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After Initial Retrieval Practice, More
Retrieval Produces Better Retention

Than More Study in the Word Learning
of Children With Developmental

Language Disorder

Laurence B. Leonard,a Patricia Deevy,a Jeffrey D. Karpicke,a

Sharon L. Christ,a and Justin B. Kuesera
Purpose: Children with developmental language disorder
(DLD) often have difficulty with word learning. Recent studies
have shown that incorporating retrieval practice provides a
significant benefit to this learning. However, we have not yet
discovered the best balance between the amount of retrieval
and the amount of study (hearing the word in the presence
of the referent) that is provided. In this investigation, we
compared a word learning procedure using more retrieval
and less study with a procedure that used more study and
less retrieval.
Method: Participants were 13 children with DLD and 13 same-
age peers with typical language development (TD). Both
groups ranged in age from 4 to 6 years. The children learned
two sets of novel words, with each set taught in two sessions.
During an initial criterion period, the children had the opportunity
to retrieve all of the words. Following this period, the words
were either retrieved without further study or studied without
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additional retrieval. Recall and recognition testing immediately
followed the second learning session and was repeated
1 week later. Testing assessed the children’s retention of both
the word forms and their meanings.
Results: Better recall both immediately after learning and
after 1 week was seen for the more retrieval/less study
condition. This was seen for both groups of children for
word form recall and for children with DLD for meaning.
Group differences were not found.
Conclusion: This study served as a stringent test of the
benefits of retrieval to children’s word learning. Continued
retrieval after initial retrieval practice appeared to be helpful
even when further study was discontinued and when the
comparison study condition had also provided retrieval
practice in the initial stages. Further refinement of retrieval
procedures might lead to the development of useful clinical
tools to promote word learning.
I magine the following scenario. Two actors, Actor 1
and Actor 2, prepare for their roles in a theatrical
production. After they study their lines for a key dia-

logue, they recite their respective parts until they manage a
mistake-free rehearsal. After that initial success—1 week
before opening night—Actor 1 develops laryngitis and con-
fines his additional preparation to watching his understudy
rehearse with Actor 2. The morning of the production’s
opening, Actor 1’s voice returns. However, the director is
nervous about the recovered actor going on stage, fearing
he might not remember all of his lines.

We can easily recognize the reason for the director’s
concern. We understand that, for an activity such as a stage
performance, one successful rehearsal is not likely to be
enough. Continued active recall of the lines seems necessary.
Only Actor 2 met this standard. By only passively studying
the lines after he lost his voice, Actor 1 could well draw a
blank at crucial moments of the performance and put the
entire production in jeopardy.

The general premise of this article is that there are
other learning activities for which limited successful “re-
hearsal” followed by passive study is likely to produce less
than satisfactory results. Here, we report a study in which
this notion is applied to children’s word learning. We re-
place “rehearse” and “recite from memory” with “retrieve
Disclosure: The authors have declared that no competing interests existed at the time
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from memory,” but in other respects, the word learning
situation mirrors our acting scenario. Specifically, in this
study, after successfully retrieving a set of new words, chil-
dren either continued to receive retrieval practice or con-
tinued to study the words without additional attempts at
recall.

Our study focused on preschool-age children with
developmental language disorder (DLD), often referred to
as children with specific language impairment. These chil-
dren have a significant and persistent impairment in lan-
guage ability that cannot be explained by weaknesses in
sensory, motor, or cognitive functioning. Word learning is
one of the vulnerable areas in these children (see reviews
in Kan & Windsor, 2010; Leonard, 2014). The goal of this
study is to provide a more stringent test of our earlier find-
ings showing that children with DLD learn words more
successfully when they engage in repeated retrieval than
when learning is restricted to repeated study of the words.
In our earlier work, the repeated retrieval condition pro-
vided children not only with continuous retrieval practice
but also the same number of study trials as in the repeated
study condition. In this study, we reduce the number of
study trials in the repeated retrieval condition and provide
early retrieval opportunities for words in the study condi-
tion. In essence, this is a comparison between more retrieval
with less study and more study with less retrieval. We be-
gin with a review of the earlier work and its theoretical
underpinnings.

The Value of Retrieval Practice
Our work has been influenced by a longstanding find-

ing in the memory literature that, when people attempt to
retrieve information during the learning period, their recall
of that information is significantly improved. Retrieval is
more than a test of what has already been learned; it is it-
self a form of learning. One traditional way this has been
measured is to compare the learning that occurs from jointly
studying and retrieving information with the learning that
occurs from studying alone. In the vast majority of experi-
ments of this type, repeated study with retrieval produces
better learning (see Rowland, 2014). The nature of the ma-
terial to be learned has varied widely, and in recent years,
children, like adults, have been found to benefit from re-
trieval practice (see Fazio & Marsh, 2019).

Two procedural details in the retrieval literature
have been especially helpful to our work. First, studies
have shown that retrieval is most effective when it occurs
frequently during the learning phase (e.g., Roediger &
Karpicke, 2006). Second, retrieval produces better results
when it is somewhat effortful—a condition often created
by inserting other items between a study trial and the retrieval
trial for the same item (“spaced retrieval”; e.g., Karpicke
& Roediger, 2007).

The precise mechanisms responsible for these effects
are not yet clear. One account that provides a plausible
explanation for these effects is the “episodic context” ac-
count of Karpicke et al. (2014). According to this account,
2764 Journal of Speech, Language, and Hearing Research • Vol. 63 •
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during encoding, features of the context are registered along
with the material to be learned. During successful retrieval,
these contextual features are reinstated and combined with
the present context to form a composite. With each sub-
sequent retrieval, additional contextual features are included
in the composite, rendering the composite increasingly dis-
tinct from its competitors, which, in turn, aids the memory
search. Spaced retrieval amplifies this distinctiveness be-
cause, when other items intervene between a study trial and
a retrieval trial, the context changes to a greater degree,
adding to the uniqueness of the composite of contextual
features.

In everyday learning situations, features of the con-
text include things such as the physical setting, the time of
day, and any other people who may have been present.
However, in experimental studies, contextual features are
usually subtle and include details such as the particular
list in which an item appeared and the order of the item
on the list. These subtle contextual details have been shown
to be accessible to retrieval even when they were not brought
to the attention of the learner during the initial study pe-
riod (e.g., Whiffen & Karpicke, 2017).

Repeated Spaced Retrieval and Word
Learning in DLD

By combining the procedural details of repeated re-
trieval and spaced retrieval, we have been able to apply
retrieval practice to children’s word learning. Such practice
seems to have special relevance for children with DLD.
The vocabularies of these children lag behind those of their
peers with typical language development (TD) from the
preschool years into adulthood, with the gap between
the two groups becoming larger over time (Rice & Hoffman,
2015). When asked to learn a set of novel words, children
with DLD require more exposure to these words than their
age mates with TD to meet the same criterion level (e.g.,
Alt, 2011; Gray, 2004; McGregor et al., 2013). Findings
such as these have led researchers to explore the possibility
that these children might benefit from procedures that in-
clude retrieval.

