implication reverses the efficiency concern raised
at the outset: distributing practice uniformly does
not appear to squander effort on words that cannot
benefit, because the words examined benefited
comparably. It is worth stating the limits of this
claim precisely—it holds across the frequency,
concreteness, and cognate ranges sampled here,
and does not exclude moderation by properties not
manipulated, or at the extremes of properties that
were (Ameen, 2026).

Several limitations qualify these conclusions.
First, the conditions differed at baseline on general
proficiency, with the massed group scoring
higher; because that group nonetheless retained
less, the imbalance renders the observed
advantage conservative, and the effect in fact
strengthened when proficiency was entered as a
covariate. Even so, assignment was by intact class
rather than by individual randomisation, so
unmeasured class-level differences cannot be
excluded—although a model incorporating a
class-level random intercept returned negligible
class variance and left the estimates unchanged.
Second, the immediate post-test reliability was
modest. Third, retention was assessed at a single
fourteen-day interval, so the durability of the
advantage beyond two weeks, and its form over
multiple intervals, remain open. Fourth,
participants shared a single first language and
were drawn from a single setting, limiting
generalisation. Finally, logged on-task time and
per-item exposure counts were not available in the
analysis dataset, so the equating of practice
quantity, although built into the design, could not
be verified empirically here and should be
confirmed from the platform records.

For instructional practice, the results support a
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simple recommendation. When digital vocabulary
practice is delivered under a fixed time budget,
distributing retrieval across sessions yields
substantially more durable knowledge than
massing it, and, within the materials examined,
this holds regardless of the frequency,
concreteness, or cognate status of the words being
learned. The  memory-systems  rationale
commonly invoked for such tools is thus
supported specifically for the scheduling principle
under equated delivery; the further assumption
that scheduling gains should be concentrated on
particular kinds of words receives no support here.
Future work should extend the retention interval,
incorporate  productive-recall as well as
recognition measures, sample additional first
languages and instructional settings, and widen
the range of word properties before the uniformity
observed here is treated as general.

5. Conclusions

Under conditions that equated delivery medium,
item set, feedback, and total practice, spaced
digital retrieval practice produced more durable
EFL vocabulary retention than massed practice.
The advantage was negligible immediately after
study but approximately doubled the odds of
retention after two weeks, matching the temporal
pattern predicted by a consolidation account and
confirming that an immediate-only assessment
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