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Retrieval-Based Word Learning in Young
Typically Developing Children and Children
With Development Language Disorder li:
A Comparison of Retrieval Schedules

Eileen Haebig,? Laurence B. Leonard,® Patricia Deevy,’ Jeffrey Karpicke,” Sharon L. Christ,’
Evan Usler,>® Justin B. Kueser,® Sofia Souto,® Windi Krok," and Christine Weber®

Purpose: Retrieval practice has been found to be a powerful
strategy to enhance long-term retention of new information;
however, the utility of retrieval practice when teaching young
children new words is largely unknown, and even less is
known for young children with language impairments. The
current study examined the effect of 2 different retrieval
schedules on word learning at both the behavioral and neural
levels.

Method: Participants included 16 typically developing children
(M+p = 61.58 months) and 16 children with developmental
language disorder (Mp_p = 59.60 months). Children participated
in novel word learning sessions in which the spacing of retrieval
practice was manipulated: Some words were retrieved only
after other words had been presented (i.e., repeated retrieval
that required contextual reinstatement [RRCRY]); others were
taught using an immediate retrieval schedule. In Experiment 1,
children’s recall of the novel word labels and their meanings
was tested after a 5-min delay and a 1-week delay. In
Experiment 2, event-related brain potentials were obtained

from a match—mismatch task utilizing the novel word
stimuli.

Results: Experiment 1 findings revealed that children were
able to label referents and to retain the novel words more
successfully if the words were taught in the RRCR learning
condition. Experiment 2 findings revealed that mismatching
picture—word pairings elicited a robust N400 event-related
brain potential only for words that were taught in the
RRCR condition. In addition, children were more accurate
in identifying picture—word matches and mismatches

for words taught in the RRCR condition, relative to the
immediate retrieval condition.

Conclusions: Retrieval practice that requires contextual
reinstatement through spacing results in enhanced word
learning and long-term retention of words. Both typically
developing children and children with developmental language
disorder benefit from this type of retrieval procedure.
Supplemental Material: https://doi.org/10.23641/asha.
7927112

#Louisiana State University, Baton Rouge

Purdue University, West Lafayette, IN

“Boston University, MA

9MGH Institute of Health Professions, Boston, MA
“Butler University, Indianapolis, IN

"The George Washington University, Washington, DC

Correspondence to Eileen Haebig: ehaebigl @lsu.edu

Editor-in-Chief: Sean Redmond

Editor: Lizbeth Finestack

Received February 25, 2018

Revision received July 5, 2018

Accepted November 6, 2018
https://doi.org/10.1044/2018_JSLHR-L-18-0071

Publisher Note: This article is a companion to Leonard et al.,
“Retrieval-Based Word Learning in Young Typically Developing
Children and Children With Developmental Language Disorder I:
The Benefits of Repeated Retrieval,” https://doi.org/10.1044/
2018_JSLHR-L-18-0070

hildren with developmental language disorder

(DLD) experience language difficulties that can-

not be attributed to hearing loss, intellectual dis-
ability, or other neurodevelopmental disorders (Tomblin
et al., 1997). In the literature, children with DLD often
have been referred to as children with specific language
impairment. Although language profiles within DLD can
be heterogeneous, word learning difficulties have been
well documented (Gray, 2004; Haebig, Saffran, & Ellis
Weismer, 2017; Kan & Windsor, 2010; Oetting, Rice,
& Swank, 1995). Given this, it is important to develop
evidence-based clinical practices to optimally teach words
to children with DLD. These techniques should be based
on current learning theory. Such approaches are supported
by previous research and have the potential to help us
advance our theoretical and clinical understanding of learning
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in children with atypical development. The current study
presents behavioral and neural findings from a larger project
examining the effectiveness of retrieval practice on word
learning in preschool children with DLD.

Although there have been a fair number of studies
examining word learning in children with DLD, there is
a sparsity of word learning interventions to guide clinical
practice (Storkel, Voelmle, et al., 2017). Evidence-based
word learning procedures include interactive book reading
(Justice, Meier, & Walpole, 2005; Storkel, Komesidou,
Fleming, & Swinburne Romine, 2017; Storkel, Voelmle,
et al., 2017) and cross-situational statistically based word
learning (Alt, Meyers, Oglivie, Nicholas, & Arizmendi, 2014).
These word learning interventions are still in their infancy and
have not all been tested in preschool-age children with DLD.
One clinical trial examined an interactive book reading inter-
vention that targeted word learning in school-age children with
DLD (Storkel, Komesidou, et al., 2017; Storkel, Voelmle,
et al., 2017). In addition, one efficacy study has examined the
effectiveness of a cross-situational statistically based word
learning intervention for late-talking toddlers (Alt et al., 2014).

Although it is important to examine the effects of
these interventions across different developmental stages,
it is particularly necessary to study their effectiveness in
preschool-age children with DLD. Language impairments
are most frequently diagnosed during the fourth and fifth
years of life (Leonard, 2014). Furthermore, early deficits in
word knowledge often do not resolve with development
but instead persist into early adulthood (Rice & Hoffman,
2015). This is notable because word knowledge is a key pre-
dictor of reading and academic success (Catts, Fey, Tomblin,
& Zhang, 2002; Lucas & Norbury, 2015; Ouellette, 2006;
Quinn, Wagner, Petscher, & Lopez, 2015). Furthermore,
word knowledge is associated with social development, with
low vocabulary knowledge being linked to low popularity
with peers (Gertner, Rice, & Hadley, 1994). Given the
strong evidence for early intervention, it is important that
we carefully target skills that have been found to be highly
associated with positive child outcomes.

Notably, although we have begun to see the promise
of the intervention approaches mentioned above, these
interventions focus on manipulating the input that children
receive during word learning opportunities. In contrast,
there also has been promising research that emphasizes
the importance of retrieving recently taught information to
facilitate learning and longer term retention (Karpicke &
Roediger, 2008; Landauer & Bjork, 1978). For instance,
Karpicke, Blunt, and Smith (2016) documented that
retrieval-based practice yielded robust learning in typically
developing (TD) school-age children, regardless of child
abilities in reading comprehension and processing speed.
In addition, Goossens, Camp, Verkoeijen, Tabbers, and
Zwaan (2014) demonstrated that retrieval practice was more
effective than study and elaborative restudy for word learn-
ing in school-age children. According to Karpicke and
Blunt (2011), the act of retrieval is believed to enhance learn-
ing instead of merely prompting a report of the knowledge
that has been encoded during teaching.

However, all acts of retrieval are not the same. Learn-
ing seems most successful when retrieval requires “contex-
tual reinstatement” (Karpicke, Lehman, & Aue, 2014).
That is, when retrieving a recently taught item, one attempts
to reconstruct the learning context. Each successful retrieval
allows individuals to update the context representation,
resulting in an enhanced representation that incorpo-
rates features of the prior learning context and the cur-
rent context of retrieval (Karpicke et al., 2014; Lehman,
Smith, & Karpicke, 2014). This repeated retrieval process
allows an individual to develop an enriched context rep-
resentation, wherein the features of the item are stored
together with features of the unfolding temporal context,
which includes the learning context and subsequent study
or experience. The more features that are available in the
context representation, the more restricted the search set
is; thus, the representation can more effectively cue future
retrieval.

Research also has indicated that the specific retrieval
schedule can influence the effectiveness of retrieval prac-
tice. Karpicke and Bauernschmidt (2011) found that varying
the relative spacing in schedules (e.g., gradually increasing
the spacing between retrieval trials) had no impact on reten-
tion; however, absolute spacing mattered. That is, when
additional items intervened between retrieval opportunities,
a greater benefit was seen for retention. According to the
context-based account, the more the context has changed
since last retrieval (quantified by number of intervening
items), the more likely that new features will be added to
the context representation. As previously described, these
additional features increase the effectiveness of the context
cues. In contrast, immediate retrieval practice schedules,
which require little to no contextual reinstatement, show
little retention benefit. Although these retrieval studies
have been promising, our understanding of the retention
benefits of this procedure—referred to here as repeated
retrieval with contextual reinstatement (RRCR)—is limited,
especially in preschool children, with typical and atypical
language development. To our knowledge, only one study
has examined the benefits of RRCR on word learning in
TD preschool children (Fritz, Morris, Nolan, & Singleton,
2007). Therefore, in order to strengthen the evidence base
of educational and therapeutic practices, it is necessary
to extend previous studies to examine the usefulness of
RRCR to enhance learning in young children.

The purpose of this study is to enhance our under-
standing of retrieval-based learning by providing an impor-
tant extension to the findings presented in our companion
paper, Retrieval-Based Word Learning in Young Typically
Developing Children and Children With Developmental
Language Disorder 1: The Benefits of Repeated Retrieval
(Leonard et al., 2019). Leonard et al. conducted an initial
investigation of RRCR by first comparing it with a re-
peated study (RS) in TD preschool children and preschool
children with DLD. Children were taught eight novel
words. Four words were taught within an RS condition
in which children were exposed to each novel word from
48 times and related semantically meaningful information
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16 times. An additional four words were taught in an
RRCR condition, in which the children were exposed to
the word form and meaning an equivalent number of
times as in the RS condition. The distinction between the
RS and RRCR learning conditions was that, in the RRCR
condition, children were prompted to retrieve the word and
its definition before listening to a study trial. Leonard et al.
tested word learning across three tasks: word form recall,
meaning recall, and form-referent link recognition. Both
children with DLD and typical language development
recalled the word form and its meaning significantly more
for words that were taught in the RRCR condition, rela-
tive to the RS condition. However, there were no significant
differences of learning condition in the form-referent link
recognition task due to ceiling effects. Leonard et al. (under
review) clearly demonstrated that preschool children bene-
fit from retrieval practice and that this benefit is similar for
TD children and children with DLD. The next natural
extension is to explore which retrieval schedules optimize
learning.

