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Abstract
Background and aims: Current evidence shows that children with developmental language disorder (DLD) benefit

from spaced retrieval during word learning activities. Word recall is quite good relative to recall with alternative word

learning procedures. However, recall on an absolute basis can be improved further; many studies report that fewer

than two-thirds of the words are learned, even with the assistance of spaced retrieval during the learning activities. In

this article we identify details of spaced retrieval that are less well understood in an effort to promote more effective

learning through retrieval practice.

Main contribution: We discuss the importance of factors such as: (a) integrating immediate retrieval with spaced

retrieval trials; (b) determining whether gradual increases in spacing have more than short-term benefits relative to

equal spacing; (c) discovering the number of successful retrievals sufficient to ensure later recall; (d) using spaced retrieval

to avoid erosion of phonetic details on later recall tests; and (e) whether the well-documented difficulties with learning

word forms might be tied to a particular subgroup of children with DLD. We also speculate on some of the possible

reasons why spaced retrieval is beneficial in the first place.

Conclusions: Although many children with DLD make gains in word learning through procedures that incorporate

spaced retrieval, there are numerous details involved in the process that can alter its success. Until we have a better

understanding of the boundaries of spaced retrieval’s effectiveness, we will not be taking full advantage of this promising

addition to word learning procedures.

Implications: Spaced retrieval activities can be an important addition to the resources that clinicians and educators have

available to assist children in their word learning. With a deeper understanding of the issues discussed here, we should be

able to put spaced retrieval to even greater use.
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Introduction
Individuals with developmental language disorder (DLD)
experience a longstanding difficulty learning and using lan-
guage (Bishop et al., 2017; Dubois et al., 2020; Leonard,
2014; Norbury et al., 2016; Tomblin, 2014). Although the
language symptoms change with age and experience,
word learning remains a consistent challenge (e.g.,
McGregor, Arbisi, et al., 2017; McGregor et al., 2021;
Storkel et al., 2017). Both the number of different words
acquired and the degree to which these words are truly
known distinguish individuals with DLD from their peers
(McGregor, Oleson, et al., 2013). Vocabulary expands
with age, but each new word is hard won. In fact, children
with DLD appear to fall further behind their peers from
childhood into adolescence (Rice & Hoffman, 2015).
Studies of novel word learning reveal that children with
DLD require more encounters with a word to reach the
same level of learning as their same-age peers (e.g., Alt,
2011; Gray, 2003; see reviews in Jackson et al., 2019;
Kan & Windsor, 2010).

Spaced Retrieval and Word Learning
in DLD
Many studies have been devoted to developing and evalu-
ating methods of assisting the word learning of individuals
with DLD. In recent years, some of these efforts have
included the use of “retrieval practice” during the learning
period (e.g., Adlof et al., 2021; Gordon et al., 2024; see
review in Gordon, 2020). Retrieval practice involves an
individual’s attempts throughout a learning period to
recall material that had been studied. The crucial insight
behind retrieval practice is that attempts are not merely an
assessment of how much was just retained; they actually
improve learning. The benefits of retrieval practice have
been reported in the scientific literature for more than a
century beginning with Abbott (1909a, 1909b) with a resur-
gence in this line of inquiry in the past 25 years (see reviews
in Adesope et al., 2017; Fazio & Marsh, 2019; Karpicke,
2017; Latimier et al., 2021; Rowland, 2014).

Most studies of retrieval practice have involved adult
participants. Benefits of retrieval with this population
have included more effective learning of English transla-
tions of Japanese words (Kang et al., 2014) and Swahili
words (Pye & Rawson, 2009), course material in statistics
(Lyle & Crawford, 2011), special courses in immunology
(Dobson, 2012), procedures for the treatment of emergency
neurological complications (Larsen et al., 2009), and
written material on mechanical devices such as braking
systems (McDaniel et al., 2009).

Studies of retrieval practice with children have been con-
centrated on the elementary and middle school ages.
Benefits have been reported for learning material about
U.S. history (Carpenter et al., 2009), learning locations on

a map (Rohrer et al., 2010), and learning new vocabulary
words (Goossens et al., 2014). Fewer studies have
focused on younger children, though this literature is emer-
ging (see review in Fazio & Marsh, 2019). One such study
found that preschoolers recalled the novel names of toys
better through retrieval practice (Fritz et al., 2007). The
application of retrieval practice to assist the word learning
of individuals with DLD, then, has a sound empirical basis.

Two details affect the efficacy of retrieval practice: the
frequency of retrieval attempts and the spacing of these
attempts. When retrieval attempts are repeated throughout
learning, retention is better (Karpicke & Roediger, 2008;
Roediger & Karpicke, 2006). These gains are even
greater when spacing is used between retrieval attempts,
such as through the insertion of additional material
between the time the material of interest was last studied
and the time it had to be retrieved (Karpicke & Roediger,
2007). Relative to immediate retrieval, retrieval with
spacing is less successful during early retrieval attempts.
However, retention in the long term is superior, constituting
a “desirable difficulty” (e.g., Latimier et al., 2021). The par-
ticipants’ age and the material to be learned usually dictate
the degree of spacing that permits gradual learning while
avoiding excessive forgetting (Vlach, 2019).

