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A B S T R A C T

Purpose: This study examined working memory in children with developmental
language disorder (DLD). The overarching goal of this work was to integrate
three primary processing-based hypotheses of DLD, (a) limited verbal working
memory, (b) slowed processing speed, and (c) inefficient inhibition of interfer-
ence, by using the serial-order-in-a-box–complex span (SOB-CS) computational
model as our theoretical framework. We also examined the role of domain in
working memory performance by varying the domain of interference and recall
(i.e., verbal vs. nonverbal) task demands.
Method: Participants were 55 school-age children, 21 children with DLD and
34 age-matched typically developing (TD) peers (9–13 years old).
Results: Findings indicated that verbal and nonverbal working memory perfor-
mance was poorer in the DLD than TD group. There was a modest benefit of
dispersing interference and recall task demands across domains relative to task
demands being within one domain, yet verbal interference affected performance
to a greater degree than nonverbal interference in the DLD group.
Conclusions: Overall findings supported a role for each of the processing-
based hypotheses of DLD, albeit an incomplete role. In contrast, the SOB-CS
model accounted for interrelationships among these processing-based factors
and provided an explanation across patterns of findings. Thus, the SOB-CS
model represents a useful step forward in explaining processing in children
with DLD.
Supplemental Material: https://doi.org/10.23641/asha.19526179
School-age children with developmental language
disorder (DLD) have verbal deficits relative to typically
developing (TD) peers that are not explained by intellec-
tual or biomedical conditions (Bishop et al., 2017;
Norbury et al., 2016; Tomblin et al., 1997). The preva-
lence of DLD is approximately 7% (Norbury et al., 2016),
and this disorder negatively impacts long-term academic,
vocational, social–emotional, and health-related outcomes
(Conti-Ramsden et al., 2012; Whitehouse et al., 2009).
Although DLD is primarily characterized by deficits in
verbal processes, these children also present with deficits
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in nonverbal processes, such as those important to work-
ing memory performance (e.g., processing speed, inhibi-
tion; Vugs et al., 2013). However, prior work suggests that
children with DLD perform more similarly to TD peers
on working memory tasks with both verbal and nonverbal
task demands than performance on tasks with only verbal
demands (Gillam et al., 1995; Hoffman & Gillam, 2004).
This pattern may be due to poorer resistance to interfer-
ence in children with DLD relative to TD peers (Marton
et al., 2007; Pauls & Archibald, 2016) and due to a greater
effect of interference on performance when task demands
are limited to the verbal domain (Oberauer et al., 2012).
Yet, no prior studies have systematically examined how
dispersing task demands across verbal and nonverbal
domains relates to interference during working memory
performance in children with DLD relative to TD peers.
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There are three primary hypotheses of processing-
based factors that are important to working memory per-
formance, which have been posited as factors underlying
DLD in prior work. These hypotheses separately posit the
following: (a) limitations in verbal aspects of working
memory (e.g., verbal mediation; Archibald & Gathercole,
2007; Ellis Weismer et al., 1999), (b) slowed processing
speed (Kail, 1994; Miller et al., 2001), and (c) inefficient
inhibition of interference (Bjorklund & Harnishfeger,
1990; Marton et al., 2007). One theoretical framework
with the potential to unify these hypotheses and further
describe working memory in DLD is the serial-order-in-
a-box–complex span (SOB-CS) computational model
(Oberauer et al., 2012). This interference-based model of
working memory posits a key role for time, or processing
speed, in inhibiting interference during working memory.
The SOB-CS model also accounts for the effects of task
demands in the verbal versus nonverbal domain based on
interference between representations in working memory.
Thus, it may provide an integrated framework for exam-
ining working memory in children with DLD.

It should be noted that the literature we discuss in
this article adopted varied terms for developmental lan-
guage impairment, with most of the studies using the ter-
minology and criteria for specific language impairment
(SLI). As typically defined, SLI entails the same language
criteria as DLD but a more restricted range of nonverbal
IQ that is within the average range of TD peers (standard
score of at least 85). To meet criteria for DLD, nonverbal
cognition is only required to be above the intellectual dis-
ability cutoff (standard score of at least 70). There is evi-
dence that supports collapsing groups of children with lan-
guage disorder who have average and below average non-
verbal abilities (Bishop et al., 2016; Dennis et al., 2009;
Gallinat & Spaulding, 2014; Norbury et al., 2017). In line
with diagnostic criteria employed in this study and for the
sake of consistency, we use the term DLD throughout this
article. We would direct readers interested in a discussion
of terminology and group classification to Volkers (2018).

Working Memory on Verbal and Nonverbal
Tasks

Limitations in verbal working memory have been
hypothesized to give rise to language deficits in DLD
(Archibald & Gathercole, 2007; Ellis Weismer et al., 1999;
Leonard et al., 2007), based on evidence of poorer perfor-
mance on measures of verbal working memory for chil-
dren with DLD relative to TD peers. Children with DLD
are generally slower and less accurate than TD peers on
verbal working memory tasks, which may lead to diffi-
culty with language comprehension (e.g., with passive sen-
tences which involve maintaining information about the
object of the verb prior to hearing the verb and the
Lar
subject; Archibald & Gathercole, 2007; Ellis Weismer
et al., 1999; Mainela-Arnold et al., 2006; Montgomery &
Evans, 2009), but also on working memory tasks that are
nonverbal in nature, such as mental rotation tasks
(Dispaldro et al., 2013; Smolak et al., 2020; but see Blom
& Boerma, 2020). Vugs et al.’s (2013) meta-analysis on
nonverbal working memory showed deficits in DLD rela-
tive to TD peers with a large effect size (d = .63).

Only two studies have contrasted performance on
working memory tasks with varied verbal and nonverbal
demands in children with DLD relative to TD peers
(Gillam et al., 1995; Hoffman & Gillam, 2004). Gillam
et al. (1995) examined performance accuracy on working
memory tasks that varied the domain of recall items (e.g.,
verbal, verbal–visual) and response modality (i.e., verbal
vs. pointing) whereas Hoffman and Gillam (2004) varied
the domain of recall (e.g., verbal, nonverbal) and an inter-
ference processing task (e.g., pointing to a matching
color). Both studies showed that the DLD and TD groups
performed more poorly in the condition with demands
within the verbal domain relative to the conditions with
demands divided between verbal and nonverbal domains.
Gillam et al. (1995) showed that the DLD group per-
formed most similarly to TD peers when task demands
were distributed across the verbal and nonverbal domains
(e.g., verbal–visual items), suggesting a performance bene-
fit when dispersing processing across domains during a
working memory task for children with DLD (i.e., may
also be viewed as a combined-cue condition). Hoffman
and Gillam (2004) showed that children with DLD
benefitted to a lesser degree than TD peers when process-
ing was divided between domains relative to when pro-
cessing was limited to a single domain (i.e., either verbal
or nonverbal) during a working memory task.