Current Study

The current study is the first to compare two retrieval-
based learning schedules in TD preschool children and pre-
school children with DLD. Although Leonard et al. (2019)
demonstrated clear evidence that retrieval practice enhances
word learning, relative to RS, it is necessary to test differ-
ent retrieval schedules to design more effective interven-
tion procedures for clinicians. Therefore, in the current
study, children were presented novel words in two learning
conditions. Half of the words presented to each child in-
volved RRCR. The other half were presented the same
number of times and allowed for the same number of op-
portunities for production but with minimal or no contex-
tual reinstatement. We refer to this condition as the
immediate retrieval (IR) condition.

In addition to testing these two retrieval schedules,
the current study expands the Leonard et al. (2019) study
by incorporating additional tasks to more thoroughly test
for learning differences between the groups and learning
conditions. Experiment 1 included behavioral measures
of production and comprehension of the newly taught
words that align with the measures used in Leonard et al.
(i.e., picture naming and identification tasks). Experiment 2
examined the underlying neural processes associated with
matching and mismatching picture-label pairings of the
newly taught words. Specifically, the match-mismatch
task included child judgments of the appropriateness of
the picture-label pairings and online electroencephalographic
(EEG) recordings to measure the underlying neural pat-
terns associated with matching and mismatching picture—
label pairs. Of importance, the N400 event-related brain
potential (ERP) has been an effective measure to examine
the strength of an association between a prime (e.g., pic-
ture) and a target (e.g., label) stimulus (Kutas & Hillyard,
1980). Several studies have demonstrated that the amplitude
of the N400 captures the frankness of a semantic violation

or the degree of semantic incongruity between stimuli
(Federmeier & Kutas, 2001; Kutas & Federmeier, 2011).
Therefore, the ERP correlates of semantic processing from
our sample of children with typical language development
and children with DLD offer insight into the depth of learn-
ing novel labels in the two conditions. Given that children
with DLD have deficits not only in breadth but also depth
of word knowledge (McGregor, Oleson, Bahnsen, & Duff,
2013), it is important to use a multilevel approach to
examine how children with DLD learn new words and the
ways in which word learning can be enhanced in targeted
interventions.

Across the two experiments that we present in the
current study, we asked: Does RRCR enhance novel word
learning to a greater degree than IR practice? Is this ad-
vantage seen for longer and shorter term retention? Do
preschool children with DLD resemble TD preschoolers
in their learning patterns across the RRCR and IR learn-
ing conditions and across time?

We expected that both groups would more success-
fully learn the words in our RRCR condition. As a result,
we hypothesized that children would demonstrate higher
accuracy in recalling the RRCR words (form and mean-
ing), relative to the IR words. Furthermore, although we
expected both groups of children to benefit from the RRCR
condition, as in the Leonard et al. (2019) study, group
differences seemed possible given the well-documented
word form encoding limitations in children with DLD
(Alt & Plante, 2006). Thus, we hypothesized that children
with DLD may learn fewer words relative to their TD
peers.

Experiment 1
Method

Participants

Participants included 16 TD children (10 girls, six
boys) and 16 children with DLD (10 girls, six boys), who
were matched on gender (y* = 0.00, p = 1.00), chronological
age (Mtp = 61.58 months, SDtp = 5.16; Mpp = 59.60
months, SDp; p = 4.43), #(30) = 1.20, p = .24, and maternal
years of education (Mtp = 16.63 years, SDtp = 1.75; Mp1p =
15.50 years, SDpp = 1.59), #(30) = 1.90, p = .07. None
of these children participated in the word learning study pre-
sented in Leonard et al. (2019). Fifteen children in the TD
group were reported to be White, and one parent chose not
to report the child’s race and ethnicity. Fourteen children
in the DLD group were reported to be White, two were
reported as biracial (one White and Asian American and
one White and African American). None of the children
was reported to be Hispanic. This study was approved by
the Purdue University Institutional Review Board. All par-
ticipants provided verbal assent, and a parent or legal guard-
ian provided informed written consent.

The children met several selection criteria to be in-
cluded in the study. All children passed a hearing screen-
ing at 20 dB through headphones at 500, 1000, 2000, and
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4000 Hz (American Speech-Language-Hearing Associa-
tion, 1997). In addition, all children scored within or above
1 SD on the nonverbal cognitive assessment the Kaufman
Assessment Battery for Children-Second Edition (Kaufmann
& Kaufman, 2004; Mtp = 115.81, rangetp: 96-133; Mp1p =
101.88, rangepr p: 87-118).

The TD children performed within or above 1 SD
from the mean on the Structured Photographic Expressive
Language Test—Preschool 2 (Dawson et al., 2005; M = 113.06,
range: 100-128). All but two children with DLD earned
a standard score of 87 or below on the Structured Photo-
graphic Expressive Language Test-Preschool 2 (M = 77.21,
range: 56-89), which is a score that has been empirically
determined to be the cutoff point yielding high sensitivity
and specificity for children with language impairments at
this age (Greenslade, Plante, & Vance, 2009). The two chil-
dren in the DLD group who scored slightly above this cutoff
(89) were retained in the study because their Developmental
Sentence Score (DSS; Lee, 1974) was below the 10th per-
centile. The language sample that was used to derive the
DSS was taken during an examiner—child free-play activ-
ity. Child utterances were transcribed by a trained coder
and checked by a second trained coder; differences were
resolved by consensus. The first 50 complete and intelligible
utterances, which included both a subject and a verb, were
scored according to the DSS guidelines. Lastly, all children
with DLD scored in the “nonautistic” range on the Child-
hood Autism Rating Scale-Second Edition (Schopler, Van
Bourgondien, Wellman, & Love, 2010). The Childhood
Autism Rating Scale-Second Edition was not administered
to the TD children.

Although not serving as a selection criterion, the
Peabody Picture Vocabulary Test-Fourth Edition (PPVT-4;
Dunn & Dunn, 2007) was administered to all children. The
TD children scored at high levels on this measure (M = 121.06,
range: 106-145). The majority of the children with DLD
scored within the normal range on the PPVT-4; however,
not surprisingly, they had lower standard scores relative to
the TD children (M = 103.44, range: 83-124), 1#(30) = 4.45,
p <.001, d = 1.56. Finally, we determined children’s handed-
ness using an abbreviated assessment that prompts children
to perform daily living skills (writing, drawing, throwing a
ball, pretending to eat, and pretending to brush their teeth;
Edinburgh Handedness Inventory; Oldfield, 1971). All
children were right-handed, except one child with DLD
who was left-handed.

Word Learning Task

Children were taught 12 novel words as labels for
exotic plants and animals. To prevent fatigue and to pro-
mote learning, the 12 words were taught across two sets of
similarly structured word learning tasks. The novel words
were /bog/, nep/, /paib/, /jat/, /datbo/, /fumi/, /gine/, /toma/,
/kodam/, /melap/, /pobik/, and /tekoat/. Eight of the 12 novel
words were disyllabic with syllable-initial stress, and four
were monosyllabic. Together, these two word types rep-
resent approximately 90% of the word tokens that chil-
dren from 2 to 6 years of age hear based on child-directed

speech in the CHILDES database (Roark & Demuth, 2000).
An even number of each syllable shape (CVCV, CVCVC,
CVC) was used—shapes that are well represented in the
speech of 5-year-old children in home and preschool con-
texts based on Hall, Nagy, and Linn (1984). No novel words
with the same syllable shape had the same word-initial
phoneme. In addition, the consonants within the novel
words consisted of early emerging sounds that could be
easily produced by most preschoolers. Within each word
learning set, children were taught six novel words that cor-
responded to six unfamiliar pictures. Each set consisted of
three novel words that were taught in the IR condition and
three novel words that were taught in an RRCR condi-
tion. Novel word assignments were counterbalanced for
learning condition (IR vs. RRCR) across children. Within
each learning condition, children learned one of each sylla-
ble structure: CVC, CVCV, CVCVC. Stimuli were matched
between the learning conditions on syllable shape, phono-
tactic probability (average biphone frequency), and neigh-
borhood density using the Storkel and Hoover (2010) child
language corpora database. Picture referents consisted of
colored photographs of exotic plants and animals (used by
McGregor, 2014), whose real names are typically unknown
by adults. Eight of the pictures and four of the CVC novel
words also were used in the Leonard et al. (2019) word
learning study.

We presented the stimuli using a computer presenta-
tion program wherein a block design was used to present
words within each learning condition. Within each set,
children completed four blocks; two blocks (IR block and
RRCR block) were completed on the first day, and an
additional two blocks (IR and RRCR) were completed on
the second consecutive day. Each block presentation lasted
approximately 10 min; we provided a 5-min break between
each block. The order in which the blocked learning con-
ditions were presented was counterbalanced across chil-
dren. See Figure 1 for a depiction of IR/0-0-0 and RRCR/
0-2-2 blocks.

For all words in both conditions, there were “study”
trials and “retrieval” trials. In study trials, the child saw a
picture and heard the novel word and its definition (what
it “liked”), as in “This is a /darbo/. It’s a /daibo/. A /datbo/
likes rocks.” Thus, for each study trial, the child heard
the word form (e.g., /dartbo/) three times and the definition
(e.g., “rocks”) once. The words selected for the semantic
information (e.g., “rocks”) were early-acquired words. What
was “liked” was arbitrarily paired with a target object; no
information contained in the referent picture provided
a clue as to what the depicted referent “liked.” In retrieval
trials, the child saw the picture and was asked for its name
and what it liked, as in “What’s this called? What do we
call this?” and (after the child responded with the picture
still present) “What does this one like? What does it like?”
After each retrieval trial, another study trial was presented
that served as feedback (regardless of the child’s accuracy
on the retrieval trial). This second study trial was identical
to the study trial that preceded the retrieval trial. Each
novel word appeared in one block per day; within each
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Figure 1. Word learning task design for the immediate retrieval (IR/0-0-0) learning condition and the repeated retrieval
with contextual reinstatement (RRCR/0—2-2) learning condition.