Much remains to be learned about the conditions under
which repeated spaced retrieval (hereafter, “spaced
retrieval”) is effective, especially for word learning by indi-
viduals with DLD. In this paper, we single out several
aspects of spaced retrieval for closer consideration. We
then identify gaps in our understanding that need to be
filled before this promising addition to word learning proce-
dures can be put to more effective use. We focus on word
recall—the recall of word forms (e.g., /sprɪg/), and mean-
ings (definitions or characteristics of the referents, e.g., a
small stem with leaves or flowers). Tasks such as recogni-
tion (e.g., “Which one is a /sprɪg/?”) are, of course, inform-
ative but have been less consistent in identifying differences
between groups and between learning conditions (e.g.,
Gray, 2004; Leonard et al., 2021). Our emphasis is on chil-
dren with DLD but we refer to relevant studies of adults
with DLD when they help in the interpretation of the
child data. Before focusing on specific areas of spaced
retrieval that warrant closer consideration, we begin with
a brief review of what seem to be some of the major findings
thus far in the DLD literature.

What (We Think) We Know So Far
The use of retrieval to help children with DLD learn new
words has appeared in the literature at least since 2014
(Chen & Liu, 2014) and numerous studies have been pub-
lished since that date. Over this period, certain findings
emerge consistently in the literature.

One major finding is that recall of novel word forms is
stronger when learning incorporates spaced retrieval than
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when it provides only passive study of the words (“study
trials”) with the same degree of exposure (e.g., Leonard,
Karpicke, et al., 2019; Leonard et al., 2023; McGregor,
Gordon, et al., 2017). This finding applies to novel words
representing nouns (Leonard, Karpicke, et al., 2019), adjec-
tives (Leonard, Deevy, et al., 2019), and verbs (Leonard
et al., 2023). Effect sizes are large for learning word
forms for novel nouns and adjectives; medium effect sizes
are seen for novel verb learning.

Spaced retrieval advantages are also seen for meanings,
though the relevant studies have been limited to novel
words referring to nouns. The effect sizes reflecting the
advantage of spaced retrieval over repeated study are not
as large for meaning as they are for word form, ranging
from small to medium (McGregor, Arbisi, et al., 2017;
see aggregated data analysis in Leonard et al., 2021).

Once a minimal level of success is seen for spaced
retrieval, providing additional retrieval trials with no add-
itional study will lead to better recall than providing add-
itional study trials with no further opportunity for
retrieval (Leonard et al., 2020).

Fewer studies have compared spaced retrieval with
learning conditions other than passive study. The available
evidence shows greater recall of word form and meaning in
spaced retrieval conditions compared to strictly immediate
retrieval conditions, with large and small effect sizes,
respectively (Haebig et al., 2019). Evidence from real-word
learning in a classroom setting suggests that spaced retrieval
produces greater gains than learning through rich vocabu-
lary instruction without retrieval opportunities—a finding
receiving moderate support based on Bayesian analysis
(Levlin et al., 2022).

During the learning period, retrieval trials that involve
free recall (e.g., “What is this one called?”) are associated
with lower accuracy during learning than trials that
involve cued recall (e.g., recalling the whole word after
being given the first syllable of the word; Gordon,
Storkel, et al., 2021). However, the opposite is true for
longer-term retention; free recall trials during the learning
period lead to better retention outcomes (Gordon,
McGregor, et al., 2021).

Overall, children with DLD recall fewer word forms and
meanings than their same-age peers with typical language
development (e.g., Gordon, Storkel, et al., 2021).
However, the group differences are smaller for spaced
retrieval conditions than for comparison conditions
(Leonard et al., 2021).

Studies of novel adjectives and novel verbs show that
children can apply the novel word to novel referents
(Leonard, Deevy, et al., 2019; Leonard et al., 2023). In
the case of adjectives, the novel adjective can be success-
fully applied to previously unseen objects with the same
novel attribute. In the case of verbs, the novel verb can be
applied to a new agent performing the novel action. The
advantage of spaced retrieval over repeated study is seen

for these generalization items as well as for the items that
were presented during the learning period.

Advantages of spaced retrieval conditions over compari-
son conditions are seen for longer-term recall (e.g., 1 week),
not just shortly after the end of the learning period (e.g.,
Gordon, Storkel, et al., 2021; Leonard & Deevy, 2020).

Instead of longer-term retention being a major weakness,
it seems to be a relative strength (e.g., Gordon, Storkel,
et al., 2021; Pomper et al., 2022). The children’s biggest
challenge appears to be encoding, especially the encoding
of word forms, but also of meanings (e.g., Bishop & Hsu,
2015; Gordon, Storkel, et al., 2021; Jackson et al., 2021;
McGregor, Gordon, et al., 2017).

Our confidence in the above findings should be tempered
by the fact that they are based on a relatively narrow data-
base. With a few exceptions (e.g., Chen & Liu, 2014;
Levlin et al., 2022), most participants have been
English-speaking children. The youngest ages at which
spaced retrieval might still be effective have not yet been
discovered; most evidence thus far comes from studies of
children 4 years of age and older. We also have not identi-
fied factors that might explain why spaced retrieval is more
effective for some children than others. Apart from such
basic questions, we also need a greater understanding of
the process of spaced retrieval, especially as applied to
word learning in children with DLD. We turn to this issue
next.

Gaps in Our Understanding of Spaced
Retrieval Effects
In the following sections, we examine several issues related
to spaced retrieval that warrant a closer look. Previous
studies have provided a foundation for further study of
some of these issues, and we take advantage of this ground-
work to develop a deeper understanding of how spaced
retrieval might operate in DLD.

