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Abstract

Comparing the performance of bilinguals to monolinguals can introduce bias in language
assessment. One potential impact is misidentification of developmental language disorder
(DLD). Nonlinguistic cognitive processing tasks may reduce assessment bias because they
measure underlying DLDweaknesses without relying on linguistic stimuli. This study examined
the extent to which nonlinguistic cognitive processing tasks showed bias, compared to a
traditional language assessment, sentence repetition. Participants were 161 five-to-seven-year
olds from diverse language backgrounds who completed nonlinguistic auditory and visual
assessments of processing speed, sustained selective attention and working memory. We
examined psychometric properties and performance on each task among bilingual and mono-
lingual children. We also conducted bilingual-to-bilingual comparisons to examine perform-
ance differences by first-language typology and exposure amount. Results suggest minimal
assessment bias in the nonlinguistic cognitive processing tasks, particularly in comparison to
sentence repetition. Nonlinguistic cognitive processing tasks may ultimately contribute to less-
biased identification of DLD in diverse populations.

Highlights

• Assessment bias affects identification of developmental language disorder in bilinguals.
• Nonlinguistic cognitive processing tasks may reduce language assessment bias.
• Bilingual experience affected performance minimally on cognitive tasks.

1. Introduction

Bias can be defined as “any factor that distorts the true nature of an event or observation”
(Kohnert et al., 2021, p. 153). In the context of language assessment, bias distorts the represen-
tation of an examinee’s true abilities, reducing the accuracy of results. In clinical settings, bias can
lead to over-identification of a disorder, placing undue burden on the individual, family and
systems of support that are often already scarce in resources. Bias can also lead to under-
identification in these settings, potentially exacerbating symptoms and leaving the individual
without much needed support. In research settings, bias reduces the accuracy and replicability of
results, often in ways that systematically affect a demographic group (Heinrich et al., 2010).

As bias is inherent in all human activities, it is not possible to completely eliminate it from
assessment in clinical or research contexts. Instead, clinical professionals and researchers should
work to reduce sources of bias in assessment. One population thatmay be particularly susceptible
to assessment bias is bilingual children. Systematic bias is likely present in common approaches to
the assessment of language abilities (e.g., Bedore & Peña, 2008; Castilla-Earls et al., 2020), leading
to service inequities and knowledge gaps. One of the most notable areas of impact is in the
identification of developmental language disorder.

1.1. Bias in the identification of developmental language disorder in bilingual children

Children with developmental language disorder (DLD; Bishop et al., 2017) are defined by
impairments in spoken language in comparison to peers with similar language-learning experi-
ences. DLD is a chronic condition with negative academic, occupational and socio-emotional
impacts for affected individuals (Dubois et al., 2020). Children with DLD are commonly eligible
for educational or clinical services to address the disorder and its impacts, and it is therefore
critical that identification be accurate. However, evidence indicates that DLD is both under-
identified and inequitably identified across demographic groups (McGregor, 2020).

Sequential bilingual children, who learn a first language (L1) from birth and are exposed to a
second (L2) in childhood, are particularly vulnerable to bias in DLD identification because of the
variability in their language-learning experiences and subsequent language skills. Sequential
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bilingual children are heterogeneous in terms of the age of L2
exposure, the overall quantity of L1 versus L2 input and output,
the contexts of L1 and L2 use, the quality of input and the extent of
community support for each language (e.g., Paradis, 2023; Uns-
worth, 2016). This variation in experience affects skills in both the
L1 (e.g., Castilla-Earls et al., 2019) and the L2 (e.g., Paradis & Jia,
2017). As a result, comparing a sequential bilingual child’s per-
formance to monolingual normative standards in either language
has limited diagnostic value (Bedore & Peña, 2008; Rose et al., 2022;
Thordardottir et al., 2006). Such comparisons are inherently biased.

The difficulty in fairly assessing language ability among sequential
bilingual children has attracted previous research attention. In par-
ticular, a large-scale European initiative, Language Impairment Test-
ing in Multilingual Settings (LITMUS; see Armon-Lotem &
Grohmann, 2021), developed and evaluated language assessment
tools for the identification of DLD in bilingual populations. The
LITMUS initiative has yielded multiple tasks that have successfully
differentiated bilingual children with DLD from their unaffected
bilingual peers, with particularly good evidence for nonword repeti-
tion (e.g., Chilla et al., 2021; see Schwob et al., 2021, for review and
meta-analysis) and sentence repetition (e.g., Armon-Lotem & Meir,
2016; Chilla et al., 2021) tasks. However, even these promising tools
remain best suited for comparing bilingual children to bilingual peers
with similar experiences. For example, Armon-Lotem and Meir
(2016) found that sentence repetition tasks were highly accurate for
identifying DLD among Russian-Hebrew bilinguals, but only when
separate cutpoints for bilingual and monolingual groups were used.

Given the tremendous variety of language pairs spoken by
bilingual children worldwide, as well as the variability in exposure
patterns noted above, it remains difficult to find a comparable peer
group for many sequential bilingual children. There is value in
investigating tasks that may be less sensitive to variations in bilin-
gual experience than traditional linguistic measures, as they may
offer a novel path to reducing assessment bias.

1.2. Rationale for nonlinguistic cognitive processing tasks in
children’s language assessment

On the surface, nonlinguistic tasks1 appear to offer little benefit for
language assessment and the identification of DLD. However, a
robust body of literature has indicated that children with DLD
demonstrate weaknesses in basic cognitive processing abilities in
comparison to unaffected peers, even when they are asked to
process nonlinguistic information (such as visuospatial locations
or auditory pure tones). More specifically, children with DLD show
relative deficits on nonlinguistic assessments of processing speed
(Ebert, 2021; Park et al., 2020; Zapparrata et al., 2023), working
memory (Everaert et al., 2023; Vugs et al., 2014) and sustained
selective attention (Boerma et al., 2017; Ebert et al., 2019; Ebert &
Kohnert, 2011), among other skills.

