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ARTICLE INFO ABSTRACT

Keywords: Background: Language abilities are highly heterogeneous in autism. While a multimodal assess-
Autism ment approach is recommended to capture the language variability, this is not always possible.
Language

Therefore, it is important to gain contextual information about different language assessments to
determine which assessment is most appropriate for different research questions. As most current
work is based on English-speaking populations, this paper compares three language assessment
modalities (standardized assessment, parent survey, and a natural language sample) between
English-speaking and Dutch-speaking autistic and neurotypical children.

Method: The Mullen Scales of Early Learning, the Vineland Adaptive Behavior Scales and a
naturalistic language sample were employed to measure language in 100 preschool-aged par-
ticipants. Correlation analyses and mixed-effect regressions were conducted, and Bland-Altman
plots were created to examine the similarity between measures.

Results: English-speaking and Dutch-speaking parents rated their children’s expressive language
higher than their receptive language. The best agreement between measures was for standardized
language and parent report. Agreement was higher for children with low language scores. Pri-
mary language (English vs. Dutch) did not significantly affect the results, but age, nonverbal
cognitive abilities and biological sex were shown to predict expressive and receptive language
outcome.

Conclusions: For autistic children with low language levels, parent-reported and standardized
language measures provide researchers with similar information. Depending on the available time
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and resources, researchers may choose to use one of these methods. However, for autistic children
with (above) average language abilities, multiple modalities should be considered to gain a
comprehensive understanding of their language abilities across different settings. A natural lan-
guage sample is of most added value next to a standardized assessment or parent report.

1. Introduction

Language abilities are often impaired in children with autism spectrum disorder, henceforth autism, a neurodevelopmental con-
dition characterized by challenges in social communication and social interaction, and restricted and repetitive behaviors and interests
(American Psychiatric Association, 2022). However, not all autistic children experience language difficulties, and there is great
heterogeneity across the spectrum (Baird & Norbury, 2016; Kjelgaard & Tager-Flusberg, 2001; Pickles et al., 2014; pp. 9, 1226).
Language level, together with adaptive functioning and IQ, is one of the best-known predictors of short- and long-term developmental
outcomes of autistic children (Billstedt et al., 2007; Howlin et al., 2004; Kover et al., 2016; Magiati et al., 2014; Mayo et al., 2013;
Sevaslidou et al., 2019), and language difficulties in childhood are associated with decreased levels of adaptive functioning in later life
for autistic individuals (Howlin et al., 2013). Therefore, it is important to examine the language abilities in autistic populations using
the most appropriate measures.

Much of our scientific knowledge about child and language development is based on work examining monolingual English-
speaking, mostly North American populations (Arnett, 2008; Blasi et al., 2022; Legare & Harris, 2016). This potentially limits our
understanding of language abilities in general, and in autism specifically, as different languages can be very diverse in their structural
properties (e.g., syntax, vocabulary) and pragmatic rules, which are especially challenging for autistic children. Moreover, different
linguistic and cultural settings may have an effect on how language is assessed. Natural language sampling is a common method in
clinical practice to assess a child’s expressive language abilities, but how these samples are obtained (e.g., parent-child interactions)
may be influenced by language and/or cultural differences. For example, preliminary research showed that English-speaking children
mirror their parents’ language use more in comparison to Spanish-speaking children who produced less spontaneous speech (Agua-
do-Orea, 2022). Parents who speak a language other than English also seem to show less responsive parenting behaviors during a
parent-child interaction compared to English speaking participants (Bennetts et al., 2016), which, in turn, may also influence chil-
dren’s language in return. Moreover, parent-reported language, another common method for assessing children’s language abilities,
may be influenced by cultural differences on what parents perceive as typical and atypical language development.