To our knowledge, the first studies of DLD to in-
corporate retrieval into novel word learning procedures were
those of Chen and Liu (2014) and McGregor et al. (2017).
Chen and Liu focused on children of preschool age, whereas
McGregor et al. studied young adults. In both studies, the
individuals with DLD made greater gains when retrieval
was included in the protocol. Comparison conditions in-
volved learning without retrieval. This work was soon
followed by a series of studies of preschool-age children with
DLD by our research group. Typically developing children
matched for age served as a comparison group. All studies
employed repeated spaced retrieval as one of the learn-
ing conditions. In our first study, children were asked to
learn the novel names of exotic plants and animals (e.g.,
/fɪm/)—a measure of word form—and what each plant or
animal “liked” (e.g., rain)—a measure of meaning (Leonard,
Karpicke, et al., 2019). For each child, half of the words
2763–2776 • August 2020
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were learned in a repeated spaced retrieval condition, and
half were learned in a repeated study condition. (We use
the term “study” as this term is common in the retrieval lit-
erature. Here, it refers to children being asked to learn new
words they repeatedly hear while viewing a photo of the
corresponding exotic plant or animal on a computer screen.)
The children participated in two learning sessions, held
on consecutive days. Recall testing (“What’s this called?”
“What does this one like?”) and recognition testing (e.g.,
“Where’s the /fɪm/?”) were conducted immediately after
the second learning session and 1 week later. Key findings
were that both groups of children showed greater recall
of the novel words if they were learned in the repeated
spaced retrieval condition than if they were learned in the
repeated study condition. This was true for both word form
(e.g., /fɪm/) and meaning (e.g., likes rain), though effect
sizes were larger for word form. For both groups, recall was
as good after 1 week as it was immediately after learning.
A trend toward higher scores for the children with TD than
the children with DLD was not statistically significant. Rec-
ognition testing proved to be less sensitive, in large part
due to ceiling effects. The task required only an imprecise
representation of the word—just detailed enough to allow
children to recognize the word relative to the (quite pho-
netically distinct) alternative words.

In a second study involving novel names of plants
and animals, the comparison condition was repeated im-
mediate retrieval rather than repeated study (Haebig et al.,
2019). By using immediate retrieval as a comparison condi-
tion, we could determine whether the spacing of retrieval
trials was beneficial over and beyond retrieval in general.
In other respects, the procedure used in the second study
was the same as in our first study. Again, we found that
repeated spaced retrieval produced the greatest gains in re-
call, with effect sizes larger for word form than for mean-
ing. Recall was stable over the 1-week period. Unlike in
our first study, the children with TD showed greater recall
than the children with DLD. They also scored higher on
the recognition test. Only the children with DLD showed the
advantage for repeated spaced retrieval on the recognition
test; the children with TD were at ceiling levels.

The third study went back to a comparison between
repeated spaced retrieval and repeated study but employed
novel adjectives that referred to unusual attributes associ-
ated with common objects, as in “a /taɪmɪk/ pencil” and
“a /taɪmɪk/ toothbrush” (Leonard, Deevy, et al., 2019). This
study allowed us to determine if children could not only
learn novel adjectives but also apply them to objects that
were never used during the learning period. An advantage
for repeated spaced retrieval was again seen for both groups.
Yet, regardless of learning condition, if children were able,
during testing, to apply a novel adjective correctly to an
object that had been used during the learning period, they
were also able to successfully apply it to a new object (e.g.,
“a /taɪmɪk/ flower”). Again, recall was stable over 1 week.
The two groups of children did not differ in their recall scores.
On the recognition test, the children with DLD were more
accurate on words in the repeated spaced retrieval condition
Downloaded from: https://pubs.asha.org Purdue University - Library on 09/07/
than on words in the repeated study condition. The chil-
dren with TD were at ceiling for words in both conditions.

This Study
An unanswered question regarding retrieval effects

on word learning is the degree to which additional retrieval
after initial successful retrieval helps children retain the
words relative to continued study without additional retrieval.
In our acting scenario, we assumed that Actor 2 would be
more likely to remember the material than Actor 1 because
of continued rehearsal rather than only continued study
after one successful rehearsal. Will this be true for children’s
word learning?

We can use as a guide to answering this question an
experiment by Karpicke and Roediger (2008). These inves-
tigators asked college student participants to learn the
English translations of a set of Swahili words. Participants
were assigned to different learning conditions. Two of the
conditions are especially relevant to this study. In both
conditions, participants began by studying and retrieving
each item. In one condition, after an item was successfully
retrieved, participants no longer studied that item but
continued to receive retrieval trials for the item. The con-
verse was true for the second condition; after an item was
successfully retrieved, it continued to appear in study trials
but no longer appeared in a retrieval trial. Testing 1 week
later showed that the condition involving repeated retrieval
(only) after the first successful retrieval resulted in recall
scores that were more than twice as large as those seen for
the condition involving repeated study (only) after the first
successful retrieval.

In this study, we created conditions that resembled
these two conditions in the Karpicke and Roediger (2008)
study and applied them to children’s novel word learning.
We refer to them here as the “more retrieval/less study”
and “more study/less retrieval” conditions, respectively. We
hypothesized that preschool-age children with DLD would
show greater learning and retention of novel words in the
“more retrieval/less study” condition. As a basis of compari-
son, we also recruited a group of children with TD matched
for age. Although we expected the children with TD to
show better retention overall, our main interest was in
determining if retrieval processes in children with DLD
functioned in the same way as in TD, despite any differ-
ences seen in language ability.

Method
Participants

The research procedures used here were approved
by the first author’s institutional review board. Informed
written consent was obtained from the parents, and ver-
bal assent was given by the children. Twenty-six children
participated in the study. Thirteen children (seven boys,
six girls) met our selection criteria for the DLD group, and
13 children (six boys, seven girls) displayed TD and so were
in the comparison group. Efforts were made to ensure a
Leonard et al.: More Retrieval Versus More Study 2765
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representative number of girls in the DLD group; other-
wise, children were included regardless of sex. The group
with TD included one Asian/Pacific Islander; all other
children were identified by their parents as White (non-
Hispanic).