IR/0-0-0 Condition
0

Retrieval Spacing

/kodam/
/kodam/

retrieve - study

/dartbo/  study - retrieve ﬂdy 0
/darbo/ retrieve - study 0
/daibo/ retrieve - study 0

% /jat/ study - retrieve - study 0
/jat/ retrieve - study 0

/iat/ retrieve - study 0
/kodam/ study - retrieve - study 0

0

0

retrieve - study

RRCR/0-2-2 Condition

0
Retrieval Spacing

/mep/ study - retrieve - study 0

/ fumi/ study - retrieve - study

study - retrieve - study

& /pobik/

retrieve - study

retrieve - study

retrieve - study

retrieve - study
retrieve - study

retrieve - study

2

NN DN ©O

block, there were four study trials that presented the novel
word three times each within the script. Therefore, the total
number of exposures of each novel word was 24, and each
word meaning (i.e., what it likes) was heard eight times;

as described below, each word form and meaning had six
retrieval opportunities.

For words in the RRCR condition, the first retrieval
trial occurred immediately after the first study trial for that
word. However, subsequent retrieval trials for that word
occurred only after two other words had been presented.
This schedule is referred to as a 0-2-2 schedule, which re-
flects the number of words intervening between study trials
and retrieval trials of the same word. Because intervening
words create a change in temporal context during “2” trials,
the 0-2-2 condition was assumed to promote contextual
reinstatement (see Karpicke & Roediger, 2008). For words

in the IR condition, all retrieval trials immediately followed
a study trial of the same word. This schedule is referred to
as a 0-0-0 schedule, because no words intervened between
study trials and retrieval trials of the same word. Because
the 0-0-0 schedule involved no change in temporal context,
limited (or no) contextual reinstatement was assumed. The
two conditions were equivalent in both the number of times
the word was heard and the number of retrieval opportuni-
ties provided for that word.

We should note that having the 0-0-0 and 0-2-2 con-
ditions in separate blocks was not equivalent to the
“massed” versus “distributed” learning conditions often
described in the memory literature. The blocks for each
condition were presented on the first day and repeated on
the second day in the same order. Testing did not occur
until the end of the learning period on the second day. Thus,
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the blocks representing the two conditions alternated, and
the blocks representing the same condition never appeared
consecutively, as might be expected for a “massed” condi-
tion. In addition, some massed-versus-distributed studies
emphasize the spacing of study trials in particular (the
“interstudy interval”; see review in Cepeda, Pashler, Vul,
Rohrer, & Wixted, 2006). In the present experiment, study
trials were separated by retrieval trials. This was true for both
“0” trials and “2” trials (“0” refers to the absence of interven-
ing words between a study trial and a retrieval trial for the
same word, not to consecutive study trials for the same word).

After children completed the learning blocks on the
second day, they received an additional 5-min break, and
then they completed a recall test. Word form recall and
meaning recall were tested (e.g., form: “What’s this called?
What do we call this?”, meaning: “What does this one like?
What does it like?”). One week later, children returned and
completed the word form and meaning recall tests again;
they also completed a form-referent link recognition test.
During the form-referent link recognition test, children
were presented with an array of four pictures, and the child
was asked to point to the correct picture (e.g., “Where’s
the /pobik/?”). One week after completing the recall and
recognition tests for Set 1, children were introduced to
the second set of six words, with procedures identical to
those of Set 1.

Scoring and Reliability

Child responses to the word form recall tests were
scored according to the number of accurate responses that
children provided within each learning condition. We used
several criteria when coding accuracy. To score child at-
tempts to produce the target, we first confirmed that the
child production did not resemble a real word that could
be used as a plausible label for the novel referent. Next,
each production was subjectively judged as being a plausi-
ble or implausible attempt at the target. While making this
judgment, we consulted each child’s speech errors on our
real-word probes that were designed to resemble our novel
words in segment and syllable shape composition. Fol-
lowing this, we applied an adapted version of the Edwards,
Beckman, and Munson (2004) scoring system, wherein
each consonant was assigned a range of 0-3 points for the
accuracy of its place, manner, and voicing, and each vowel
was assigned 1 point for the dimensions of backness, height,
and length. One additional point was given if the child pro-
duction preserved the prosodic shape of the target (e.g., CVC).
Lastly, we required the child production to have a higher
score than the score that would have been assigned if the
production was an attempt at any of the other novel words
in the set. For instance, the production /topik/ for the target
word /pobik/ would earn 14 points 2 + 3 + 2+ 3 + 3 + 1),
whereas if this production were considered an attempt at
the incorrect word /kodom/, 9 points would be awarded
2+3+1+4+2+0+1). Total scores were based on com-
bining each child’s score across the two sets, as preliminary
analyses revealed no interactions involving sets. Two judges
with experience in the phonetic transcription of child speech

independently scored the 5-min and 1-week recall responses
of four children from each participant group to assess reli-
ability. We computed reliability by comparing the judgments
of all responses scored as correct by at least one of the two
judges. Agreement was 97%.

Child productions for the meaning recall items were
scored based on accuracy. Because the focus was on the
semantic content of the word, mispronunciations of the tar-
get meaning (e.g., “wocks” for “rocks”) were accepted as
accurate. Interjudge agreement was 99%.

In a separate analysis, we also scored the children’s
retrieval attempts during learning for the words and defini-
tions. The same scoring criteria were applied.

Data Analysis

To address our research questions, a series of mixed-
effects models were estimated. In these models, random inter-
cepts were set at the child level and repeated measures were
nested within children. In addition, random slopes for time
and learning condition were included as appropriate. We
included the PPVT-4 scores and maternal education as covari-
ates. Models with interactions are presented when they were
statistically significant. Additional models that were estimated
can be found in Supplemental Materials S1-S5. Lastly, effect
sizes are reported using partially standardized beta coefficients

(Bsta)-

Results

Word Form

Figure 2 provides an illustration of the recall results
for word form; Tables 1 and 2 summarize the data analy-
sis. The results revealed a learning condition effect, such
that scores were approximately 2.50 points higher in the
RRCR/0-2-2 condition than in the IR/0-0-0 condition,

Figure 2. The mean number of items correct on the recall test of
Experiment 1 at 5 min and 1 week for novel words in the repeated
retrieval with contextual reinstatement (RRCR) condition and the
immediate retrieval (IR) condition by the children with developmental
language disorder (DLD) and the children with typical language
development (TD). Error bars mark standard errors.

Word Form
8 I RRCR
=R

6 4
°
[
8
- 4
@
e}
[S
= |
.4

2 4

0

5-min 1-week 5-min 1-week
DLD TD
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Table 1. Model results for the word form recall outcome in Experiment 1.

Model A Model B Model C Model D
Independent variables b 95% ClI b 95% CI b 95% CI b 95% CI
Fixed effects
Group (DLD vs. TD) -1.02 [-2.14, 0.1] -1.34 [-2.8, 0.13] -1.28 [-2.45, -0.11] -1.6 [-3.1, -0.1]
Condition (0—2-2 vs. 0—-0-0) 2.53 [1.7,3.37] 2.53 [1.69, 3.37] 2.78 [1.55, 4.01] 2.78 [1.55, 4.02]
Time (1 week vs. 5 min) -0.31  [-0.64,0.01] -0.31 [-0.64, 0.01] -0.72  [-1.28,-0.16] -0.72  [-1.27,-0.16]
Group x Time 0.63 [-0.02, 1.27] 0.63 [-0.02, 1.27]
Condition x Time 0.19 [-0.46, 0.83] 0.19 [-0.45, 0.83]
Group x Condition -0.69 [-2.37, 0.99] -0.69 [-2.37,1]
PPVT-4 -0.02 [-0.08, 0.03] -0.02 [-0.08, 0.03]
Mother’s education 0.06 [-0.31, 0.43] 0.06 [-0.31, 0.43]
Intercept 2.46 [1.66, 3.27] 4.09 [-3.46, 11.63] 2.64 [1.8, 3.48] 4.27 [-3.28, 11.82]
Random effects o? o? o? o?
Condition 4.94 [2.76, 8.83] 4.96 [2.77, 8.88] 5.02 [2.79, 9.04] 5.05 [2.81, 9.09]
Intercept 2.19 [1.2, 4] 2.31 [1.24, 4.29] 2.2 [1.2, 4] 2.32 [1.25, 4.29]

Note. N = 32, observations = 128. Effects with 95% confidence intervals (Cls) that do not include O are statistically significant at a = .05.

DLD = developmental language disorder; TD = typically developing; PPVT-4 = Peabody Picture Vocabulary Test—Fourth Edition.

both with and without controlling for PPVT-4 scores and
maternal education (Byq = .93, indicating a large effect).
Thirteen of the 16 children with DLD had better scores
on the 0-2-2 words than on the 0-0-0 words in the 5-min
test (two showed the reverse pattern), and 12 of the 16 chil-
dren showed this pattern on the 1-week test (two showing
the reverse). One child with DLD did not recall any words
at either time point. Thirteen of the 16 TD children recalled
more words in the 0-2-2 condition than in the 0—0-0 condition
on both the 5-min and 1-week tests (two showed the reverse
pattern). Additional analyses revealed the significant learn-
ing condition effect held for each set: Set 1, #(31) = 4.24,
p <.001,d=0.93; Set 2, £(31) = 3.08, p = .004, d = 0.62.
The recall advantage of the words learned in the
0-2-2 condition over those learned in the 0-0-0 condition
is especially noteworthy considering that, during the learn-
ing period, the children actually produced words in the
0-0-0 schedule (n = 1,033) more frequently than words
in the 0-2-2 schedule (n = 587). This difference occurred
because, even for the words eventually learned and retained
in the 0-2-2 condition, the children were not always successful
during the first two or three “2” retrieval trials. Thus, the 0—
2-2 schedule led to greater retention in spite of these words
being produced less frequently during the learning period.

Table 2. Simple effects table for word form recall for Model D in
Table 1.

We also found a participant group effect; the scores
of the children with DLD were about 1.34 points lower
than the scores of the TD group with the covariates included
(Bsta = -49). However, this difference should be interpreted
within the context of the marginal interaction (p = .056)
involving participant group and time (see Models C and D
in Table 1). The simple effects (see Table 2) reveal that the
DLD group scored approximately 1.60 points lower than
the TD group on the 5-min recall test but did not differ
from their TD peers on the 1-week test. This was the result
of the TD children’s scores dropping by 0.72 points, on aver-
age, between the two testing points whereas the children
with DLD retained the same scores over time.