Considering these two studies together, there may be
a lesser performance benefit for dividing processing
between domains than distributing processing across
domains for children with DLD during working memory
performance. However, Hoffman and Gillam (2004) did
not include a distributed-domain condition and, although
Gillam et al. (1995) did include a distributed-domain con-
dition, it did not include an interference task. Rather, the
design involved varying the domain of recall item and
response modality. As a result, it is difficult to compare
findings between these two studies in order to understand
how different levels of interference relate to working mem-
ory performance in DLD.

Integrative Theoretical Framework

Beyond the relationship between domain (verbal/
nonverbal) and working memory performance, it has been
hypothesized that two other key factors thought to underlie
DLD also share an important relationship with working
son & Ellis Weismer: Working Memory and Domain in DLD 1907



memory performance. The generalized slowing hypothesis
suggests that slowed response time on verbal or nonverbal
tasks that draw on working memory (e.g., grammaticality
judgment, mental rotation) leads to downstream effects on
language in DLD (e.g., language unfolds over time and
slowed processing may be associated with poor parsing of
the speech stream; Kail, 1994; Miller et al., 2001) and the
inefficient inhibition hypothesis suggests that slower and
less accurate inhibition of interference leads to down-
stream effects on language in DLD (e.g., confusion
between similar-sounding words or inaccurate interpreta-
tion of the object and subject in passive sentences;
Bjorklund & Harnishfeger, 1990; Marton et al., 2007).
Prior work shows slowed reaction time (RT) across verbal
and nonverbal processing tasks, including working mem-
ory tasks, for children with DLD relative to TD peers,
which is argued to lead to disproportionate difficulty with
language (Kail, 1994; Leonard et al., 2007; Miller et al.,
2001). Performance RT and accuracy on inhibition tasks
has been linked to extant language abilities (Blom &
Boerma, 2020; Dispaldro et al., 2013), later language out-
comes (Kapa & Erikson, 2020; Larson et al., 2020), and
to working memory in children with DLD (Marton et al.,
2007). It is necessary, therefore, to examine the role of
domain in working memory performance using a frame-
work that captures domain effects and interrelationships
among working memory, processing speed, and inhibition.

The SOB-CS model is an interference-based compu-
tational model of working memory that has the potential
to capture the roles of factors thought to be important to
working memory and thought to be important to DLD
(i.e., verbal aspects of working memory, processing speed,
inefficient inhibition; Oberauer et al., 2012). It involves a
neural network with separate layers for item (e.g., a word)
and serial position (e.g., first in a list), represented as dis-
tributed activation patterns. The item layer represents item
features on a continuum, with the same processing units
capable of representing either verbal (e.g., phonemes) or
nonverbal (e.g., spatial location; also referred to as visuo-
spatial) features depending on activation patterns. The
position layer similarly represents temporal properties of
input over the same set of processing units (e.g., first or
last position in a list). Representations in working memory
have item and position features as items are bound to con-
text positions in a single weight matrix (Oberauer et al.,
2012, 2016). Accordingly, interference may arise due to
overlap in features or due to proximity in context posi-
tions. The degree to which representations interfere is also
governed by a time-based active removal mechanism—free
time. Free time occurs when there are unfilled intervals
between cognitive operations, such as a pause between a
processing task response and item recall. These unfilled
intervals allow for items to be unbound from context posi-
tions and either forgotten or transferred to long-term
1908 Journal of Speech, Language, and Hearing Research • Vol. 65 •
memory, thus restoring working memory to a baseline
state (Oberauer et al., 2012). Free time is necessarily
related to processing speed as faster processing is likely to
afford more time between cognitive operations relative to
slower processing, and therefore, less interference between
representations.

Under the SOB-CS model, items that are from the
same domain are more likely to interfere than items from
different domains per the degree to which they have simi-
lar features, whereby the relative role of verbal versus
nonverbal encoding during performance is tested (e.g., ver-
bal mediation vs. perceptual mediation; Oberauer et al.,
2012). For instance, the word frog is more likely to inter-
fere with the word log than the word seven for several rea-
sons: (a) frog and log have more shared phonemic and syl-
labic features, (b) frog and log share a semantic relation-
ship, and (c) frog and log are from the “word” category
whereas seven is from the “digit” category. Relative
strengths in a given domain may increase the representa-
tional distinctiveness of items from that domain and lead
to a diminished likelihood of interference between those
items (e.g., precise phonological and semantic representa-
tions of frog and log rather than confusion with an interfer-
ing word, such as bog; Oberauer et al., 2012). In children
with DLD, for instance, nonverbal representations (e.g.,
shapes) may be less likely to interfere than verbal represen-
tations (e.g., words) due to relative strengths in representing
nonverbal relative to verbal information. Accordingly, the
SOB-CS model has the potential to capture interrelation-
ships among processing speed, domain effects, and inhibi-
tion of interference in children with DLD.

This Study

This study examined the role of domain in working
memory performance, similarly to Gillam et al. (1995)
and Hoffman and Gillam (2004), but using a fully crossed
design, unlike these two prior studies. Our working mem-
ory task structure was the same across conditions and was
consistent with our theoretical framework of working
memory, the SOB-CS model (Oberauer et al., 2012; see
also Leonard et al., 2007). This model integrates key fac-
tors hypothesized to be important to working memory
and hypothesized to underlie DLD. This framework is
also a useful step forward, relative to prior related studies,
in testing the role of domain in working memory because
it captures how the domain of representations relates to
working memory performance based on how representa-
tions interfere in working memory. Thus, this study is the
first to clarify the degree to which dispersing processing
across domains during working memory affects perfor-
mance in school-age children with DLD relative to TD
peers under a unified theoretical framework. We asked,
how does working memory performance differ between
1906–1920 • May 2022



school-age children with DLD and age-matched TD peers
on tasks with: (Research Question [RQ] 1) demands
within verbal or nonverbal domain, (RQ2) tasks with
demands divided between verbal and nonverbal domains,
and (RQ3) demands divided between verbal and nonver-
bal domains compared to tasks with demands distributed
across both verbal and nonverbal domains?