The children in the DLD group ranged in age from
48 to 71 months (M = 56.69, SD = 6.50). All children were
enrolled in a language intervention program or were sched-
uled to be enrolled in such a program. The children went
through the following selection process. Children met the
selection criterion for language if their standard scores on
the Structured Photographic Expressive Language Test–
Preschool 2 (SPELT-P 2; Dawson et al., 2005) were be-
low 87, the cutoff determined by Greenslade et al. (2009)
to show acceptable levels of sensitivity and specificity. If
their scores on the SPELT-P 2 were just above the cutoff
score, additional language assessment occurred. This was
true for three children who scored 87 on the SPELT-P 2.
For these children, we computed their finite verb morphol-
ogy composite scores (Goffman & Leonard, 2000) and
developmental sentence score (Lee, 1974) based on a spon-
taneous speech sample obtained during the assessment
session. All three children scored below the cutoff score
(89%) for adequate sensitivity and specificity on the finite
verb morphology composite based on the data of Souto
et al. (2014). In addition, these three children scored below
the 10th percentile on developmental sentence scoring
(Lee, 1974). We applied these additional criteria because
they were already candidates for language intervention
and the fact that, in the local participant recruitment area,
SPELT-P 2 scores skew higher for both the DLD and TD
populations. For the entire DLD group, the mean SPELT-P
2 standard score was 77.15 (SD = 11.89). Their standard
scores on the Kaufman Assessment Battery for Children,
Second Edition (Kaufman & Kaufman, 2004) ranged from
83 to 130 (M = 103.62, SD = 13.52). All children passed a
pure-tone hearing screening at a level of 20 dB HL at 500,
1000, 2000, and 4000 Hz. They also scored in the “mini-
mal to no symptoms of autism spectrum disorder” range
(between 15 and 29.5) on the Childhood Autism Rating
Scale–Second Edition (CARS-2; Schopler et al., 2010).
The mothers’ years of education averaged 16.54 years
(SD = 2.67).

Standardized tests of vocabulary have not shown
adequate levels of sensitivity and specificity (Gray et al.,
1999; Spaulding et al., 2013) and were therefore not used
as part of our selection criteria. However, for descriptive
purposes, we administered both the Expressive Vocabulary
Test, Second Edition (EVT-2; Williams, 2007) and the
Peabody Picture Vocabulary Test–Fourth Edition (Dunn
& Dunn, 2007). The standard scores of the children with
DLD on these tests averaged 99.31 (SD = 9.47) and 103.77
(SD = 13.64), respectively. We did not require vocabulary
test scores to exceed a certain level; indeed, the DLD group’s
scores were very similar to those we have reported in
our previous studies, and it is not uncommon to find age-
appropriate vocabulary test scores in other studies of chil-
dren with DLD (e.g., McGregor et al., 2012). Furthermore,
2766 Journal of Speech, Language, and Hearing Research • Vol. 63 •
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some earlier studies, including our own, have found no re-
lationship between vocabulary test scores and novel word
learning performance (e.g., Gray, 2003; Haebig et al., 2019;
Leonard, Karpicke, et al., 2019).

The children with TD were selected to resemble the
children with DLD in age, t(24) = 0.44, p = .667. They, too,
ranged in age from 48 to 71 months (M = 57.80, SD = 6.47).
Six were boys, and seven were girls. All children scored
above 87 on the SPELT-P 2 (M = 113.46, SD = 11.11).
Scores on the Kaufman Assessment Battery for Children,
Second Edition, averaged 112.00 (SD = 8.51). Years of
mothers’ education averaged 16.15 years (SD = 2.34). All
children passed a hearing screening. Children in the group
with TD were not administered the CARS-2, as all poten-
tial research participants for this group were prescreened
for parental concerns and were reported to have no lan-
guage or cognitive difficulties.

For comparison purposes, the children with TD were
also given both the EVT-2 (M = 114.92, SD = 11.52) and
the Peabody Picture Vocabulary Test–Fourth Edition
(M = 121.85, SD = 7.26). Not surprisingly, the children with
TD had significantly higher scores on these tests than the
children with DLD, ts(24) ≥ 3.78, ps < .001. A summary
of the test scores of both participant groups can be seen
in Table 1.

To gain a picture of how the children’s productions
of the novel words might relate to their phonological char-
acteristics, we also administered an 18-item short-sentence
repetition task. The items on this task tested the same con-
sonants and vowels, in the same word positions, as the novel
words. For example, corresponding to the novel word /jʌt/
(see below), there were items testing word-initial /j/ (“I
like you”), medial /ʌ/ (“Yuck, a bug!”), and word-final /t/
(“Wear a hat!”). Although developmental errors were ex-
pected, of special interest was the identification of any un-
usual productions (e.g., labial or velar assimilation) that
might help us better interpret the children’s novel word
productions. The items used in this sentence repetition task
are provided in the Appendix.
Materials and Procedure
The children learned six novel words, divided into

two sets of three words. In each set, two words were mono-
syllabic consonant–vowel–consonant (CVC) words and
one was a disyllabic word (CVCV or CVCVC). Together,
monosyllabic and disyllabic words constitute approximately
90% of the words that children hear between the ages of
2 and 6 years (Roark & Demuth, 2000). The novel words
were /fumi/, /jʌt/, /nɛp/, /tɛkət/, /bog/, and /paɪb/. The novel
words served as the names of exotic animals and plants
depicted in color photographs. These photographs, origi-
nally used by McGregor (2014), were among those used in
two of our previous studies (Haebig et al., 2019; Leonard,
Karpicke, et al., 2019). Each set was presented in a dif-
ferent learning condition. The words in the two sets were
matched on number of syllables, phonotactic probability
2763–2776 • August 2020
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Table 1. Mean standard scores (and standard deviations) on the standardized tests administered to the children
with developmental language disorder (DLD) and the children with typical language development (TD).

Variable

DLD
N = 13 (7 boys)

TD
N = 13 (6 boys)

Group
comparisonsM SD M SD

Age (months) 56.69 6.50 57.80 6.47 p = .667
Maternal education (years) 16.54 2.67 16.15 2.34 p = .699
SPELT-P 2 77.15 11.89 113.46 11.11 p < .001
KABC-II 103.62 13.52 112.00 8.51 p = .071
EVT-2 99.31 9.47 114.92 11.52 p < .001
PPVT-4 103.77 13.64 121.85 7.26 p < .001

Note. SPELT-P 2 = Structured Photographic Expressive Language Test–Preschool 2; KABC-II = Kaufman
Assessment Battery for Children, Second Edition; EVT-2 = Expressive Vocabulary Test, Second Edition; PPVT-4 =
Peabody Picture Vocabulary Test–Fourth Edition.
(average biphone frequency), and neighborhood density
based on the Storkel and Hoover (2010) database.

Each child participated in two learning conditions,
one providing more retrieval and less study (the “more
retrieval/less study” condition), the other providing more
study and less retrieval (the “more study/less retrieval” con-
dition). A different set of words was used for each condition.
For the first 12 children in each group, the two sets were
counterbalanced both for the condition to which they were
assigned and for the order in which they were presented.
For the remaining child in each group, the condition assign-
ment and order of presentation were selected at random.

