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Abstract
Purpose: The current study compared the effects of direct instruction vs. indirect exposure on
multiple aspects of novel word learning for children with Developmental Language Disorder
(DLD) and children with typical language development (TLD).
Method: Participants included 36 children with DLD and 45 children with TLD. All children
were in the first grade and 6 to 8 years of age (median = 7 years; 2 months). Using a between-
subjects design, children were randomly assigned to be exposed to novel words and their
unfamiliar referents via either direct instruction (each referent presented in isolation with an
explicit goal of learning) or indirect exposure (multiple referents presented with the goal of
answering yes/no questions).
Results: In alternative forced choice measures of recognition, children with DLD were less
accurate than their TLD peers in linking words to referents, encoding semantic categories for
words, and encoding detailed representations of word forms. These differences in word learning
were accounted for by a constellation of cognitive measures, including receptive vocabulary,
phonological memory, visuo-spatial memory, and sustained attention. All children were similarly
accurate in retaining word forms over a 24- to 48-hour delay. Children with TLD were more
accurate in all aspects of word learning following direct instruction compared to indirect
exposure. Benefits from direct instruction were observed for children with DLD in link and
semantic, but not word form, learning.
Conclusions: These results suggest that vocabulary interventions with direct instruction can help
children with DLD learn some, but not all, aspects of novel words. Additional support is

necessary to help children with DLD encode rich phonological representations.
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Direct instruction improves word learning for children with Developmental Language
Disorder

People with Developmental Language Disorder (DLD) present with vocabularies that are smaller
and less richly elaborated than their peers with typical language development (TLD; McGregor,
Oleson et al., 2013), a gap that may disadvantage them academically (Biemiller & Slonim, 2001;
Cunningham & Stanovich, 1997; Dockrell et al., 2007; Ehri et al., 2001). Given the same
opportunity for learning, individuals with DLD, be they children (Kan & Windsor, 2010) or
adults (McGregor, Arbisi-Kelm et al., 2020), will learn fewer words than their age-matched
peers, a reliable effect of moderate size. These difficulties extend across multiple aspects of word
learning. Relative to their peers, however, people with DLD tend to have more difficulty learning
the word forms themselves than linking words to referents (Gray, 2004; Jackson et al., 2021;
McGregor, Arbisi-Kelm, et al., 2020; McGregor, Licandro et al., 2013). Not surprisingly, then, it
is often deemed necessary to provide additional opportunities for word learning to individuals
with DLD in the form of language intervention (Steele & Mills, 2011).

In the current project, we investigate how two training contexts used in language
interventions—direct instruction and indirect exposure—affect children’s success in learning
new words and whether the effect differs for children with DLD and their peers TLD. We
examine multiple aspects of word learning, including how well children link words to referents,
encode semantic category information, encode phonological representations of the word forms,
and retain these phonological representations over a delay. Our use of multiple measures
provides a more holistic exploration of word learning, moving beyond the tendency to focus
solely on how children link words to referents (Wocjik, Zettersten, & Benitez, 2022). We focus

on the early stages of word learning — what information children are able to encode after only a
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DIRECT INSTRUCTION IMPROVES WORD LEARNING 4

few exposures, but not how this process begins (triggering; e.g., Hoover, Storkel, & Hogan,
2010) or how it extends over time as children learn to approximate the full meaning of a word
(e.g., Carey, 2010). Our measures test what children know about a word (lexical configuration),
but not how this knowledge interacts with other words in their vocabulary (lexical engagement;
e.g., Leach & Samuel, 2007). While we include a measure of retention, we do not systematically
examine the process of consolidation (e.g., stabilization and enhancement; Walker, 2005). We
focus on the early stages of word learning, because a compelling body of research demonstrates
that the root of the word learning problem for children and adults with DLD often lies with their
initial encoding of new words into long-term memory and not their ability to consolidate and
retain this information over a delay (Gordon et al., 2021; Leonard, Deevy et al., 2019; Leonard,
Karpicke et al., 2019; McGregor, Licandro et al., 2013; McGregor, Gordon et al., 2017).
Individual differences in word learning

For clinical purposes, individuals receive a categorical diagnosis — they either do or do
not have DLD. Recent work suggests that DLD, however, should be conceptualized as a
spectrum disorder (Lancaster & Camarata, 2019). Categorical grouping can mask significant
heterogeneity in language ability amongst individuals with DLD. As a group, individuals with
DLD perform worse than their peers with TLD on many measures of word learning. This does
not mean, however, that every person with DLD experiences the same level of difficulty in
learning new words. In fact, not all individuals with DLD struggle to learn new words (e.g.,
McGregor, Arbisi-Kelm, & Eden, 2017). When comparing accuracy in tests of word learning,
there is often a high degree of overlap between the DLD and TLD groups and, in some instances,
nearly completely overlapping ranges (e.g., McGregor et al., 2013). Prior research involving both

children and adults with DLD has identified a range of cognitive factors that account for
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individual differences in word learning. Specifically, children and adults with DLD who have
weaker phonological memory (Jackson et al., 2019; 2021), visuospatial memory (Kan &
Windsor, 2010), and sustained attention (McGregor et al., 2022) tend to perform worse on
measures of word learning. For children with TLD, measures of working memory (combining
phonological and visuospatial) account for a substantial amount of variability in word learning
over and above variability that is accounted for by differences in vocabulary size and nonverbal
intelligence (Gray et al., 2022). For these reasons, it is important to compare word learning
outcomes not only at the group level, but also across individuals.
Learning words in different contexts

People learn words in many different contexts. Indirect exposures are those that occur
naturally in the world around us as we engage in conversations, watch television, and read books
and other media. In these daily activities, direct instruction is not necessary—at least for typical
language learners—because it is possible to infer the meanings of new words from visual and
linguistic contexts. Speech-language pathologists (SLPs) who provide vocabulary interventions
to toddlers and preschoolers frequently maximize opportunities for incidental exposures by using
strategies such as focused stimulation (Cable & Domsch, 2011; Girolametto et al., 1996) or
shared book reading (Ezell & Justice, 2005; Noble et al., 2019). Nevertheless, effects are often
small, and hybrids that incorporate some direct teaching before or after the incidental exposures
yield more robust outcomes (Pollard-Durodola et al., 2011).

By the early school years, most SLPs provide vocabulary interventions via direct
instruction (Steele and Mills, 2011); they select a set of vocabulary targets that are educationally
relevant and provide child-friendly definitions and synonyms, elicit productions in response to

comprehension questions, and guide the child through exercises such as category sorting and
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semantic mapping (Beck, McKeown, & Kucan, 2013; Justice et al., 2014; McGregor & Duff,
2015). These intervention practices make explicit the meanings of the words and the contexts in
which they can be used.

A large body of research has demonstrated that direct instruction is more effective than
indirect exposure for children without DLD (hedge’s g ~ 0.5; Marulis & Neumann, 2010). This
benefit may be greater for typically-developing children with smaller compared to larger
vocabularies (Coyne et al., 2004). Like their typically-developing peers, children with hearing
loss benefit the most from vocabulary interventions with direct instruction compared to indirect
exposure (Lund & Douglas, 2016). Given the prevalence of vocabulary intervention for children
with DLD, it is somewhat surprising that we have a limited understanding of the extent to which
direct instruction boosts vocabulary gains in these learners compared to indirect exposure. This
lack of knowledge exists, in part, because there are many components of direct instruction. Only
some of these components have been included in prior research comparing word learning
outcomes for children with DLD to their peers with TLD. One compelling line of research
demonstrates that practicing retrieval during learning is particularly helpful: compared to passive
exposure, repeated spaced retrieval boosts success in word learning similarly for children with
DLD and TLD (Haebig et al., 2019; Leonard, Deevy et al. 2019; Leonard, Karpicke et al., 2019).
Another important aspect is providing child-friendly definitions of words: compared to indirect
exposure via picture book reading, explicitly labeling referents and providing definitions boosts
success in word learning similarly for children with DLD and TLD (Nash & Donaldson, 2005).
Purpose of the present study

We do not question the utility of practicing retrieval or providing definitions. Rather, we

aim to isolate the essential core of direct instruction vs. indirect exposures to better understand
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their effects on children with DLD. Because indirect exposures take place in naturalistic
contexts, the word and the referent (specified visually or linguistically) are available for the
learner, but the goal of word learning is not specified. With direct instruction, the word and the
referent are also available for the learner, in fact they are often the focal point of attention, and
the goal of learning the word is made explicit. We hypothesize that the act of isolating the
intended referent and explicitly identifying the goal of learning a new word during direct
instruction (without active retrieval or explicit definitions) improves success in word learning for
children with DLD.