Given that Gillam et al. (1995) and Hoffman and
Gillam (2004) are closely related to the current work rela-
tive to other prior work, our hypotheses are based on their
findings and specific predictions of the SOB-CS model
(Oberauer et al., 2012). Our first prediction was that DLD
and TD groups would perform better on tasks with demands
divided between domains than tasks with demands within
one domain, due to a lesser degree of interference when
demands are divided between domains, but that the TD
group would derive greater performance benefit. Our second
prediction was that DLD and TD groups would perform
better on tasks with demands distributed across domains
than tasks with demands divided between domains, due to a
lesser degree of interference when demands are distributed
across domains at each phase of the task, but that the DLD
group would derive greater performance benefit.
Method

Participants

This study was approved by the Education and
Social/Behavioral Institutional Review Board at the Univer-
sity of Wisconsin–Madison. Participants were recruited
from the Madison metropolitan area and nearby regions
and school districts via the Waisman Center Clinical Trans-
lational Core, local contacts, and online outreach as part of
a larger remote-based project on language and working
memory in children with DLD (Larson, 2021). We admin-
istered assessments and experimental tasks remotely, due to
this study taking place during the COVID-19 pandemic,
over two visits that lasted approximately 2 hr each and
were separated by 1 week or less. We used Zoom (i.e., a
secure videoconferencing platform), and we provided a ded-
icated laptop computer (Dell Inspiron, Intel Core i5, Win-
dows 10) to each participant for use during this study. We
video-recorded parental verbal informed consent and child
verbal assent. Parents received a written copy of the con-
sent form prior to the first study session. Sixty-one partici-
pants were evaluated for the current study, and six were
deemed ineligible due to the following reasons: history of
traumatic brain injury (1), bilingualism (1), and history of
speech-language or dyslexia services and not meeting cri-
teria for the DLD group (4; e.g., history of speech-
language services and all standardized language scores with
the normal range). There were twenty-one 9- to 13-year-old
Lar
children with DLD (M = 10.46 years, SD = 1.09 years)
and 34 age-matched peers with typical development (M =
10.47 years, SD = 1.08 years; p = .95).

No participant had a history of failed hearing
screening or hearing loss, had normal or corrected-to-
normal vision, were monolingual, and had no known his-
tory of biomedical conditions associated with their lan-
guage disorder based on parent report (e.g., autism spec-
trum disorder). Parents of participants provided maternal
education information, a socioeconomic status (SES)
proxy, as part of the background history questionnaire
that also included developmental and medical history of
the participant. Eligibility for the TD group was (a) no
parental report of language delay or intervention, and
(b) standard scores ≥ 85 on the Core Language, Expressive
Language, or Language Content composite indices of the
Clinical Evaluation of Language Fundamentals–Fifth Edi-
tion (CELF-5; Wiig et al., 2013). Note that all TD partici-
pants had nonverbal t-scores within the normal range
(≥ 40) on the Matrix Reasoning subtest from the Wechsler
Abbreviated Intelligence Scale–Second Edition (WASI-II;
Wechsler, 2011), except one participant who had a t-score
of 32 (i.e., above the intellectual disability cutoff of 30) and
no history of developmental disability (see Supplemental
Material S1 for additional participant information).

Eligibility for the DLD group was based on Bishop
et al. (2017) and included (a) nonverbal t-scores > 30 on
the Matrix Reasoning subtest from the WASI-II and (b)
standard scores on the Core Language, Expressive Lan-
guage, or Language Content composite index 1.2 SDs
below the mean (≤ 82) on the CELF-5 (see Volkers, 2018,
for a discussion on DLD). This CELF-5 criterion exceeds
recommended sensitivity and specificity levels (e.g., .80 sen-
sitivity and specificity; Nitido & Plante, 2020). See Table 1
for demographic information and standardized test scores
for participants and see Supplemental Material S1 for two
minor exceptions to these criteria. All assessments were
conducted using videoconferencing and digitized forms of
the stimulus materials.

We also administered the Conners-3 abbreviated
parent interview (i.e., a screening for attention-deficit/
hyperactivity disorder), a sustained attention task adapted
with permission from Finneran et al. (2009), and a sen-
tence comprehension task adapted with permission from
Robertson and Gallant (2019) as part of the larger pro-
ject. Participants did not differ significantly in Conners-3
t-scores (p = .34); however, both groups had mean t-scores
indicating elevated symptoms, potentially related to COVID-19
conditions (e.g., home-based education, reduced child care
resources). Participants also completed baseline visual and
auditory RT tasks, and groups did not differ significantly
on these measures when accounting for group differences
in SES (DLD: M = 15.71 ms, SD = 1.45 ms; TD: M =
17.42 ms, SD = 2.53 ms; ps > .05). All assessments and
son & Ellis Weismer: Working Memory and Domain in DLD 1909



Table 1. Demographic information and standardized test scores for study participants.

Participant characteristics TD (n = 34) DLD (n = 21) p value

Sex assigned at birth F = 14
M = 20

F = 9
M = 12

Race/ethnicity
African American 1 0
African American–Caucasian 0 2
Asian American–Caucasian 5 1
Caucasian/White 28 17
Hispanic/Latino 0 1

Age in years
M 10.47 10.46 p = .95
SD 1.08 1.09 (r2 = −.02)

Maternal education in years (SES)
M 17.42 15.71 TD > DLD**
SD 2.53 1.45 (r2 = .12)

WASI-II (matrix reasoning)
M 58.00 46.05 TD > DLD***
SD 9.50 11.23 (r2 = .24)

Conners t-score (attention)
M 67.21 72.40 p = .34
SD 17.01 22.09 (r2 = −.00)

Core Language (CELF-5)
M 112.59 82.95 TD > DLD***
SD 12.14 10.39 (r2 = .61)

Note. There was no change in statistical effects for TD-DLD comparisons when covarying socioeconomic
status (SES) WASI-II = Wechsler Abbreviated Intelligence Scale–Second Edition, Matrix Reasoning sub-
scale; Conners t-score = abbreviated parent interview for attention deficit/hyperactivity disorder (ADHD),
note that higher scores reflect more ADHD symptoms; CELF-5 = Clinical Evaluation of Language Funda-
mentals–Fifth Edition; Standard scores are reported for the CELF-5 and t-scores are reported for the
WASI-II; TD =typically developing; DLD = developmental language disorder. Standard scores are reported
for the CELF-5, and t-scores are reported for the WASI-II. TD =typically developing; DLD = developmental
language disorder; WASI-II = Wechsler Abbreviated Intelligence Scale–Second Edition, Matrix Reasoning
subscale; Conners t-score = abbreviated parent interview for attention-deficit/hyperactivity disorder (ADHD)
note that higher scores reflect more ADHD symptoms; CELF-5 = Clinical Evaluation of Language Funda-
mentals–Fifth Edition.