Learning Phase
Each set of words was learned in two sessions, each

approximately 20 min in duration, held on consecutive
days. The first session was devoted entirely to the learning
phase with short breaks. The second session began with a
continuation of the learning phase for 10 min with short
breaks, followed by a longer (5-min) break and then testing,
which required 5 min or less (see below). The pictures of
the words to be learned, along with digitally recorded study
and retrieval trials, were presented via laptop computer.
The children were told they were going to learn some new
words for funny plants and animals. At the beginning of
each session, the children were given a sticker page featuring
familiar cartoon dogs about to embark on a path toward
a dish of treats. At regular intervals during the session, a
picture of dogs appeared on the computer screen, signaling
time for a sticker break. During these breaks, the children
could fill in segments of the path and see their progress. In
addition, during the retrieval-only and study-only phases
of the task, 5-s animated video clips were interspersed with
experimental trials to keep the children engaged.

Table 2 provides an example of the first session for
one of the sets. Although each set of words constituted
a different learning condition, the first session for each
set began in the same way, with a familiarization period
followed by the initial criterion period. During familiarization,
each word was initially introduced in a study trial. The
Downloaded from: https://pubs.asha.org Purdue University - Library on 09/07/
child saw the picture of the animal or plant and heard both
its name and what it “likes.” The association between an
animal or plant and what it likes was completely arbitrary,
and there was no visual information in the picture that
could serve as a cue to this association. An example is “This
is a /fumi/. It’s a /fumi/. A /fumi/ likes snow.” We refer to
the word itself as the “word form” and what the referent
likes as the “meaning.” Following the study trial, a retrieval
trial was presented, in which the picture reappeared on the
screen and the child heard the requests “What’s this called?
What do we call this?” After the child’s response, the mean-
ing was requested, as in “And what does this one like?
What does it like?” Regardless of the accuracy of the child’s
response, a study trial followed, which was identical to the
initial study trial.

After each word in the set proceeded through this
study trial–retrieval trial–study trial sequence, the initial
criterion period began. For this period, each word appeared
in a retrieval trial–study trial–retrieval trial sequence, with
the words alternating in random order except that the se-
quence for a word never appeared immediately after the
sequence for the same word. With this arrangement, each
sequence began with a spaced retrieval trial since one or
two other words intervened between the initial retrieval
trial of the sequence and the most recent study trial for the
same word (which appeared in an earlier sequence; see
Table 2). The second retrieval trial in each sequence was
an immediate retrieval trial, because it directly followed
a study trial. We established the criterion that a child had
to correctly retrieve the word form of each word for four
immediate retrieval trials. This was a criterion that all chil-
dren could meet. As just described, we also included spaced
retrieval trials during this initial criterion period because
our earlier work had found that it led to better retention
than immediate retrieval. Pilot work made it clear that not all
word forms would be correctly retrieved in a spaced retrieval
trial during this initial criterion period without significantly
extending this period with the risk of causing fatigue or frus-
tration on the part of the child. For this reason, we used the
number of different word forms correctly produced on a
Leonard et al.: More Retrieval Versus More Study 2767
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Table 2. An example of the first session.

I. Practice and familiarization

Novel word Trial type

tigera Study–retrieve
/nεp/ Study–retrieve–study
/fumi/ Study–retrieve–study
/jʌt/ Study–retrieve–study

II. Initial criterion period

Novel word Trial type: ”spaced”–study–“immediate” sequence Spaced retrieval Immediate retrieval

/fumi/ Retrieveb–study–retrievec +
/jʌt/ Retrieve–study–retrieve +
/nεp/ Retrieve–study–retrieve +
/jʌt/ Retrieve–study–retrieve +
/nεp/ Retrieve–study–retrieve + +
/fumi/ Retrieve–study–retrieve +
/jʌt/ Retrieve–study–retrieve +
/fumi/ Retrieve–study–retrieve +
/nεp/ Retrieve–study–retrieve + +
/fumi/ Retrieve–study–retrieve + +
/nεp/ Retrieve–study–retrieve + +
/jʌt/ Retrieve–study–retrieve +

Practice score = 2 Criterion met

III. Short break and refresher

Novel word Trial type: ”spaced”–study–“immediate” sequence

/fumi/ Retrieve–study–retrieve
/jʌt/ Retrieve–study–retrieve
/nεp/ Retrieve–study–retrieve

IV. Division into separate conditions: more retrieval or more study

Novel word Trial type

/fumi/ Retrieve only or study only
/jʌt/ Retrieve only or study only
/nεp/ Retrieve only or study only
/jʌt/ Retrieve only or study only
/nεp/ Retrieve only or study only
/fumi/ Retrieve only or study only
/jʌt/ Retrieve only or study only
/fumi/ Retrieve only or study only
/nεp/ Retrieve only or study only
Continue…

Note. In this example, in the initial criterion period, the child met the criterion of four correct retrieval trials for each novel word in an immediate
retrieval trial and could proceed to the retrieval-only or study-only phase. The child also successfully retrieved two different novel words (/nɛp/
and /fumi/) in a spaced retrieval trial during the initial criterion period. This number (2) served as a covariate in the data analysis. + = correct.
aA real word was used as the first item to ensure that the child understood the task. bA spaced retrieval trial during the initial criterion period.
The number of different novel words retrieved during this period served as a covariate. cAn immediate retrieval trial during the initial criterion
period. Each novel word had to be correctly retrieved 4 times on this type of trial before proceeding to the retrieval-only or study-only phase.
spaced retrieval trial during this initial criterion period as
a covariate for the word form recall test, the meaning recall
test, and the recognition test. This covariate was a measure
of the children’s early success with recalling the word forms
before the words appeared in separate conditions and was
therefore needed as a control in order to more accurately
gauge the differences between more retrieval/less study and
more study/less retrieval. (During the initial criterion period,
the children were also asked for each word’s meaning in
both spaced and immediate retrieval trials. However, even
for spaced retrieval trials, errors on meaning were extremely
2768 Journal of Speech, Language, and Hearing Research • Vol. 63 •
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rare [97% correct]. With an extremely narrow range, these
scores were not statistically associated with the children’s
meaning recall test scores and were therefore not suitable
as a covariate.) Because each set represented a different
learning condition, the number of word forms correct on
a spaced retrieval trial in the initial criterion period was
computed separately for each set. The statistical approach
used to compare learning conditions accommodated sep-
arate covariate scores for each set.

Once the child met the criterion of four correct word
form responses in immediate retrieval trials for each word,
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a brief break was taken. Then one additional retrieval trial–
study trial–retrieval trial sequence for each word was com-
pleted as a “refresher” before continuing. The remainder
of the session was devoted to either study-only trials or
retrieval-only trials, depending on the condition that had
been assigned to that set. These trials were identical to the
study and retrieval trials used in the initial criterion pe-
riod. There were four study-only or retrieval-only trials
for each word on the first day. Again, words appeared in
random order, except that the same word never appeared
consecutively.