To address our hypothesis, we use a protocol developed by Countache and Thompson-
Schill (2014). They exposed adults with TLD to novel names for unfamiliar animals. For half of
the participants, these exposures occurred via direct instruction: Each unfamiliar animal was
presented in isolation and was labelled with a phrase like, “Remember the forato.” The link
between the word and its referent is made explicit here, as is the goal of learning the word. Note
that this type of instruction has been described in the research literature using different terms,
including ostensive naming and explicit encoding. For the other participants, the exposures
occurred via indirect exposure: The participant saw a familiar animal (e.g., an ant) alongside an
unfamiliar animal and was asked, for example, “Are the antennae of the blavid pointing up?”
Any word learning that occurs here is incidental; the participant is not directly told which one is
the blavid and is not told to remember the word blavid. Note that this type of exposure has been
labeled using different terms in the research literature including fast-mapping and referent
selection (e.g., Carey & Bartlett, 1988; Horst & Sameulson, 2008). Given the inconsistency in
the terminology and the tendency to use jargon in the literature, we use the terms direct

instruction and indirect exposure for greater transparency.
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DIRECT INSTRUCTION IMPROVES WORD LEARNING 8

When testing adult participants with TLD, both immediately after learning and one day
later, Countache and Thompson-Schill (2014) found a large effect of training on word learning.
On average, participants in the direct instruction condition correctly identified 80.7% of the
referents when given the word form, while those in indirect exposure condition correctly
identified only 56.2% of the referents. Note that these trials (where a participant is shown three
novel objects from training and asked to identify the one that is named) are variously referred to
as retention trials, declarative memory trials, or simply just test trials, because participants can
only succeed if they successfully linked novel words to their intended referents during training.
To distinguish between the multiple tests of learning we use (see below), we will refer to these as
link recognition trials. McGregor, Eden et al. (2020) extended this protocol to adults with and
without DLD. They similarly found a large improvement in link recognition and semantic
category recognition following direct instruction compared to indirect exposure. While the DLD
group performed more poorly overall than the TD group, there was no interaction between group
and condition, suggesting that the DLD group and TLD group similarly benefitted from the
identification of the intended referent and being prompted with the explicit goal of learning new
words.

In the present study, we asked whether 6- to 8-year-old children with DLD would
experience the same improvements in word learning from direct instruction as their peers with
TLD. All participants were in the first grade, the point at which many children receive
vocabulary interventions that involve direct instruction (Steele and Mills, 2011). We addressed
this question using several aims, examining:

1. The effect of direct instruction on multiple aspects of word learning, including

learners’ ability to link words to their referents (link recognition), encode
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183 information about the semantic categories of novel words (semantic category
184 recognition), and encode phonological representations of the word forms

185 themselves (word form recognition). Consistent with research involving adults

186 (McGregor, Eden, et al., 2020), we expected the improvements in both link and

187 semantic category recognition from direct instruction compared to indirect exposure
188 would be similar for children with DLD and their peers with TLD. It is possible,

189 however, that children with DLD would benefit more than their peers with TLD from
190 direct instruction, because they may have a greater difficulty learning via indirect

191 exposure given their lower extant linguistic knowledge. Although both training

192 conditions are equated in the number of exposures to the word forms, there is a

193 greater cognitive load in the indirect condition given the greater amount of visual

194 information on the screen and the need to respond to a question with an answer based
195 on inference. Therefore, we predicted that direct instruction would similarly boost
196 word form recognition for both the DLD and TD groups.

197 2. The effect of direct instruction on children’s retention of this initial learning. We
198 focused on learners’ ability to retain novel word forms over a 24- to 48-hour delay.
199 Given consistent results in the extant literature (Leonard, Deevy et al., 2019; Leonard,
200 Karpicke et al., 2019; McGregor, Licandro et al., 2013; McGregor, Gordon et al.,

201 2017), we predicted that children with DLD and TLD would not differ in their

202 retention and that retention would be similar following direct instruction and indirect
203 exposure.

204 3. The extent to which vocabulary, phonological memory, visuospatial memory,

205 and sustained attention support each aspect of word learning and whether word
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learning differences between children with DLD and TLD persist after

controlling for variability in these cognitive factors. As previously mentioned,

each of these factors is associated with success in word learning for children with

DLD (Jackson et al., 2019; 2021; Kan & Windsor, 2010; McGregor et al., 2022). We

therefore predicted similar outcomes in word learning between groups (i.e., fail to

reject the null hypothesis) after accounting for variability in learning attributed to

individual differences in these cognitive measures.

Method
Ethics
This study was approved by the institutional review board of [removed for anonymous
review], approval number 17-04-XP. Participants gave informed consent/assent before taking
part. The data were collected between March of 2018 and October of 2020, during the first year
of a four-year longitudinal study investigating changes in word learning for children with DLD
(Research Registry 3425, 2017). Pilot data were collected between December of 2017 and
February of 2018. Pilot participants were 9 children (2 female) all with TLD. Piloting was used
to determine the feasibility for children in our age range to complete the word learning tasks.
Pilot data was not analyzed, but checked to make sure that responses were being correctly logged
by the software.
Participants
Participants were 81 first graders (40 female) between 6 to 8 years of age (median = 86

months, range = 74 to 98 months), 36 children with Developmental Language Disorder (DLD)
and 45 children with typical language development (TLD). Four additional children participated

in data collection but were not included in the final sample, because they were the appropriate
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age but one grade ahead in school (N = 1), were subsequently diagnosed with epilepsy (N = 1),
or could not conclusively be included in either group (N = 2).! For the last 5 participants in our
sample (all in the DLD group), data collection switched from in-person to online due to the
COVID-19 pandemic. These children were unable to complete many of cognitive measures (see
below) that did not have options for online administration at that time. In addition, 2 children in
the TLD group did not complete the cognitive measure of sustained attention due to technical
issues. Therefore, results for models including the cognitive measures as covariates were fit
using a sample of 31 children with DLD and 43 children with TLD.

Children in the DLD group scored below the 15" percentile on a sentence recall
screening task developed by Redmond (2005) and scored below a standard score of 92 on the
Test of Narrative Language, first or second edition (TNL; Gillam & Pearson, 2004; 2017). The
TNL assesses both receptive and expressive language, is normed nationwide, and exhibits
minimal gender and racial bias. A cut-off of 92 has been demonstrated to have 92% sensitivity
and specificity in identifying children with DLD (Gillam & Pearson, 2017). Children in the TLD
group scored above a standard score of 92 on the TNL. Table 1 summarizes the demographic
characteristics and test scores for children in each group.

All participants met the following inclusionary criteria: exposed primarily to English
(fewer than 10 hours per week of another language), normal hearing (pass a pure-tone
audiometric screening at 0.5, 1, 2, and 4 kHz at 25 dB bilaterally), no indication of intellectual
disability (via parent report and a standard score of 70 or higher on the Matrices and Block

Design subtests of the Wechsler Abbreviated Scales of Intelligence, 2"¢ Edition; Wechsler,

! One child scored within the TLD range on both language measures (see next paragraph), but was receiving
services from a Speech Language Pathologist. The other child scored within the TLD range on one language
measure (sentence recall), but within the DLD range on the second language measure (7est of Narrative Language).
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2011), no diagnosis or suspected Autism Spectrum Disorder (score of 15 or below on the Social
Communication Questionnaire; Rutter et al., 2003), and a health history report indicating no
other neurological or developmental disorders aside from Attention Deficit Hyperactivity
Disorder (ADHD is often co-morbid with DLD; Sciberras et al., 2014). Six children in the DLD
sample (16.7%) and three children in the TLD sample (6.7%) had a diagnosis of ADHD. All
analyses were repeated excluding children with ADHD and are available via Open Science

Framework (https://osf.i0/26djx/?view_only=3c133119¢79144e4896439ab3227e0b1). We find a

strikingly similar pattern of results both when including and excluding children with ADHD.
This indicates that any observed group differences that are reported in our analyses below cannot
be attributed to a greater proportion of children with ADHD in the DLD compared to TLD
group.
Procedure

Participation involved three visits. Each visit lasted approximately 1 hour with the second
visit occurring 1 to 2 days following the first visit and the third visit occurring 3 to 5 days
following the second visit. Forty-four children completed the second visit after 1 day (20 DLD;
24 TLD) and 37 completed the second visit after 2 days (16 DLD, 21 TLD). On average, the
second visit occurred 1.45 days after the first visit and was similar for children with DLD and
TLD (1.44 and 1.47 respectively). The order of the tasks for each visit is presented in Table 2.
The tasks for the current research are described in greater detail below. Details and results for
other tasks are reported elsewhere (McGregor et al., 2022; Smolak, McGregor, Arbisi-Kelm, &
Eden, 2020).
Cognitive Measures

Vocabulary
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Children completed the NIH Toolbox Picture Vocabulary Task (Gershon et al., 2013,
2014; Weintraub et al., 2013) to measure their receptive vocabulary. Using an iPad, children
heard one word and saw four pictures on the screen. They were asked to touch the picture that
best matched the meaning of the word they heard. Children completed 2 practice trials, which
included feedback regarding accuracy. They then completed a maximum of 25 test trials without
feedback. The administration of test trials is adaptive — children’s accuracy on prior trials is used
to select trials with moderate difficulty (i.e., 50% likelihood the child will answer correctly).
Testing continues until children’s performance reaches a cut-off (standard error less than 0.3).
Children’s performance was quantified using age-adjusted standard scores, which are normed to
have a mean of 100 and a standard deviation of 15. Children in the DLD group had significantly
lower vocabulary scores (M = 92.4, SD = 14.6, range = 75-125) than children in the TLD group
(M=110.6, SD = 14.8, range = 78-140), b =18.1, = 5.3, p <.001.
Phonological Memory

Children completed the nonword repetition test (Dollaghan & Campbell, 1998) to
measure their phonological short-term memory. They were told that they would hear some made-
up words and were asked to “repeat the words back in exactly the same way as you hear them.”
Children were tested on sixteen nonwords that varied in syllable length: four 1-syllable words
(CVC), four 2-syllable words (CVCVC), four 3-syllable words (CVCVCVC), and four 4-syllable
words (CVCVCVCVCQ). Children’s responses were audio recorded and each phoneme
(consonant or vowel) was scored as either correct or incorrect; substitutions and omissions were
scored as incorrect, while additions were not scored as errors. Children’s raw score was the

number of correct phonemes produced with a maximum score of 96.
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Children completed the backward digit recall test (Alloway et al., 2008) to measure their
phonological working memory. Children were required to recall a sequence of spoken digits
(between 1 and 9) in reverse order. They completed four practice trials: two trials with a 2-digit
sequence and two trials with a 3-digit sequence. Children then completed up to 6 blocks of test
trials, with each block increasing the length of the digit sequences to be recalled (starting with 2-
digit sequences, ending with 7-digit sequences). Each block consisted of 6 trials and ceiling was
reached when a child was unable to accurately recall 4 or more trials within a block. Children’s
raw score was the number of correct trials with a maximum score of 36.