Next-day consolidation effects
Whether teaching real words to children or studying the
children’s learning of novel words, investigators often use
more than one session scheduled on different days.
However, there is one significant difference between
spaced retrieval on a subsequent day of learning versus
spaced retrieval on the first day of learning. Testing on mul-
tiple days allows for consolidation. Consolidation is the
process by which recently learned material becomes stabi-
lized and integrated with information in long-term
memory. Intervening sleep promotes consolidation of
material that has been learned (Dumay & Gaskell, 2007;
see meta-analysis in Schimke et al., 2021). According to
Davis and Gaskell (2009), the process involves initial
encoding of novel words primarily in hippocampal areas.
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During sleep there is communication with the neocortex,
allowing integration of the novel words with other details
in semantic and phonological memory. This is a type of pro-
cessing of encoded information that is automatic and
internal (Walker, 2005). The integration results in a stron-
ger memory trace and greater long-term retention.
Children appear to benefit from consolidation to an even
greater extent than adults (James et al., 2019). However,
the degree to which words have been encoded appears to
influence the likelihood of consolidation. Words do not
have to be strongly encoded before sleep, but if encoding
is very weak, consolidation may not occur (Drosopoulus
et al., 2007; Schoch et al., 2017).

When spaced retrieval is incorporated across separate
days, it is difficult to distinguish any effects due to
spacing from effects due to consolidation. This is compli-
cated further by reports of parallels between spaced
retrieval and consolidation because in spaced retrieval, as
in sleep, there is hippocampal-to-neocortical communica-
tion (Antony et al., 2017).

Perhaps the best research designs to isolate the effect of
consolidation are those that compare morning learning with
evening testing and evening learning with next-morning
testing, with duration in hours between learning and
testing kept constant (e.g., 12 h; see Henderson et al.,
2012). Studies of this type are sparse in the DLD literature,
but McGregor, Licandro, et al. (2013) provided an inform-
ative study with such a design. Young adults with DLD and
those with typical language skills learned novel words
referring to fantasy animals and objects. Half of the partici-
pants in each group learned the novel words in a morning
session and were then tested 12 h later on the same day.
The other half of the participants learned the novel words
in the evening and were then tested 12 h later the next
morning. The same tests were then administered 12 h,
24 h, and 1 week after the immediate posttests. Across
tests and time, the participants with typical language
skills outperformed the participants with DLD. Overall,
for both groups, gains on the later tests of word meaning
were larger for those participants who learned the words
in an evening session and received the immediate posttests
the next morning, after a night of sleep. There was only a
numerical difference favoring the next-day participants
for word forms.

During the learning period itself, the participants in the
McGregor, Licandro, et al. (2013) study heard the words
and saw the referents but were not asked to provide the
words or meanings until the immediate posttest. An import-
ant study for the future would be one that employed
morning subgroups that engaged in spaced retrieval or
repeated study and evening subgroups that engaged in
spaced retrieval or repeated study. Comparisons across
the four subgroups might reveal whether spaced retrieval
adds to the recall advantages provided by consolidation
through sleep.

Several studies of spaced retrieval employed tests of
recall only after the second day of learning. At least one
of these studies ended the first day with a spaced retrieval
trial and began the second day with a spaced retrieval
trial, thus providing a glimpse at possible consolidation
effects. Leonard, Deevy, et al. (2019) asked 4- and
5-year-old children with DLD and same-age peers to
learn novel adjectives referring to unusual attributes. Four
novel adjectives were learned in each of two sets, separated
by 1 week. In each set, two novel adjectives were assigned
to a spaced retrieval condition and two were assigned to a
repeated study condition. For words in the spaced retrieval
condition, day 1 for each set began with two immediate
retrieval trials. All trials thereafter were spaced retrieval
trials with three other novel adjectives intervening
between the time the to-be-retrieved word was last heard
and when it had to be retrieved. Figure 1 provides an
example of each of these two types of trials. This schedule
meant that the final trial of day 1 and the first trial of day 2
were both spaced trials. There was a re-familiarization of
the novel adjectives and referents at the beginning of day
2, but there were no opportunities for production or retrieval
until the first spaced retrieval trial. In Table 1, we show the
children’s retrieval accuracy on the final spaced trial of day
1 and the first spaced trial on day 2.

As can be seen, for both groups, there was more corres-
pondence than lack of correspondence between the final
retrieval trial on day 1 and the first retrieval trial on day
2. There was no evidence of an increase in accuracy due
to consolidation. At most, one might speculate that consoli-
dation served as a protective factor against forgetting from
one day to the next, given that, for both groups, correct
recall on the final trial on day 1 was much more likely to
be preserved than lost on day 2 (typical development: 15
preserved versus 4 lost; DLD: 19 preserved versus 3 lost).

Figure 1. An example of an immediate retrieval trial with no

intervening words between the study trial and the retrieval trial,

and an example of a spaced retrieval trial with three other words

intervening between the last time the to-be-retrieved word was

heard (in a study trial) and when it had to be retrieved. Examples

from Leonard, Deevy, et al. (2019).
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Kueser et al. (2021) provided an important view of
potential consolidation effects through an analysis of data
from three previous studies (Haebig et al., 2019; Leonard,
Deevy, et al., 2019; Leonard, Karpicke, et al., 2019).
Each study involved preschool-age children with DLD
and their age mates with typical language development.
Kueser et al. fit growth curves to the trial-by-trial learning
data from the spaced retrieval conditions in those studies.
All three studies covered two consecutive days. One of
those studies was the one reviewed earlier (Leonard,
Deevy, et al., 2019), in which both the final trial of day 1
and the first trial of day 2 were spaced retrieval trials. For
the remaining two studies, the final trial of day 1 was a
spaced trial but day 2 began with an immediate retrieval
trial for each word. Spaced trials for each word occurred
after that point.