**p < .01. ***p < .001.
tasks were administered by the first author, a doctoral
candidate with certification in speech-language pathology
and training as a research assistant.

Experimental Tasks

The experimental task structure aligned with current
views of working memory as a construct according to our
theoretical framework and other prior work (Leonard
et al., 2007; Oberauer et al., 2012, 2016). This structure
involved presentation of potential recall items, an interfer-
ence processing task, and recall of target items paired with
serial information (i.e., not simple recognition). Our exper-
imental paradigm was a fully crossed design with five con-
ditions (see Table 2), and our dependent variables were
recall test accuracy and RT. This paradigm was drawn
from the Brown-Peterson design, which involves, for
instance, presenting a string of letters, then an interference
task involving counting backward by three, and finally
testing recall of the string of letters in the correct sequence
(e.g., Siffredi et al., 2017).
1910 Journal of Speech, Language, and Hearing Research • Vol. 65 •
Stimuli
Stimuli included the following: auditorily presented

words with associated images, visually presented abstract
shapes (i.e., not easily labeled), visually presented faces/
nonfaces, auditorily presented words/nonwords, and auditorily
presented questions (see Table 2 for examples). The same
speaker (not the examiner) produced all auditory stimuli
and had a neutral Midwest accent. All auditory word/
nonword stimuli were one to two syllables in length and
were normalized to 65 dB and 650 ms. We selected words
based on the most frequently occurring, readily depictable
nouns from the CHILDES database (MacWhinney, 2000;
Warren corpora; Warren-LeuBecker & Bohannon, 1984).
These stimuli were supplemented with nouns selected from
the MacArthur–Bates Communicative Development Inven-
tories (Fensen et al., 2007; i.e., criterion assessment of early
language ability), rather than selecting infrequently occur-
ring words, under the assumption that all participants had
already mastered these words. Nonwords were acquired
from the ARC Nonword Database (Rastle et al., 2002)
and generated with frequency statistics information. All
1906–1920 • May 2022



Table 2. Description of experimental conditions.

Task

Recall training phase Interference processing phase Recall test phase

Stimulus Example Stimulus Example Stimulus Example

Within Verbal (word–image) Verbal (word/nonword
judgment)

“Teeg” Verbal (word–image)

Nonverbal (shape
location)

Nonverbal (face/nonface
judgment)

Nonverbal (shape
location)

Divided Verbal (word–image) Nonverbal (face/nonface
judgment)

Verbal (word–image)

Nonverbal (shape
location)

Verbal (word/nonword
judgment)

“Glue” Nonverbal (shape
location)

Distributed Verbal nonverbal
(word–image
location)

Verbal nonverbal (auditory
word location judgment)

“Door” Verbal nonverbal
(word–image
location)

Note. Nonverbal stimuli and distributed condition examples represent the item and the location of the item in one of four quadrants, indi-
cated here via t-shaped lines (quadrant lines are not visible to participants for the experimental tasks).
auditory question stimuli were five words in length and
normalized to 65 dB and 1,600 ms. All visual stimuli were
black and white and normalized to 4 × 4 and 600 pixels.
The word–images were prototypical exemplars edited in
Adobe Photoshop CS (2004), the abstract shapes were
four-sided shapes adapted with permission from Ceaser and
Barch (2016; similar to the random shapes of Vanderplas
and Garvin, 1959), and faces/nonfaces were adapted with
permission from Siffredi et al. (2017). Verbal stimuli did
not differ by condition on length, frequency, or category
characteristics (ps > .31), and nonwords did not differ in
length or frequency of phonological neighbors (ps > .07).
See Supplemental Material S1 (Tables S1 and S2) for by-
condition comparisons of stimuli features.

Task Design
Each trial had recall training, interference process-

ing, and recall test phases across conditions, and brief
unfilled intervals between each phase based on task pilot-
ing (150 ms). We will describe one condition in detail due
to the task structure being the same across conditions, but
see Supplemental Material S1 for detailed descriptions of
other conditions and minor task timing differences (see
also Table 2). The verbal-within domain condition
involved three sequentially presented words and their asso-
ciated images that appeared in the center of the screen for
the recall training phase. The interference processing phase
involved a word/nonword, followed by a question prompt
(“Is that a real word?”) and then a second presentation of
the word/nonword. Participants had 3,300 ms after the
word/nonword offset to respond, and the recall test phase
did not begin until after the 3,300 ms had elapsed (i.e.,
rather than after the participant responded). For the recall
test phase, two of the three recall training phase word–
image pairs were presented again. The images appeared
Lar
on the right or left side of the screen; image locations were
pseudorandomized. Participants were to select the item
that appeared earlier in the recall training phase sequence
of presentation, thereby assessing item plus serial position.
Auditory words were sequentially presented; and images
appeared simultaneously at recall test. Participants had
5,050 ms after the offset of the second auditory word to
respond prior to the offset of the trial (see the works of
Hoffman & Gillam, 2004, and Siffredi et al., 2017, for
similar task timing).

Procedure
Tasks were administered using Zoom and E-Prime Go

(Psychology Software Tools, 2016)—a subprogram of E-
Prime 3 designed for remote data collection. Instructions
were provided using Zoom and a PowerPoint presenta-
tion, and Zoom was running during experimental task
administration allowing the experimenter to monitor par-
ticipation. E-Prime Go experiment files were saved locally,
and the experiment ran identically to in-lab procedures.

Conditions were administered in blocks and counter-
balanced across participants in two separate remote-based
visits. Participants selected their response by clicking the
mousepad for all experimental tasks. Each condition
involved two complete instructional trials with experi-
menter verbal–visual instruction and feedback (e.g., “pick
the winner,” paired with highlighting the selection with
the mouse icon), three practice trials with automated
visual feedback (e.g., smiley face), and 15 experimental tri-
als. Instructions were broadly balanced in having verbal
and visual information, and children were able to ask ques-
tions at any time during instruction. The three practice tri-
als had automatized visual feedback, and participants who
indicated that they received sad faces were offered three
additional practice trials. No participants failed the recall
son & Ellis Weismer: Working Memory and Domain in DLD 1911



test for all three additional practice trials, and all partici-
pants demonstrated comprehension of instructions.