Children’s performance on the nonword repetition and backward digit recall tests were
strongly correlated, » = 0.56, t = 5.99, p <.001. To avoid multi-collinearity in our models, we
calculated a single composite phonological memory score for each child. This score was
calculated by converting children’s raw scores on each task into z-scores (dividing raw scores by
the standard deviation for the entire sample) and averaging both z-scores. Children in the DLD
group had significantly lower phonological memory z-scores (M = -0.60, SD = 0.81, range = -
2.49 to 0.73) than children in the TLD group (M = 0.48, SD = 0.60, range = -0.98 to 2.09), b =
1.09,t=6.94, p < .001.

Visuo-spatial memory

Children completed the Corsi Block-Tapping Test (Farrell et al., 2006) to measure their
visuo-spatial short-term memory. Children were presented with an array of nine wooden blocks.
They watched as the experimenter pointed to some of the blocks in a certain order. Children
were then asked to point to the blocks in the same order as the experimenter. They completed up
to 9 sets, with each set increasing the tapping sequence by one additional block (starting with 1-

block sequences, ending with 9-block sequences). Each set consisted of five trials. If a child
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correctly reproduced the first four trials within a block, the fifth trial was not administered and
the child received full credit for that set (i.e., 5 correct trials). Children started on the 3™ set; if
they did not answer all trials in this block correctly (i.e., establish a basal set), they completed the
2" and 1% sets. Ceiling was reached when a child answered incorrectly on all five trials for a set.
Children’s raw score was the total number of correct trials with a maximum score of 45.

Children completed the Odd-One-Out Task (Henry, 2001) to measure their visuo-spatial
working memory. They were shown images of three similar-looking figures displayed in a row
on the computer screen; two of the figures were identical and the third differed slightly from the
other two. Children were asked to tap the odd-one-out that is different from the others. The
figures disappeared and were replaced with a row of three rectangular boxes. Children were then
asked to tap the location of the odd-one-out figure. Children completed two practice trials: one
with a 1-item length (i.e., identify one odd-one-out before recalling its position) and one with a
2-item length (i.e., identifying two odd-ones-out before recalling their positions). Children then
completed up to 6 blocks of test trials with each block increasing the number of items to recall
(starting with 1-item trials, ending with 6-item trials). Each block consisted of four odd-one-out
sequences and four position recall trials. Children’s responses on position recall trials were
scored correct only if they correctly identified the positions for every odd-one-out figure in the
sequence (e.g., all 6 positions in the 6th block).? Ceiling was reached when a child answered
incorrectly on two or more position recall trials within a block. Children’s raw score was the
total number of position recall trials that were correct with a maximum score of 24.

Children’s performance on the Corsi Block-Tapping and Odd-One-Out were strongly

correlated, » = 0.51, t=5.09, p <.001. To avoid multi-collinearity in our models, we calculated a

2 When a child incorrectly identified which figure was the odd-one-out, this position was used as the target position
on the position recall trial.
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single composite visuo-spatial memory score for each child. This score was calculated by
converting children’s raw scores on each task into z-scores (dividing their performance by the
standard deviation for the group) and averaging both z-scores. Children in the DLD group had
significantly lower visuo-spatial memory z-scores (M = -0.59, SD = 0.73, range = -2.04 to 1.28)
than children in the TLD group (M = 0.41, SD = 0.66, range = -0.74 to 2.23), b=1.00, ¢t =6.19, p
<.001.
Sustained Attention

Children completed the Track-It task to measure their visual sustained attention (Erickson
et al., 2015; Fisher et al., 2013). They were shown 4x4 grids of boxes with 9 of the boxes
containing shapes. A target shape was identified using a red circle, the red circle disappeared,
and the shapes randomly moved around the grid in a smooth path for 20 to 35 seconds. The
shapes stopped moving, immediately disappeared, and children were asked to tap the last
location of the target shape on the grid. For homogeneous trials, all the distractors were the same
shape with only the target shape differing. For heterogeneous trials, all shapes were different.
Children completed three training trials, six homogeneous trials, and six heterogeneous trials.
Homogeneous and heterogenous trials were blocked and their order counter-balanced between
children. Training trials were either homogeneous or heterogenous to match the first block of test
trials. After every tracking trial, children completed a memory check — they were shown the
target shape and three distractor shapes in a 2x2 grid and were asked to tap the shape they had
been tracking.

Children’s raw score was the proportion of heterogeneous trials correct, excluding
tracking trials where they subsequently failed the memory check. This provides a measure of

children’s ability to endogenously sustain attention (children’s performance on homogeneous
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trials results is also affected by the salience of the target shape which is more salient from the
uniform distractors) that is not affected by failures in their ability to encode/retain the target
shape. Previous research has demonstrated that this particular measure of sustained attention is
correlated with individual differences in narrative language ability and cross-situational word
learning for children with DLD (McGregor et al., 2022; Smolak et al., 2020). Children in the
DLD group had significantly lower sustained attention scores (M = 0.68, SD = 0.30, range = 0 to
1) than children in the TLD group (M = 0.86, SD =0.21, range=0to 1,b=0.17,1=2.88, p <
.01.
Novel Word Learning

Children were taught the names of novel objects via either direct instruction or indirect
exposure (between-subjects design). The methods for both training conditions were the same as
prior research in which adults with DLD and TLD were taught different sets of words using
direct instruction (referred to as Fast Mapping) and indirect exposure (referred to as Ostensive
Naming; McGregor et al., 2020). Children were tested after a 5-minute and 24- to 48-hour delay
to measure their success in both learning and retention.
Stimuli

The entire stimulus set consisted of four sets of 12 novel words and 12 unfamiliar
referents depicted in color photographs, for a total of 48 form-referent pairs. Each child was
tasked with learning 12 form-referent pairs (the remaining sets were used during subsequent
years in the longitudinal project).

The unfamiliar referents were mammals (e.g., a tenrec), insects (e.g., a giraffe-necked
weevil), birds (e.g., a sunbittern), or fruits (e.g., a sapote). Each set of 12 unfamiliar referents

consisted of three mammals, three insects, three birds, and three fruits. Two familiar referents
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were included as filler stimuli (dog and watermelon). Twelve familiar referents were included as
distractors for the indirect exposure condition (giraffe, horse, bear, fly, ant, butterfly, duck,
flamingo, parrot, coconut, banana, and strawberry).? Each child was randomly assigned to learn
one of the four sets of novel words and referents such that each set of referents and words
occurred equally often for each group (DLD, TLD) and each training condition (direct, indirect).
Photographs of each referent were found online and edited using GNU Image Manipulation to be
matched approximately in size and placed on a white background 400 by 400 pixels in size.

For each set of 12 novel words, half were monosyllabic and half were disyllabic and
ranged in length from 3 to 6 phonemes. All disyllabic words contained first syllable stress
patterns. Ten of the words had unique onsets and the remaining two words shared the same
onset. All four sets of novel words were balanced in phoneme length, feature distribution (place,
manner, and voicing), neighborhood density (M = 3.85 neighbors; Vitevitch & Luce, 2004), and
phonotactic probability (positional segment frequency M = 0.1913; positional biphone frequency
M =0.0108; Kucera & Francis, 1967). Three different speakers (two female, one male) were
recorded producing the novel and familiar words. Previous research has demonstrated that
speaker variability facilitates the encoding of detailed phonological representations of new words
(Creel et al., 2008; Richtsmeier et al., 2009; Rost & McMurray, 2009; 2010).