In this paper, we compare an American English-speaking sample to a Flemish Dutch-speaking sample. Given that one main goal of
this study was to examine potential differences in language assessments in autism within linguistically similar environments, we chose
Dutch for the cross-linguistic comparison due to its linguistic similarity to English. For example, both Dutch and English have some
overlap in vocabulary, as they have shared roots. There are many English loanwords in Dutch and vice versa (e.g., the English “cookie”
came from the Dutch “koekje”). English and Dutch also have the same four basic verb tenses (i.e., present simple, past simple, present
perfect, and past perfect), although there are stricter rules for determining tense in English compared to Dutch, especially with regards
to the present perfect (Veenstra & Knooihuizen, 2021). Another important difference between Dutch and English is that English uses
the Subject-Verb-Object (SVO) order as the basic sentence structure, while Dutch is technically a Subject-Object-Verb language
(although it masquerades as an SVO language in sentences with only one verb; Koster, 1975). Moreover, apart from linguistic dif-
ferences, research shows that there are also cultural differences between (Belgian-)Dutch-speaking and (American-)English speaking
people (Boiger et al., 2013; Eigenhuis et al., 2015). Taken together, English and Dutch are closely related, yet distinct languages, such
that a cross-linguistic comparison between the two can contribute to a more comprehensive understanding of language abilities in
autistic children.

The language measures used in this cross-linguistic comparison were the Mullen Scales of Early Learning (MSEL; Mullen, 1995) that
was administered by a trained researcher, the parent-report Vineland Adaptive Behavior Scales, 3rd edition (VABS-3; Sparrow et al.,
2016), and a natural language sample based on parent-child interaction. Direct assessment measures, such as the MSEL, have the
benefit that a trained professional can assess child language in a standardized manner across the sample and that scores can be
compared to a normative sample. However, it can be challenging to capture some children’s language abilities with standardized tests
(Kasari et al., 2013) due to behavioral, motivational or attention difficulties (e.g., Akshoomoff, 2006; Kasari et al., 2013; Koegel et al.,
1997). Moreover, standardized assessments often show limited variability in scores among children with severe language difficulties
due to a floor effect (Chen et al., 2023; Kasari et al., 2013).

Parent-rated measures do not have most of these drawbacks, as the evaluation is based on language in a naturalistic setting and over
a longer time period. Several studies showed that parent report and standardized assessments were correlated in English-speaking
autistic and language-delayed samples (e.g., Garibaldi et al., 2021; Luyster et al., 2008; Ring & Fenson, 2000). These correlations
were stronger for expressive language than receptive language (Garibaldi et al., 2021; Ring & Fenson, 2000). Some studies have
compared scores on the VABS-3 and the MSEL in an English-speaking sample by converting scores to the same format (e.g., age
equivalent scores; see, for example, Luyster et al., 2008). Results showed that parent-reported expressive language abilities of autistic
children were consistently lower than scores on standardized tests (Luyster et al., 2008; Miller et al., 2017). For receptive language, the
opposite was true, such that parent-rated scores were higher than standardized test scores (Luyster et al., 2008; Miller et al., 2017). It
may be that parents underestimate their child’s expressive language level and overestimate their child’s comprehension abilities, but a
test-effect is likely also present as the VABS-3 includes more items gauging both language and communication abilities while the MSEL
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focuses solely on language (Luyster et al., 2008). Previous research has shown that agreement between different measures is stronger in
children with lower language scores while more variability is present in those with higher language scores for both neurotypical and
language-delayed populations (Bennetts et al., 2016; Garibaldi et al., 2021).

A third way to characterize language abilities is to use a natural language sample. Children’s language during daily interactions,
such as a play-based caregiver-child interaction (Kover et al., 2014), can be recorded, transcribed and further analyzed to gain a more
ecologically valid representation of children’s expressive language abilities, given that the data are collected in a natural setting.
Although analyzing a natural language sample can be time-consuming, it also provides the opportunity to capture more fine-grained
linguistic data. Previous studies with English-speaking autistic children showed that standardized language assessments and natural
language samples provided comparable assessments of language skills as they are intercorrelated (Barokova et al., 2020; Condouris
etal., 2003; Thomas et al., 2022). However, autistic children sometimes show more impairments in natural language measures than in
standardized assessments (see also Condouris et al., 2003).