Analysis

We analyzed RT on correct response trials using lin-
ear mixed-effects models and accuracy (0,1) using general-
ized linear mixed-effects (GLM) models with random by-
subject intercepts and random by-condition slopes in R
(R Core Team, 2019; R Studio Team, 2020; Version
1.2.5033). We used gold standard generalized linear
mixed-effects models due to the binomial distribution of
our trial-level accuracy data (Brauer & Curtin, 2018), and
we then converted b estimates from the GLM models to
odds ratios for interpretability as the GLM b estimate is a
logistic function of the odds (i.e., log-odds or linear func-
tion) of the association between the predictor and the
outcome variables (note that we also report untransformed
b estimates). We removed observations that exceeded
acceptable levels of leverage and model influence (Judd
et al., 2008), observations that were ≥ 3 SDs from each
subject’s mean (0.1% of the data) and RT observations
that were < 150 ms (0.3% of the data). These data were
treated as missing data in the next analysis step. We
Table 3. Descriptive statistics and by-group t tests for w
reaction time and accuracy (see Interference Processing
for interference processing task descriptive performance

Condition TD (n = 34)

Verbal within
Accuracy M = 0.89

SD = 0.12
Reaction time M = 1963.12

SD = 461.78
Verbal divided
Accuracy M = 0.91

SD = 0.12
Reaction time M = 1793.02

SD = 430.74
Nonverbal within
Accuracy M = 0.87

SD = 0.14
Reaction time M = 1942.82

SD = 516.19
Nonverbal divided
Accuracy M = 0.90

SD = 0.12
Reaction time M = 2251.03

SD = 684.68
Distributed
Accuracy M = 0.89

SD = 0.10
Reaction time M = 2089.22

SD = 531.30

Note. Reaction time values are reported only for corre
M = mean; SD = standard deviation; TD = typically deve

*p < .05. **p < .01. ***p < .001.
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conducted follow up within-group analyses based on
descriptive performance patterns (e.g., Table 3) and signif-
icant Group × Condition interactions using mixed-effects
linear models (see Supplemental Material S2 for complete
statistical output).

Covariates
Maternal education, our proxy for SES, was a covari-

ate in all mixed-effects models with a group contrast due to
evidence of significant group differences (p < .01). Non-
verbal ability was not a covariate in statistical models due
to the high overlap in working memory and fluid intelligence
ability (Leonard et al., 2007) and nonverbal ability poten-
tially being a key DLD-TD group differentiating characteris-
tic (Kover & Atwood, 2013). We covaried interference task
performance where groups differed significantly.

Missing Data
One participant from the DLD group had incom-

plete data due to completing only one of two study ses-
sions, and we removed extreme observations (see above).
These data were not missing completely at random; there-
fore, we used the gold standard approach to handling miss-
ing data—multiple imputation. Multiple imputation is a
orking memory experimental task conditions, recall
Task Descriptive Performance and t Tests section
).

DLD (n = 21) p value

M = 0.67 TD > DLD***
SD = 0.26 r2 = .24
M = 2176.00 p = .12
SD = 509.12 r2 = .03

M = 0.77 TD > DLD**
SD = 0.20 r2 = .15
M = 1930.52 p = .30
SD = 510.12 r2 = .00

M = 0.72 TD > DLD**
SD = 0.21 r2 = .14
M = 2161.63 p = .16
SD = 599.74 r2 = .02

M = 0.67 TD > DLD***
SD = 0.26 r2 = .25
M = 2684.55 TD < DLD*
SD = 879.77 r2 = .05

M = 0.76 TD > DLD**
SD = 0.21 r2 = .15
M = 2528.06 TD < DLD*
SD = 829.71 r2 = .08

ct trials. Outlier observations have been removed.
loping; DLD = developmental language disorder.
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simulation-based approach where multiple complete data-
sets are generated (i.e., imputations), statistical analyses
(e.g., mixed-effects models) are performed on each imputa-
tion, and then the multiple analyses are combined using
Rubin’s rules (Rubin, 1987; van Buuren & Groothuis-
Oudshoorn, 2011). We used the mice package with predic-
tive mean matching for continuous data (e.g., RT) and
logistic regression imputation for binary data (e.g., accu-
racy; van Buuren & Groothuis-Oudshoorn, 2011) in R
(R Core Team, 2019; R Studio Team, 2020; Version
1.2.5033). Data were imputed within subsets consistent with
the substantive model (e.g., reflecting interaction terms;
Bartlett et al., 2015), and all statistical results were based
on multiple imputation statistical analyses. See Supplemen-
tal Material S2 for complete statistical output.
Results

Interference Processing Task Descriptive
Performance and t Tests

Verbal Interference Task
Verbal-within accuracy was significantly poorer for

the DLD (M = 0.82, SD = 0.16) than the TD group
(M = 0.92, SD = 0.11; b = 0.08; t value = 2.19; p < .05),
and RT did not differ significantly between groups (DLD:
M = 1210.13, SD = 476.10; TD: M = 1027.46, SD =
323.14; p = .21), controlling for SES (ps > .25).
Nonverbal-divided accuracy did not differ significantly
between groups (DLD: M = 0.78, SD = 0.15; TD: M =
0.84, SD = 0.11; p = .14), but RT was significantly slower
for the DLD group (M = 990.36, SD = 405.94) than the
TD group (M = 1225.55, SD = 344.77; b = 260.28; t value =
2.35; p < .05), controlling for SES (ps > .50).

Nonverbal Interference Task
Nonverbal-within accuracy (DLD: M = 0.91, SD =

0.09; TD: M = 0.95, SD = 0.10; p = .25) and RT did not dif-
fer significantly between groups (DLD: M = 1942.71, SD =
394.95; TD: M = 2007.81, SD = 422.10; p = .36), controlling
for SES (ps > .25). Similarly, verbal-divided accuracy
(DLD: M = 0.91, SD = 0.10; TD: M = 0.94, SD = 0.09;
p = .17) and RT did not differ significantly between groups
(DLD: M = 1992.16, SD = 450.40; TD: M = 2089.71,
SD = 445.28; p = .36), controlling for SES (ps > .24).

Distributed Interference Task
Distributed accuracy was significantly poorer for the

DLD (M = 0.85, SD = 0.18) group than the TD group
(M = 0.94, SD = .09; b = 0.08; t value = 2.12; p < .05),
but RT was not significantly different between groups
(DLD: M = 1141.36, SD = 371.6; TD: M = 1139.68,
SD = 282.71; p = .92), controlling for SES (ps > .71).
Lar
Experimental Task Recall Accuracy

RQ1: Verbal Within Versus Nonverbal Within
There was a significant effect of group (b = −1.87;

stat = −3.51; p < .001), indicating that the DLD group had
worse odds of a correct response by a factor of 6.5 than
the TD group, and there were no other significant effects
(ps > .28). Follow up analyses showed that the DLD group
had significantly worse odds of a correct response by a fac-
tor of 1.4 in the verbal-within than nonverbal-within condi-
tion (b = 0.34; stat = 3.84; p < .001), and the TD group
had significantly better odds of a correct response by a fac-
tor of 1.3 in the verbal-within than nonverbal-within condi-
tion (b = −0.22; stat = −2.50; p < .05). See Figure 1.