Training

For direct instruction, children were told, “You will see pictures on the computer screen.
Your job is to remember what you see and hear.” On each trial, children were shown an image of
an unfamiliar referent in isolation and heard a sentence labelling it (see Figure 1). For indirect

exposure, children were told, “You are going to see two things on the computer screen, and we

3 A test at the end of the second visit confirmed that children knew the names of all 12 familiar referents.
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are going to ask you questions about one of them.” On each trial, children were shown images of
an unfamiliar referent and a familiar referent with a green thumbs up and a red thumbs down
displayed beneath on the screen. They then heard a sentence with the label for the unfamiliar
referent embedded in a yes/no question. Children responded by clicking/tapping the green
thumbs up image to answer yes and the red thumbs down image to answer no. All questions
focused on visual features of the unfamiliar referents. Each unfamiliar referent was paired with a
familiar referent from the same semantic category that differed in the relevant visual feature.
Using a between-subjects design, each child was randomly assigned to be in only one of the two
training conditions.

Children completed a total of 70 training trials that were arranged into 5 blocks. Each
block consisted of 14 trials: two trials with familiar referents (dog and watermelon) and twelve
trials with the novel referents. Each unfamiliar referent was shown and labelled once per block
(five times in total). For the indirect exposure condition, each unfamiliar referent occurred with
the same familiar referent on all 5 trials. Within each block, trials were presented in random
order with randomization varying across blocks (i.e., the order in which children encountered
word-referent pairings varied across blocks). For the indirect exposure condition, the unfamiliar
referent occurred equally often in the left and right position and the correct responses to the
questions (yes vs. no) occurred equally often.

Testing

Children completed three tasks measuring different aspects of word learning across

multiple visits (see Figure 2). These tasks measured children’s receptive knowledge by

quantifying their accuracy in identifying the target item (by tapping a touchscreen or clicking a
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mouse) from an array with two or three foils (i.e., 3- and 4-alternative forced choice measures).
In the next paragraphs, we describe each task in greater detail.

Children completed a 3-AFC word-to-referent link recognition task. For each trial,
children were shown images of three unfamiliar referents from training and heard a novel word
labelling one of the referents. They were instructed to touch/click on the picture that went with
the word. If children did not respond within 5 seconds, the trial ended and their accuracy for that
trial was marked as incorrect (i.e., a timeout trial). This same time-out criterion is used in prior
research (McGregor et al., 2020). Thus, a trial may be incorrect because the child consciously
chose a foil (i.e., linked the wrong label to a referent from training), randomly chose a foil (i.e.,
did not form a link during and so guessed), or did not respond in time. Consciously choosing a
foil likely reflects a different type of failure than randomly choosing or not responding. We
therefore repeat our analyses excluding time-out trials (with the current methods, it is not
possible to discriminate between conscious vs. random choices). Children completed 12 total
trials. Item order was randomized for each child. The referents that occurred on each trial were
chosen pseudorandomly such that a maximum of two items were from the same semantic
category. Across trials, each unfamiliar referent occurred once as the target and twice as a foil,
the target referent occurred equally often in each spatial location, and novel words were spoken
equally often by each of the speakers from training. Children completed this once, which
occurred 5 minutes after training.

Children completed a 4-AFC semantic category recognition task. For each trial, children
were shown the same four silhouettes (eagle, beetle, cow, apple) representing four different
semantic categories (bird, insect, mammal, fruit) and heard a novel word from training. Children

were instructed to touch/click the picture that matched the kind of thing named by the word.
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Given the large number of stimuli that were needed (48 unfamiliar referents), we chose referents
from four, rather than three, semantic categories. The semantic category recognition task
therefore had a 4-AFC format. To be consistent with prior research (Gordon et al., 2022;
McGregor et al., 2020) we chose not to increase the number of foils for link and word-form
recognition trials. The different number of foils complicates comparisons of children’s link and
word-form recognition accuracy with their semantic category recognition accuracy, but allows us
to compare accuracy on all three tasks with prior research involving children and adults with
DLD. The experimenter explained the task using two familiar referents: “If you heard the word
horse you would touch the mammal picture, because a horse is a type of mammal. Horses,
rabbits, and cats are all mammals. If you heard the word grapes you would touch the fruit
picture, because grapes are a type of fruit. Apples and grapes are both fruit.” Given the increased
complexity of the task (generalizing referents to broader categories and the increased number of
foils), we were uncertain how much extra time children would need to respond. Each trial
therefore had an unlimited duration and only advanced after the child selected one of the images.
The longer it takes children to respond, the less likely they are to remember the target word for
that trial. We hypothesize that incorrect trials with longer latencies are therefore more likely to
reflect random choices than incorrect trials with shorter latencies. We therefore repeat our
analyses excluding trials with response latencies longer than 8 seconds. Children completed three
practice trials with familiar words (duck, spider, dog) then 12 test trials. Across trials, each novel
word from training occurred once, all four images occurred in the same fixed spatial locations,
the target occurred equally often in each spatial location, and novel words were spoken equally
often by each speaker. Children completed this once, which occurred 24 to 48 hours after

training.
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Children completed a 3-AFC word-form recognition task. For each trial, children heard a
target novel word and two novel word foils. An image of a dot appeared on the screen
simultaneously with the presentation of each word. Dots were arranged in a row and appeared
from left to right. Children were instructed to touch/click on the dot that matched the word they
just learned. If children did not respond within 5 seconds, the trial ended and children’s accuracy
for that trial was marked as incorrect (i.e., a timeout trial). As with link recognition, we repeat
our analyses excluding time-out trials. For each trial, two phonological foils were created by
changing one phoneme (always a consonant) from the target word; for monosyllabic words it
was the offset and for disyllabic words it was the onset of the second syllable. For one foil, the
modified phoneme differed from the target phoneme on one feature (place, manner, or voice); for
the second foil, the modified phoneme differed on two features. Children first completed three
practice trials with familiar words (e.g., “Imagine you just learned the word sparkle. You hear
spartle, sparkle, sparfle. Touch the dot that matches your new word.”). Afterwards children
completed twelve test trials. Across trials, each novel word from training occurred once, the
target occurred equally often in each spatial location, and novel words were spoken equally often
by each speaker. Children completed this task twice — the first test occurred 5 minutes after
training and the second test occurred 24 to 48 hours after training.

Data Analyses

The dependent variable was children’s accuracy in selecting the target averaged across all
12 trials. Accuracy is centered on chance so that model intercepts indicate the extent to which
accuracies were significantly greater than chance. Separate models were fit using children’s
accuracy on each type of test trial: link, semantic category, and word form recognition. For each

model, children’s accuracy was regressed on the between-subject effect of training condition
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(contrast coded as -0.5 for indirect and +0.5 for direct), the between-subject effect of diagnostic
group (contrast coded as -0.5 for DLD and +0.5 for TLD), and the two-way interaction. All
analyses were repeated using logistic mixed effects to analyze data at the individual trial level.
We find a similar pattern of results. For ease of interpretability, we report here the linear
regression analyses using accuracy averaged across trials. Results for the logistic mixed effects
models using individual trial accuracies are available via OSF

(https://osf.i0/26djx/?view_only=3¢133119¢79144e4896439ab3227e0bl).

Recall that there are 12 trials for each test. For link recognition, children in the DLD
group had on average more time-out trials (M = 1.1, SD = 2.3) than children in the TLD group
(M =0.40, SD = 0.61). Of the trials that were scored as incorrect (foil was selected or time-out),
13.8% (SD = 25.4%) were time-out trials in the DLD group and 7.1% (SD = 11.8%) were time-
out trials in the TLD group. For form recognition, children in the DLD group also had on
average more time-out trials (M = 1.31, SD = 1.51) than children in the TLD group (M = 1.04,
SD = 1.83). Of the trials that were scored as incorrect (foil was selected or time-out), 15.8% (SD
=20.1%) were time-out trials in the DLD group and 23.6% (SD = 30.0%) were time-out trials in
the TLD group. Since time-out trials were scored as incorrect, children with DLD may have
lower accuracy in part because they had more time-out trials. For semantic category recognition
there was no time limit, children in the DLD group, however, had on average more trials with
response latencies longer than 8 seconds (M = 0.94, SD = 1.85) than children in the TLD group
(M =0.53, SD = 1.18). At longer intervals (e.g., one trial had a response latency of 80 seconds),
children may no longer remember the target word and therefore respond randomly. Children with

DLD may therefore have lower accuracy in part because they had more trials with long latencies.
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All analyses were therefore repeated (link, semantic category, word form) with these trials
excluded.

Children in the DLD group had on average lower vocabulary, phonological memory,
visuo-spatial memory, and sustained attention than children in the TLD group. Because each of
these cognitive factors has been shown to predict differences in children’s success in learning
new words, we refit our models (with all trials) to include the cognitive factors as covariates.
Because nearly all of these measures are correlated (see OSF) there were high levels of multi-
collinearity. The fixed effect for each cognitive factor therefore indicates the extent to which it
accounts for unigue variance in word learning (e.g., after removing the shared variance
accounted for by the other cognitive factors).