We also determined whether, for the novel words
that were credited to the children, there was a difference
in degree of phonetic accuracy. Because the total number
of features potentially correct differed according to the
length of the novel word, we converted the children’s scores
to percentages. We found only a difference for participant
group—the TD children (M = 89.96%, SD = 13.23%) were
more accurate than the children with DLD (M = 81.89%,
SD = 13.57%), d = 0.60.

Children’s overall word form accuracy during RRCR/
0-2-2 retrieval trials over the course of the learning period
also were examined. Descriptively, the children’s productions
of the appropriate novel word were much more likely dur-
ing a “0” trial. For example, during the “0” retrieval trials
in the RRCR/0-2-2 training protocol, the TD group had
a mean accuracy of 5.43 (SD = 1.09), whereas the mean

Independent variables b 95% ClI Bsta DLD accuracy was 5.13 (SD = 1.26; maximum score = 6).
1 week vs. 5 min for DLD group 0,09 [-0.65, 0.46] 03 During the first “2” retrieval trial, the TD group had a

1 week vs: 5 min for TD group —0:72 [-1 :27: —6.16] —:26 mean accuracy of 1.13 (SD = 1.02), and the DLD group
DLD vs. TD for 5 min -160 [-3.10,-0.10] -.59 had a mean accuracy of 0.81 (SD = 0.98). The TD children
DLD vs. TD for 1 week -0.98 [-2.48,0.53] -.36 were more accurate from the beginning, though the pace

Note. Effects with 95% confidence intervals (Cls) that do not
include 0 are statistically significant at a = .05. DLD = developmental
language disorder; TD = typically developing.

of the accuracy gains once retrieval trials were repeated ap-
peared similar in the two groups. In addition, the two groups
were similar in the rate of change from the first to the sec-
ond day.
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Given the participant group differences in word form
recall on the 5-min test, it seemed important to determine
whether such differences could be attributed to differences
between the groups that emerged early in the learning pe-
riod or because the children with DLD lagged further behind
as the learning period proceeded. The IR/0-0-0 condition
provided an especially appropriate opportunity to examine
this issue because all retrieval trials in this condition were of
the “0” type. Accordingly, mixed-effects models were esti-
mated with a random intercept for the child where six re-
peated trials were nested within the child. No random slopes
were included for time because these were essentially zero.
A linear trajectory and quadratic trajectory were estimated.
Participant group differences in the average levels of accu-
racy, the rate of learning, and the changes in learning rate
across time (the quadratic effect) were tested.

The best model was a quadratic model where the levels
of accuracy differed between the DLD and TD groups, but
the rate of change and the quadratic did not differ (see Table 3).
An illustration appears in Figure 3. As evidenced by the sig-
nificant linear slope effect in the model, increases in accuracy
averaged about 0.29 words between trials. The rate was
lower in early trials and higher in later trials, with increases
leveling off around Trial 4. The two participant groups showed
no difference in terms of average linear increase or the slow-
ing of the increase across trials. However, across all trials, the
children with DLD consistently scored 0.63 words lower than
the children in the TD group. A visual inspection of accuracy
from Trial 3 to Trial 4—which occurred on different days—
revealed no differences in trajectory for the two groups of
children (see Figure 3).

Meaning

We found that recall for meaning was much better
than for word form (see Figure 4). However, a group ef-
fect was seen, such that children in the DLD group scored
about 1.9 points lower than the children in the TD group,

Table 3. Estimated effects for the word form learning trajectories of
the immediate retrieval/0-0-0 condition in Experiment 1.

Figure 3. Average trajectories for novel word form retrieval across the
learning period for novel words in the immediate retrieval condition
for the children with developmental language disorder (DLD) and
children with typical language development (TD).
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with or without the covariates (Byq = .79; see Table 4). A
learning condition effect was not seen; however, in a model
without the condition random slope, the learning condi-
tion fixed effect was significant, with children’s meaning
recall being 0.64 points higher for the RRCR condition

(p = .035, Byq = -26).

To gain insight into the group differences for mean-
ing, we examined the children’s retrieval trials during the
IR/0-0-0 condition, as was done for word form. Again,
mixed-effects models were estimated with a random effect
for the child and six repeated trials nested within the child.
We fit the data to a linear model that revealed a significant
effect for participant group. Children exhibited a growth
rate of 0.11 word meanings between trials on average, and
this rate did not differ according to group (see Table 5).

Figure 4. The mean number of items correct on the meaning recall
test of Experiment 1 at 5 min and 1 week for novel words in the
repeated retrieval with contextual reinstatement (RRCR) condition
and the immediate retrieval (IR) condition by the children with
developmental language disorder (DLD) and the children with
typical language development (TD). Error bars mark standard
errors.

Quadratic Quadratic
w/ groups
Independent variables b 95% CI b 95% CI

Fixed effects
Intercept 4.94 [4.66, 5.22] 5.25 [4.88, 5.63]
Slope 0.32 [0.13, 0.51] 0.29 [0.03, 0.56]
Quadratic -0.04 [-0.07,0] -0.04 [-0.09, 0.01]
Group (DLD vs. TD) -0.63 [-1.15, -0.11]
Group x Slope 0.04 [-0.21, 0.29]

Group x Quadratic 0 [-0.01,0.01]
Random effects o? o?
Intercept 0.32 [0.17,0.58] 0.25 [0.13, 0.48]

Note. N = 32, observations = 192. Effects with 95% confidence
intervals (Cls) that do not include O are statistically significant at
a = .05. DLD = developmental language disorder; TD = typically
developing.
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Table 4. Model results for the meaning recall outcome in Experiment 1.

Model A Model B

Independent variables b 95% CI b 95% CI
Fixed effects

Group (DLD vs. TD) -1.89 [-3.38, -0.41] -1.96 [-3.93, 0.02]

Condition (0—2—-2 vs. 0-0-0) 0.64 [-0.13, 1.41] 0.64 [-0.14, 1.42]

Time (1 week vs. 5 min) -0.11 [-0.55, 0.33] -0.11 [-0.55, 0.33]

PPVT-4 -0.01 [-0.08, 0.063]

Mother’s education 0.09 [-0.41, 0.587]

Intercept 10.61 [9.583, 11.69] 10.25 [0.07, 20.42]
Random effects o? o?

Condition 3.32 [1.50, 7.33] 3.43 [1.58, 7.45]

Intercept 3.92 [2.09, 7.34] 4.26 [2.25, 8.04]

Note. N = 32, observations = 128. Effects with 95% confidence intervals that do not include
0 are statistically significant at a = .05. DLD = developmental language disorder; TD = typically

developing; PPVT-4 = Peabody Picture Vocabulary Test—Fourth Edition.

Children in the DLD group, however, were consistently
scoring 0.46 lower across the trials compared to the TD
group. Figure 5 provides the trajectories for meaning for
the two groups of children.

Form-Referent Link Recognition

An illustration of the form-referent link recognition
task results appears in Figure 6. There were significant dif-
ferences between participant groups, where the children
with DLD scored approximately 2.2 points lower than the
TD group (Bsa = .94). However, the group effect differed
by learning condition. As seen in Tables 6 and 7, the con-
dition effect held for the children with DLD, but not for
the TD children, and the group difference favoring the TD
group was present for the IR/0-0-0 condition, but not for
the RRCR/0-2-2 condition. For the children with DLD,
scores were 1.06 points higher, on average, for the RRCR/
0-2-2 condition than for the IR/0-0-0 condition (Byq = .45).
In contrast, TD children had near-ceiling performance on
the IR/0-0-0 and RRCR/0-2-2 items on the form-referent
link recognition task.

Discussion

We view the results of Experiment 1 as suggesting that
RRCR (the 0-2-2 condition) assists word form learning
and retention more than repeatedly retrieving and producing
a word with little or no change in context (the 0-0-0 condi-
tion). By including two retrieval schedules and document-
ing differences in learning, we demonstrate that the findings
of Leonard et al. (2019) cannot be reduced to a retrieval
versus no-retrieval effect.

Our Experiment 1 findings also provide important
information about the role of child productions of target
material. We do not claim that production practice is
unhelpful. To the contrary, previous studies have docu-
mented the importance of repeated productions on learn-
ing. For example, Heisler, Goffman, and Younger (2010)
found that, with repeated production of novel words assigned
to novel referents, the motor-articulatory attempts of both
TD children and children with DLD became more stable.
However, our results clearly demonstrate that, if produc-
tion practice was facilitative, this practice was insufficient
to close the gap between the two conditions. This point

Table 5. Estimated effects for the word meaning learning trajectories of the immediate retrieval/

0-0-0 condition in Experiment 1.

Linear Linear w/ groups

Independent variables b 95% ClI  Cohen’s d b 95% ClI Cohen’s d
Fixed effects

Intercept 5.33 [5.15, 5.50] -0.40 556 [5.32,5.79] -0.06

Slope 0.11 [0.06, 0.16] 0.16 0.09 [0.02,0.15] 0.13

Group (DLD vs. TD) -0.46 [-0.79, -0.12] -0.68

Group x Slope 0.04 [-0.05,0.14] 0.07
Random effects o? o?