In general, a multi-method approach is recommended to assess language abilities in autistic populations (Tager-Flusberg et al.,
2009), but this may not always be possible due to limited time and resources. Therefore, it is important to identify how standardized
language assessments, parent-reported language and natural language samples relate to each other across multiple languages, which
can help the researchers select the most appropriate measure.

2. The present study

In the current study, we aim to investigate how different language assessment modalities relate to each other in meaningful ways
reflecting the heterogeneous language profiles of autistic children, and whether these modalities capture language similarly or
differently in autism across English and Dutch. As most previous work has focused on English-speaking samples, a cross-linguistic
comparison with a closely related but distinct language can give us insight into how these measures may capture language differ-
ently in autistic children who speak different languages.

Our first aim was to investigate if scores of different language assessment modalities for receptive language and expressive language
converge in our sample of autistic and neurotypical children and whether this would be the same for the English-speaking and Dutch-
speaking samples. Given that there has not been a cross-linguistic comparison between English and Dutch in autism research, we do not
have an a priori hypotheses. Second, previous research in English-speaking samples has shown a high correlation between parent
reports and standardized language assessments with some differences between the two, specifically that parents underestimate
expressive language and over-estimate receptive language. We hypothesize that we will replicate this finding in both our English- and
Dutch-speaking groups (Luyster et al., 2008; Miller et al., 2017; Ring & Fenson, 2000). Third, in line with previous work on the
relationship between natural language samples and standardized assessments of expressive language, we expect a significant positive
correlation between natural language samples and standardized assessments of expressive language in our sample as well, at least in
those children who speak English (Condouris et al., 2003; Thomas et al., 2022).

Table 1
Participant characteristics.

Autistic participants Neurotypical participants Group differences
English-speaking Dutch-speaking English-speaking ~ Dutch-speaking  Language Group
Sample size 25 25 25 25
Biological sex 4f, 21m?2 7f, 18mab 11f, 14mP 7f, 18mab X?(1) = .05 X?(1)=2.38
Age in months 43.282 44.602 44.282 41.882 #(95.60) =-.34  1(96.44) = .54
ADOS-2 overall total score’ 15.32
SRS total score? 91.13
Nonverbal cognition® 30.74a 35.212 49.9° 43.46° #93.03) =-.38  1(88.38) = -6.25***
2 more than one, 4 4 more than one,
) . 7 more than one, 1 more than
Race Asian, 1 Black, 15 1 Asian, 2 Black, . . ;
. . K 4 Asian, 14 white  one, 24 white
white, 3 missing 18 white

Note: Mean scores per group.

" ADOS scores were only available for English-speaking autistic participants as the covid-19 pandemic made it impossible to reliably administer the
ADOS-2 to Dutch-speaking participants.

2 SRS total scores were collected to give a characterization of the autism traits in the Dutch-speaking autistic participants.

3 Age equivalent scores.

abe | etters give an indication of group differences across group and language. Significant differences were present for groups with different letters. No
group differences were present for groups with the same letter. For example, biological sex distribution differed between English-speaking autistic and
neurotypical participants but not between any of the other group comparisons. Group differences across groups (irrespective of language) and
languages (irrespective of group) are shown in the two right columns.

Significance level for group differences: p < .05*, p <.01**, p < .001***
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3. Methods
3.1. Participants

Participants included in this study were drawn from two projects. English-speaking participants were drawn from the Training
Early Social Language in Autism (TESLA) project at Boston University’s Center for Autism Research Excellence, and Dutch-speaking
participants were drawn from the Preschool Brain Imaging and Behavior Project (PIP) of the AIMS-2-TRIALS consortium. PIP is a larger
European study and consists of five data acquisition sites. For this project, only data collected at Ghent University, Belgium was
employed. For inclusion in both studies, autistic participants needed to have a confirmed DSM-5 diagnosis of autism spectrum disorder.
Neurotypical participants could not have a first-degree relative with an autism diagnosis. Participants could not have uncorrected
vision or hearing difficulties and had to speak English (for TESLA) and Dutch (for PIP) as their primary language. For PIP additional
inclusion criteria applied as MRI was a part of the larger study (i.e., no MRI contraindications).