Overall, we find a similar pattern of results across all three types of analyses (unadjusted,
adjusted to exclude trials, adjusted to include covariates). This indicates that our observed effects
are fairly robust. Model results for all analyses are included in the Supplementary Materials that
are available via OSF and Table 3 provides comparisons of beta estimates for all significant
effects in every model. For brevity, we report in detail the results for the models that were
unadjusted (i.e., did not exclude trials or include the cognitive measures as covariates). We then
highlight any changes that occur when the covariates were added. This two-step approach allows
us to determine the size of the group differences between children with DLD and TLD and then
examine the extent to which group differences are accounted for by the cognitive measures. This
approach is similar, but not equivalent to a mediation analysis — testing whether the addition of a
third variable (cognitive measure) significantly decreases the strength of the original correlation

(between language group and word learning success).
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Given the between-subject design and potential for heterogeneous variance between
groups, we used linear regression models fit using Generalized Least Squares (GLS) and
restricted maximum likelihood approach (REML). Each model was fit twice — once assuming
homogeneous variance between groups and once assuming heterogeneous variance between
groups. AIC values were compared between model fits to identify the most parsimonious model
(i.e., a value more than 2 points lower than the other model). For link recognition, models that
assumed homogeneous variance were more parsimonious (indicating that variability amongst
children in identifying the correct referents of novel words was similar for the DLD and TLD
groups). For semantic category recognition and word form recognition, models that assumed
heterogeneous variance were more parsimonious (indicating that variability in identifying the
correct semantic categories and word forms was not the same for the DLD and TLD groups).
Analyses were completed using R (R Core Team, 2022; version 4.1.1) in RStudio (RStudio
Team, 2020; version 1.4.1717) and the nlme package (Pinheiro et al., 2022; version 3.1-155).
Data manipulation and plotting were completed using the tidyr (Wickham & Girlich, 2022;

version 1.2.0) and ggplot2 (Wickham, 2016; version 3.3.5) packages. The raw data and R code

are available in OSF (https://osf.i0/26djx/?view_only=3c¢133119¢79144e4896439ab3227e0bl).
Results
The complete results are summarized in Figure 3 and Tables 3-6. Below, we consider the results
in more detail for each aspect of word learning that we measured: link recognition, semantic
category recognition, word form recognition, and word form retention.
Link recognition
Full model results for the unadjusted analysis (including all trials, no cognitive

covariates) are available in Table 4. Recall, that children’s accuracy in identifying a referent
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after it was named was tested 5 minutes after training. Overall, children’s accuracy in linking
novel words to their pictured referents (M = 49.79%, SD = 23.53%) was significantly greater
than chance (33%).

There was a significant effect of group; children in the TLD group were more accurate in
recognizing the link between word and referent (M = 55.74%, SD = 23.49%) than children in the
DLD group (M = 42.36%, SD = 21.67%) There was a significant effect of training condition;
children were more accurate after direct instruction (M = 59.76%, SD = 23.34%) than indirect
exposure (M =39.58%, SD = 19.13%). The interaction between group and training condition
was not statistically significant, indicating that the effect of training was similar for both groups.

Although there is no need to further explore this interaction, we report the effect of
training condition separately for each group for full transparency. For children with TLD there
was a significant effect of training condition; they were more accurate in identifying the correct
referents of novel words learned via direct instruction (M = 65.91%, SD = 23.7%) than indirect
exposure (M =46.01%, SD = 19.11%). Their accuracy in both training conditions was
significantly greater than chance. For children with DLD there was also a significant effect of
training condition; they were more accurate in identifying the correct referents of novel words
learned via direct instruction (M = 52.63%, SD = 21.35%) than indirect exposure (M =
30.88%, SD = 15.8%). Their accuracy in the direct condition, but not the indirect condition, was
significantly greater than chance.

After adding covariates into the model, the effect of group was no longer significant, b =
0.111, #66) = 1.731, p = 0.088. All other fixed effects remain unchanged (see Supplementary
Materials). This suggests that group differences in word-referent mapping (TLD > DLD) are

accounted for, in part, by differences in cognitive factors (vocabulary, phonological memory,
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visuospatial memory, and sustained attention) between the groups. Put another way, the variance
accounted for by diagnostic group is shared with the variance accounted for by the cognitive
factors and the remaining unique variance accounted for by diagnostic group is not statistically
significant. Of the four cognitive factors, only children’s phonological memory (combination of
Non Word Repetition and Backwards Digits Tasks) was a significant predictor of their success in
identifying the correct referents of novel words, b = 0.089, #(66) =2.599, p = 0.012. For each 1
SD increase in children’s phonological memory, their accuracy in identifying the correct
referents of novel words increased by 8.9%.

Semantic category recognition

Full model results for the unadjusted analysis (including all trials, no cognitive
covariates) are available in Table 5. Recall, that children’s accuracy in identifying the semantic
category (bird, insect, mammal, fruit) for each word was tested 24 to 48 hours after training.
Overall, children’s accuracy in identifying the correct semantic categories of novel words (M =
39.3%, SD = 19.38%) was significantly greater than chance (25%).

There was a significant effect of group; children in the TLD group (M = 46.48%, SD =
21.06%) were more accurate in identifying the correct semantic categories of novel words than
children in the DLD group (M = 30.32%, SD = 12.3%). There was also a significant effect of
training condition; children were more accurate in identifying the correct semantic categories of
novel words learned via direct instruction (M = 44.92%, SD = 21.48%) than indirect exposure
(M =33.54%, SD = 15.15%). The interaction between group and training condition was not
statistically significant in the unadjusted analyses, but was significant for the analyses excluding

trials with long latencies, b = 0.157, #(77) = 2.146, p = 0.035.
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For children with TLD there was a significant effect of training condition; they were
more accurate in identifying the correct semantic categories of novel words learned via direct
instruction (M = 55.68%, SD = 14.41%) than indirect exposure (M = 37.68%, SD = 9.29%).
Their accuracy in both training conditions was significantly greater than chance. For children
with DLD, however, there was not a significant effect of training condition; they were similarly
accurate in identifying the correct semantic categories of novel words learned via direct
instruction (M = 32.46%, SD = 14.41%) and indirect exposure (M = 27.94%, SD = 9.29%). Their
accuracy in the direct, but not the indirect, condition was significantly greater than chance.

When adding covariates to the model, the fixed effects remain unchanged. Of the four
cognitive factors, only children’s sustained attention (Tracklt task) was a significant predictor of
their success in identifying the correct semantic categories of novel words, b = -0.185, #66) = -
2.53, p=0.014. A child with the highest sustained attention (i.e., 100% correct) was
18.5% less accurate than a child with the lowest sustained attention (i.e., 0% correct). This effect
is contrary to our prediction and should be interpreted with caution since the effect is less robust
(i.e., when excluding children with ADHD the effect is marginally significant, b = -0.16, #(59) =
-1.92, p =0.06).

Word form recognition

Full model results for the unadjusted analysis (including all trials, no cognitive
covariates) are available in Table 6. Recall, that children’s accuracy in identifying the trained
novel word from two phonological foils was tested both 5 minutes and 24 to 48 hours after
training. We report here the results after the 5-minute delay and focus on changes in accuracy
between tests in the next section. Overall, children’s accuracy in identifying the correct forms of

novel words (M = 45.27%, SD = 23.82%) was significantly greater than chance (33%).
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There was a significant effect of group; children in the TLD group (M = 56.11%, SD =
24.52%) were more accurate in identifying the correct forms of novel words than children in the
DLD group (M =31.71%, SD = 14.2%). There was a significant effect of training condition;
children were more accurate in identifying the correct forms of novel words learned via direct
instruction (M = 50.81%, SD = 26.27%) than indirect exposure (M = 39.58%, SD = 19.77%). The
interaction between group and training condition was statistically significant, indicating that the
effect of training varied between groups.

For children with TLD there was a significant effect of training condition; they were
more accurate in identifying the correct forms of novel words learned via direct instruction (M =
68.94%, SD = 18.93%) than indirect exposure (M = 43.84%, SD = 23.19%). Their accuracy in
both training conditions was significantly greater than chance. For children with DLD, however,
there was not a significant effect of training condition; they were similarly accurate in identifying
the correct forms of novel words learned via direct instruction (M = 29.82%, SD = 15.79%) and
indirect exposure (M = 33.82%, SD = 12.31%) and in neither condition did they perform above
chance.

When covariates were added to the model, the effect of group was no longer significant,
b =10.083, #66) = 1.485, p = 0.142. Children with TLD performed higher than chance in the
direct condition only while the children with DLD performed higher than chance in the indirect
condition only. All other fixed effects remain unchanged (see Supplementary Materials). This
suggests that group differences in word form learning (TLD > DLD) are accounted for by
differences in cognitive factors (vocabulary, phonological memory, visuospatial memory, and
sustained attention) between the groups. Of the four cognitive factors, only children’s

phonological memory was a significant predictor of their success in identifying the correct forms
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of novel words, b = 0.139, #(66) = 4.679, p = <.001. For each 1 SD increase in children’s
phonological memory, their accuracy in recognizing the forms of the novel words increased by
13.9%.

Word form retention

The dependent variable in these analyses is the change in children’s accuracy when tested
at the 5-minute and 24- to 48-hour delays. Positive values indicate an increase in children’s
accuracy over time. Children’s accuracy in recognizing the forms of novel words was
significantly greater when tested after a 24- to 48-hour delay compared to the 5-minute delay
(M gain = 14.92%, SD = 19.66%), b = 0.147, (77) = 6.84, p = <.001.