Kueser et al. (2021) found that across studies, both
groups of children showed similar linear growth during
learning, despite the data crossing from day 1 to day
2. Figure 2 provides an illustration of the spaced retrieval
trial data from the three studies. Note especially how
similar the changes are from day 1 to day 2 for the two
groups in each study. Given the appearance of an immedi-
ate retrieval trial before the first spaced trial of day 2 in two
of the studies, we don’t have a perfect view of possible con-
solidation. It is possible, for example, that the immediate

retrieval trial that began day 2 served as a type of
“refresher.” What does seem clear is that there is no evi-
dence that the retrieval pattern for children with DLD is
any different from that of their same-age peers. (We will
return at a later point to the role that the insertion of imme-
diate retrieval trials plays in spaced retrieval schedules.)

Longer-term retention as reconsolidation
A frequent finding in the literature is that spaced retrieval
leads to better recall of words by the second day than alter-
native procedures. For words that were successfully
recalled at that point, retention over longer periods is
quite stable (Leonard & Deevy, 2020). This finding is com-
patible with earlier studies of both children and adults with
DLD (McGregor, Gordon, et al., 2017; McGregor et al.,
2020). In some studies, individuals with DLD recall less
than their peers, but this is true from the outset; group dif-
ferences do not become greater over time. As noted earlier,
the culprit from the very start is encoding—getting the word
form to “stick” in the first place, not retention thereafter
(e.g., Bishop & Hsu, 2015; Gordon, Storkel, et al., 2021;
Jackson et al., 2021; McGregor, Arbisi, et al., 2017).

Longer-term retention can be viewed in terms of recon-
solidation. This term refers to the changes in memory that
occur when retrieval takes place after an initial consolida-
tion period. For example, when sleep occurs after a learning
period (setting the stage for consolidation), retrieving the
learned items on the second day will further change
memory through reconsolidation. One explanation of
these additional changes is that after an initial consolidation
period, subsequent retrieval renders the memory less stable
and more amenable to further elaborations (Alberini, 2011;
Smith & Scarf, 2017).

In the 2-day learning period in the studies by Leonard
and colleagues, such reconsolidation could have been trig-
gered through retrieval trials and testing on the second day
and reflected in the testing that occurred 1 week later.
However, further improvements in recall across the
1-week period were not observed; instead, there was
notable stability in the recall scores across time. For the
young ages of the participants in those studies (4- and
5-year-olds), reconsolidation, much like initial consolida-
tion, could have served more as a protection against forget-
ting than as an occasion for further elaboration. (As we will
see in the next section, this protective factor may apply
more for word learning under spaced retrieval conditions
than for word learning in general, especially for phonetic
details of the word.)

Another look at reconsolidation is available from a study
by Gordon, Storkel, et al. (2021). These investigators used
retrieval practice in teaching novel words across six ses-
sions with a group of preschoolers with DLD and their
typical peers. Although not described in terms of reconsoli-
dation, free recall measures were obtained at the beginning

Table 1. Accuracy on the final spaced retrieval trial of day 1 and

the first spaced retrieval trial of day 2 for the children with

developmental language disorder and their peers with typical

language development in the novel adjective learning study of

Leonard, Deevy, et al. (2019).

Group

Total number

of words

Number of

different children

Typical language
development

Correct final day 1, correct

first day 2

15 11 of 13

Incorrect final day 1,

incorrect first day 2

29 13 of 13

Correct final day 1,

incorrect first day 2

4 4 of 13

Incorrect final day 1,

correct first day 2

4 4 of 13

Developmental language
disorder

Correct final day 1, correct

first day 2

19 11 of 14

Incorrect final day 1,

incorrect first day 2

31 11 of 14

Correct final day 1,

incorrect first day 2

3 3 of 14

Incorrect final day 1,

correct first day 2

3 3 of 14
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of each session (except the first) and at the end of each
session. By comparing the children’s recall from the end
of one session to the beginning of the next over 6 days,
Gordon, Storkel et al. acquired important data about succes-
sive overnight retention of the words. (There is one qualifi-
cation: if a child was incorrect on the free recall at the end of
a session, a cued recall prompt for the same word was pro-
vided [e.g., “It starts with /bɪ/..”] and feedback was pro-
vided.) Although the children with typical development
were more accurate than the children with DLD throughout
the learning period, the two groups were quite similar in
their stability from the end of one session to the beginning
of the next. Both groups showed some decline when tested
again 1 month later, but there were no group differences in
the degree of decline.

There is one finding regarding reconsolidation that on
reflection would not have been expected. If consolidation
and reconsolidation enable newly learned material to be
integrated with existing semantic and phonological knowl-
edge, the children with typical language development
should have benefitted more from these processes than
the children with DLD. Based on the standardized language
tests serving as selection criteria and on the vocabulary tests
serving as covariates, the children with typical development
showed significantly greater linguistic knowledge than their
counterparts with DLD. This suggests that for the typical
children, there was more in long-term semantic and phono-
logical memory for the novel words to integrate with during
consolidation and reconsolidation. Yet, the (limited)

changes over time in the two groups were comparable.
Similarly, the two groups were similar in their ability to
generalize novel adjectives and verbs to new scenarios.
Consolidation and reconsolidation seemed to preserve
over time what the children had achieved, but there is no
clear evidence that these processes included the integration
of the prior linguistic knowledge that distinguished the two
groups. Future research should include more direct mea-
sures of integration (e.g., word association or lexical cat-
egorization tasks) to solve this puzzle.

Spaced retrieval preserves longer-term retention of
phonetic details
A finding by Leonard et al. (2022) requires a modification
of the “stable long-term retention” view for children with
DLD. Yet this modification does not alter the view that
encoding is the chief problem. Recall that Haebig et al.
(2019) found that spaced retrieval led to greater recall of
word forms than immediate retrieval at tests 5 min after
learning and 1 week later. However, even though fewer
words were recalled in the immediate retrieval condition,
those that were recalled showed good stability over time.
A new look at these data suggests that a qualification of
this interpretation is in order.