Intercept 0.07 [0.03, 0.18] 0.05 [0.02,0.15]

Note. N =32, observations = 192. Effects with 95% confidence intervals (Cls) that do not
include 0 are statistically significant at a = .05. DLD = developmental language disorder; TD =

typically developing.
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Figure 5. Average trajectories for the retrieval of meaning across
the learning period for novel words in the immediate retrieval
condition for the children with developmental language disorder (DLD)
and children with typical language development (TD).
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seems all the more true considering that, during the learn-
ing period, productions were actually much more frequent
in the 0-0-0 condition than in the 0-2-2 condition.
Furthermore, our Experiment 1 form-referent link rec-
ognition findings differ from the Leonard et al. (2019) study.
Perhaps due to ceiling effects, Leonard et al. did not ob-
serve differences in child form-referent link recognition ac-
curacy according to learning condition, participant group, or
time. In the current study, we found a significant difference
of group and a significant interaction of Group X Learning
Condition. That is, only the DLD group was found to have
higher form-referent link recognition accuracy for words
that were taught in the RRCR/0-2-2 condition, and group
differences favoring the TD children were only observed

Figure 6. The mean number of items correctly identified on the
form-referent link recognition test of Experiment 1 at the 1-week
test for novel words taught in the repeated retrieval with contextual
reinstatement (RRCR) condition and the immediate retrieval (IR)
condition by the children with developmental language disorder
(DLD) and the children with typical language development (TD).
Error bars mark standard errors.

Form-Referent Link Recognition
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within the IR/0-0-0 condition. To more fully understand
the underlying processes associated with processing recently
taught words that were taught in different learning condi-
tions, we incorporated a multilevel approach by examining
neural and behavioral data in Experiment 2.

Experiment 2

Experiment 2 aimed to provide a more comprehen-
sive understanding of the effects of retrieval practice on
word learning. Therefore, we used ERPs to compare
the neural indices associated with processing words that
were taught in the two learning conditions. Our ERP
task allows us to examine the real-time neural correlates
of lexical semantic processing. Online measures like ERPs
often complement and offer new insight into behavioral
findings by providing finer grained information about
the information processing that preceded the behavioral
response.

ERPs reflect synchronized neural activity from popu-
lations of neurons elicited by a stimulus, such as an audi-
tory tone, or reflect a cognitive process, such as lexical
access (Luck, 2014). ERPs have high temporal resolution,
which provides valuable information about processing
abilities (Luck, 2014). In Experiment 2, we focus on the
N400 ERP component (Kutas & Hillyard, 1980). The N400
component has been shown to index lexical semantic access
and the degree of semantic fit of an item within a certain
context (Kutas & Federmeier, 2011). As such, the N400
ERP component that is measured in Experiment 2 pro-
vides insight into the depth of learning of the newly taught
words, relative to the rather superficial measure of learn-
ing in the form-referent link recognition task presented in
Experiment 1. The magnitude of the N400 elicited from
anomalous picture—label pairings indicates how strongly
the children learned the association between the newly taught
labels and the referent. Thus, differences in the magnitude
of the N400 component elicited from words that were taught
in the IR and RRCR conditions can provide important
information about the depth of learning that results from
IR and RRCR learning schedules.

A strength of the N400 component is that it can be
elicited in individuals across a wide age range, including
young children (e.g., Friedrich & Friederici, 2005; Mills,
Coffey-Corina, & Neville, 1993; Silva-Pereyra, Rivera-
Gaxiola, & Kuhl, 2005). Following a semantic violation,
such as a semantically anomalous word in a sentence (e.g.,
“Brush your book™), individuals typically demonstrate a
negative polarity shift that peaks between 200 and 600 ms
(Kutas & Federmeier, 2011). In young children, the mean
amplitude of the N400 is typically larger and peaks later
than the N400 observed in adults (Hahne, Eckstein, &
Friederici, 2004; Holcomb, Coffey, & Neville, 1992).

In addition to changes in the N400 that are associ-
ated with development, within-individual changes in the
N400 can emerge with stimuli repetition. Adult studies have
shown that the N400 reduces in amplitude and shortens in
duration with repetition of anomalous stimuli (Batterink
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Table 6. Model results for the form-referent link recognition outcome in Experiment 1.

Model A Model B Model C Model D

Independent variables b 95% CI b 95% ClI b 95% CI b 95% CI
Fixed effects

Group (DLD vs. TD) -2.24  [-3.64,-0.84] -2.01 [-3.84,-0.18] -2.5 [-3.92,-1.08] -2.31 [-4.16, -0.46]

Condition (0—2-2 vs. 0-0-0) 0.47  [-0.07, 1.01] 0.47  [-0.07, 1.01] -0.13  [-0.85, 0.6] -0.13  [-0.85, 0.6]

Group x Condition 1.19 [0.17, 2.21] 1.19 [0.17, 2.21]

PPVT-4 0.02 [-0.04, 0.09] 0.02  [-0.04, 0.09]

Mother’s education -0.19 [-0.65, 0.27] -0.19 [-0.65, 0.27]

Intercept 11.25 [10.25, 12.24] 11.63 [2.19, 21.06] 11.38 [10.37, 12.38] 11.78 [2.34, 21.22]
Random effects o? o? o? o?

Condition 1.38 [0.22, 8.5] 1.2 [0.14, 10.27] 1.22 [0.2, 7.49] 1.06 [0.12, 9.05]

Intercept 3.66 [2.02, 6.65] 3.78 [2.05, 6.98] 3.71 [2.08, 6.64] 3.84 [2.11, 6.98]

Note. N =32, observations = 64. Effects with 95% confidence intervals (Cls) that do not include 0 are statistically significant at a = .05. DLD =
developmental language disorder; TD = typically developing; PPVT-4 = Peabody Picture Vocabulary Test—Fourth Edition.

& Neville, 2011; Besson, Kutas, & Petten, 1992). Neverthe-
less, the N400 is still elicited in tasks when anomalous
stimuli are presented in nonsequential repetitions—for ex-
ample, presenting a variety of mismatching picture—label
pairs instead of sequentially repeating the same picture—
label mismatch (Renoult, Brodeur, & Debruille, 2010;
Renoult & Debruille, 2009). In fact, our previous work has
demonstrated that a robust N400 can be elicited in pre-
school children with DLD and TD preschoolers when
semantically anomalous stimuli are repeated throughout
a picture-label match-mismatch task (Haebig, Leonard,
Usler, Deevy, & Weber, 2018). This detail is important
because many word learning study designs must limit the
number of words that are taught to young children to
allow for a reasonable degree of successful learning.
Therefore, in Experiment 2, we incorporate ERP
data to address our overarching research questions, which
are as follows: Does RRCR enhance novel word learning
to a greater degree than IR practice? Do preschool chil-
dren with DLD resemble TD preschoolers in their learn-
ing patterns across the RRCR and IR learning conditions?
We hypothesized that data from our match-mismatch
ERP task would reveal differences in the underlying pro-
cessing of recently taught words according to the learning
conditions in which the words were taught. Specifically,
when pictures of RRCR items are displayed, we anticipated
that a child would likely retrieve the correct label and

Table 7. Simple effects table for form-referent link recognition for
Model D in Table 6.

Independent variables b 95% ClI Bstd
0-2-2 vs. 0—-0-0 for DLD group 1.06 [0.34,1.78] 45
0-2-2 vs. 0—0-0 for TD group -0.13 [-0.85, 0.60] -.05
DLD vs. TD for 0-0-0 condition  -2.31  [-4.16,-0.46] -.97
DLD vs. TD for 0-2-2 condition -1.12  [-3.10, 0.86] -.47

Note. Effects with 95% confidence intervals (Cls) that do not
include 0 are statistically significant at a = .05. DLD = developmental
language disorder; TD = typically developing.

therefore a matching label would result in a nondetectable
N400; however, we expected a mismatching label to elicit a
large N400. Because words in the IR condition (that involved
no contextual reinstatement) were expected to be learned
less well, we expected mismatching labels to elicit a smaller
or nondetectable N400. When directly comparing the N400
components between the two learning conditions (using
difference waves, explained below), we predicted that the
N400 resulting from mismatch trials for words in the
RRCR condition would be larger than mismatches for
words in the IR condition. In addition, when comparing

the match—-mismatch behavioral judgments that the chil-
dren provided during the task, we anticipated higher judg-
ment accuracy for words that were taught in the RRCR
condition. Lastly, we hypothesized that children with DLD
would have lower accuracy in match-mismatch judgments
and a smaller N400 component relative to their TD peers.
Our Experiment 2 method allowed us to determine whether
potential group differences are limited to the online neural
measure.

Method

Participants

Of the 32 participants from Experiment 1, 27 also
participated in Experiment 2 during the 1-week test visits
(DLD, n = 14; TD, n = 13). This subset of children was
matched on chronological age (Mppp = 58.86 months,
SDDLD = 523, MTD = 60.46 months, SDTD = 491), 1(25) =
0.83, p = .414, and gender (3 = 0.02, p = .88). This study
was approved by the Purdue Institutional Review Board.
All participants provided verbal assent, and a parent
or legal guardian provided informed written consent.

Match—Mismatch Task to Elicit ERPs

During the 1-week test visits, the children also com-
pleted a match-mismatch task, in which novel word pro-
cessing was assessed while online EEG data were collected.
Given that the children learned two separate sets of
words (with six words taught within each set), they also
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completed two separate match-mismatch tasks; this held
the time between teaching and test experiments constant
across all words.

The novel word processing tasks followed a match—
mismatch paradigm. During match trials, a picture of one
of the novel objects was displayed on a screen and an
auditory recording of the correct label for the picture was
played (e.g., picture: /daibo/, label: “/daibo/”) via sound
field. In mismatch trials, the label did not match the pic-
ture (e.g., picture: /daibo/, label: “/nep/”). At the end of
each trial, children were prompted to judge whether or not
the picture and label matched.

Within each match-mismatch task, each of the six
labels and pictures were presented 20 times, 10 in the
match condition and 10 in the mismatch condition. There-
fore, there were a total of 120 test trials (30 match IR,

30 mismatch IR, 30 match RRCR, 30 mismatch RRCR).
During the mismatch conditions, each label was paired
with each of the remaining five incorrect pictures twice;
therefore, mismatch trials occurred across both the IR and
RRCR conditions. Match and mismatch trials were pseu-
dorandomized so that labels and pictures repeated no more
than twice consecutively, there were no more than three
consecutive match or mismatch trials, and there were no
more than three consecutive IR or RRCR labels presented.