It is possible that these cognitive processing difficulties contrib-
ute to DLD (Ladányi et al., 2020; Leonard et al., 2007; Zapparrata
et al., 2023). For example, slowed processing speed might interfere
with the intake and comprehension of verbal input, impacting

language learning (Zapparrata et al., 2023). Weaker sustained
selective attention skills might similarly limit the processing of
incoming linguistic stimuli (Boerma et al., 2017). Thus, though
there remains much to discover about the underlying causes of
DLD, domain general processing weaknesses may contribute
(Leonard et al., 2007). Nonlinguistic cognitive processing tasks
index these crucial underlying weaknesses and therefore provide
important information in DLD assessment.

Nonlinguistic tasks also offer promise in reducing bias for
bilingual children. Though many of the initial studies of cognitive
processing in children with DLD were conducted in monolingual
populations, more recent work has established that these weak-
nesses occur in bilingual populations with DLD as well (e.g.,
Boerma & Blom, 2020; Boerma et al., 2017; Ebert, 2021; Ebert
et al., 2019; Park et al., 2019; Park et al., 2020). In addition, the
evidence to date has found that bilingual children with DLD
perform similarly to monolinguals with DLD on cognitive process-
ing skills (Boerma & Blom, 2020; Boerma et al., 2017; Ebert et al.,
2019; Park et al., 2019, 2020; cf., Ebert, 2021). These initial findings
support consistent differences between children with DLD and
their unaffected peers despite heterogeneity in language learning
experiences (i.e., mono- versus bilingualism). In other words, per-
formance on nonlinguistic cognitive processing tasks appears to be
associated with language ability and dissociated with experiences
learning a particular language.

The presence of group differences between children with DLD
and typically developing peers on processing tasks is an important
first step in the search for reducing assessment bias. However,
group-level comparisons are insufficient to support their use for
clinical identification. Beyond group-level comparisons, diagnostic
accuracy analyses (including sensitivity, specificity and positive and
negative likelihood ratios) are needed to indicate whether task
performance can discriminate between individual children with
and without DLD (Dollaghan, 2007; Ebert & Pham, 2019).

The potential for nonlinguistic cognitive processing tasks to
contribute to DLD identification has been explored in two inde-
pendent studies (Ebert & Pham, 2019; Park et al., 2021), with
promising findings in both studies. Ebert and Pham (2019) exam-
ined nonlinguistic assessments of visual processing speed and
auditory working memory in two samples of children: one
included 395 children aged 6 through 10 years, living in theUnited
States and speaking either only English or both Spanish and
English; the other included 55 children aged 5 to 6 years, living
in Vietnam and speaking only Vietnamese. Both tasks showed the
ability to discriminate between children with and without DLD in
both samples, as evidenced by adequate sensitivity or specificity and
moderate to highly informative likelihood ratios. Notably, diagnos-
tic accuracy was generally maintained within the mixed sample that
included both monolingual and bilingual children. However, there
were few instances when the tasks achieved adequate sensitivity and
specificity simultaneously (more commonly, one and not the other
was obtained). In addition, the study was limited by retrospective
analyses of data combined across separate studies.

Park et al. (2021) also explored the utility of nonlinguistic
processing tasks for identifying DLD in bilingual children. This
study included 8- to 12-year-old children with DLD (n = 28
monolinguals, n = 12 bilinguals) and without DLD (n = 14 mono-
linguals, n = 12 bilinguals); all children spoke English, and chil-
dren in the bilingual groups spoke a variety of L1s. Both
nonlinguistic cognitive and linguistic measures were considered.
As in Ebert and Pham (2019), individual measures typically
achieved adequate to good specificity or sensitivity, but not both.

1 We use the term “nonlinguistic” for tasks in which the child is asked to
manipulate nonlinguistic stimuli, such as tones or shapes, although we acknow-
ledge it is not possible to remove all language from children’s assessment tasks.
The term “nonlinguistic task” is consistent with most prior literature on the
topic, and also captures an important distinction with tasks utilizing linguistic
stimuli.
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As a next step, Park et al. (2021) conducted a binary logistic
regression analysis to examine which combination of measures
best predicted DLD status. In both bilingual and monolingual
groups, a combination of linguistic and nonlinguistic measures
yielded the best results, supporting the utility of nonlinguistic
measures for DLD identification.

Thus, a robust literature supports the presence of domain-
general cognitive processing weaknesses in children with DLD,
within both monolingual and bilingual populations. An emerging
literature suggests that these weaknesses may be able to assist in the
identification of DLD, even within heterogeneous groups that
include both monolingual and bilingual children. Presumably,
nonlinguistic tasks would offer an advantage in heterogeneous
groups by reducing assessment bias associated with differences in
language-learning experiences. However, this claim is worthy of
rigorous evaluation: are nonlinguistic tasks truly less biased for
bilingual children?

1.3. Study purpose and questions

The purpose of this study is to examine potential bias in a set of
nonlinguistic cognitive processing tasks, in comparison to more
traditional language assessments. In this case, bias would exist
if task results or task properties are influenced by language
exposure. To provide a more rigorous test of this effect, we
consider multiple aspects of language exposure, examining the
impact of one language versus two, of different L1s in children
learning two languages and of the amount of L1 versus L2
exposure.

It is unlikely that any task can be completely unbiased; therefore,
we conduct parallel analyses of a traditional language assessment,
sentence repetition, to index the extent to which bias is different in
the nonlinguistic versus linguistic tasks. Sentence repetition was
chosen because of its promise in identifying DLD in both mono-
lingual and bilingual populations (Armon-Lotem & Meir, 2016;
Ward et al., 2024). It also appears to index overall language ability
(Klem et al., 2015), making it a reasonable choice for a linguistic
comparison task.

This study addresses the following research questions:

1. Does exposure to more than one language influence perform-
ance on nonlinguistic cognitive processing tasks, in compari-
son to a language task?