In total, the TESLA study included 89 participants (n = 52 autistic children, n = 37 neurotypical children) between the ages of 22
and 60 months old. PIP included 74 participants (n = 38 autistic children, n = 36 neurotypical children) between the ages of 31 and 54
months old. After prioritizing participants with no missing data, we matched TESLA participants with PIP participants based on mean
length of utterance, as our research questions are focused on language abilities. Moreover, as language is highly variable at the age of
our participants (e.g., Pickles et al., 2014, pp. 12269), and given the differences in age range between TESLA and PIP, we also stratified
the sample based on chronological age. This resulted in language- and age-matched samples. The final sample included 100 children
(25 English-speaking autistic and 25 neurotypical participants from the TESLA project, and 25 Dutch-speaking autistic and 25 neu-
rotypical participants from PIP). The English-speaking participants’ autism status was verified by meeting the autism spectrum cut-off
on the Autism Diagnostic Observation Schedule-2 (Lord et al., 2012), and all the Dutch-speaking participants had an official diagnostic
report of autism spectrum disorder. The TESLA sample consisted of monolingual English-speaking participants. The PIP sample
included one bilingual child that was exposed to Spanish in addition to Dutch. Gender ratio did not differ between TESLA and PIP
samples, but there was a difference between English-speaking autistis and non-autistic children in TESLA. All participant character-
istics can be found in Table 1.

Written informed consent was obtained from participants’ legal guardian prior to their participation in either study. All experi-
mental protocols and procedures were approved by the ethical committees of Boston University and Ghent University/Ghent Uni-
versity Hospital respectively.

3.2. Measures
3.2.1. Language assessments

3.2.1.1. Mullen scales of early learning. The MSEL is a test of general cognitive abilities that includes a receptive and an expressive
language scale used in this study (Mullen, 1995). An example of a receptive language item of the Mullen is to give the child instructions
with items in front of them, such as: “Here are a ball and a book. I would like you to do something for me. Give me the ball and then
close the book”. An example of an expressive language items is making verbal analogies. For example, the researcher says “John is a
boy; Susan is a ...?” where the child should then finish the sentence by saying “girl”. The test was administered by a researcher or a
clinician (Mullen, 1995). A summary of participants’ scores per site can be found in Table 2. The MSEL is translated into Dutch but has
not been normed on a Dutch sample and therefore American norms were used.

3.2.1.2. Vineland adaptive behavior scales. The VABS-3 (Sparrow et al., 2016) Comprehensive Parent/Caregiver questionnaire (Eng-
lish-speaking participants) or Comprehensive Interview (Dutch-speaking participants) was used to reflect children’s receptive and
expressive communication skills in this study. The VABS Parent/Caregiver questionnaire and the interview form have similar enough

Table 2
Median language scores per group.

Autistic participants Neurotypical participants

English Dutch English Dutch
MSEL receptive language1 25 (29.2, 20.2) 34 (30.3, 14.9) 53 (52.8, 12.0) 39 (41.6, 8.3)
MSEL expressive language1 22 (27.4,19.5) 31 (30.4, 13.7) 51 (51.7, 14.9) 43 (45.5, 8.5)

VABS-3 receptive language’
VABS-3 expressive language'
Mean length of utterance?
Number of total words?
Number of different words®

33(28.9, 13.5)
42 (45.2, 32.6)
1.64 (2.1,1.2)
57 (118.8, 146.6)
33 (47.5, 46.9)

25(25.1, 11.6)
26 (25.5,12.7)
2.43(2.3,1.1)
148 (125.7, 96.2)
55 (46.4, 30.7)

44 (45.1, 7.6)