The session held on the second day began with a
“refresher”—a single retrieval trial–study trial–retrieval
trial sequence for each word. Then, each word appeared
in five study-only or retrieval-only trials, depending on
the condition. In total, counting all trials, including the
familiarization period, the initial criterion period, and the
“refresher” period, all words regardless of condition had
at least eight study trials, seven immediate retrieval trials,
and six spaced retrieval trials for each word. The words
in the two conditions differed in either having nine addi-
tional study (only) trials or nine additional retrieval (only)
trials per word.

Testing
The child had a 5-min break after the final study-

only or retrieval-only trial of the second session and then
was given a recall test. We refer to this test as the “5-min”
recall test. Each word was tested twice in random order,
though the same word was never tested in two consecutive
items. The items were identical to the retrieval trials, with
digitally presented audio and video presented via laptop
computer. The children’s responses were audio-recorded.

One week later, the child was again administered the
recall test (referred to as the “1-week” recall test). The
child was then given a form-referent link recognition test
(referred to here as simply the “recognition test”). For this
test, each item consisted of three pictures on the laptop com-
puter screen (the target picture and the pictures of the other
two referents in the set), and the child heard the audio-
recorded request “Which one is the (e.g., /fumi/)? Where’s
the (e.g., /fumi/)?” Each word form was tested twice with
no word appearing twice in a row. The recognition test
was administered after the recall test to avoid having the
children hear each novel word (as occurs during recogni-
tion testing) prior to being asked to recall it.

Scoring and Reliability
Scoring of the children’s word form responses on the

5-min and 1-week tests involved several steps. First, the
response could not resemble a real word that could be a
reasonable (though incorrect) real name for the referent (e.g.,
“squirrel”). Second, the response met the subjective crite-
rion of being a plausible attempt at the correct word form.
In making this judgment, we also consulted the children’s
productions in the 18-item short-sentence repetition task in
case there were unusual errors that we should take into
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consideration when interpreting the children’s novel word
productions (e.g., labial assimilation, metathesis). With the
exception of one child who exhibited considerable initial
consonant omission, unusual errors were not seen. Next, if
the word appeared to be a plausible attempt at the novel
word, we applied the scoring method created by Edwards
et al. (2004). For each consonant, 1 point each was credited
for correct place, manner, and voicing. For each vowel,
1 point each was credited for correct height, length, and
backness. One additional point was given for correct sylla-
ble shape (e.g., CVC). For example, the response /fupi/ for
the correct form /fumi/ would be scored as 3 + 3 + 1 + 3 +
1 = 11, as the second consonant received only 1 point for
place. This score was then compared to the score earned if
we assumed that the response was actually an attempt at
one of the other word forms in the study. For example, if
treated as an attempt at /nɛp/, the response /fupi/ would
earn a total score of 3, with points awarded only because
the second consonant, /p/, matched that of the correct word
form. If the points awarded to the presumed correct re-
sponse were higher than the points awarded to all other
novel word forms, it was considered correct.

The scoring of meaning did not require a phonetic
scoring system. Although responses were sometimes pho-
netically inaccurate (e.g., /wen/ for “rain”), they were read-
ily interpretable. However, during the learning period, two
children in the DLD group unexpectedly seemed confused
by the questions “And what does this one like? What does
it like?” (even in immediate retrieval trials) and provided
the word form instead of what the plant or animal liked.
It seemed possible that they had difficulty with “does” in
the questions and interpreted the questions as “What is this
one like? What is it like?” (In two previous studies employ-
ing the same questions, we had never encountered this is-
sue.) For this reason, data from these two children were
excluded from the analysis for meaning recall. Their data
were included in all other analyses. Correct responses were
credited on the recognition test if the child pointed to the
correct picture. Self-corrections were allowed when they
were immediate.

To assess interjudge reliability, two of the investiga-
tors independently scored the 5-min and 1-week word form
recall test responses of eight children—four from each par-
ticipant group. Scoring of each response was correct or
incorrect using the criteria described above. For responses
that were phonetically inaccurate but plausible attempts at
the correct novel word, the independent scorers applied the
Edwards et al. (2004) scoring method to determine if the
response met the criteria for being regarded as a correct
response. Item-to-item interscorer agreement for judging
responses as correct or incorrect was 100%.

Data Analysis
Separate analyses were conducted for the number of

correct items on the word form recall, meaning recall, and
recognition tests. For each of these measures, a series
of mixed-effects models was estimated, using a random
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Table 3. The unconditional means (and standard deviations) for
word form recall, meaning recall, and recognition by the children
with developmental language disorder (DLD) and those with typical
language development (TD) in the more retrieval/less study condition
and the more study/less retrieval condition.

Variable

More retrieval/
less study

More study/
less retrieval

5 min 1 week 5 min 1 week

Form
DLD 3.23 3.77 1.77 2.31

(2.20) (2.13) (1.92) (1.84)
TD 3.92 3.62 2.85 3.62

(1.75) (1.89) (1.68) (1.66)
Meaning
DLD 5.55 5.36 4.64 4.82

(0.82) (1.29) (1.86) (2.04)
TD 5.69 5.77 5.54 5.77

(0.75) (0.83) (1.39) (0.60)
Recognition
DLD 7.62 7.23

(2.33) (2.17)
TD 8.54 8.08

(1.39) (1.66)

Table 4. The main effects model for word form recall with the
covariates included (26 participants and 104 observations).

Fixed effects b 95% CI bstd p

Group (DLD vs. TD) −0.03 −1.33 1.26 −0.02 .962
intercept at the child level with repeated measures nested
within a child. There were four repeated observations per
child totaling 104 observations for word form recall and
96 observations for meaning recall due to two fewer partici-
pants. There were two repeated observations per child
totaling 52 observations for the recognition analysis. Ran-
dom slopes for learning condition and time were included if
they did not approximate zero. For word form recall and
meaning recall outcomes, models included participant group
(DLD vs. TD), learning condition (more retrieval/less study
vs. more study/less retrieval), and time (5 min vs. 1 week).
For recognition, only participant group and learning condi-
tion were included, as this test was administered only at the
1-week mark. For all outcomes, we employed models with
and without the covariates of maternal education, EVT-2
standard scores, and practice scores (number of word forms
successfully retrieved in a spaced retrieval trial during the
initial criterion period; range: 0–3 for each set). For the
analyses for meaning recall and recognition, bootstrapped
standard errors (with 500 replicates) were used because the
outcomes for these measures were highly left-skewed. For
each outcome, the random slope for learning condition was
relevant in all models, suggesting that the learning condi-
tion effect varied across children. We estimated main effects
models and models with two- and three-way interactions
among the three primary study variables of participant
group, learning condition, and time (with and without co-
variates). We present here main effects models and models
that include interactions that were statistically and sub-
stantively relevant. Both the random effects and the Level 1
variance–covariance structures were independent for all
models. Effect sizes are reported as partially standardized
beta coefficients (bstd), which are comparable to Cohen’s
d, except they represent conditional, standardized mean
differences conditioned on the other variables in the model.