2. Does exposure to more than one language influence key psy-
chometric properties of nonlinguistic cognitive processing
tasks, in comparison to language tasks?
a. Is internal consistency reliability adequate for both bilin-

gual and monolingual children, and comparable across
groups?

b. Is concurrent validity comparable across groups?
3. Do different aspects of bilingual experience influence task

performance on nonlinguistic cognitive processing tasks?
a. Do bilingual children learning different L1s differ from

each other in task performance?
b. Within a group of bilingual children, does the amount of

L2 exposure influence task performance?

2. Method

The data for this studywere collected as a part of a larger project and
approved by the Institutional Review Board at the University of
Minnesota. Written consent was obtained from parents and verbal
assent was obtained from children prior to participation.

2.1 Participants

Participants were recruited from three data collection sites within
the United States (Minneapolis, MN metropolitan area; San Diego,
CA metropolitan area; Boston, MA metropolitan area). Partici-
pants were 5- to 7-year-old monolingual or bilingual children with
typical development across all domains. More specifically, the
eligibility criteria for participants included (1) age 5 years, 0months
through 7 years, 11 months; (2) exposed to English, Spanish, or
Vietnamese at home, with school instruction in English and com-
munity exposure to English; (3) passed pure-tone hearing screening
at 25 dBHL at 1000, 2000 and 4000 Hz in both ears; (4) passed near
vision screening with or without corrective lenses; (5) scored within
functional limits on a nonverbal IQ test, defined as a standard score
at or above 70 on the Primary Test of Nonverbal Intelligence
(PTONI; Ehler & McGee, 2008); (6) no history of any neurological
deficits or disorders, such as head trauma, seizures or autism, per
parent report; (7) no evidence of speech or language delays, defined
by the absence of parent concern regarding speech or language as
well as the absence of speech-language services per parent report
and (8) no evidence of attention-deficit hyperactivity disorder
(ADHD), defined as not meeting diagnostic criteria on the Van-
derbilt ADHD Diagnostic Parent Rating Scale (Wolraich et al.,
2003).

These eligibility criteria matched those for the broader study,
except for (7); in this study, we excluded children with speech
or language concerns. For this study, we selected as many eligible
participants as possible from the broader study to answer our specific
research questions. All monolingual English-only (EO) participants
who met eligibility criteria were included in the EO group, yielding
a group of n = 66 children. For monolingual–bilingual comparisons,
we set a minimum of 40% of home language input in the L1
(as measured by the Alberta Language Environment Questionnaire;
see Measures for details); excluding children with less than 40%
home language input maximized potential differences between
monolinguals and bilinguals to create a more stringent test of pos-
sible group differences on our tasks of interest.We also included only
Spanish-speaking children rather than both Spanish- and
Vietnamese-speaking children, as the enrollment of Vietnamese-
speaking children is substantially lower than Spanish-speaking chil-
dren. The resulting Spanish-English bilingual (SBI) group included
70 children.

For questions about different aspects of bilingualism, including
effects of the L1, we formed individually matched pairs of
Spanish-bilingual and Vietnamese-bilingual children. Pairwise
matching on an individual level (instead of a group level) provides
stronger control for differences in background variables between
groups (Czapka et al., 2020). Because we had relatively few Viet-
namese speaking children available but a larger group of Spanish-
English bilinguals available for matching, this approach enabled
us to include the Vietnamese speakers (and examine the effects of
different L1s). We allowed a wider range of home language input
(at least 10%) to examine the effects of variable L1 input and to
enable greater inclusion of Vietnamese-speaking children. Each
eligible Vietnamese-bilingual child was individually matched with
a Spanish-bilingual child by chronological age (± 5months), SES –
as indexed by the highest reported parent education level
(± 1 education level), and percentage of home language input in
the L1 from the ALEQ (± 8%). We also examined sex and non-
verbal IQ (NVIQ) as potential matching variables, but could not
match on these two additional variables with the current sample.
This process yielded a total of 20 matched pairs in the matched
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Spanish- and Vietnamese-bilingual groups (termed the VBI-
match and SBI-match groups).

Thus, data from a total of 160 children were included in
this study: 66 children in the EO group and 70 children in the
SBI group for monolingual-to-bilingual comparisons in Research
Questions 1 and 2), plus 20 children in the SBI-match
(16 overlapping with the SBI group) and 20 VBI-match group for
bilingual-to-bilingual comparisons in Research Question 3. Of the
205 children who had completed the broader study protocol, we
ultimately excluded 27 due to the presence of parent concern about
language development, 6 Vietnamese-English bilinguals who could
not be matched, 11 Spanish-English bilinguals with <40% home
exposure who could not be matched, and 1 child with missing data.

Descriptive statistics for each group of participants are provided
in Table 1. For Research Questions 1 and 2, the EO and SBI groups
differed in nonverbal IQ (NVIQ) and socioeconomic status (SES).
For Research Question 3, VBI and SBI groups differed in NVIQ.

2.2. Measures

Measures in this study include parent interview questionnaires,
eligibility and language measures administered to children and the
nonlinguistic cognitive processing assessments. Parent interviews
contained three questionnaires. First, a researcher-generated back-
ground questionnaire included questions about parent’s education
levels, children’s race and ethnicity, age, any significant health
history and the presence or absence of speech-language services
and parent concern regarding speech-language development. Next,
parents completed one of two measures of language use. Parents of
bilingual participants completed the Alberta Language Environ-
ment questionnaire (ALEQ; Paradis, 2010), which provides a com-
prehensive measure of home language input and output. In this
study, we used the overall proportion of language input in the (non-
English) home language from the ALEQ to index bilingual status.
For children whose parents indicated that no languages other than
Englishwere used at home, a researcher-generated questionnairewas
used to probe for any systematic exposure to non-English languages

and to verify monolingual status. Finally, parents completed an
abbreviated version of the Vanderbilt ADHD Diagnostic Parent
Rating Scale (Wolraich et al., 2003), which contained only the items
included in diagnosing ADHD.