The scoring procedures used by Haebig et al. (2019)
were based on Edwards et al. (2004) and allowed for
some phonetic imprecision. For example, a production of

Figure 2. An illustration of data reported by Kueser et al. (2021) in which the trial-by-trial accuracy on spaced retrieval trials is shown

for three different studies (Haebig et al., 2019; Leonard, Deevy, et al., 2019; Leonard, Karpicke, et al., 2019). The dotted lines represent

the separation of trials for the first and second day of learning. Changes in accuracy from the first to the second day were very similar

for the children with developmental language disorder and their same-age peers with typical language development.
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/topɪk/ instead of /pobɪk/ was scored as correct if it met other
scoring criteria. Leonard et al. (2022) examined the novel
words meeting the original criteria as “correct” and
assigned them a score based on the full range of the
Edwards et al. system. For example, /topɪk/ would earn a
score of 14 out of 16, with one point each deducted for
the error of place of articulation in initial position and the
error of voicing in medial position.

Leonard et al. (2022) found that, overall, the children
with typical language development were more phonetically
accurate than the children with DLD, even when articula-
tion accuracy on real words was taken into account. The
more informative findings were seen in the results for the
learning condition across time. An illustration of the
results appears in Figure 3. For both groups, the phonetic
accuracy for the final retrieval trial of the learning period
was higher for words in the immediate retrieval condition
than for words in the spaced retrieval condition. This
could have been due to the higher success rates for imme-
diate retrieval during the learning period which gave the
children more practice in production and hence an early
encoding advantage. However, when tested 5 min later,
words in the immediate retrieval condition declined in
accuracy whereas accuracy for words in the spaced retrieval

condition remained the same or improved. Most notably, no
further decline was seen for the children with typical devel-
opment 1 week later for words in the immediate retrieval
condition but a steep decline was seen for the children
with DLD. This was a rather selective decline, however,
because the accuracy of the children with DLD on words
in the spaced retrieval condition showed no decline 1
week later. Their phonetic stability from the 5-min test to
the 1-week test was the same as for the children with
typical language development. Furthermore, at the 1-week
mark, the children with DLD were more phonetically accur-
ate on words in the spaced retrieval condition than for
words in the immediate retrieval condition—a reversal of
the pattern seen on the final retrieval trial of the learning
period.

The findings suggest additional benefits to the spaced
retrieval condition. The previous studies by Leonard and
colleagues indicated that more words are learned in the
spaced retrieval condition but for words learned in any con-
dition, long-term retention is quite good. However, this
interpretation now seems more appropriate only for words
learned in the spaced retrieval condition. Even when encod-
ing seems to be assisted by immediate retrieval, the phon-
etic representations appear to be fragile in children with

Figure 3. An illustration of data reported by Leonard et al. (2022) based on Haebig et al. (2019) which involved a comparison between

the immediate retrieval (IR) condition and the spaced retrieval (SR) condition. Shown is the phonetic accuracy for: the final recall trial

during the learning period; the recall test administered 5 min after the learning period; and the recall test administered 1 week after the

learning period. Of note is the dramatic drop in phonetic accuracy at 1 week by the children with developmental language disorder, but

only for novel words that were in the immediate retrieval condition.
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DLD, resulting in a decline in accuracy over time. Although
spaced retrieval provided the children with less production
practice by virtue of the children’s low success rate in early
spaced retrieval trials, the phonetic representations that
were formed were more robust.

How the course of learning affects subsequent recall
Thus far, we have discussed the relation between the learn-
ing period and later recall testing mostly in terms of how the
condition to which the words had been initially assigned
(e.g., spaced retrieval versus repeated study) influences
final recall. Also relevant is what happens during the learn-
ing period itself.

In the study by Gordon, Storkel, et al. (2021) discussed
earlier, preschoolers with DLD and their peers participated
in six novel word learning sessions with retrieval practice.
Although the children with typical development were
more accurate overall, the gains from the beginning of
each session to the end of the session were similar for the
two groups. Despite their encoding weaknesses that
represent a significant challenge from the very start, chil-
dren with DLD do not seem to exhibit within-session plat-
eaus in their word learning with retrieval practice.

Gordon, McGregor, et al. (2021) analyzed the
trial-by-trial data of young adults with DLD and those
with typical language ability who were participants in
McGregor, Gordon, et al. (2017). Sets of two-syllable
novel words were learned on a single day using retrieval
practice, and recall was tested 24 h later. Two of the find-
ings reported by Gordon, McGregor et al. reveal the import-
ance of looking at the nature of the retrieval attempts during
the learning sessions themselves. Novel words that were
more frequently retrieved during learning were more
likely to be recalled 24 h later. The second finding was
even more illuminating. High phonetic accuracy on the
final retrieval trial was predictive of better recall the next
day, but especially when the participant’s poorest phonetic
accuracy of the novel word during the learning period was
also relatively high. When the poorest production was rela-
tively low, high accuracy on the final trial was less predict-
ive of next-day recall. It seems that the trajectory of a
child’s gains during learning is an important factor to
consider.

In some of the studies employing spaced retrieval, the
first retrieval trial in one or more sessions was an immediate
retrieval trial. We learned from the Haebig et al. (2019)
study that a condition with a small number of immediate
retrieval trials and a larger number of spaced retrieval
trials produced better recall than a condition consisting
entirely of immediate retrieval trials. In spaced retrieval
conditions, immediate retrieval trials were included to
provide the children with an encoding opportunity when
retrieval demands were minimal. However, whether and

how the inclusion of immediate retrieval trials in these
instances actually facilitates learning has not been clear.