Visual task stimuli consisted of two-dimensional pic-
tures that depicted each image used in the word learning
task (McGregor, 2014). The images were approximately
12 cm wide and 9 cm tall and were presented on a 47.5-cm
monitor that was 164 cm in front of the child. Auditory
stimuli were naturally spoken novel words produced by
a female adult with a Midwestern American English dia-
lect. Each word was produced in isolation. Sound stimuli
were normalized to have an amplitude of approximately
65 dB using PRAAT software (Boersma & Weenink, 20006).
The sound stimuli ranged in duration between 576 and
1,092 ms.

At the beginning of the match-mismatch task, the
examiner explained to the child that he or she would see a
picture and hear a name and that the child should tell the
examiner if the name matched the picture (i.e., “yes/no”).
The children first completed four practice trials during which
different familiar pictures (e.g., moose, rose) appeared on
the screen and a matching or mismatching label was presented
via sound field. The examiner provided feedback. Following
the practice trials, the children completed 120 test trials
across both learning conditions with no feedback about the
children’s matching judgments.

A depiction of the match-mismatch task is provided
in Figure 7. At the beginning of the trial, one of the six
images appeared in the center of the screen at a height visual
angle of 3.14° and width visual angle of 4.19°. The picture
remained on the screen in silence for 650 ms before the label
was presented via a speaker that was mounted above the
display screen. Following the completion of the audio file,
the picture remained on the screen for an additional 1,000 ms
(the total time of picture on display ranged from 2,226 to
2,742 ms). Afterward, a question mark “?” appeared in the

Figure 7. Match—mismatch task procedure.
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center of the screen to prompt the child to judge whether or
not the picture and label matched. Once the child made a
verbal judgment, the examiner recorded the child’s response
by pressing one of two buttons on a response pad. After
the child’s response was recorded, the question mark was
removed from the screen, and a picture of a smiling child
appeared in the center of the screen until the examiner
advanced the task to the next trial. Fourteen breaks were
presented, each after eight to 12 trials. Breaks alternated
between short video clips of nature scenes with music and
engaging pictures. During the picture breaks, the child
added a sticker to a visual schedule that displayed the child’s
progress in the task.

EEG Recordings

Children completed the novel word picture—auditory
task while their electroencephalography was recorded. We
recorded electrical activity at the scalp using a 32-electrode
array that was secured in an elastic cap (ActiveTwo head
cap, Cortech Solutions). Before the match-mismatch task,
children sat and watched a child-friendly movie of choice
or played a video game while an examiner measured the
child’s head circumference and placed an appropriately
sized elastic electrode cap on the child. A second examiner
sat with the child and talked with him or her about the
movie or video game while the examiner who was prepar-
ing the cap applied gel to each electrode location and
subsequently attached the corresponding electrodes to the
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cap. The electrodes were positioned over homologous
hemisphere locations according to the International 10—
10 system (Jurcak, Tsuzuki, & Dan, 2007). Locations were
lateral sites F7/F8, FC5/FC6, T7/T8, CP5/CP6, P7/P8;
midlateral sites FP1/FP2, AF3/AF4, FC1/FC2, F3/F4,
CP1/CP2, P3/P4, PO3/PO4, O1/02; and midline sites Fz,
Cz, Pz, Oz. Additional electrodes were placed over the left
and right outer canthi for bipolar recordings of horizon-
tal eye movement. Bipolar recordings from electrodes placed
over the left inferior and superior orbital ridge (FP1) were
used to monitor vertical eye movement. The continuous elec-
troencephalogram data were recorded using the Biosemi
ActiveTwo system with a bandpass filter between 0.1 and
100 Hz.

ERP Measures

The neural data were processed using EEGLAB and
ERPLAB (Lopez-Calderon & Luck, 2010), which are
MATLAB toolboxes (MathWorks). During the data pro-
cessing procedures, the electrical recordings were refer-
enced to the average of the electrodes on the left and right
mastoids and the EEG signals were down-sampled at a
rate of 256 Hz. In addition, a bandpass filter from 0.1 to
30 Hz with a 12-dB roll-off was applied to remove high-
frequency noise and to minimize offsets and drift. An inde-
pendent component analysis (ICA; EEGLAB) was com-
pleted to identify and remove eye artifact. Briefly, ICA
identifies independent sources of EEG signals and yields
components that represent patterns from the EEG signal.
Two independent trained research assistants identified ICA
components that reflected artifact, for example, blinks
and horizontal eye movements. When there were discrep-
ancies, the coders agreed upon a consensus list of artifact
components that were then extracted from the EEG data.
Afterward, the data were epoched from 200 ms prior to
the onset of the label to 2,000 ms poststimulus in order to
average ERP component measures within each condition
for each child’s waveforms. During this procedure, epochs
were baseline-corrected from —200 ms to the onset of the
auditory label (0 ms). The EEG channels underwent auto-
matic voltage-dependent thresholds to remove any trials
that still contained artifact.

Within each set, a minimum of 15 artifact-free trials
within each condition were required for a child’s ERP data
to be included in the analyses. We included trials in which
children provided accurate or inaccurate judgments. One
child with DLD did not complete the Set 1 match-mismatch
task, and the data of another child with DLD did not con-
tain enough usable trials for the Set 1 match-mismatch task.
In addition, data from two children were removed from the
set two ERP data set, including data from one child with
DLD and one TD child, because there were not enough us-
able trials within each condition. Within the IR condition,
the average number of artifact-free trials within the match
condition was 26.04 for the TD group and 23.08 for the
DLD group, and the average number of artifact-free trials
for the mismatch condition for the TD group was 25.08
and 23.80 for the DLD group. Within the RRCR condition,

the average number of artifact-free trials within the match
condition was 25.24 for the TD group and 24.00 for the
DLD group, and the average number of artifact-free trials
for the mismatch condition for the TD group was 26.24
and 23.64 for the DLD group. Finally, the artifact-free
EEG epochs were averaged within task conditions for each
individual.

To capture the temporal aspects of the N400, we
selected an early and late N400 analysis window (respec-
tively 300-500 and 500-700 ms postonset of the novel
label). After examination of the grand-averaged waveforms,
we chose to only examine the 500- to 700-ms window
when analyzing the difference waves, as they captured the
greatest differences between the match and mismatch trials.
The ERP difference waves were formed by subtracting the
match from the mismatch ERPs to isolate the N400 com-
ponent while removing other trial characteristics that are
represented in the waveforms. The selected time windows
are centered around the regions of maximal activity, which
aligns with windows that have been used in previous stud-
ies examining language processing in children (e.g., Neville,
Coffey, Holcomb, & Tallal, 1993; Sabisch, Hahne, Glass,
von Suchodoletz, & Friederici, 2006; Usler & Weber-Fox,
2015). Notably, our analysis windows align with the two
previous studies that have examined the N400 component
in TD preschoolers and preschool children with DLD
(Haebig et al., 2018; Pijnacker et al., 2017). As a second
step in the window selecting procedures, we examined
each individual’s waveforms to ensure the windows cap-
tured the N400 for each child. We measured the N400 from
a specified region of interest (ROI; P3, Pz, P4, PO3, PO4,
01, Oz, 02), which aligns with ROIs used in previous stud-
ies examining word processing in preschool children with
DLD (Haebig et al., 2018).

Analysis Procedures

Behavioral judgments were converted into A" scores
to control for response bias (Grier, 1971; Rice, Wexler, &
Redmond, 1999). A’ scores are derived from the proportion
of correct responses in a two-alternative forced-choice task.
Therefore, the 4’ value consists of scores from a control
condition and an experimental condition (e.g., match trials
and mismatch trials). To calculate A" scores, we used the
following formula: 4/ =05+ (y —x) (1 +y —x) /4y (1 — x),
where y represents correct identifications (hits) and x repre-
sents incorrect identifications (false alarms; Linebarger,
Schwartz, & Saffran, 1983). An 4’ value of 1.00 represents
perfect discrimination of correct and incorrect picture—label
pairings. An A’ value of .50 indicates chance performance,
such as a “yes” response to 50% of the match trials and
to 50% of the mismatch trials. A mixed-effects random inter-
cept model was used to test for differences in A" scores
according to group, learning condition, and set (using lme4;
Bates, Maechler, Bolker, & Walker, 2015). Given that not
all of the children completed both sets of the match-mismatch
task, we chose to use mixed-effects models because they toler-
ate missing data. This approach allowed us to retain all par-
ticipants and to minimize the analyses that were run (i.e.,
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one mixed-effects model vs. an analysis of variance for Set 1
data and an analysis of variance for Set 2 data).

The ERP data were analyzed using a series of mixed-
effect models estimated with random intercepts at the child
level and repeated measures nested within the child. First,
we analyzed ERP data within each learning condition with
the following fixed effects: set (Set 1 vs. Set 2), trial type
(match vs. mismatch), group (TD vs. DLD), electrode site
(electrodes within the ROI), and an interaction between
trial type and group. In these within-condition analyses,
our primary variables of interest were effects of trial type
and group. To directly compare ERP differences between
the IR and RRCR learning conditions, we also compared
across the learning conditions by analyzing the mean am-
plitude of the difference waves (dependent variable) in the
500- to 700-ms analysis window. In this model, the fixed-
effect independent variables included set (Set 1 vs. Set 2),
learning condition (IR vs. RRCR), group (TD vs. DLD),
electrode site (electrodes within the ROI), and an inter-
action between learning condition and group. In our dif-
ference wave analysis, our primary variables of interest
were effects involving learning condition and group. We
do not report significant differences between electrodes be-
cause we were interested in the entire ROI; however, the
full model output that includes each electrode within our
ROI can be found in Supplemental Materials S1-S5. Effect
sizes are reported using partially standardized beta coeffi-
cients (Byq). Lastly, we directly examined the Experiment 2
behavioral and ERP data by conducting a bivariate cor-
relation with the 4’ scores and the mean amplitude of the
difference waves within our ROI.