Parents completed these measures in their preferred language
(English, Spanish or Vietnamese). For the Spanish version of the
Vanderbilt measure, the University of North Carolina Spanish
translation (American Academy of Pediatrics & University of
North Carolina at Chapel Hill, 2005) was used. For the remaining
measures in Spanish and for all measures in Vietnamese,
research assistants fluent in the target language with educational
backgrounds in speech-language pathology or related field con-
ducted initial translations. Translations were then reviewed by
lead researchers fluent in Vietnamese with doctoral degrees in
speech-language pathology, with discussion regarding suggested
adjustments.

Eligibility measures for children included hearing and vision
screenings and a nonverbal intelligence test, the PTONI (Ehler &
McGee, 2008). This study adhered to the published administration
protocol for the PTONI and calculated standard scores for age with
the published norms. All eligibility measures were completed in the
child’s preferred language, following PTONI manual guidelines
and corresponding instructions provided in English, Spanish and
Vietnamese.

A more traditional language assessment measure, sentence
repetition, was administered to compare the extent of bias across
linguistic and non-linguistic tasks. All children completed a sen-
tence repetition task in English, and this task was included in all
study analyses. Task stimuli were from the Bilingual English-
Spanish Assessment (BESA; Peña et al., 2014) and the Bilingual
English-Spanish Assessment: Middle Extension (BESA:ME; Peña
et al., 2018) with approval from the BESA authors. After combining
the stimuli from these two assessments and eliminating duplicate
sentences, there were a total of 12 English sentences. Stimuli were
pre-recorded and presented via headphones, accompanied by
PowerPoint slides that illustrated the child’s progress (see Pham
& Ebert, 2020, for a detailed example). One practice item was given

Table 1. Participant characteristics by group

Variable

Monolingual-bilingual comparisons (research questions 1 & 2) Bilingual matched pairs (research question 3)

Monolingual
English (EO)

Bilingual
Spanish-English (SBI)

Group
comparison

Bilingual
Spanish-English
(SBI-match)

Bilingual Vietnamese-
English

(VBI-match)
Group

comparison

N 66 70 – 20 20 –

Sexa 30/35/1 30/40/0 χ2 (2) = 1.22 9/11/0 11/9/0 χ2 (1) = 0.40

Age in yearsb 6.6 (0.9) 6.7 (0.8) t (134) = �1.11 6.7 (0.9) 6.7 (0.9) t (19) = �0.76

NVIQb,c 108.8 (18.5) 95.7 (20.5) t (134) = 3.90** 95.8 (21.0) 110.1 (16.0) t (19) =�2.40*

Highest parent
educationc

5.5 (2.0) 2.0 (3.0) t (134) = 9.30** 5.0 (2.0) 5.0 (1.3) t (19) = �1.56

Proportion home English
inputb,d

NA 0.25 (0.20) NA 0.43 (0.23) 0.44 (0.25) t (19) = �1.16

aChild’s sex as reported by the parent. Reported as male/female/other.
bReported as Mean (SD).
cHighest level of education achieved by either parent. Reported here as median (interquartile range). Parent education was measured on an ordinal scale with the following values: 1 = Did not
complete high school; 2 = High school graduate (or equivalent); 3 = Some college (1–4 years, no degree); 4 = Associate’s Degree (include occupational or academic degrees); 5 = Bachelor’s Degree
(BA, BS, AB, etc.); 6 = Master’s Degree (MA, MS, MSW, etc.); 7 = Professional Degree (MD, JD, etc.); 8 = Doctorate Degree (PhD, EdD, etc.).
dAverage input proportion score from the Alberta Language Environment Questionnaire.
*p < .05,
**p < .001.
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in the beginning and was repeated upon request. The testing items
were only presented once.

Sentence repetition scoring followed an error-based scoring
system, identical to the one used in the Clinical Evaluation of
Language Fundamentals, Fifth Edition (Wiig et al., 2013; see also
Pham & Ebert, 2020, for information about different sentence
repetition scoring systems). If the sentence was repeated verbatim
(i.e., with no errors), it was awarded 3 points; a sentence repeated
with one to two errors was awarded 2 points; a sentence with three
errors received 1 point and a sentence with four or more errors
received 0 points. Points were summed across sentences in the task
for a total score.

The task was scored in real time by the research assistant
administering it; responses were also audiorecorded and research
assistants were instructed to use the audiorecordings to confirm
scoring decisions as needed. Once the initial scoring was completed,
another research assistant conducted a second round of scoring
using the audiorecording for all participants. Initial word-by-word
agreement between the two scores was 98.7%. All disagreements
were resolved through a consensus process between the original
scorer and the second scorer.

2.2.1. Six nonlinguistic cognitive processing tasks
Participants completed six nonlinguistic cognitive processing
tasks, including both visual and auditory assessments of process-
ing speed, working memory and sustained attention. All tasks
were presented on a computer through E-Prime 3.0 (Psychology
Software Tools, 2018), and all responses were captured through a
Chronos response box (Psychology Software Tools, 2019). Parti-
cipants were asked to place the index finger of their preferred hand
on a Velcro square placed in between the first two response
buttons of the response box. They were instructed to return their
finger back to the square after each response. Task instructions
were provided in English, Spanish or Vietnamese language per
participant preference.

The first pair of tasks assessed processing speed; these tasks were
originally developed by Kohnert and Windsor (2004). Both visual
and auditory processing speed tasks follow a choice detection
paradigm, in which participants must push an appropriate button
based on what they heard or saw as quickly as possible. Participants
first completed five practice trials with feedback. Each processing
speed task consisted of 25 trials. For the visual processing speed
task, either a red or blue dot appeared in the middle of the screen.
For the auditory processing speed task, either a high- or low-
frequency tone played through the headphones. The dependent
variable of interest in both tasks is response time, calculated as the
time in milliseconds from the onset of the stimulus to the comple-
tion of the button press. Each participant’s task score was calculated
as the median response time for correct trials only.