Although the order of sets was counterbalanced, we
ran preliminary analyses to ensure that set order was nei-
ther significant nor interacting with the other factors. This
proved to be the case. All ps were nonsignificant.
Condition (MR vs. MS) 1.09 0.45 1.74 0.56 .001
Time (1 wk vs. 5 min) 0.38 0.04 0.73 0.20 .030
Covariates
EVT-2 0.00 −0.05 0.04 0.00 .878
Mother’s education −0.03 −0.27 0.21 −0.01 .814
Practice score 1.23 0.80 1.66 0.63 .000
Intercept 1.58 −3.86 7.02 −0.79 .570

Random effects σ2

Condition 2.00 0.87 4.61
Intercept 1.05 0.45 2.48
Level 1 residual 0.82 0.53 1.27

Note. The unconditional model random effect variance was 1.35
[0.59, 3.09], and Level 1 residual variance was 2.56 [1.87, 3.50].
bstd are partially standardized coefficients where the outcome is in
standard deviation units. CI = confidence interval; DLD = children
with developmental language disorder; TD = age-matched children
with typical language development; MR = more retrieval/less study
condition; MS = more study/less retrieval condition; 1 wk = recall test
administered 1 week after the second learning session; 5 min =
recall test administered 5 min after the second learning session;
EVT-2 = Expressive Vocabulary Test–Second Edition.
Results
A summary of the children’s accuracy on the word

form recall, meaning recall, and recognition tests can be
seen in Table 3. Values are unconditional means (with stan-
dard deviations) for the number of items correct.

Word Form Recall
The most appropriate model for word form recall was

the main effects model with covariates, shown in Table 4.
A moderate to large effect was seen for learning condition,
such that test scores for the more retrieval/less study condi-
tion were 1.09 points higher, on average, than those for
more study/less retrieval (p = .001). (Mean percentages
correct for the two conditions were 60.57% and 43.91%, re-
spectively.) A small effect was also seen for time, with scores
at 1-week testing 0.38 points higher than at 5 min (p = .030).
2770 Journal of Speech, Language, and Hearing Research • Vol. 63 •
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(Mean percentages correct were 55.45% and 49.00% cor-
rect, respectively.) Participant group showed no effect in
the model with covariates. In the model without covariates,
the children with TD had 1.12 (p = .07) higher value, on
average, compared to the children with DLD. There were
no statistically significant two-way interactions; likewise,
the three-way interaction was not statistically significant. In
Table 4, it can be seen that the covariate of practice score
was statistically significant. This score is the number of words
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Table 5. The main effects model for meaning recall with the covariates
included (24 participants and 96 repeated observations).

Fixed effects b 95% CI bstd p

Group (DLD vs. TD) −0.16 −1.29 0.98 −0.12 .787
Condition (MR vs. MS) 0.42 0.03 0.81 0.32 .037
Time (1 wk vs. 5 min) 0.08 −0.25 0.42 0.06 .624
Covariates
EVT-2 0.00 −0.04 0.04 0.00 .887
Mother’s education −0.04 −0.23 0.15 −0.03 .675
Practice score 0.99 0.22 1.77 0.77 .012
Intercept 2.83 −1.68 7.34 .219

Random effects σ2

Condition 0.36 0.04 3.60
Intercept 0.41 0.10 1.69
Level 1 residual 0.64 0.36 1.15

Note. The unconditional model random effect variance was 0.77
[0.32, 1.87], and Level 1 residual variance was 0.91 [0.43, 1.93].
bstd are partially standardized coefficients where the outcome is in
standard deviation units. CI = confidence interval; DLD = children
with developmental language disorder; TD = age-matched children
with typical language development; MR = more retrieval/less study
condition; MS = more study/less retrieval condition; 1 wk = recall
test administered 1 week after the second learning session; 5 min =
recall test administered 5 min after the second learning session;
EVT-2 = Expressive Vocabulary Test, Second Edition.
correct on a spaced retrieval trial in the initial criterion pe-
riod. This means that the practice scores and later recall test
scores were related (the higher the practice score, the better
the outcome). However, and importantly, this relationship
had no bearing on the differences between the two learn-
ing conditions, as this comparison was conditioned on the
covariate scores. Figure 1 provides an illustration of the
key findings. (We note here that both learning condition
[bstd = 0.51, p = .02] and time [bstd = 0.20, p = .03] also
showed an effect in the model without the covariates.)

The scoring system for word form allowed for pho-
netic errors in the children’s recall productions. For example,
the phonetically inaccurate productions /funi/ and /fupi/
would both be regarded as a correct attempt at the novel
word /fumi/, yet /funi/ would earn a score of 12, whereas
the score for /fupi/ would be 11. As a supplemental analysis,
we computed the children’s mean percentage of possible
points earned for recall test responses that were judged to
be correct attempts at the novel word. On this measure
of phonetic accuracy, there was a trend toward higher per-
centages for the children with TD (M = 93.54, SD = 7.63)
than for the children with DLD (M = 84.96, SD = 18.26),
though this difference was not significant, and no other dif-
ferences were seen for this measure.
Table 6. The model for the group by learning condition interaction
for meaning recall with the covariates included (24 participants and
96 repeated observations).
Meaning Recall
Table 5 shows the main effects model with covariates

for meaning recall. There was a moderate effect for learning
condition, where scores for the more retrieval/less study con-
dition were 0.42 points higher than scores for the more
study/less retrieval condition (p = .037). (Corresponding per-
centages correct were 93.40% and 87.15%, respectively.)
There were no other main effects. Again, the covariate of
Figure 1. The (unconditional) mean word form recall scores showing
differences according to learning condition and time. More retrieval =
more retrieval/less study condition; More study = more study/less
retrieval condition; 5 min = recall test administered 5 min after the
second learning session; 1 week = recall test administered 1 week
after the second learning session. Error bars are standard errors.
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practice score was statistically significant but did not influ-
ence the learning condition difference. (The main effects
model without covariates also showed an effect for learning
condition [bstd = 0.29, p = .04]. Although participant group
Fixed effects b 95% CI bstd p

Group (DLD vs. TD) −0.41 −1.58 0.76 .493
Condition (MR vs. MS) 0.08 −0.42 0.58 .762
Time (1 wk vs. 5 min) 0.08 −0.26 0.43 .639
Two-way interaction
Group × Cond 0.74 −0.03 1.51 0.58 .060

Covariates
EVT-2 0.00 −0.04 0.04 .905
Mother’s education −0.03 −0.21 0.15 .744
Practice score 1.00 0.22 1.78 .012
Intercept 2.80 −1.73 7.34 .226

Random effects σ2

Condition 0.24 0.01 5.56
Intercept 0.36 0.09 1.55
Level 1 residual 0.67 0.11 4.07

Note. The unconditional model random effect variance was 0.77
[0.32, 1.87], and Level 1 residual variance was 0.91 [0.43, 1.93].
bstd are partially standardized coefficients where the outcome is in
standard deviation units. CI = confidence interval; DLD = children
with developmental language disorder; TD = age-matched children
with typical language development; MR = more retrieval/less study
condition; MS = more study/less retrieval condition; 1 wk = recall
test administered 1 week after the second learning session; 5 min =
recall test administered 5 min after the second learning session;
Cond = learning condition; EVT-2 = Expressive Vocabulary Test,
Second Edition.
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Figure 2. The (unconditional) mean meaning recall scores showing
differences according to learning condition for the children with
developmental language disorder (DLD) but not the children with
typical language development (TD). More retrieval = more retrieval/
less study condition; More study = more study/less retrieval condition;
Error bars are standard errors.
showed no effect in the model with covariates, there was an
effect before covariates were applied [bstd = 0.55, p = .01].)