RQ2: Verbal Within Versus Verbal Divided
There was a significant effect of group (b = −2.03;

stat = −3.77; p < .001), indicating worse odds of a correct
response by a factor of 7.6 for the DLD than TD group,
and no other significant effects (ps > .30).

RQ2: Nonverbal Within Versus Nonverbal Divided
There was a significant effect of condition (b = 0.68;

stat = 2.02; p < .05), indicating better odds of a correct
response by a factor of 2.0 in the nonverbal-within than
nonverbal-divided condition, and a significant effect of
group (b = −1.19; stat = −2.48; p < .05), indicating that
the DLD group had worse odds of a correct response by
a factor of 3.3 than the TD group. There were no other
significant effects (ps > .12). We conducted follow-up
analyses based on descriptive performance patterns, which
showed that the DLD group had significantly better odds
of a correct response by a factor of 1.4 in the nonverbal-
within than nonverbal-divided condition (b = −0.33; stat =
−3.69; p < .001), and the TD group had significantly
worse odds of a correct response by a factor of 1.5 in the
nonverbal-within than nonverbal-divided condition (b =
0.42; stat = 4.36; p < .001).

RQ3: Verbal Divided Versus Distributed
There was a significant effect of group (b = −1.44;

stat = −3.05; p < .01), indicating that the DLD group had
worse odds of a correct response by a factor of 4.2 than
the TD group, and no other significant effects (ps > .06).
We conducted follow up analyses based on descriptive
performance patterns which showed no significant effect
of condition for the DLD group (p = .36), whereas the
TD group had significantly better odds of a correct
response by a factor of 1.3 in the verbal-divided than dis-
tributed condition (b = −0.29; stat = −2.97; p < .01).

RQ3: Nonverbal Divided Versus Distributed
There was a significant effect of group (b = −1.81;

stat = −3.23; p < .01), indicating that the DLD group had
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Figure 1. Group differences in verbal-within versus nonverbal-within condition accuracy. y-axis range is 0.50–1.0. TD = typically developing;
DLD = developmental language disorder. *p < .05. ***p < .001.
worse odds of a correct response by a factor of 6.1 than
the TD group. There was a significant effect of distributed-
condition interference accuracy (b = 2.26; stat = 3.18; p <
.01), and there was a significant Group × Condition inter-
action (b = 0.94; stat = 2.33; p < .05). There were no other
significant effects (ps > .06). Follow-up analyses showed
that the DLD group had significantly worse odds of a cor-
rect response by a factor of 1.8 in the nonverbal-divided
than distributed condition (b = 0.57; stat = 6.22; p < .001),
and no significant effect of condition for the TD group
(p = .10). See Figure 2.

Experimental Task Recall RT

RQ1: Verbal Within Versus Nonverbal Within
There were no significant effects (ps > .12).

RQ2: Verbal Within Versus Verbal Divided
There was a significant effect of condition (b =

−180.54; stat = −2.38; p < .05), indicating that RT was
slower in the verbal-within than verbal-divided condition,
and no other significant effects (ps > .09).
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RQ2: Nonverbal Within Versus Nonverbal
Divided

There was a significant effect of condition (b =
442.57; stat = 4.51; p < .001), indicating that RT was fas-
ter in the nonverbal-within than nonverbal-divided condi-
tion, and group (b = 355.45; stat = 2.27; p < .05), indicat-
ing that the DLD group had slower RT than the TD
group. There was a significant effect of nonverbal interfer-
ence RT (b = 0.47; stat = 2.27; p < .05) and no other sig-
nificant effects (ps > .44).

RQ3: Verbal Divided Versus Distributed
There was a significant effect of condition (b =

314.81; stat = 3.36; p < .001), indicating that RT was fas-
ter in the verbal-divided than distributed condition, and
no other significant effects (ps > .08).

RQ3: Nonverbal Divided Versus Distributed
There was a significant effect of condition (b =

−247.34; stat = −2.27; p < .05), indicating that RT was
slower in the nonverbal-divided than distributed condition.
There was a significant effect of nonverbal-divided
1906–1920 • May 2022



Figure 2. Group differences in nonverbal divided versus distributed condition accuracy. y-axis range is 0.50–1.0. NS = not significant; TD =
typically developing; DLD = developmental language disorder. ***p < .001.
condition interference RT (b = 0.49; stat = 2.02; p < .05),
and no other significant effects (ps > 05). See Supplemen-
tal Material S2 for complete statistical output.
Discussion

This study examined the role of domain in working
memory performance in children with DLD relative to
age-matched TD peers using a fully crossed design. We
asked how working memory performance differs between
children with DLD and TD peers on tasks with (RQ1)
demands within the verbal or nonverbal domain, (RQ2)
tasks with demands divided between verbal and nonverbal
domains, and (RQ3) demands divided between domains
compared to demands distributed across verbal and non-
verbal domains. First, based on evidence of poor verbal
working memory in DLD, we predicted that the DLD
group would perform more poorly on the nonverbal-
within than verbal-within domain tasks, but the TD group
would perform better on verbal-within than nonverbal-
within domain tasks, and this prediction was borne out in
the data (RQ1). We also predicted that working memory
performance would be better on tasks with demands
Lar
divided between domains (e.g., word–image + face/nonface
judgment; see Table 2) relative to tasks with demands
within one domain for the DLD and TD group, and that
this effect would be greater for the TD group (RQ2).
Although this prediction was borne out with verbal RT,
nonverbal recall RT was slower for both groups in the
nonverbal-within than nonverbal-divided condition and
these effects did not differ between groups. Finally, we
predicted that working memory performance would be
better on tasks with demands distributed across domains
(i.e., word–image locations + auditory word location
judgment) relative to tasks with demands divided
between domains for the DLD and TD group, and that
this effect would be greater for the DLD group (RQ3).
This effect was borne out in the data for the distributed
relative to nonverbal-divided condition, but not relative to
the verbal-divided condition. Findings showed greater accu-
racy in the distributed condition than the nonverbal-
divided condition for the DLD group, but not the TD
group, and that both groups had faster RT in the distrib-
uted condition than nonverbal-divided condition. In con-
trast, both groups had faster RT in the verbal-divided
condition than the distributed condition. Collectively,
findings underscore a role for interference that differs per
son & Ellis Weismer: Working Memory and Domain in DLD 1915



the domain of working memory task demands and DLD
versus TD group status.