The next pair of tasks, assessing working memory, were devel-
oped by Ebert (2014) and Ebert et al. (2024). They utilize a paradigm
that combines features of both the n-back and complex span tasks
(for details, see Ebert et al., 2024). Both visual and auditory tasks
asked participants to compare two sequences of stimuli and judge
whether they were the same or different. For the visual working
memory task, the stimuli were butterflies that appeared within a six-
square grid. Children were required to recall the position of each
butterfly to determine whether the two sequences of positions
matched. For the auditory working memory task, the stimuli were
auditory pure tones, and the child was asked to determine whether
the two sequences of tones matched. Children responded via button
press to indicate whether the sequences were the same or different.

Each task began with two sets of demonstration items and three
sets of practice items with feedback, which could be repeated at the
examiner’s discretion. Following the practice phase, 16 trials were
completed. For the first four trials, each sequence contained two
stimuli; for example, the participant was asked to compare one two-
tone sequence to a second two-tone sequence in the auditory task. If
the participant answered the first four trials correctly, the sequence
length increased to three. If not, the sequence length remained at
two stimuli per sequence. Based on participants’ accuracy on
previous trials, the task gradually increased up to a maximum of
five stimuli.

The dependent variable from the working memory tasks is an
accuracy score that accounts for the adaptive sequence length. The
total number of items answered correctly at each sequence length is
multiplied by the sequence length and then summed across all
sequence lengths. For example, if a child got eight items correct
with two items per sequence and two items correct with three items
per sequence (but did not progress beyond this level), their score
would be (8 × 2) + (2 × 3) = 22.

The final pair of tasks assess sustained selective attention. The
auditory sustained selective attention task was adapted from Ebert
(2014) and the visual sustained selective attention task is detailed in
Ebert et al. (2024). The tasks follow a go/no-go paradigm, which
requires participants to attend a series of stimuli and choose a
specific targeted stimulus over a lengthy period of time. For both
attention tasks, participants were asked to push the response button
every time they saw or heard a target stimulus while ignoring
distractor stimuli. For the visual task, the target stimulus was a
black square in the lower left quadrant of the screen. Distractor
stimuli were black squares appearing in one of the other three
quadrants. For the auditory task, the target stimulus was the sound
of keys jangling and the distractor stimuli were other environmen-
tal sounds related to cars (a car starting, a car door opening and a
race car engine revving).

For each task, a set of demonstration and repeatable practiced
itemswith feedbackwere completed first, followed by the task trials.
The auditory task contained 400 total trials and the visual task
contained 320 total trials, with a 20% target rate in both tasks
(i.e., 80 targets and 320 distractors for the auditory task, 64 targets
and 256 distractors for the visual task).

The dependent variable for the sustained selective attention
tasks is d’, an accuracy measure that combines hit rate (i.e., the
proportion of targets the participant responds to) and false alarm
rate (i.e., the proportion of distractors the participant responds to).
A score of 0 indicates the participant is not discriminating between
targets and distractors, whereas a score above 0 indicates the
participant is more likely to respond to a target than a distractor.

2.3. Procedures

Parents completed the interview in person or over the phone at a
time of their choosing. Children’s testing sessions were conducted
in person in various settings (e.g., schools, libraries, homes and
university labs) per participant preference and site permissions.
The complete protocol for children, which contained additional
tasks not included in the present study, lasted approximately 2–
2.5 hours and was split across at least three sessions.

2.3.1. Analyses
For the six nonlinguistic cognitive processing tasks, computer-
generated datafiles were compiled using Python scripts. Dependent
variables were extracted using a custom R script for each task.
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To index SES in analyses, we used the highest level of parent
education. Parent education was reported on an ordinal scale from
1 = did not complete secondary school to 8 = completed doctorate-
level degree. We used the highest level reported by either parent in
the household. To index NVIQ in analyses, we used the standard
score from the PTONI.

Our first research question considers whether exposure to more
than one language influences performance on nonlinguistic cogni-
tive processing tasks, in comparison to a language task. To answer
this question, we conducted a multivariate analysis of covariance
(MANCOVA) analysis with language group (monolingual versus
bilingual) as a factor, and scores on the six nonlinguistic cognitive
processing tasks plus the English sentence repetition task as
dependent variables. Covariates in the model included age, SES
and NVIQ. SES and NVIQ were included to control for between-
group differences. Age was included to increase the precision of
effects, given the expected impact of age on task performance. The
multivariate analyses provided an indication of the overall bias
based on language group membership. Subsequent examination
of the univariate results provided results for each of the individual
tasks.

To answer our research questions regarding the effects of bilin-
gualism on the psychometric properties of the tasks (Research
Question 2), we conducted two sets of analyses. First, we calculated
the internal consistency reliability of each task, separately for the
EO and SBI groups. Internal consistency reliability was calculated
as split-half reliability using the Spearman-Brown prediction for-
mula. Following Plante and Vance (1994), we interpreted reliability
values above 0.8 as adequate and values above 0.9 as good. Because
task reliability is important for all experimental tasks, we also
calculated internal consistency reliability for the remaining two
groups (SBI-match and VBI-match), although they were not
included in this research question.

The second type of psychometric property we considered was
concurrent validity. Because the tasks should assess underlying
cognitive processing skills, scores on the tasks should be positively
related. In particular, two tasks assessing the same construct (e.g.,
working memory) should be strongly related. Task scores would
also be expected to increase with age, as the cognitive processing
skills of interest should increase with development. To examine
these relationships, we calculated Pearson correlations among the
cognitive processing tasks, along with age, SES and NVIQ. English
sentence repetition was included in the correlations to consider
similarities and differences between this linguistic assessment task

and our nonlinguistic assessment tasks. Correlations were con-
ducted separately for the EO and SBI groups to enable comparison
of concurrent validity across monolinguals and bilinguals.