There was not a significant effect of group, b = 0.046, #(77) = 1.063, p = 0.291; the gain
in the accuracy of form recognition over the retention interval was similar for children in the
TLD group (M gain= 17.04%, SD = 21.54%) and DLD group (M gain= 12.27%, SD = 16.96%).
There was not a significant effect of training condition, b =-0.046, #(77) = -1.074, p = 0.286; the
gain in the accuracy of form recognition over the retention interval was similar for words learned
via direct instruction (M gain = 12.6%, SD = 17.98%) and indirect exposure (M gain =
17.29%, SD = 21.22%). The interaction between group and training condition
was not statistically significant, indicating that the effect of training condition on the size of the
gain over the retention interval was the same for both groups, » = 0.019, #(77) = 0.216, p = 0.83.

For children with TLD there was not a significant effect of training condition, b = -
0.037, «(77) = -0.57, p = 0.57; the gain in the accuracy of form recognition over the retention
interval was similar for words learned via direct instruction (M gain= 15.15%, SD = 17.94%) and
indirect exposure (M gain = 18.84%, SD = 24.77%). The gain in accuracy was statistically

significant both for the direct [b = 0.096, #(77) = 2.478, p = 0.015] and indirect condition [b =
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0.152, #(77) = 3.692, p = <.001]. For children with DLD there also was not a significant effect of
training condition, b = -0.055, #(77) = -0.979, p = 0.331; the gain in the accuracy of form
recognition over the retention interval was similar for words learned via direct instruction

(M gain=9.65%, SD = 18.06%) and indirect exposure (M gain= 15.2%, SD = 15.66%). The gain
in the accuracy of form recognition over the retention interval was statistically significant in both
for the direct [b = 0.096, #(77) = 2.478, p = 0.015] and indirect condition [b = 0.152, #(77) =
3.692, p =<.001].

When covariates were added to the model, children’s vocabulary size, phonological
memory, visuospatial memory, and sustained attention did not predict variability in how much
their accuracy in recognizing the forms of the novel words changed over the delay. All other
fixed effects remain unchanged.

Discussion

In this study, we found that isolating the intended referent and explicitly identifying the
goal of learning new words improved learning for children with DLD. These improvements
resulting from direct instruction compared to indirect exposure were observed for most aspects
of word learning and were similar in magnitude to their peers with TLD (Aim 1). Children were
able to retain detailed phonological representations of the new word forms over a 24- to 48-hour
delay; this ability was similar for children with DLD and TLD and was unaffected by direct
instruction (Aim 2). Finally, individual differences in children’s phonological memory accounted
for heterogeneity amongst children in most aspects of word learning and accounted for the
greater success in word learning by children with TLD than children with DLD (Aim 3). We
examine each of these aims in greater detail for each aspect of word learning.

Learning word-referent links
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In laboratory settings, word learning outcomes are commonly measured as the ability to
identify a referent when hearing its label. We found lower accuracy on this measure of word-to-
referent linking for learners with DLD than for learners with TLD. These group differences were
accounted for by individual differences in our cognitive measures, in particular phonological
memory. The size of the group difference observed here between children (~13%) is similar to
the difference between adults (~18%) observed by McGregor, Eden, and colleagues (2020).
These findings reveal continuity in word learning difficulties, which persist throughout
development (learners with DLD lag behind their peers with TLD both as children and adults)
and across learning environments (learners with DLD lag behind their peers with TLD following
both direct instruction and indirect exposure).

We also found higher accuracy for word-to-referent links learned via direct instruction
than indirect exposure and the benefit of direct instruction held for both groups. This matches the
pattern of results observed in prior research involving adults with and without DLD (Coutanche
& Thompson-Schill, 2014; McGregor et al., 2020). There were several differences between our
training conditions which may have affected children’s success in linking words to referents.
First, indirect exposure increased the number of images presented on the screen (from 1 to 2),
which increased the processing/cognitive load for each trial. Second, the presence of a second
referent (although familiar) increased competition by requiring children to identify which image
was the intended referent (e.g., Halberda, 2006; Markman & Wachtel, 1988). Third, the
instructions provided to the child changed task demands from primarily memory (direct
instruction) to attentional (indirect exposure), which affects children’s behavior (e.g., Csibra &
Gergely, 2009). With the current methods, it is not possible to determine the extent to which

each of these factors contributed to children’s success in word learning. To the extent that these
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factors are dissociable (i.e., do not frequently co-occur in natural language), identifying the
relative contribution of each factor is an important direction for future research.

While it may not be surprising that direct instruction is more effective than indirect
exposure, these results are nevertheless important because they support language interventions
using direct instruction to help children with DLD learn words. It is important to note that this
does not mean that direct instruction is universally better. Learning via indirect exposure may be
a slower, yet crucial, aspect of word learning (McMurray, Horst, & Samuelson, 2012). In fact,
the added complexity from indirect exposure (e.g., the need to reject familiar objects as potential
referents) sometimes improves learning outcomes (Zosh, Brinster, & Halberda, 2013). Increased
competition, but not too much competition, may improve learning by creating the ideal balance
in learning difficulty — not too easy so as to be boring, but not too hard so as to be overwhelming
(Horst, Scott, & Pollard, 2010; Kidd, Piantadosi, & Aslin, 2012). That said, “learning” a new
word involves much more than just identifying a referent when it is named. We turn next to our
results investigating how children form more detailed representations of both the referent and
word form.

Learning semantic categories

In addition to associating a specific referent with a novel word, learners may be encoding
information about the referent itself. Here we focused on the extent to which children encoded
the superordinate categories (e.g., bird, mammal, insect, fruit) for referents and linked this
information to the novel words. Similar to link recognition, we found better accuracy for learners
with TLD than DLD, but in contrast, these group differences could not be accounted for by our
constellation of cognitive measures. We again found better accuracy for words learned via direct

instruction than indirect exposure. The comparison of the effect of training between groups,
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however, yielded mixed results. For children with TLD, direct instruction unambiguously
improved their success in learning superordinate categories compared to indirect exposure.
Moreover, the size of this improvement (~18%) was similar to the improvement in link
recognition (~19%). For children with DLD, the improvement in semantic category learning
(~9%) was smaller and not statistically significant. Children with DLD, however, learned
superordinate categories only from direct instruction, but not indirect exposure. Taken together,
these results highlight the importance of including additional supports in vocabulary
interventions to help children with DLD learn semantic information, like providing explicit
definitions for words (e.g., Nash & Donaldson, 2005).

Superordinate categories are just one of the many types of semantic information children
must learn when they encounter new words. For instance, apples are fruits, but they are also
edible, typically red in color, grow on trees, etc. Moreover, it is not clear to what extent
children’s ability to make post hoc judgements about superordinate category membership in our
task is associated with children’s ability to embed this information into semantic networks. For
instance, a newly-learned word for an insect could semantically prime lexical recognition of the
word “ant” (e.g., Coutanche and Thompson-Schill, 2014). Additionally, children may associate
category-specific knowledge (e.g., insects lay eggs) with the newly learned word (e.g., Gelman
& O’Reilly, 1988). Tests of semantic knowledge are challenging to create and can be difficult to
replicate (e.g., McGregor, Eden et al., 2020). This aspect of word learning is often overlooked
and therefore an important direction for future research.

Sustained Attention
We found that individual differences in children’s sustained attention predicted their

accuracy in identifying the semantic categories of the novel words. This correlation, however,
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was opposite our prediction and contrary to prior research (McGregor et al., 2022). We found
that children with better sustained attention were worse at identifying semantic categories. This
relation, however, was only marginally significant when children with ADHD were removed
from our sample. These results should be interpreted with caution because measures of sustained
attention are not often included in word learning research and children with ADHD are often
excluded from DLD research. In other words, replication is needed to be certain that this
correlation is not spurious and extended research is needed to better elucidate the similarities and
differences between children with DLD only and those whose DLD occurs alongside other
neurodevelopmental challenges.
Learning word forms

As in most research on word learning, the novel words in the current study were
intentionally chosen to be phonologically distinct. As a consequence, children did not need
detailed phonological representations of words to succeed on link and semantic category trials.
For example, children do not have to remember the exact combination of phonemes to correctly
identify the target kaktub when the foil referents are melig and zimp. We therefore included trials
that measured children’s ability to discriminate trained words like kaktub from foils that were
phonological neighbors like kakpub and kakfub. We found better accuracy for learners with TLD
than DLD, which was accounted for by individual differences in our cognitive measures, in
particular phonological memory. The gap in average accuracy between groups (TLD > DLD) is
larger for word form recognition (~23%) than both link recognition (~13%) and semantic
category recognition (~15%). Prior research indicates that novel word learning involves separate
phonological and semantic factors (Gray et al., 2020) and that, at the early stages of learning,

encoding phonological information is more challenging than encoding semantic information for
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children and adults with DLD (Gray, 2004; Jackson et al., 2021; McGregor, Arbisi-Kelm, et al.,
2020; McGregor, Licandro et al., 2013). As previously discussed, semantic knowledge entails
much more than recognizing the referent (and its superordinate category), therefore, we might
find that individuals with DLD struggle more with semantic learning during the latter stages of
word learning (McGregor, Oleson, et al., 2013).