Although the main effects model with covariates
was suitable, we also include the model shown in Table 6
(with covariates), which reveals that one of the two-way
interactions—that of participant group by learning condition
—showed a moderate to large effect (bstd = 0.58), in spite
of p = .060. No other interactions were statistically sig-
nificant. In Table 7, it can be seen that the participant
group by learning condition effect was largely driven by
the children with DLD. For the children with DLD, the
mean percentage correct for the more retrieval/less study
condition was 91%, whereas it was 79% for the more study/
less retrieval condition. For the children with TD, these
means were 96% and 94%, respectively. This pattern is
illustrated in Figure 2.

Recognition
Recognition scores were relatively high for both

learning conditions (more retrieval/less study M = 88%;
more study/less retrieval M = 85%), and no difference
was found in any model. Likewise, learning condition did
not interact with participant group. Although participant
group showed a difference in the main effects model with-
out covariates (TD M = 92%; DLD M = 80%; bstd = 0.58,
p = .01), this effect was reduced and less statistically reli-
able in the model that included the covariates (bstd = 0.43,
p = .18).

Discussion
Before discussing the major questions behind this

study, we note here those details of the results that corrob-
orate the findings of our previous studies and those of other
investigators. An especially reliable finding—replicated in
this study—is that retention from 5-min testing to 1-week
testing was extremely stable in both groups of children.
This was seen in each of our three previous studies (Haebig
et al., 2019; Leonard, Deevy, et al., 2019; Leonard, Karpicke,
et al., 2019) and in the study of young adults by McGregor
et al. (2017). Indeed, in this study, word form recall was
actually better at the later time point. Because this stability
Table 7. The simple effects for the group by learning condition
interaction for meaning recall.

Interaction b 95% CI bstd p

DLD vs. TD for MS condition −0.41 −1.58 0.76 −0.32 .493
DLD vs. TD for MR condition 0.33 −0.59 1.26 0.26 .481
MR vs. MS for TD group 0.08 −0.42 0.58 0.06 .762
MR vs. MS for DLD group 0.82 0.24 1.40 0.64 .005

Note. bstd are partially standardized coefficients where the outcome
is in standard deviation units. CI = confidence interval; DLD = children
with developmental language disorder; TD = age-matched children
with typical language development; MR = more retrieval/less study
condition; MS = more study/less retrieval condition.
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has been seen in all learning conditions evaluated in these
studies, we do not ascribe it to repeated spaced retrieval in
particular. Rather, we believe it is a characteristic of the
children—DLD and TD. Using procedures such as we have
used, if children can recall the information immediately
after the second learning session, they can retain it over the
next week. We find no evidence of forgetting within that
time frame.

Another consistent finding corroborated in this study
is that children can acquire and retain the “meanings” of
novel words (e.g., likes rain) more readily than the word
forms themselves (e.g., /fumi/). These meanings were ar-
bitrarily assigned to the referents with no visual cues as
to their association. However, the fact that the meanings
were known words (e.g., rain, birds) probably made the
association less difficult. Note especially that the associa-
tion to be learned was that between the meaning and the
visual referent. This association could be learned without
knowing the word form.

A third finding consistent with our earlier work is that
the learning condition effect size for meaning (see Table 5)
was smaller than the learning condition effect size for word
form (see Table 4). This could be due in part to the overall
higher scores for meaning, constraining the magnitude of
the differences between the two conditions.

Also consistent with much of our earlier work was
the absence of a relationship between the children’s stan-
dardized vocabulary test scores and their scores on the
word form recall, meaning recall, and recognition tests.
The one exception was seen in our earlier study on adjec-
tive learning where a p level of .050 was seen (Leonard,
Deevy, et al., 2019). There are probably several interacting
reasons why this relationship is relatively weak. Vocabulary
tests tend to reflect meaning-based knowledge accumulated
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over considerable stretches of time with no control over the
degree to which performance is affected by degree of prior
experience. In contrast, in our studies, children had a tightly
controlled degree of exposure over a more concentrated
time with equal emphasis on word form and meaning.

As in our previous studies, we expected generally
higher scores for the children with TD than for the children
with DLD, yet once again such differences were limited.
For word form recall, no group differences were seen in
any model. For meaning recall and recognition, differences
favoring the children with TD were seen, but only before
the covariates were applied. Why were there so few differ-
ences between these two groups of children?

We considered participant selection as one possible
explanation for finding relatively few group differences.
For example, it could be argued that, because our partici-
pants with DLD averaged within ± 1 SD of the mean on
the standardized vocabulary tests, they represented a “mild”
form of DLD, at least in vocabulary skill. This is possible.
We did not use standardized vocabulary test scores as part
of the selection criteria. Children were not required to score
above or below a certain level on these tests to be included
in the DLD group. In principle, children with DLD with
much lower vocabulary test scores could have been included.
Note also that our children with TD in this and other studies
tended to average well above the mean on these standard-
ized vocabulary tests. Accordingly, the high standardized
vocabulary test scores of the children with TD might have
been expected to ensure a group difference in recall even
if the children with DLD showed standardized test scores
in the average range.

Regarding word form recall, in our three previous
studies, only a single comparison—of 5-min recall scores—
revealed better recall by the children with TD than by the
children with DLD (Haebig et al., 2019). We can only spec-
ulate as to why group differences in word form recall have
been in such short supply. First, in all of our studies, the
phonetic accuracy of words judged to have been recalled
correctly has been somewhat greater for the children with
TD. Thus, our word form recall measures might have
reflected whether the children had sufficient recall of the
correct word forms to attempt their production, but they
were too imprecise to capture finer grain differences be-
tween the two groups of children.

Another possibility is that our inclusion of what each
word’s referent “likes” prompted some of the children to
focus more on meaning than on form, and this tendency
was more prevalent in the children with TD. Such a ten-
dency might result in word form recall scores that under-
estimated these children’s actual ability.