The Role of Domain

The current findings broadly align with prior related
studies with key differences related to verbal versus non-
verbal interference. Consistent with these prior studies,
children with DLD and TD peers had faster RT when
processing was divided between nonverbal interference
(i.e., face/nonface judgment) and verbal recall (i.e., words)
than when processing was limited to the verbal domain
during working memory performance. Yet for nonverbal
recall (i.e., shape location), both groups had faster RT
when processing was limited to the nonverbal domain
than when processing was divided between verbal interfer-
ence and nonverbal recall during working memory perfor-
mance. There were also model differences in within-group
patterns for accuracy—better accuracy with processing
within the nonverbal domain for the DLD group and bet-
ter accuracy with processing divided between verbal inter-
ference and nonverbal recall for the TD group—but these
patterns require further exploration. Prior work shows bet-
ter accuracy across DLD and TD groups for divided-
domain working memory conditions regardless of recall
domain (Gillam et al., 1995; Hoffman & Gillam, 2004).

It is possible that our verbal interference (i.e., non-
word judgment) task was more difficult than our nonver-
bal interference (i.e., face/nonface judgment) task, particu-
larly for our DLD group. In contrast, Hoffman and
Gillam’s (2004) nonverbal interference task (i.e., pointing
to matching colors) appears to have been more challeng-
ing than their verbal interference task (i.e., naming colors)
based on recall accuracy values across groups and condi-
tions, although performance on interference tasks was not
reported in their study. The explanation that our verbal
interference task was more challenging than our nonverbal
interference task is consistent with our finding that both
groups had faster RT, and the DLD group had better
accuracy, in the distributed- than divided-domain condition.
Interestingly, this finding is consistent with Gillam et al.’s
(1995) finding of better performance in a distributed- than
divided-domain condition, particularly for their DLD group.

If verbal interference drove results across conditions
in our study, we would expect that the verbal-within condi-
tion would be substantially more difficult than the verbal-
divided condition. We would also hypothesize a group dif-
ference in this effect given the DLD group’s difficulty with
our verbal interference task, and nonwords more generally,
relative to TD peers (Deevy et al., 2010; Dollaghan &
Campbell, 1998). Our findings showed that RT was faster
for the verbal-divided than verbal-within condition for both
groups, but there was no difference between these condi-
tions in accuracy, nor a group difference in the condition
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effect. Additionally, if the verbal interference task drove the
group difference in nonverbal-divided versus distributed
condition accuracy, we may expect this effect to also be
present for RT, but it was only evident for accuracy. More-
over, we controlled for group differences in interference
task performance in order to remove this potential con-
found from our analysis of condition effects, an approach
that is broadly consistent with prior work (Ellis Wesmer
et al., 1999; Gaulin & Campbell, 1994; Montgomery &
Evans, 2009). Nevertheless, we maintain that it is possible
for group differences in interference task accuracy to have
downstream effects on working memory performance (e.g.,
diminished engagement for nonverbal-divided recall).

Taken together, the role of interference differed
depending on the domain manipulation. For the DLD
group, there is not a clear benefit in dividing processing
between verbal and nonverbal domains or distributing
processing across verbal and nonverbal domains during
working memory performance. Rather, the DLD group
had better working memory performance across condi-
tions in the absence of verbal interference, even after con-
trolling for group differences in interference task perfor-
mance. For the TD group, there was a greater benefit in
dividing processing between verbal and nonverbal domains
for nonverbal recall and, to a lesser degree, distributing pro-
cessing across verbal and nonverbal domains during working
memory performance. These group differences underscore
the importance of inhibiting verbal interference during
verbal processing and reveal the importance of inhibiting
verbal interference during nonverbal working memory per-
formance for the DLD group. Alternatively, the effect of
nonverbal interference appears to be less important.

Theoretical and Clinical Implications

Prior work posits three primary processing-based
hypotheses of DLD. These hypotheses separately suggest
that deficit patterns observed in DLD are related to limi-
tations in verbal aspects of working memory (Archibald &
Gathercole, 2007; Ellis Weismer et al., 1999), processing
speed (Kail, 1994; Miller et al., 2001), or inhibition of inter-
ference (Bjorklund & Harnishfeger, 1990; Marton et al.,
2007). These factors are also thought to be important to
working memory performance. The SOB-CS computational
model (Oberauer et al., 2012) is an interference-based
model of working memory that accounts for the role of
interference in working memory based on a processing
speed mechanism. Thus, this model has the potential to
integrate these key processing-based hypotheses of DLD to
better explain working memory performance and provide a
useful step forward in accounting for these processing-
based factors in DLD and in working memory.

Our findings showed that children with DLD per-
formed more poorly than TD peers across verbal and
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nonverbal working memory tasks. This finding is consis-
tent with the limited verbal working memory hypothesis
of DLD (Archibald & Gathercole, 2007; Ellis Weismer
et al., 1999), but also with other evidence indicating that
these limitations extend to working memory with nonver-
bal information (i.e., even though the limited verbal work-
ing memory hypothesis of DLD does not account for limi-
tations in nonverbal working memory; Dispaldro et al.,
2013; Smolak et al., 2020; Vugs et al., 2013). We also
found that working memory deficits were present for RT
(i.e., a measure of processing speed) with nonverbal item
recall and verbal–nonverbal item (i.e., word–image loca-
tion) recall for the DLD group, but not with verbal item
recall. Overall, our findings indicated fewer group differ-
ences in the role of interference domain for processing
speed than accuracy, suggesting that a processing speed
account of DLD is insufficient (see also Ellis Weismer
et al., 2005). Our DLD group had greater difficulty inhi-
biting interference from the verbal (i.e., nonword judg-
ment) than nonverbal (i.e., face/nonface judgment) domain,
and they demonstrated a larger effect of verbal interference
than nonverbal interference regardless of recall item
domain. These findings are consistent with work showing
substantial difficulty inhibiting verbal interference in DLD
(Hoffman & Gillam, 2004; Leonard et al., 2007; Marton
et al., 2018), but are potentially inconsistent with a
domain-general inefficient inhibition account of DLD
(Bjorklund & Harnishfeger, 1990; Marton et al., 2007).
Thus, the three primary processing-based hypotheses of
DLD are only partially supported in the current study when
considered separately.