The Kueser et al. (2021) study introduced earlier pro-
vided an informative look at the possible contribution of
immediate retrieval trials in spaced retrieval conditions.
Using the trial-by-trial data from three prior studies,
Kueser et al. found that successful immediate retrieval
trials did not predict final recall scores by themselves.
However, successful retrieval on immediate retrieval trials
did predict success on subsequent spaced retrieval trials.
And greater success with spaced retrieval trials predicted
higher final recall scores. Though insufficient by itself,
then, successful immediate retrieval appears to play a sup-
portive role in creating greater spaced retrieval stability
and, as a consequence, greater final recall.

Should spacing be gradual?
Although spaced retrieval holds an advantage over immedi-
ate retrieval, there is always the question of finding the right
degree of spacing for the individual and for the type of
material to be learned. Unfortunately, even the studies
showing advantages of spaced retrieval over repeated
study or immediate retrieval have not produced ideal
results. For example, in a study of novel nouns with three
intervening words, Leonard, Karpicke, et al. (2019) found
that the children with DLD showed later recall of only
63%. In a similar study with novel verbs, recall was only
35% for the children with DLD (Leonard et al., 2023).

In an attempt to improve the results of spaced retrieval,
Leonard et al. (2024) compared a retrieval schedule with
three intervening words with a schedule that expanded the
spacing more gradually. Both conditions began with an
immediate retrieval trial. In the “expanded” condition, the
next two retrieval trials had only one intervening word, fol-
lowed by two trials with three intervening words. Figure 4
provides an example of each of the three types of retrieval
trials in the expanded condition. In the “equally spaced”
condition, the immediate retrieval trial was followed dir-
ectly by four trials with three intervening words. The
same two schedules were employed on a second (consecu-
tive) day.

In the end, the two retrieval conditions resulted in very
similar recall 5 min after the second learning session and
1 week later. However, an examination of the trial-by-trial
data revealed different paths on the way to similar final
recall. As expected, the trials with only one intervening
word were more likely to be retrieved successfully than
the corresponding trials with three intervening words in
the equally spaced condition. It was also the case that the
trials with three intervening words that directly followed
the one-intervening-word trials in the expanded condition
were retrieved more successfully than the corresponding
trials in the equally spaced condition even though in both
instances, three words intervened. This seemed to give
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children in the expanded condition a head start by giving
them earlier success with three intervening words.
However, as trials progressed, retrieval accuracy in the
two conditions began to converge, with greater relative
gains seen for the equally spaced condition. For the children
with typical language development, convergence occurred
by the end of the first day. For the children with DLD,
this occurred by the end of the second day. Table 2
shows the retrieval points at which the probabilities of suc-
cessful retrieval begin to converge in the two conditions.

The finding of no advantage in final recall with an expanded
schedule was disappointing. Furthermore, it is unclear why
the benefits of shorter spacing for subsequent trials with
greater spacing are only temporary. We speculate on pos-
sible reasons in the next section of this article where we
discuss how the contribution of context to learning might
interact with spacing.

Features of context during spaced retrieval
Retrieval is often treated as a process apart from encoding,
given that, in retrieval, the emphasis is on accessing some-
thing already in memory. However, retrieval is also an
active form of encoding (e.g., Johnsson et al., 2021;
Karpicke & Grimaldi, 2012). Furthermore, features of the
context may also be part of the information encoded
during the retrieval process. As described below, these fea-
tures can remain associated with the basic representation
and thus strengthen the consistency of retrieval which, in
turn, provides the learner with more opportunities for the
representation to strengthen.

The contribution of context is easy to imagine in circum-
stances in which one tries to recall a previously studied item
in a new location, such as testing one’s recall of class mater-
ial first in a library and then in a coffee shop. The library and
coffee shop surroundings do not form part of the defining
features of the material studied. However, they can
remain associated with the study event. In more structured
laboratory studies, the notion of context is much more
subtle. A study by Whiffen and Karpicke (2017) provides
an example. These investigators asked young adult partici-
pants to study two lists of words, separated by a brief unre-
lated task. The participants were then shown the words from
the two lists mixed together, with half of the participants
asked during this presentation which of the two lists each
of the words had originally appeared in. During subsequent
recall, better recall was seen by the participants who made
judgments about the specific list that each word had been
seen in. Note that during the initial study period, the parti-
cipants were not informed that the list that a word appeared
in was relevant to the task. Yet, this information seemed to
be available when participants were asked to decide on list
membership, and this process of retrieving contextual (list)
information led to better recall.

In studies of this type, the physical context changed very
little if at all, but the temporal context underwent change,
even if the time span was quite short. Bӓuml (2019,
p. 177) defined temporal context as “the current pattern of
activity in the individual’s mind…” when the material is
being studied. When participants retrieve an item, there is
partial reactivation of the original context. Successful
retrieval allows this partial context to join with the
context present during retrieval. With further retrieval,
more portions of context get added, resulting in a composite
of contextual features that is not identical to the temporal

Figure 4. An example of the three degrees of spacing used in

the expanded retrieval condition in Leonard et al. (2024). The

learning period began with an immediate retrieval, followed by

two spaced retrieval trials with one other word intervening

between the last time the to-be-retrieved word was heard (in a

study trial) and when it had to be retrieved, followed by two

spaced retrieval trials with three other words intervening

between the last time the to-be-retrieved word was heard (in a

study trial) and when it had to be retrieved.

Table 2. The probability of successfully retrieving a novel word at

the fourth and fifth retrieval point on each day in the Leonard et al.

(2024) study.