In tests of nonword repetition, the deficit between children with DLD and their peers with
TLD is larger for longer words (three to four syllables) compared to shorter words (one to two
syllables; e.g., Graf Estes, Evans, & Else-Quest, 2007). The novel words in the current
experiment were relatively short, consisting of one or two syllables. Nevertheless, we observed
that children with DLD were less successful in encoding detailed phonological representations of
words than their peers with TLD. With longer novel words, we expect that the (already large)
gap in performance would widen further.

We found better accuracy for word forms learned via direct instruction than indirect
exposure. This benefit from direct instruction only occurred for children with TLD and not for
children with DLD. In fact, children with DLD were unable to discriminate trained words from
close phonological foils after a 5-minute delay even with direct instruction. This failure is
particularly striking, because it illustrates how the ability to succeed on several metrics of word
learning (i.e., link and semantic category recognition) despite impoverished phonological
representations of word forms, can mask the need for further intervention for children with DLD.

Children with DLD may struggle to identify the correct forms of novel words from close
phonological foils for a variety of reasons. Failure in our task could result from difficulties in
perception (e.g., discriminating the subtle differences between foils), in encoding (e.g.,

identifying the phonemes that combine to form the word), and in retention (e.g., maintaining the
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phonological representations over the 5-minute delay). Without additional measures (e.g., a
same-different task with familiar words), it is difficult to discern to what extent each of these
factors contributed to their failures. An extensive body of research investigating why children
with DLD struggle in non word repetition tasks, however, suggests that both perception and
encoding may play a role (see Coady & Evans, 2008 for review). Children with DLD are
frequently reported to have deficits in auditory discrimination and speech perception (e.g.,
Brosseau-Lapré et al., 2020; Kujala & Leminen, 2017; Quam et al., 2021; Ziegler et al., 2011).
The improvements in accuracy that we observed over the 24- to 48-hour delay (see next section)
suggest that retention is not a problem for children with DLD. In fact, their accuracy after the
delay was significantly greater than chance (see Supplementary Materials available via OSF).
These findings are particularly striking for several reasons. First, they reveal that children with
DLD can succeed in our word form discrimination task. Second, they indicate that the lack of an
effect of training (direct = indirect) was not due to floor effects. Third, they serve as a reminder
to interpret chance performances with caution. Without any intervening exposure, children with
DLD could only succeed in identifying the correct forms of novel words after a 24- to 48-hour
delay if they had learned something during training. This learning, however, was not evident
when they were tested after a S-minute delay. Especially when dealing with disordered
populations, we may be too quick to interpret null results as a failure to learn. As the results here
demonstrate, this is not always the case. With the consolidation of memory enabled by time and
sleep, learning may become evident (e.g., Dumay & Gaskell, 2007).
Retaining word forms

We found that children with DLD were more accurate in identifying the correct forms of

novel words when tested after a 24- to 48-hour delay compared to 5-minute delay. In some cases,
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performance after a retention interval is similar to performance immediately after training (e.g.,
McGregor, Gordon et al., 2017, study 2). In some cases, like the current one, it improves and, in
other cases still, it declines (e.g., Jackson et al., 2021). These differences may be attributable to a
variety of methodological differences in both training (i.e., number of words to be learned and
the number, timing, and spacing of exposures during training) and testing (i.e., number of
phonological foils, how phonological foils differed from the target). Regardless of whether
accuracy improves, decreases, or remains the same, an emerging body of research has
consistently demonstrated that both children and adults with DLD are just as successful as their
peers with TLD in retention (Bishop & Hsu, 2015; Gordon et al., 2021; Haebig et al., 2019;
Leonard et al., 2019; McGregor, Licandro et al., 2013; McGregor, Gordon et al., 2017;
McGregor, Arbisi-Kelm et al., 2017; Nash & Donaldson, 2005). Here too we found equal rates
of retention for children with DLD and TLD. We also found equal rates of retention for words
learned via direct instruction and indirect exposure. These results are also consistent with the
aforementioned prior research in that the factors which affect children’s success in encoding
during word learning do not affect their success in retention. This suggests distinct cognitive
mechanisms support these different stages of word learning.
Clinical Implications

Children with TLD readily learn words from indirect exposure. Many children with DLD
need language interventions that involve direct instruction. In exploratory analyses (see
Supplementary Materials), we compared word learning outcomes for children with DL.D who
received direct instruction and children with TLD who received indirect exposure These cross-
condition analyses revealed that the additional supports provided by direct instruction (i.e.,

isolating the intended referent and explicitly identifying the goal of learning a new), were
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sufficient for children with DLD to achieve similar levels of success in link and semantic
category recognition as their peers with TLD who only received indirect exposure. Although
direct instruction in the current experiment did not include information to help children encode
(or even encourage them to attend to) superordinate categories, it nevertheless reduced learning
demands by decreasing the amount of visual information presented and eliminating the need for
children to respond to answer a question using inference.

The cross-condition analyses indicated that direct instruction was insufficient to help
children with DLD achieve similar levels of success in word form encoding compared to their
peers with TLD who only received indirect exposure. In fact, even with direct instruction,
children with DLD struggled to form detailed phonological representations of the novel word
forms. Difficulty in developing detailed and stable phonological representations of words has
broader, cascading impacts on development. Computational work demonstrates how deficits in
phonological representations impact other cognitive skills, including working memory capacity
(Jones & Westermann, 2022) and reading (Harm & Seidenberg, 2004). Children’s language
ability, measured in part by how many words they know, predicts academic achievement (Pace et
al., 2019). These consequences highlight the importance of helping students succeed in learning
the forms of new words.

Prior research has shown that variability in word learning success between children with
DLD is associated with differences in their performance across a variety of cognitive measures,
including vocabulary, phonological memory, visuospatial memory, and sustained attention
(Jackson et al., 2019; 2021; Kan & Windsor, 2010; McGregor et al., 2022). Children’s
performance is often correlated across these different measures indicating underlying constructs

that support their general success in these tasks. By including all four measures in our models,
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we were able to identify the extent to which each one accounts for unique variance in word
learning success. We found that only children’s phonological memory predicted how accurate
they were at both linking words to their referents and forming detailed phonological
representations of the words. These findings have important implications for vocabulary
interventions. First, they suggest that the ability to actively maintain representations of newly
heard words is a primary limiting factor of children’s success in word learning. Thus, an
important goal for vocabulary interventions is to scaffold the learning environment to help all
children succeed in encoding this information. Second, these findings indicate that not all
children with DLD will struggle with all aspects of word learning. Children with DLD who have
strong phonological memory may require less support with learning detailed phonological
representations of new words, while still requiring support with building rich semantic
representations.

Based upon the strength of the prior literature and the current study, there is little doubt
that during the early stages of learning many children with DLD (particularly those with poor
phonological memory) will need significantly more support to learn the forms of new words.
Vocabulary interventions, however, are often not tailored to meet this specific need for children
with DLD. Recent surveys of Speech Language Pathologists and recordings of their sessions
reveal that they most commonly use techniques that are focused on teaching children the
meanings of words, but seldom use techniques focused on phonology or orthography (Justice et
al., 2014; Steele, 2020). Other techniques, including increasing the number of exposures
(McGregor, Arbisi-Kelm, Eden, & Oleson, 2020), testing learners’ ability to recall the names of
referents throughout learning (i.e., repeated spaced retrieval; Haebig et al., 2019; Leonard et al.,

2019a; 2019b; 2020; McGregor, Gordon et al., 2017), and explicitly asking learners to monitor
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words for the presence of specific sounds (McGregor, Arbisi-Kelm et al., 2017), have all been
shown to improve word form learning for children and adults with DLD.
Future Directions

In the current study, we systematically investigated the extent to which direct instruction
facilitates different aspects of word learning. As in most research on word learning, we focused
on children’s ability to learn nouns that label concrete objects. Learning words for abstract
concepts (e.g., emotions, thoughts) is more difficult than learning words for concrete objects
(e.g., de Groot & Keijzer, 2000). This concrete vs. abstract gap is larger for children with DLD
than TLD (McGregor et al., 2012). The components of direct instruction that were the focus of
the current project — isolating the referent and explicitly identifying the goal of learning — are
unlikely to help children learn abstract words. Other strategies, like explicit definitions, however,
may help (e.g., Nash & Donaldson, 2004). Given the transition throughout elementary school
from perceptually- to linguistically-acquired word meanings (Wauters et al., 2003), it is critical
that future research investigate ways in which vocabulary interventions can help children with
DLD learn abstract words.
Conclusions

For words labeling concrete objects, we found that isolating the referent and explicitly
identifying the goal of learning were sufficient to help children with DLD in multiple aspects of
word learning; it unequivocally improved their ability to link words to their referents and, to
some extent, also improved their ability to generalize words to their superordinate semantic
categories. The results support the use of direct instruction in vocabulary interventions for
children with DLD. Nevertheless, the children with DLD struggled to learn the forms of the new

words and direct instruction was no more effective than indirect exposure for that aspect of word
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learning, at least with the number of exposures provided here. Additional exposures and,
perhaps, supplemental ways to emphasize word forms and practice their productions will be
required. For many children with DLD, word forms do not come along ‘for free.” Although
isolating the referent and specifying the learning goal are enough to help children with DLD
learn referents, this stripped-down version of direct instruction is not enough to support their
word form learning.
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Tables and Figures
Table 1
Comparisons of test scores and demographic information between diagnostic groups.
DLD (n = 36) TLD (n = 45)