Our final set of research questions (Research Question 3) con-
sidered whether different aspects of bilingual experience influenced
performance on the nonlinguistic cognitive processing tasks. The
SBI-match and VBI-match groups were the focus of these analyses.
First, we considered whether the specific L1 for a bilingual child
influences task performance. To do so, we conducted a MAN-
COVA comparing the two L1 groups (SBI-match versus VBI-
match). Dependent variables again included scores on the six
nonlinguistic cognitive processing tasks plus the English sentence
repetition tasks. Because these groups were closely matched for age
and SES but differed in NVIQ, only NVIQ was included as a
covariate. Next, we examined whether the proportion of L2 input
influences task performance by calculating correlations between
task performance and home language input proportion from
the ALEQ.

If some tasks show bias related to language experience (e.g.,
language assessments) and others do not (e.g., nonlinguistic cog-
nitive processing assessments), then we would expect a mixture of
significant and nonsignificant results. The multiple comparisons in
our study increased the chances of a Type I error, yet over-
correction for these comparisons would result in a lenient criterion
for lack of bias. Therefore, we chose to apply a False Discovery Rate
procedure (Benjamini & Hochberg, 1995). We set the maximum
False Discovery Rate at .05, meaning that the proportion of falsely
rejected hypotheses is no greater than 5% across all hypotheses
tested; this procedure controls for Type I error with a smaller loss of
power than other methods (Benjamini & Hochberg, 1995). Follow-
ing these procedures, p values below .022 remained significant. In
addition, we report effect sizes for all analyses to contextualize the
magnitude of both significant and nonsignificant results.

3. Results

Before conducting analyses to answer our research questions, we
examined group performance on each of the tasks of interest.
Descriptive statistics for each of the six nonlinguistic cognitive
processing tasks and the English sentence repetition task are dis-
played in Table 2 by group (EO, SBI, SBI-match, VBI-match).

For Research Question 1, we first verified that the data met
assumptions for MANCOVA. Multivariate normal distributions
were verified through visual analysis of P–P plots of residuals for

Table 2. Task scores by group

Task

EO SBI SBI-Match VBI-Match

M SD M SD M SD M SD

L2 sentence repetition 30.6 6.3 14.8 10.4 16.4 11.3 22.3 8.6

Auditory SSA 2.3 0.9 2.1 0.8 2.0 0.8 2.1 0.7

Auditory proc. speed 943.4 253.5 931.3 273.1 994.2 337.6 900.0 189.9

Auditory WM 41.1 9.4 32.4 12.1 33.9 10.3 38.7 12.2

Visual SSA 3.0 1.0 2.7 1.1 2.8 1.2 2.9 0.9

Visual proc. speed 871.3 200.3 859.1 161.8 890.75 206.3 817.3 149.7

Visual WM 38.4 12.8 33.3 14.2 32.0 15.1 39.5 12.4

Note: L2 (English) sentence repetition is reported as total score; 36 is the taskmaximum. SSA (sustained selective attention) task results are reported as d-prime scores. Processing speed tasks are
reported in milliseconds. WM (working memory) scores are weighted accuracy scores, with a maximum of 56.
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each variable after inclusion of covariates. Correlations among
residuals were all below r = .42, indicating minimal risk of multi-
collinearity. To examine equality of covariance matrices, we con-
sidered Box’s M (F(28, 62112) = 1.87, p = .003). Conventional
guidelines indicate that Box’s M should be considered nonsignifi-
cant unless p < .001 (Tabachnick & Fidell, 2019) and that MAN-
COVA analyses are robust against violations of the homogeneity of
variance–covariance matrices assumption when group sizes are at
least 30 (Allen & Bennett, 2008); therefore, we proceeded with the
MANCOVA analysis.

The omnibus MANCOVA test using Pillai’s trace was signifi-
cant for language group,V = .26, F(7, 125) = 6.34, p < .001. The SES
covariate (V = .20, F(7, 125) = 4.46, p < .001) and age covariate
(V = .50, F(7, 125) = 18.06, p < .001) were also significant, whereas
the NVIQ covariate was no longer significant after the multiple
comparison correction (V = .11, F(7, 125) = 2.26, p = .034).

Table 3 displays the univariate results for the MANCOVA. The
age covariate was significant for all tasks, and the SES covariate was
significant for all tasks except auditory workingmemory. The NVIQ

covariatewas significant only for the English sentence repetition task.
The factor of interest, language group, was not significant for five of
six nonlinguistic cognitive processing tasks, indicating no difference
between bilingual and monolingual performance on visual and
auditory processing speed, visual and auditory sustained selective
attention and visual working memory. There was, however, one
group difference found in auditory working memory. On this task,
the EO group outperformed the SBI group, with language group
explaining 6.7% of the variance in performance. Language groupwas
also significant on the linguistic assessment task, English sentence
repetition, with estimated marginal mean scores of 28.0 for the EO
group and 17.3 for the SBI group. Language group accounted for
22.1% of the variance in sentence repetition performance.

To answer Research Question 2, we first calculated internal
consistency reliability for each of the six nonlinguistic cognitive
processing tasks and the English sentence repetition task. Figure 1
displays reliability scores for all four groups; only the two groups
included in the research question (EO & SBI) are interpreted here.
Reliabilities exceeded the good threshold for both the EO and SBI
groups for both auditory and visual sustained attention as well as
visual working memory and visual processing speed. For the audi-
tory processing speed task, the reliability for the EO groupwas good
but the reliability for the SBI group was slightly lower, falling in
between the good and fair thresholds. For the auditory working
memory task, reliability for the EO group fell below the fair thresh-
old. Reliability for the SBI group neared but did not reach the good
threshold. On the sentence repetition task, internal consistency
reliability was fair for both EO and SBI groups.

Table 4 displays the concurrent validity for the nonlinguistic
cognitive processing tasks and linguistic assessment task, as meas-
ured by Pearson correlations. Within each group, tasks assessing
the same construct (e.g., processing speed) in different modalities
(visual and auditory) were strongly correlated. These within-
construct correlations ranged from r = .39 to r = .60 in the EO
group and from r = .40 to r = .53 in the SBI group, demonstrating
medium to large effect sizes (Cohen, 1988) for these relationships.
As anticipated, age correlated positively with the nonlinguistic
cognitive processing tasks in both the EO and SBI groups; correl-
ations with age were significant for all tasks except auditory pro-
cessing speed in the SBI group and for all tasks other than auditory

Figure 1. Internal consistency reliability on each task by group.