Results

Behavioral Performance

First, we examined the children’s behavioral judg-
ments. Descriptively, the TD group had mean A4’ scores of
0.67 (SD = 0.13) for the IR condition and 0.69 (SD = 0.13)
for the RRCR condition. The DLD group mean 4’ scores
were 0.59 (SD = 0.13) for the IR condition and 0.63 (SD =
0.15) for the RRCR condition. Our mixed-effects model
revealed a significant effect of learning condition, with higher
accuracy for the RRCR condition (b = 0.03, 95% CI [0.01,
0.05]). 4’ scores increased 0.205 SD when children judged
picture-word pairs for words that were taught in the RRCR
learning condition relative to the IR condition (B4 = .20,
indicating a small effect). There was no significant differ-
ence between the TD and DLD groups, and scores did not
differ according to set. Also, there were no significant
interactions across group, learning condition, and set (see
Table 8). We also analyzed child accuracy by using the
percentage of correct judgments as the dependent variable;
this analysis resulted in the same pattern of findings.

N400 Mean Amplitude

Second, we examined the ERPs to better understand
the neural indices associated with processing newly taught
words. Figure 8 depicts the waveforms for IR and RRCR

Table 8. Model results for the match—mismatch task behavioral
judgments.

Independent variables b 95% CI
Fixed effects
Group (DLD vs. TD) 0.07 [-0.02, 0.16]
Condition (IR vs. RRCR) 0.03 [0.01, 0.05]
Set (Set 1 vs. Set 2) 0.01 [-0.01, 0.04]
Condition x Group -0.02 [-0.07, 0.02]
Condition x Set 0.01 [-0.04, 0.06]
Group x Set 0.00 [-0.05, 0.05]
Group x Condition x Set 0.06 [-0.03, 0.15]
Intercept 0.64 [0.60, 0.69]
Random effects o?
Intercept 0.01 [0.01, 0.02]
Error 0.00 [0.00, 0.01]

Note. N =27, observations = 100. Effects with 95% confidence
intervals (Cls) that do not include O are statistically significant at

a = .05. DLD = developmental language disorder; TD = typically
developing; IR = immediate retrieval; RRCR = repeated retrieval
with contextual reinstatement.

learning conditions for the children with typical language
development and the children with DLD. Table 9 provides
the model output for each analysis window and learning
condition. The first set of mixed-effects models examined
the words taught in the IR learning condition. We were
primarily interested in whether there was a significant
difference in mean amplitude (N400 mean amplitude) be-
tween match and mismatch trials and whether there was
an interaction between group and trial type (match vs. mis-
match). As seen in Figure 8, the waveforms between match
and mismatch trials overlap, indicating that, when testing
words that were taught in the IR condition, mismatch trials
did not elicit an increased N400 amplitude relative to match
trials. Our analyses for the 300- to 500-ms window of inter-
est and the 500- to 700-ms window of interest confirmed
this observation. In addition, there were no significant dif-
ferences between the TD children and the children with
DLD, nor was there an interaction between trial type and
group.

Our next analyses examined the ERPs for words that
were taught in the RRCR learning condition. As in the
previous analyses, we separately examined an early and
late N400 window (300-500 ms, 500-700 ms). There was
a significant effect of trial type (see Table 9). As can be
seen in Figure 8, mismatch trials elicited a larger N400 mean
amplitude compared to the match trials. The significant dif-
ference between match and mismatch trials was apparent
in both the early and late analysis windows. Within the 300-
to 500-ms window, mismatch trials were 0.20 SD units more
negative than match trials (B, = .20). Within the 500- to
700-ms window, mismatch trials were 0.44 SD units more
negative than match trials (g = .44). There was no signif-
icant difference between groups, and there was no interac-
tion between group and trial type.

In addition, we directly compared the IR and RRCR
learning conditions by analyzing the difference waves
within a temporal window of 500 and 700 ms poststimulus
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Figure 8. Match—mismatch task waveform averages for the typically developing children and the children with developmental language
disorder (DLD) for the immediate retrieval (IR) learning condition and the repeated retrieval with contextual reinstatement (RRCR) learning

condition.
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onset, where the maximal differences between learning con-
ditions were seen. Our mixed-effects model (see Table 10)
revealed a significant effect of learning condition, indicat-
ing the difference between match and mismatch trials was
0.53 SD units greater for words that were taught in the
RRCR learning condition relative to the IR learning con-
dition (Byq = .53; see Figure 9). There was no significant
effect of group nor was there an interaction between group
and learning condition.

Lastly, our bivariate correlation analyses that exam-
ined whether there is an association between the behavioral

judgments (A4’ scores) and the ERP data (mean amplitude
of the difference waves for the IR and RRCR conditions)
yielded a nonsignificant correlation (ps > .25).

Discussion

Experiment 2 used a receptive match-mismatch task
to examine how recently taught words that were taught
using two different repeated retrieval schedules are proc-
essed. We found that, at both the behavioral and neural
levels, word processing differed according to the learning

Table 9. Event-related brain potential within-condition mixed-effects models.

IR 300-500 ms IR 500-700 ms RRCR 300-500 ms RRCR 500-700 ms

Independent variables b 95% CI b 95% CI b 95% CI b 95% CI
Fixed effects

Set? -2.18 [-3.02, -1.34] -2.26 [-3.16, -1.37] -1.27 [-2.14, -0.40] -2.37 [-3.32, -1.41]

Group® 3.23 [-1.48, 7.93] 3.27 [-1.40, 7.94] 2.62 [-1.33, 6.58] 3.41 [-0.24, 7.06]

Trial type® -0.78 [-1.92, 0.37] -0.17 [-1.38, 1.05] 2.09 [0.90, 3.27] 4.42 [8.12,5.72]

Group x Trial Type -0.15 [-1.77,1.47] -0.62 [-2.34, 1.09] -0.62 [-2.30, 1.05] -0.96 [-2.80, 0.88]

Intercept 8.19 [4.62,11.77] 6.93 [3.35, 10.51] 4.87 [1.79, 7.47] 3.11 [0.18, 6.04]
Random effects o? o? o? o?

Intercept 36.46 [20.60, 64.53] 35.61 [20.07, 63.17] 24.85 [13.90, 44.44] 20.35 [11.20, 36.97]

Error 34.13 [30.88, 37.74] 38.27 [34.62, 42.31] 36.49 [33.01, 40.34] 43.99 [39.79, 48.64]

Note. N =27, observations = 800. Effects with 95% confidence intervals (Cls) that do not include 0 are statistically significant at a = .05.
IR = immediate retrieval; RRCR = repeated retrieval with contextual reinstatement; DLD = developmental language disorder; TD = typically

developing.
aSet 1 vs. Set 2. PDLD vs. TD. “Match vs. mismatch.
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Table 10. Event-related brain potential between-conditions mixed-
effects model.

Difference waves 500-700 ms

Independent variables b 95% ClI
Fixed effects
Set? 3.58 [2.56, 4.59]
Group® 1.36 [-1.70, 4.41]
Learning condition® 4.59 [3.20, 5.98]
Group x Learning Condition -0.34 [-2.30, 1.63]
Intercept -6.35 [-8.95, -3.75]
Random effects o?
Intercept 12.87 [6.85, 24.17]
Error 50.11 [45.32, 55.40]

Note. N =27, observations = 800. Effects with 95% confidence
intervals (Cls) that do not include O are statistically significant at
a =.05. DLD = developmental language disorder; TD = typically
developing; IR = immediate retrieval; RRCR = repeated retrieval
with contextual reinstatement.

aSet 1 vs. Set 2. PDLD vs. TD. “RRCR vs. IR.

condition in which the novel words were taught. Preschool
children with typical language development and DLD were
more accurate in judging matching and mismatching label-
referent pairings when the stimuli had been taught in the
RRCR learning condition. Moreover, Experiment 2 dem-
onstrated that the underlying neural patterns differed when
children were presented with label-referent pairings from
the RRCR condition. Presentation of a label-referent mis-
match elicited a larger N400 component for words that
were taught in the RRCR condition; unlike the Experiment 1
form-referent link recognition task, a learning condition
effect was present for both groups in our Experiment 2 match—
mismatch task. The ERP data also revealed that TD pre-
school children and preschool children with DLD processed
the recently taught words similarly.

Figure 9. Difference wave mean amplitudes according to learning
condition and group. Circles represent the mean of the difference
wave (mismatch trials — match trials) within the 500- to 700-ms
analysis window for the region of interest. Error bars represent
standard errors. DLD = developmental language disorder; TD =
typically developing; IR = immediate retrieval; RRCR = repeated
retrieval with contextual reinstatement.
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It is important to note that, although both the behav-
ioral and ERP findings identified a difference between the
IR and RRCR learning condition, the difference in behav-
ioral judgments between RRCR and IR trials was small.
This was rather unsurprising given the near-ceiling perfor-
mance in our TD group from Experiment 1 and the lack
of a learning condition effect in the Leonard et al. (2019)
findings on the form-referent link recognition task. Al-
though our match-mismatch task differed from the form-
referent link recognition task, it was still less demanding
than our word form recall task. In contrast, the effect sizes
were larger in our ERP findings. This is particularly inter-
esting given that our ERP measurements were derived
from all of the trials, regardless of the trial-level accuracy
of the child’s behavioral judgment. These findings suggest
that, relative to the behavioral data, the ERP data were
more sensitive to learning differences between words that
were taught in the RRCR and IR learning conditions.

In addition, the robustness of the N400 and other
ERP components can be influenced by multiple factors.
Most relevant to this study, stimuli repetition can dampen the
amplitude of the N400 and shorten the duration (Batterink
& Neville, 2011; Besson et al., 1992). Importantly, studies
have confirmed that the N400 is still elicited when anoma-
lous stimuli repetitions are presented in nonsequential order
(Renoult et al., 2010; Renoult & Debruille, 2009). Given
this, the Haebig et al. (2018) familiar word ERP study served
as a precedent for the current experiment because it demon-
strated that, despite stimuli repetition, picture-label mis-
match trials elicited a robust N400 in preschool children
with typical language development and DLD. In Experi-
ment 2, we found a very clear N400 for words in the RRCR
condition, even though a limited number of words were
used and considerable repetition occurred. In contrast to
words in the RRCR condition, words in the IR condition
showed no indication of an N400, suggesting that, for these
words, children developed more superficial word label rep-
resentations that were not strongly primed by the picture.