Day 1 Day 2

Trial 4 Trial 5 Trial 4 Trial 5

DLD Expanded 0.279*** 0.462* 0.436** 0.487

Equal 0.123*** 0.298* 0.317** 0.472

TD Expanded 0.400** 0.531 0.774 0.841

Equal 0.248** 0.509 0.660 0.811

Both retrieval points had spacing with three intervening words for both

conditions. However, for the expanded retrieval condition, the fourth

retrieval point directly followed a retrieval point with the shorter (one

intervening word) spacing. Asterisks indicate significant differences

between the expanded and equally spaced conditions within the same

retrieval point, within each day and group: * p< .05; **p< .01; ***p < .001.
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context present in any single study or retrieval event. This
composite becomes more unique when spacing is
employed, because with more spacing (as in more interven-
ing items), the temporal context changes to a greater extent
with each act of retrieval (see Karpicke, 2017; Karpicke
et al., 2014).

One of the findings discussed in the previous section
seems to support the idea of changing temporal contexts
assisting word learning and recall. Leonard et al. (2024)
attempted to determine if a gradual increase in the
spacing between words (the expanded condition) would
better prepare children with DLD and their peers to
succeed in retrieving words with greater spacing. It was
found that during the learning period, shorter-spaced
retrieval trials were easier than the corresponding trials in
the equally spaced condition that had greater spacing.
Furthermore, the gradual spacing seemed to be helpful in
the near term because the first one or two trials with three
intervening words that directly followed trials with shorter
spacing were more successful than the corresponding
trials in the equally spaced condition, even though at that
point the trials in both conditions had the same degree of
(greater) spacing. However, as noted earlier, words in the
condition with greater spacing all along showed steeper
acceleration across the learning period and by the end of
the learning period, success on the trials with three interven-
ing words was the same in the two conditions.

Why would this be true? One possibility is that the
equally spaced condition had twice as many retrieval
trials with greater spacing which, based on a context
account, provided more opportunities for the temporal
context to change with each retrieval attempt. This, in
turn, can lead to a building-up of a composite of features
that is more distinct than a composite based on retrieval
of words with shorter spacing and less change in context.

Effort and the possible contribution of feedback
“Manipulations that speed the rate of acquisition during
training can fail to support long-term posttraining perform-
ance, while other manipulations that appear to introduce
difficulties for the learner during training can enhance post-
training performance” (Bjork, 1994, p. 185).

One such manipulation is “effortful” retrieval, and
spaced retrieval is perhaps the most prototypical form of
effortful retrieval. In some studies, participants provide sub-
jective judgments of effort (e.g., Karpicke & Roediger,
2008; Kornwell & Bjork, 2008), but in most instances,
effort is only inferred, based on low success rates on
early trials. As is well documented, once some degree of
success begins to occur on these challenging trials, long-
term retention proves to be better than is seen for less effort-
ful trials (such as those with no spacing). In these instances,
it can be said that the particular spacing represents the level
of “desirable difficulty.”

Vlach (2019) has pointed out that effortful retrieval—
achieved through procedures like spacing, for example—
may be a particularly important factor for younger children.
As younger children have limitations in memory and
quickly forget newly presented words, retrieving words
often requires effort. When children have success, though,
words can be learned and retained for longer periods in
effortful conditions than in situations that do not challenge
memory.

One factor that can likely make effortful retrieval more
successful is feedback. Feedback refers to the participant
hearing or seeing the correct response after trying to retrieve
it, even without being explicitly informed whether the
retrieval attempt was correct. Although benefits can still
accrue from effortful retrieval without feedback, providing
feedback appears to increase accuracy on subsequent
retrieval trials (e.g., Ma et al., 2020). Feedback appears to
be most helpful when participants attempted to engage in
effortful retrieval, as for example, when the previous
retrieval attempt was unsuccessful (Rowland & DeLosh,
2015), or the retrieval attempt was correct but the partici-
pant was unsure of its accuracy (Butler et al., 2008). In
these instances, receiving feedback about the correct form
when a participant is unsure is more helpful than receiving
feedback about a form that the participant was already con-
fident about.

Because participants are often unsuccessful and less con-
fident in the early trials of a spaced retrieval regimen, feed-
back is particularly important during this period of learning.
This may be one of the reasons why in the study by Haebig
et al. (2019), a spaced retrieval condition was more effect-
ive than a condition in which all retrieval trials involved
immediate retrieval. Children were much more successful
in their responses in the immediate retrieval condition,
even in the early trials. When feedback was provided dir-
ectly after these accurate responses, it was less informative
to the children and therefore more likely to maintain current
learning than to create new learning. Greater benefit likely
occurred after a failed attempt to retrieve a word—an occur-
rence much more likely in the spaced retrieval condition,
especially early on.

Learning to criterion or a fixed learning period?
Gordon et al. (2024) taught a set of real words to a group of
4- to 7-year-old children with DLD. Nine additional words
were used as control words. Only four words from a larger
set were taught per session, using retrieval practice proce-
dures. Each word was taught for up to seven sessions.
However, if a child retrieved the words correctly at the
beginning of two different sessions, the word was no
longer included in the training and was replaced by
another word from the larger set. This procedure constituted
a criterion-based procedure, differing from other studies
that had a pre-established number of exposures and retrieval
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opportunities independent of the child’s success with any
given word.

As expected, testing after the intervention period
revealed greater recall of the words that were included in
teaching than the words serving as control words. The
words that met the criterion for early exclusion from the
training list showed greater recall than the words for
which the children never reached criterion and continued
to study and retrieve for all seven sessions. This difference
was also seen on testing 8 weeks after the conclusion of
intervention. An examination of the individual children’s
performance indicated that six of the seven children
clearly benefitted from the intervention. For the six children
showing some degree of success, the average number of
sessions before a word was excluded was 4.68, leaving
2.32 additional sessions before recall of the word was
tested. This finding speaks to the value of retrieval
success; later recall is better even when fewer sessions
were devoted to such words and more time transpired
before testing.