Table 3. Univariate effects within the MANCOVA model comparing monolingual
and bilingual children

Task

EO SBI

η2M SE M SE F(1,137) p

L2 sentence
repetition

28.0 1.1 17.3 1.1 37.26 <.001 .22

Auditory SSA 2.2 0.1 2.2 0.1 1.37 .245 .01

Auditory proc.
speed

906.4 35.2 966.2 33.9 2.28 .279 .01

Auditory WM 40.3 1.5 33.2 1.4 9.35 .003 .07

Visual SSA 2.9 0.1 2.8 0.1 0.07 .795 .00

Visual proc.
speed

839.9 20.6 883.7 19.9 2.27 .134 .02

Visual WM 37.5 1.8 34.1 1.7 1.52 .220 .01

Note: Univariate models for each task included the following covariates: age, NVIQ, and SES.
EO and SBI columns report group means and standard errors for each task, adjusted for
covariates. SSA = sustained selective attention, WM = working memory.
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working memory in the EO group. The magnitude of these correl-
ations reveals moderate to strong associations between age
(an index of maturation) and performance on cognitive processing
tasks. Finally, neither NVIQ nor SES correlated with performance
on any of the six nonlinguistic tasks in either group, showing a lack
of association between the processing tasks and a static cognitive
assessment (NVIQ) as well as parental education. Again, results are
consistent across EO and SBI groups.

In contrast, the traditional language assessment, sentence repe-
tition, correlated significantly with SES but not age or NVIQ in the
EO group, and with NVIQ but not age or SES in the SBI group.

To answer Research Question 3a, we conducted a MANCOVA
comparing the SBI-match and VBI-match groups.We again verified
assumptions of MANCOVA before interpreting results, including
multivariate normal distributions (verified by plotting residuals, as
above), absence ofmulticollinearity (all correlations among residuals
were at r= .67 or lower) and equality of covariance (Box’sM= 28.9, F
(28, 5031) = 0.83, p = .73). The omnibus test using Pillai’s trace, was
significant for the covariate, NVIQ:V = .54, F(7, 39) = 5.26, p < .001.
The omnibus test for the factor of interest, language group, was not
significant: V = .19, F(7, 39) = 1.03, p = .43. Univariate effects were
not examined due to the multivariate test result.

Finally, for Research Question 3b, we tested whether there was a
relationship between the amount of L2 (English) input and task
performance for bilingual children. Pearson correlations between
the proportion of L2 used in the home and task score were not
significant after multiple comparison correction for any of the six
nonlinguistic cognitive processing tasks (auditory sustained selective
attention, r(38) = .26, p = .34; auditory processing speed, r(38) =�.22,
p= .34; auditoryworkingmemory, r(38) = .36, p= .12; visual sustained
selective attention, r(38) = .44, p = .05; visual processing speed,
r(38) = �.19, p = .43; visual working memory, r(38) = .16, p = .50).
In contrast, correlations between L2 input and the linguistic assess-
ment task, English sentence repetition, were significant: r (38) = .60,
p = .005.

4. Discussion

The evaluation of bias is critical for children’s language assessment,
particularly for the identification ofDLDamong linguistically diverse
populations. In this study, we conducted a rigorous evaluation

of assessment bias related to language exposure within a set of
six nonlinguistic cognitive processing tasks using bilingual-to-
monolingual comparisons and bilingual-to-bilingual comparisons.
We also examined bias in a more traditional language assessment,
sentence repetition, as a comparison to the cognitive processing tasks.

Our first set of research questions comparedmonolingual versus
bilingual children on the nonlinguistic cognitive processing and
sentence repetition tasks, in terms of performance differences as
well as psychometric properties. We found that language exposure
did not influence performance on five of the six cognitive tasks,
indicating comparable performance on these tasks across bilinguals
and monolinguals. These same five tasks showed good internal
consistency reliability for both monolingual and bilingual children.
On the sixth task, auditory working memory, bilinguals performed
below monolinguals and reliability differed between groups,
pointing to bias in this task. However, the extent of bias is placed
into context via comparison with the sentence repetition results:
bilingual status explained 5.4% of variance in auditory working
memory performance but 23.6% of variance in sentence repetition
performance. Thus, the extent of bias against bilinguals appears
small for one nonlinguistic cognitive processing task and nonsigni-
ficant for the five others.

These results do suggest additional examination of the auditory
working memory task is warranted. This task is arguably the most
complex for children to understand, as they must grasp the concept
of tone sequences, group the tones they hear and determine whether
the groups match. As such, children may be more reliant on the task
instructions, or more likely to use verbal mediation to complete the
task. Aswe noted earlier, no task is completely nonlinguistic, and this
task may be “less nonlinguistic” than the remaining five (though
clearly more nonlinguistic than the sentence repetition task). This
explanation would address the lower performance and fair – rather
than good – reliability in the bilingual group. It does not, however,
address the poorer reliability in the monolingual group. Thus, there
may be additional task-related factors at play. As the auditory
working memory task has shown substantial promise for differenti-
ating children with DLD from their unaffected peers (see Ebert &
Pham, 2019), it is worthy of ongoing consideration to determine if
the potential sources of bias can be addressed.

In addition, the remaining analyses provide promising support
for a lack of bias in the six nonlinguistic cognitive processing tasks.