According to the SOB-CS model, item features are
represented via a continuum (e.g., the same processing
unit may represent verbal or nonverbal features), and
working memory is restored to a baseline state during free
time between cognitive operations (e.g., time between
responding on an interference processing task and the pre-
sentation of recall test items; Oberauer et al., 2012). Given
that children with DLD often have slower processing
speed than TD peers on at least some verbal and nonver-
bal tasks (Kail, 1994; Miller et al., 2001), they may also
have less free time available to reduce interference
between items in working memory. The interplay of rela-
tive strengths in representing nonverbal relative to verbal
item features and increased baseline interference (i.e., due
to diminished free time) according to the SOB-CS could
yield working memory performance patterns similar to
those observed in our DLD group. Thus, this model may
represent a useful account of verbal working memory,
processing speed, and inefficient inhibition, as well as
other patterns of limitations in DLD (e.g., greater diffi-
culty inhibiting verbal than nonverbal interference).

Specifically, there was a lesser effect of within-domain
interference for nonverbal than verbal recall for our DLD
Lar
group, but not for the TD group, suggesting greater dis-
tinctiveness or diminished overlapping activation (or
greater free time) for nonverbal than verbal items. These
patterns may have also been evident in the distributed-
domain condition as the DLD group could engage non-
verbal processing at each phase of the distributed working
memory task to a greater degree than at each phase of the
divided-domain working memory task. Nevertheless, the
only group difference in RT was found across nonverbal-
within and divided domain conditions, so there is little
evidence in this study that group differences in free time
explain group differences in recall accuracy patterns. This
interpretation, however, rests on the assumption that pro-
cessing speed is directly related to free time, which requires
further exploration.

Clinical Implications
Given the important role of verbal interference for

the DLD group, to a greater extent than for TD peers, cli-
nicians should be mindful of the rate and quantity of ver-
bal information in therapy sessions and in the classroom.
It may be beneficial to use nonverbal information to sup-
port language processing in therapy and in the classroom.
For instance, when targeting tense morphology, pieces of
paper with a verb (e.g., walk) and potential morphological
markers (e.g., −ed, −ing) coupled with visual depictions
(e.g., a person walking versus standing on a sidewalk)
may be used to supplement verbal instruction. In this sce-
nario, nonverbal visual (i.e., images) and spatial informa-
tion (i.e., moving morphological marker pieces of paper to
the verb) are used in concert with verbal information to
target a morpheme (e.g., −ed).

Limitations and Future Directions

Prior work using experimental designs that include
concurrent or secondary tasks often find that the relative
difficulty between concurrent or secondary tasks differs,
such as prior work on children with DLD (e.g., Hoffman
& Gillam, 2004; Larson et al., 2019) and prior work with
other clinical groups (e.g., Larson et al., 2021; but see
Siffredi et al., 2017). The difference in difficulty of verbal
interference relative to nonverbal and distributed interfer-
ence, however, is a limitation of the current work. It is
also important to note that our remote-based procedures
may explain some differences between the current findings
and prior research. Within the context of the current
work, however, we were able to account for many of these
variables (e.g., providing laptops, experimental tasks run
identically to in-lab procedures). Nonetheless, future work
should examine lab- versus remote-based administration
of working memory tasks.

There are a couple of limitations related to our par-
ticipant sample. Some prior work has focused on a more
son & Ellis Weismer: Working Memory and Domain in DLD 1917



narrowly defined population, children with SLI who have
normal-range nonverbal IQ, relative to our DLD partici-
pants who have nonverbal IQ above the intellectual dis-
ability cutoff. Because nonverbal IQ is correlated with
working memory (Ellis Weismer et al., 2017; Fry & Hale,
1996), it may be important for future work to clarify the
role of nonverbal ability criteria in working memory find-
ings for SLI versus DLD groups. Although there is evi-
dence that supports collapsing across groups of children
with language disorder who have varied cognitive abilities
(above the intellectual disability cutoff; Bishop et al.,
2016; Dennis et al., 2009; Gallinat & Spaulding, 2014;
Norbury et al., 2017), this evidence is more global in
nature rather than being specific to working memory and
cognitive ability. For instance, there is some mixed evi-
dence on the relationship between nonverbal IQ and
working memory in recent work on DLD. Smolak et al.
(2020) found associations among attention, working mem-
ory, and language, but no associations between these vari-
ables and nonverbal IQ, in DLD. Blom and Boerma
(2020) found that nonverbal IQ was associated with atten-
tion, inhibition, and working memory in their DLD
group. The differences between these studies in the effect
of nonverbal IQ suggest the need for future work to fur-
ther examine the role of nonverbal IQ in relationships
among inhibition, working memory, and language. How-
ever, over and above the effect of nonverbal IQ, Blom and
Boerma (2020) showed that language was associated with
inhibition and working memory, consistent with prior
work on SLI (e.g., Kapa & Erikson, 2020; Leonard et al.,
2007; Marton et al., 2007). Additionally, Leonard et al.
(2007) suggests that nonverbal IQ was a minor contribut-
ing factor in their model of processing speed and working
memory that predicted language ability in a combined
sample of TD participants and participants meeting cri-
teria for SLI or DLD. Thus, it is unlikely that working
memory findings in SLI versus DLD groups differ sub-
stantively. See Volkers (2018) for further discussion of ter-
minology and group classification.

Finally, future work would benefit from testing the
role of verbal versus perceptual mediation more directly
than our test of interference effects. Although our domain-
based manipulation may represent a partial test of verbal
versus perceptual strategy use (e.g., a verbal interference
task is more likely to disrupt verbal mediation and verbal
recall than a nonverbal interference task), we allowed indi-
vidual differences in strategy use to vary given that our
research questions were focused on domain effects related
to working memory, processing speed, and inhibition.
Future work may benefit from examining the relationship
between working memory performance and individual dif-
ferences in language versus perceptual abilities in order to
determine the degree to which verbal versus perceptual
mediation is deployed (e.g., Larson et al., 2019).
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Conclusions

This study examined the role of domain in working
memory performance using a design that varied the
domain of interference and recall. We used the SOB-CS
model as our theoretical framework in order to merge
three key processing-based hypotheses of DLD and factors
thought to be important to working memory under an
integrated framework: limited verbal working memory
(Archibald & Gathercole, 2007; Ellis Weismer et al., 1999),
slowed processing speed (Kail, 1994; Miller et al., 2001),
and inefficient inhibition (Bjorklund & Harnishfeger, 1990;
Marton et al., 2007). Findings supported a role for each
processing-based hypothesis, albeit an incomplete role. The
SOB-CS model, however, was able to account for overall
findings from this study, suggesting that it represents a use-
ful step forward in understanding processing-based factors
and working memory performance in DLD. Yet, further
examination of the free time mechanism is needed in order
to better describe the relationship between processing speed
and inhibition of interference, particularly for verbal items
during working memory performance.
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