Furthermore, as with the Haebig et al. (2018) study,
the N400 that was elicited by mismatching picture-label
pairs did not differ between preschool children with DLD
and those with typical development. It is important to
note that some previous studies have identified N400 dif-
ferences in children with DLD relative to their peers
(Kornilov, Magnuson, Rakhlin, Landi, & Grigorenko, 2015;
Pijnacker et al., 2017). These studies sometimes used
sentence-level stimuli or examined words across different
classes (adjectives, verbs, nouns). In contrast, Haebig
et al. only examined word processing using early-acquired
nouns that were presented at the single-word level, which
did not appear to tax processing abilities in the preschool
children with DLD. Similarly, there were no significant
group differences in the amplitude of the N400 that was
elicited by words that were taught in the RRCR learning
condition in Experiment 2. These findings suggest that
neural processing for lexical retrieval and integration for
words taught using RRCR is similar for children with typi-
cal language development and children with DLD. This
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provides additional support to the Experiment 1 behavioral
findings, that RRCR enhances longer term retention of re-
cently taught words and the learning benefit associated with
RRCR is similar for TD children and children with DLD.

General Discussion

The current study directly compared the effectiveness
of two repeated retrieval schedules on word learning using
a multilevel approach. This work served as the next logical
extension of Leonard et al. (2019), who demonstrated
that repeated retrieval practice that engages contextual
reinstatement greatly enhances word learning and retention
relative to a more common RS learning protocol. In order
to more comprehensively understand how retrieval prac-
tice benefits learning, it was necessary to determine that
retrieval practice alone was not the sole source of learn-
ing enhancement. In addition to serving as the first study
to directly compare repeated retrieval schedules in pre-
school children, to our knowledge, this study is the first to
examine the neural correlates associated with processing
recently taught words in children with DLD. In both the
behavioral and ERP data, we observed that preschool
children experienced enhanced learning when novel words
were taught in the RRCR learning condition, relative to
the IR condition. These findings underscore the importance
of retrieval practice that requires contextual reinstatement
during the learning process. Importantly, our findings re-
veal that RRCR enhances learning in children with typical
language development and children with DLD.

Word Form

In Experiment 1, we found that, on average, children
accurately recalled 2.5 more novel labels for words that
were taught in the RRCR/0-2-2 learning condition relative
to the IR/0-0-0 learning condition. The strong effect of
the RRCR learning condition is thought to come from the
enhanced representation that children create when retriev-
ing the novel words in slightly changing contexts—which
in the current study was created by inserting different novel
labels between the encoding (study) context and retrieval
opportunities.

Although the RRCR learning condition enhanced
learning of word form for both groups, word learning
overall was not equivalent. An examination of the early
learning stages of the IR/0-0-0 retrieval trials on the first
day revealed that the children with DLD were less accurate
in recalling the words even though the recall trials occurred
immediately after a study trial. Despite this early reduction
in performance, the TD children and children with DLD
followed a similar trajectory of learning throughout the IR/
0-0-0 trials. This aligns with other work that suggests
that children with DLD have encoding deficits that signif-
icantly impact the early stages of word learning (Alt &
Plante, 2006; McGregor, Gordon, Eden, Arbisi-Kelm, &
Oleson, 2017).

In addition to facilitating word form recall, the
RRCR condition also appeared to facilitate form-referent
link recognition. Scores were much higher for recognition
than for recall, but the condition effects were nevertheless
quite clear for the children with DLD. Given the ceiling
effects apparent in the TD group for the form-referent link
recognition task, the Group X Learning Condition interac-
tion was expected. The recognition task served as a rather
superficial assessment that only required children to be able
to hold a shallow representation of each novel word form.
Therefore, the Experiment 2 ERP data provided more
sensitive information and did indeed reveal a strong effect
for learning condition, across both groups.

ERP findings not only complement our behavioral
data but also inform our understanding of online process-
ing in preschool children. The literature reflects many ex-
amples of the valuable information that measures of online
processing offer to our understanding of word processing
(Ellis, Borovsky, Elman, & Evans, 2015; Haebig et al., 2018;
McMurray, Horst, & Samuelson, 2012). In the current
study, we found that a robust N400 was elicited during mis-
match trials when the words being tested were taught using
RRCR. This, along with the current match-mismatch judg-
ments and the behavioral findings from Experiment 1, indi-
cates that the RRCR condition enabled children to reinstate
the contextual representation of words and update them with
new features, thereby increasing their effectiveness during
retrieval. As a result, the labels of words that were learned
in the RRCR condition were likely retrieved more auto-
matically during the Experiment 2 match-mismatch task
and were more effectively primed by the picture. The auto-
maticity of picture-label (or referent-label) pairings influ-
ences the N400 component (Juottonen, Revonsuo, & Lang,
1996; Kutas & Federmeier, 2011). Therefore, match trials
resulted in a very small N400 or no N400. Furthermore,
because pictures of words learned in the RRCR condition
would more effectively prime the label, a stronger semantic
anomaly effect occurred during trials with mismatching
picture-label pairs, which resulted in a robust N400.

In contrast, words learned in the IR condition may
have been retrieved less successfully because, during re-
trieval practice, the children were less likely to reinstate
and update the stored contextual representation. There-
fore, its value as a retrieval cue was not increased as in
the RRCR condition. Consequently, the priming between
picture and label may have been weaker, and any mis-
match between the two was less impactful. The ERP liter-
ature has found that the strength of an association between
a prime and target stimulus and the frankness of a violation
impacts the amplitude of the N400 (Federmeier & Kutas,
2001; Kutas & Federmeier, 2011). In Experiment 2, there
were no differences between the N400 amplitude that was
elicited by match and mismatch trials for words learned
in the IR condition.

Another notable finding in Experiment 2 was that
the mismatch trials elicited a significant N400 effect in the
early N400 window (300-500 ms), which is most often
associated with the N400, despite the young age of our
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participants (Kutas & Federmeier, 2011). Examining both
an “early” (300-500 ms) and “later” (500-700 ms) window
allowed us to investigate possible timing differences or
relative delays of the N400 between the groups. Our results
indicate that the timing of processing for children with
DLD when distinguishing matches or mismatches of novel
image-label pairings is comparable to their TD peers
when provided with the opportunity for RRCR.

Meaning

Although we anticipated meaning recall to exceed
word form recall, we predicted that TD children and chil-
dren with DLD would demonstrate a pattern similar to
the pattern found for the word form data. Interestingly, in
Experiment 1, we found an effect for learning condition
only when applying a model without the condition random
slope. Furthermore, unlike the Leonard et al. (2019) mean-
ing recall findings, TD children recalled more word mean-
ings than the children with DLD.

When examining the early learning stages for mean-
ing in the IR/0-0-0 retrieval trials on the first day, the
children with DLD were less accurate. The importance of
this finding lies in the fact that, whereas word form encod-
ing is assumed to engage the procedural system, our
learning task for meaning seems to involve primarily the
declarative system. That is, when learning new word formes,
the children had to encode sequences of consonants and
vowels. However, when learning the meanings, the words
constituting the “definitions” (e.g., “clouds,” “rain”) were
already known to the children; their task was to associ-
ate each definition with the appropriate picture. Accord-
ing to Ullman and Pierpont (2005), even in the latter
case, the act of retrieving the definition might involve the
procedural system. However, we kept retrieval demands to
a minimum in the 0-0-0 condition, yet group differences
were seen from the outset of learning. This finding suggests
that encoding weaknesses in children with DLD can extend
to cases in which sequence learning is not involved.

Clinical Implications and Future Studies

The current findings lend support to the belief that re-
trieval practice influences the nature of learning (Karpicke
& Roediger, 2008) and “the nature of storage and retrieval
from human memory” (Bjork, 1988, p. 396), with benefits
extending to young children with DLD. This is particularly
relevant given the storage-elaboration hypothesis, which
proposes that children with DLD have deficits in encoding,
leading to insufficient storage of the details of words (Kail,
Hale, Leonard, & Nippold, 1984; Kail & Leonard, 1986;
Leonard, Nippold, Kail, & Hale, 1983). As such, the storage-
elaboration hypothesis predicts that children with DLD will
have superficial lexical semantic representations, impaired
word processing, and reduced word recall abilities (Leonard,
2014). Given these deficits, it is necessary to develop evidence-
based techniques that will support word learning. The cur-
rent study contributes such evidence; despite encoding

deficits, RRCR can nonetheless improve the longer term
retention of newly taught words in children with DLD and
does so as effectively as in TD children.

Although the current study provides an important
first step in understanding the importance of RRCR, there
still is much to be learned. For example, given that learn-
ing characteristics may change with the course of develop-
ment, it will be important for future studies to explore the
role of RRCR on learning in individuals with DLD at dif-
ferent points in development. Our current findings align
with recent work that examined the role of retrieval practice
in word learning in young adults with DLD (McGregor
et al., 2017); despite this, additional studies are needed to
determine whether there are nuanced effects of RRCR on
learning at different developmental stages. This is especially
important given that the gap in word knowledge in pre-
school children with DLD only widens as they age into
adulthood (Rice & Hoffman, 2015). Future work also should
explore whether similar learning methods enhance learning
of different types of words (e.g., verbs, adjectives). A meta-
analysis of word learning in children with DLD indicates
that some word classes, such as verbs, are more difficult to
learn (Kan & Windsor, 2010). Additional studies examin-
ing both the behavioral and neural correlates associated with
processing recently taught verbs or adjectives that have been
taught using RRCR would be valuable.

In conclusion, we observed, at both the behavioral
and neural level, enhanced word learning for words that
were taught in the RRCR learning condition. Our findings
promote not only the importance of word exposure but
also the crucial role of retrieval practice that engages con-
textual reinstatement. This work serves as an important
first step in laying the groundwork of evidence for retrieval
practice in addressing weaknesses in word knowledge in
young children with DLD. Given the importance of word
knowledge on child academic and social outcomes, it will
be important to conduct further research in this promising
area.
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