Table 4. Pearson correlations among task scores and participant characteristics for monolingual and bilingual groups

Age SES NVIQ Eng Sent. Rep Aud. SSA Aud. PS Aud. WM Vis. SSA Vis. PS Vis. WM

Age – �.02 �.09 .24 .38* �.46* .24 .40* �.66* .43*

SES .04 – .02 .42* .22 .11 .24 .21 .22 .16

NVIQ �.29* .11 – .15 .24 �.07 .18 .11 �.14 .14

Eng Sent. Rep. .21 .26 .29* – .29 �.11 .45* .29* .07 .32*

Aud. SSA .54* .15 �.19 .24 – �.32* .35* .60* �.35* .35*

Aud. PS �.27 .20 .02 .03 �.35 – �.04 �.24 .59* �.24

Aud. WM .43* .10 �.18 .32* .46* �.14 – .28 �.11 .39*

Vis. SSA .57* .22 �.22 .27 .53* �.21 .36* – �.24 .49*

Vis. PS �.52* .01 .19 �.18 �.61* .41* �.37* �.38* – �.30*

Vis. WM .47* .25 �.10 .35* .59* �.01 .40* .48* �.42* –

Note: Correlations for the EO group appear above diagonal. Correlations for the SBi group appear below the diagonal. PS = processing speed, SSA = sustained selective attention, WM = working
memory.
*Significant correlation after controlling for multiple comparisons.
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Concurrent validity analyses showed expected correlations with
age, as well as strong within-construct correlations (e.g., auditory
working memory with visual working memory), confirming that
the nonlinguistic cognitive processing tasks assess their intended
constructs. Again, the consistency of these correlations across
monolingual and bilingual groups indicates minimal task bias.
Moreover, the lack of association between SES and nonlinguistic
cognitive processing task performance in both groups is notable,
even though SES was not the main focus of our analyses. SES is
another potential source of assessment bias, and the disassociation
between SES and these nonlinguistic processing tasks underscores
their potential to contribute to a less-biased assessment. In contrast,
the English sentence repetition task is correlated with SES in both
groups, suggesting class-related disparities in performance.

Finally, we found no differences in nonlinguistic cognitive pro-
cessing task performance between children who hear Spanish at
home and those who hear Vietnamese at home, as well as no
relationship between nonlinguistic cognitive processing task per-
formance and the proportion of L1 spoken at home. These results
suggest that the nonlinguistic cognitive processing tasks are meas-
uring equivalent skills across bilinguals of two distinct L1 typologies
and that performance is not dependent on language experience. In
contrast, the proportion of home L1 was significantly correlated
with the traditional language assessment measure of sentence repe-
tition in the L2. The association between language exposure and a
traditional language assessment task was anticipated. It can go
without saying that English language experience influences per-
formance on an English sentence repetition task. Using sentence
repetition as a comparison point serves to highlight how perform-
ance on the nonlinguistic tasks has the potential to contribute to less
biased assessment.

4.1. Study limitations

We conducted several analyses and included multiple groups of
bilingual children to thoroughly explore potential assessment bias.
Nonetheless, it is not possible to completely eliminate any chance of
bias. Our explorations would have been enhanced by a larger group
of Vietnamese-English bilingual children, which would have enabled
us to include this group in all analyses. A larger number of
Vietnamese-English bilingual participants might also have enabled
us to include NVIQ as a criterion when constructing matched pairs;
we were not able to match on this variable with the existing dataset
and instead included it as a covariate. Considering additional bilin-
gual populations – including childrenwho speak different L1s as well
as those who reside outside the United States and speak different L2s
– would also strengthen the claim that the nonlinguistic cognitive
processing tasks have minimal assessment bias.

This study also included only one language assessment task,
sentence repetition, which may not represent all language assess-
mentmeasures. Sentence repetition appears to be a robust language
assessment, but the extent to which task performance indexes
purely language versus language plus working memory is debated
(e.g., Frizelle et al., 2017; Klem et al., 2015; Riches, 2012). Including
a more diverse set of language assessment measures would provide
additional context regarding the range of potential assessment bias
related to language exposure in these tasks.

Finally, the scope of our examination of bias is limited by
including only children without language concerns in the study.
Ultimately, it will be important to compare rates of identification of
DLD across linguistically diverse groups to fully evaluate bias in
nonlinguistic tasks.

4.2. Implications and future directions

On the whole, our analyses indicate minimal bias related to lan-
guage experience in the nonlinguistic cognitive processing tasks.
Although it may not be possible to completely remove the role of
language experience in an assessment task, it is greatly reduced in
these tasks. The consistent contrast between the nonlinguistic
cognitive processing tasks and the language assessment task
(sentence repetition) across most analyses illustrates the reduction
in bias in comparison to more traditional language assessment
approaches.

These results lay the foundation for considering nonlinguistic
cognitive processing tasks in the identification of DLD in bilingual
children. Of course, their ability to effectively distinguish between
children with and without DLD must also be clearly established
before they could be included in identification batteries for the
disorder. As such, a clear next step is to build upon previous work
(e.g., Ebert & Pham, 2019; Park et al., 2021) that has suggested
nonlinguistic cognitive processing tasks can contribute to accurate
identification of DLD. Rigorous diagnostic accuracy studies that
include diverse groups of bilingual and monolingual children are
needed.

If the nonlinguistic cognitive processing tasks indeed prove to be
effective at identifying DLD, they could potentially be used across
linguistically diverse groups as a complement to language-specific
assessment tasks. For example, performance on cognitive process-
ing tasks could be used as part of an initial step to confirm or rule
out DLD, reducing costly misidentification of the disorder. If DLD
is confirmed, additional language tasks – such as language sam-
pling, vocabulary testing and sentence repetition – could be used to
identify the child’s strengths and weaknesses, leading to the devel-
opment of goals and the focus of clinical services.

The prospect of reducing assessment bias in the identification
of DLD holds exciting implications. As clinical and research
professions seek to confront systemic inequities related to race,
ethnicity and national origin (e.g., Ellis & Kendall, 2021), accurate
identification of DLD in heterogeneous populations is critical.
Advances in this area will improve the allocation of clinical
resources, providing services to those who need it most and
ameliorating the negative academic and social impacts of DLD.
Reductions in assessment bias will also enhance the accuracy of
DLD research, generating conclusions that are applicable across
populations (rather than restricted to a small demographic; Hein-
rich et al., 2010).
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