Domain Measure Mean (SD) Range Mean (SD) Range Sig.
Narrative TNL 81.06 (8.1) 61-91 111.33(8.98) 94-127  *
Nonverbal I1Q WASI 89.03 (10.71) 71-116 107.47 (10.41) 86-130  *
Receptive Vocabulary PVT 92.42 (14.55)  75-125 110.56 (14.82) 78-140  *
Phonological STM NWR 67.69 (13.15) 29-88 81.38 (8.58) 54-96 *
Phonological WM BDT 5.5(4.07) 0-15 10.64 (3.81) 6-24 *
Visuospatial STM Corsi 16.9 (4.5) 6-28 21.27 (2.92) 15-28 *
Visuospatial WM 000 5.32 (2.45) 1-13 9.38 (4.02) 5-20 *
Sustained Attention Track-It  0.68 (0.3) 0-1 0.86 (0.21) 0-1 *
Age in months 86.81 (5.64) 74-96 86.6 (4.58) 76-98
Maternal education in years 14.36 (2.67) 10-20 16.87 (2.18) 12-22 *
Gender N % N %
Male 21 58.3 20 44 .4
Female 15 41.7 25 55.6
Race N % N %
Black or African American 5 13.9 1 2.2
More than one race 4 11.1 6 13.3
White 26 72.2 38 84.4
Did not reply 1 2.8 0 0.0
Ethnicity N Y% N Y%
Hispanic or Latino 1 2.8 0 0.0
Not Hispanic or Latino 28 77.8 39 86.7
Did not reply 7 19.4 6 13.3

Note: scores on the Test of Narrative Language (TNL; Gillam & Pearson 2004; 2017), Wechsler

Abbreviated Scales of Intelligence, 2" edition (WASI; Wechsler, 2011), and Picture Vocabulary
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Test from the NIH Toolbox (PVT; Gershon et al., 2013) are standard scores with a normative
mean of 100 and a standard deviation of 15. Scores on the Nonword Repetition task (NWR,;
Dollaghan & Campbell, 1998) are the number of phonemes children correctly produced
(maximum of 96). Scores on the Backwards Digit Test (BDT; Alloway et al., 2007) are the
number of sequences children correctly produced (maximum of 36). Scores on the Corsi Block-
Tapping Task (Corsi; Farrell et al., 2006) are the number of correct sequences children correctly
recalled (maximum of 45). Scores on the Odd-One-Out task (OOO; Henry, 2001) are the number
of sequences children correctly recalled (maximum of 24). Scores on the Track-It test (Erickson
et al., 2015; Fisher et al., 2013) are the proportion of heterogenous trials correct after excluding
trials for which children failed the memory check. All between-group differences are statistically

significant (£’s > 2.8, p’s <.01) except for age.
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1251 Table 2

1252  Protocol schedule

Visit 1 Visit 2 Visit 3
Parent Consent, Child Assent,
HIPAA Forms Form recognition (3AFC) Cross-Situational (CS) learning

Novel word training

5-min break

Form recognition (3AFC)

Link recognition (3AFC)
Same-Not Same (NIH Toolbox)

Category recognition (4AFC)
Track-It (A or B)

2-min break

Track-It (A or B)

Corsi Blocks

5-min break

CS Form recognition (3AFC)
CS Link recognition (3AFC)
Odd One Out

Nonword Repetition

Backward Digit Picture Vocabulary Test (NIH Toolbox)

1253 Note: tasks included in the current project are listed in black; tasks that are reported elsewhere
1254  are listed in gray.

1255
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1256 Table 3

1257  Comparison of fixed effects across different model criteria

59

link semantic category word form
no covariates covariates no covariates covariates no covariates covariates
fixed effect 2}“ exclusions all trials 2}“ exclusions all trials 2}“ exclusions all trials
trials trials trials
Intercept 0.16 0.18 0.16 0.13 0.14 0.14 0.11 0.16 0.12
DLD Direct 0.2 0.23 0.22 0.08 0.07 0.11
DLD Indirect 0.1
TLD Direct 0.33 0.35 0.31 0.31 0.32 0.3 0.36 0.42 0.27
TLD Indirect 0.13 0.14 0.13 0.13 0.13 0.12 0.11 0.16
Group 0.14 0.13 0.16 0.17 0.15 0.25 0.25
Training 0.21 0.21 0.21 0.11 0.11 0.13 0.11 0.1 0.08
DLD 0.22 0.22 0.24
TLD 0.2 0.21 0.19 0.18 0.19 0.18 0.25 0.26 0.21
Group:Training 0.16 0.29 0.31 0.26
Vocab
Phono. Memory 0.09 0.14
Visuo. Memory n/a n/a n/a
Sustained
Attention -0.18

1258

1259  Note: Models varied based on whether trials were (exclusions) or were not (all trials) filtered based on response latency criteria and

1260  whether children’s performance on the cognitive measures was (covariates) or was not (no covariates) included as fixed effects.
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1261 Table 4

1262 Evaluation of factors determining accuracy in linking words to referents

fixed effect b se 95% CI t p sig
LL UL

Intercept 0.159 0.023 0.113  0.204 6.949 <.001 *
TLD Direct 0329 0.043 0243 0416 7.569 <.001 *
TLD Indirect 0.13 0.043 0.045 0.215 3.06  0.003 *
DLD Direct 0.196  0.047 0.103 0.289 4.196 <.001 *
DLD Indirect -0.021  0.049 -0.12  0.077 -0.428 0.67

Group 0.142  0.046  0.051  0.233  3.112  0.003 *

Training 0.208  0.046  0.117  0.299 4561 <.001 *
TLD 0.199  0.061  0.078 032 3271  0.002 *
DLD 0.217  0.068 0.082  0.353  3.194  0.002 *

Group:Training -0.019  0.091 -0.2  0.163 -0.203 0.84

Residual Standard Error: 0.204

Degrees of freedom: 81 total; 77 residual
1263
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1264  Table S

1265  Evaluation of factors determining accuracy in linking words to semantic categories

fixed effect b se 95% CI t p sig
LL UL

Intercept 0.159  0.023 0.113 0.204 6949 <.001 *
TLD Direct 0.307  0.041 0.225 0388  7.491  <.001 *
TLD Indirect 0.127 0.04 0.047 0207  3.166  0.002 *
DLD Direct 0.075  0.028 0.019 0.131  2.649 0.01 *
DLD Indirect 0.029 0.03 -0.03  0.089  0.989  0.326

Group 0.142  0.046 0.051 0.233  3.112  0.003 *

Training 0.208  0.046 0.117 0299 4561  <.001 *
TLD 0.18  0.057 0.066 0294  3.142  0.002 *
DLD 0.045 0.041 -0.036 0.127 1.102  0.274

Group:Training -0.019  0.091 -0.2  0.163  -0.203 0.84

Residual Standard Error: 0.123

Degrees of freedom: 81 total; 77 residual
1266
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1267  Table 6

1268  Evaluation of factors determining accuracy in identifying the correct forms of novel words

fixed effect b se 95% CI t p sig
LL UL

Intercept 0.159  0.023 0.113 0.204 6949 <.001 *
TLD Direct 0.359  0.045 0269 0.449 7944 <001 *
TLD Indirect 0.108  0.044 0.02 0.197 245  0.017 *
DLD Direct -0.032  0.033  -0.097 0.033 -0971  0.335
DLD Indirect 0.008  0.035 -0.061 0.077 0.238  0.812

Group 0.142  0.046 0.051 0.233  3.112  0.003 *

Training 0.208  0.046 0.117 0299 4561  <.001 *
TLD 0.251  0.063 0.125 0377 3966  <.001 *
DLD -0.04  0.048 -0.135 0.055 -0.84  0.404

Group:Training -0.019  0.091 -0.2  0.163  -0.203 0.84

Residual Standard Error: 0.143

Degrees of freedom: 81 total; 77 residual
1269
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1270  Figure 1

1271 Example training trials

Direct Instruction Indirect Exposure
“This is a blavid” “Are the antenna of the blavid down?”

1272

1273 Note: children listened to speakers reading the sentences and did not see the written text in the

1274  experiment



DIRECT INSTRUCTION IMPROVES WORD LEARNING

1275  Figure 2

1276  Example test trials

Word-to-referent link recognition

“Find the blavid”

Semantic category recognition

“blavid”

Word-form recognition

o @ ® @ o B
“blagid” “blavid” “blazid”
time

1277

1278  Note: children listened to speakers reading the sentences and did not see the written text in the

1279  experiment.
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1280  Figure 3

1281  Children’s accuracy on test trials
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Indirect

Direct

Indilrect Dirlect

Indirect Direct

Training

Indirect Direct

Indirect

Direct

Indirect

Direct

1283  Note: data points represent the average across children and error bars +/- 1 SE. Violins show the distribution of accuracies across

1284  children. The dashed horizontal line represents chance performance (i.e., equal likelihood of choosing the target vs. the foils).