With regard to meaning recall and recognition, in
one of our two previous studies employing these measures,
the children with TD had higher scores than the children
with DLD (Haebig et al., 2019). The design of that study
did not require practice scores as covariates. In the other
study employing these measures, our failure to find group
differences appeared to be due to ceiling effects; scores
were high for both groups of children (Leonard, Karpicke,
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et al., 2019). If we consider the role played by the practice
scores in this study, our findings for meaning recall and
recognition might be more in line with those of Haebig
et al. (2019) than those of Leonard, Karpicke, et al. (2019).
Because the major focus of this study was the compari-
son between more retrieval/less study and more study/less
retrieval, it was crucial to place these two conditions on
equal footing before the retrieval-only versus study-only
phases began. The practice score covariate served this pur-
pose quite well. However, this covariate also served to take
into account a potential difference between the two groups
of children prior to the experimental manipulation. Indeed,
in the models without the covariate, the meaning recall and
recognition scores of the children with TD were higher than
those of the children with DLD. Our finding of no group
difference was the result of the application of the covariates.

Despite the limited findings of group differences, we
do not believe the two groups were similar in their word
learning skills. First, studies by other investigators point
to word encoding as an area of DLD vulnerability (Alt &
Plante, 2006; Bishop & Hsu, 2015; McGregor et al., 2017).
This aspect of word learning was not a focus of this study.
The numerical difference we found between the two groups
in phonetic accuracy suggests that the children with DLD
had weaker encoding skills than their peers, but our princi-
pal measures were learning over 2 days and 1 week later—
durations that may have permitted processes that were
more intact in these children to have some compensatory
effects. Second, the number of novel words to be learned
was based on our pilot data, suggesting that two sets of
three to six words each were sufficient to show differences
according to learning condition. The number of words was
not chosen with an eye toward finding differences accord-
ing to participant group. If instead we had used, say, eight
to 10 novel words per set, the increased number of words
might have been a greater burden for children with DLD
than for children with TD, resulting in significant group
differences.

The principal finding of this study was that word
learning and retention were facilitated when there were ad-
ditional retrieval opportunities after earlier successful re-
trieval. Furthermore, this advantage occurred even when
no additional study trials were presented; only the partici-
pants in the comparison condition were able to hear the
words after the initial period. This represents a stringent
test of the advantages of additional retrieval.

Although the more retrieval/less study condition re-
sulted in better recall than the more study/less retrieval
condition, we suspect that the magnitude of this difference
would have been even greater if each child had successfully
retrieved all words in the spaced retrieval trials during the
initial criterion period. In the Karpicke and Roediger (2008)
study with college student participants, all words were
eventually retrieved successfully during the initial criterion
period. In that study, 1-week recall scores were more than
twice as high in the more retrieval/less study condition than
in the more study/less retrieval condition. In our study, the
words not retrieved successfully in spaced retrieval during
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the initial criterion period created an advantage for the more
study/less retrieval condition. Specifically, words in the more
retrieval/less study condition that had not been successfully
retrieved in spaced retrieval trials during the initial crite-
rion period were treated no differently than words that
had been retrieved; they were never heard again. Some of
these words were nevertheless correct during the subsequent
retrieval-only trials, no doubt aided by the fact that they
had been retrieved 4 times in the initial immediate retrieval
trials. However, this was not true for other words in this
condition. In contrast, words in the more study/less retrieval
condition continued to be heard during the study-only tri-
als even if they had never been successfully retrieved in
a spaced retrieval trial during the initial criterion period.
Note that our covariate could not control for this differ-
ence; it could only control for any differences between
the conditions in the number of words correctly retrieved
in the spaced retrieval trials during the initial criterion period.

The results of this study provided a possible explana-
tion for an observation we have consistently made in our
earlier studies (Haebig et al., 2019; Leonard, Deevy, et al.,
2019; Leonard, Karpicke, et al., 2019). In those studies, we
noted that words correctly retrieved early in the learning
period were almost always recalled on the final tests. For
words correctly retrieved only toward the end of the learn-
ing period, correct recall on the final tests was much less
certain. This difference gave the impression that the final
outcome hinged on whether a child “got it” from the very
beginning. However, this view ignored the fact that words
correctly recalled in early trials continued to appear in re-
trieval trials throughout the learning period. Therefore, they
were retrieved much more frequently than the words that
were correctly retrieved only toward the end of the learning
period. It seems likely that the process of repeated retrieval
further strengthened the earlier retrieved words, making
their successful outcome even more likely.

This study served primarily as a “proof of concept.”
Previous studies have compared repeated retrieval with
repeated study, and in those studies, the repeated retrieval
condition provided not only multiple retrieval opportunities
but also the same number of study trials as the repeated
study condition. In this study, we found that repeated re-
trieval can be relatively successful even with a reduction
in the number of study trials. In fact, this was true even
when the comparison (more study/less retrieval) condition
provided children with some initial practice with spaced
retrieval. We were especially encouraged that these findings
applied to both groups of children. In fact, for meaning
recall, the children with DLD appeared to benefit more
from the more retrieval/less study condition than did the
children with TD. These findings suggest that, despite their
likely weaker lexical skills, children with DLD can learn
new words with the same balance of retrieval and study
opportunities as their typically developing peers.

Although these findings are encouraging, the proce-
dures used were not ideal. We had hoped that successfully
retrieving each word 4 times in initial immediate retrieval
trials would create an equivalent starting point before the
2774 Journal of Speech, Language, and Hearing Research • Vol. 63 •
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words branched into either the retrieval-only phase or the
study-only phase. Knowing that spaced retrieval provides
even greater benefits than immediate retrieval, we included
these trials as well during the initial criterion period for
added preparation. Unfortunately, success with the spaced
retrieval trials during the initial criterion period was not
uniform. Our use of the covariate statistically controlled for
any differences between the two conditions in this regard.
Nevertheless, in both conditions, there were words that
were never successfully retrieved during the spaced retrieval
trials of the initial criterion period, and these were the least
likely to be recalled during the final tests. We need to de-
velop procedures that ensure that all words can be retrieved
in spaced retrieval at an earlier point in the learning process.

The findings of this study join those of earlier stud-
ies in providing motivation to continue careful study of
the contributions of repeated spaced retrieval to children’s
word learning. Through further refinement in the laboratory,
we hope to reach the point of translating the procedures
into more practical learning activities, with the eventual
goal of providing children with a more effective and efficient
means of learning new words.
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Appendix

Sentence Repetition Task
Underlined segments reflect the principal phoneme of interest.
I like you.
Wear a hat.
See my nose?
A treasure map.
That’s funny.
My mommy.
Fly a kite.
Use the soap.
Pop a bubble.
A spider has a web.
I have one dollar.
See my tummy?
I hear the geese.
Yuck, a bug.
Eat a cookie.
The pig is fat.
I have a pocket.
I hear the music.
Mommy wears makeup.
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