Leonard et al. (2020) presented data that were compat-
ible with the findings of Gordon et al. (2024). Children
with DLD and their same-age peers learned a set of novel
words to a minimal criterion, at which point half of the
words continued to be presented in study-only trials and
the other half continued to be tested in retrieval-only
trials, with no additional exposures. These conditions
were referred to as more study/less retrieval and more
retrieval/less study, respectively. For both groups of chil-
dren, later recall was superior for the novel words in the
more retrieval/less study condition. This was true for
testing directly after the learning period and 1 week later.
The Leonard et al. study differed from the Gordon et al.
study in that words no longer studied continued to appear
in retrieval trials. However, both investigations showed
that once some clear level of success has occurred for a
word, additional study of those words may not be required.
As Gordon et al. note, this could render vocabulary instruc-
tion more efficient than procedures that continue with all
words throughout the intervention period. (As further evi-
dence that this also applies to children with typical language
development, Gordon and Lowry [2024] found that 4- to
6-year-old children with typical development could recall
novel words with high probability 1 month later if they
could successfully retrieve the words at the beginning of
four different learning sessions. No further long-term
benefit derived from the children recalling the novel word
at the beginning of a fifth learning session.)

Could co-morbid dyslexia play a role?
As we noted earlier, several studies have shown that
preschool-age children with DLD have greater weaknesses
in learning word forms than in learning their meanings.
However, the results of a study of school-age children by

Adlof et al. (2021) do not comport with those findings. In
the Adlof et al. study, the children learned words using a
spaced retrieval procedure. As might have been expected,
a group of children with both DLD and dyslexia were
found to differ from their same-age peers in both word
form and meaning recall. However, a group with DLD
only differed from their peers on meaning recall but not
on word form recall.

This finding raises the possibility that a large percentage
of preschoolers with DLD who were participants in previ-
ous studies might have met the criteria for (comorbid) dys-
lexia when they reached school age, and their pattern of
especially weak word form learning as preschoolers might
have been more closely related to the same vulnerabilities
seen in dyslexia than to their vulnerabilities in the areas
of semantics and grammar (see related arguments in
studies comparing children with dyslexia and children
with both dyslexia and DLD; Alt et al., 2019; Malins
et al., 2020). We note as well that word form weaknesses
are also seen in adults with DLD (e.g., McGregor, Arbisi,
et al., 2017) and many of these individuals have a documen-
ted history of comorbid reading deficits (e.g., McGregor
et al., 2020).

Conclusions
Spaced retrieval appears to assist the word learning of indi-
viduals with DLD. However, the exact conditions under
which this occurs and just why it occurs are still not
clear. This review has identified several aspects of spaced
retrieval in need of closer scrutiny. We need to be more con-
fident about the actual drivers of change when spaced
retrieval procedures outperform alternative approaches. It
will be important for us to isolate spaced retrieval effects
from effects from other sources. The following are some
details that should be considered in future work.

Immediate retrieval seems to increase the likelihood of
children’s success with subsequent spaced retrieval trials
with the same word. However, longer-term retention
depends on success on prior spaced retrieval trials, not
immediate retrieval trials. It also seems that increasing
spacing more gradually may have short-term effects on sub-
sequent proximal retrieval trials with greater spacing, but
this advantage may not be sustainable. A more uniform
schedule of somewhat greater spacing may produce the
same results by the end of the learning period.

There is also evidence suggesting that high phonetic
accuracy during the final retrieval trial does not tell the
whole story. If earlier attempts were quite low in phonetic
accuracy, longer-term recall will not be as successful. In
addition, it appears that spaced retrieval may help to
prevent the erosion of phonetic details of words learned
by children with DLD. The notion of stable long-term reten-
tion of words by children with DLD may need to be
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qualified according to the presence or absence of spaced
retrieval opportunities during learning.

Findings from both the laboratory and the classroom
suggest that once a word is beginning to be retrieved
more consistently by a child, it may not be necessary to
retain it on the list of study words. Children appear to
remember the words, at least when recall testing occurs
several days or a week later. Once a word is dropped
from further study, re-testing it in occasional retrieval
trials during the learning period should prove helpful. By
removing words on which the child has shown success,
practitioners can include new words to the study material,
and as a result, increase treatment efficiency and, it is
hoped, the inventory of words known by the child.

There remains the important question of why spaced
retrieval works quite well. One key to its success is, ironic-
ally, the relatively low success rate of early spaced retrieval
attempts. When feedback is provided in the form of hearing
the correct word, useful information is transmitted to the
learner. Feedback is probably less useful when the learner
is confident in the accuracy of the retrieved word. Thus,
the confidence of children with DLD during their retrieval
attempts may be an important sign that additional (explicit)
feedback would be helpful. Another potential key is more
related to what might occur when learners successfully
retrieve a word on a spaced retrieval trial. Portions of the
context of the original exposure can join with features of
the present context to form a composite. Further success
will be built with additional retrieval, as more portions of
prior context will be added, which will in effect reduce
the memory search space for the learner because the
feature composite associated with the word will be unique
and distinct from potential competitors. Future work that
would be informative could focus on determining what
these context features are and whether manipulations of
these features promote heightened rates of learning or
more durable long-term recall.

Future findings of importance are no doubt in the offing.
In the meantime, it is hoped that the details presented here
help to move the study of spaced retrieval forward. A
deeper understanding of how best to employ spaced
retrieval will be an important piece in assisting the word
learning of individuals with DLD.
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