45 (51.8, 21.1)
3.57 (3.7, 0.5)
320 (314.8, 97.2)
114 (118.4, 27.9)

42 (44.0, 13.8)
50 (51.8, 15.0)
3.72 (3.8, 0.6)
264 (265.2, 91.3)
97 (99.6, 18.2)

Median scores (mean scores, standard deviation)

1Age equivalent scores
2Raw scores

Abbreviations: MSEL = Mullen Scales of Early Learning; VABS-3 = Vineland Adaptive Behavior Scales - Third Edition
Note: TESLA ad PIP samples were matched based on chronological age and expressive language.
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content to warrant a combination for analyses (Sparrow et al., 2016). Parents responded to questions regarding their child’s daily
communication skills using a scale of 0 ((almost) never present), 1 (sometimes present), 2 (always/mostly present) or don’t know.
Separate scores for receptive and expressive language were reported. The VABS-3 is translated into Dutch but has not been normed on a
Dutch sample and therefore American norms were used. An overview of participant scores is shown in Table 2.

3.2.1.3. Natural language samples. Natural language samples at both sites were derived from a play session between the child and one
of their main caregivers (mostly mothers, n = 90 mothers out of 100 participants). Sessions took place at the respective university and
were videorecorded. Children and caregivers were given a standardized set of toys to play with at both sites, which included different
kinds of toys. For Dutch-speaking participants, the set included building blocks, a children’s book, a doll, a play tea set, miniature cars
and a stuffed animal, while the English-speaking participants received a play set that did not include a book, cars, or a stuffed animal
but included miniature dinosaur shapes sorters, baby dolls, miniature utensils, and a basketball.

Play sessions took between 10 and 20 min per session. The first ten minutes of each session after the researchers left the room were
transcribed. The video recordings of the child and their caregiver were transcribed verbatim and divided into utterances separated by
breath pauses. All intelligible utterances were transcribed. The English videos were transcribed by the first author and the Dutch videos
were transcribed by the first author, two graduate students in clinical psychology and one student in speech and language pathology.
All transcribers are native speakers of Dutch. The first author who coded the English videos is bilingual Dutch and English-speaking
and has extensive experience with the English language. Students who helped with transcription were blind to the diagnosis of the
child, but the first author was not. 20 % of the Dutch recordings were transcribed by all transcribers. Inter-rater reliability of MLU
between the transcribers as measured with intraclass correlation was.93.

From the transcriptions, the mean length of utterance in morphemes (MLU), the total number of words (TNW) and the number of
different words based on lemma (NDW) were calculated. For the transcriptions of the English videos, this was done through the
software program Systematic Analysis of Language Transcripts (SALT) (Miller & Iglesias, 2015). As this software is not available for
Dutch, processing of the Dutch transcriptions was done manually by the first author based on SALT conventions (Miller & Iglesias,
2015).

3.3. Nonverbal cognition

Nonverbal cognitive abilities were calculated to characterize the sample using the MSEL (Mullen, 1995). Scores were calculated as
follows: [average (MSEL visual reception age equivalent score + MSEL fine motor skills age equivalent score) / chronological age in
months] * 100 to generate a composite score. An overview of mean scores per group can be found in Table 1.

3.4. Statistical analyses

We first examined the language data of all groups and assessed within-sample differences between standardized and parent-
reported language using the paired-sample Wilcoxon test. We then employed non-parametric Spearman’s correlations between all
variables. Non-parametric tests were used because of the limited sample size and as most variables in the different groups did not
follow a Gaussian distribution as indicated by q-q plots and the Shapiro-Wilk test for normality.

Next, Bland-Altman plots were created for each pair of language comparisons using the blandr package in R (Datta, 2017). To
compare scores on the same scale, raw scores of all language measures were transformed into z-scores prior to the creation of the plots.
In order to reduce the number of tests, participants’ MLU, TNW and NDW z-scores were combined into one composite score repre-
senting spontaneous expressive language by adding the z-scores and dividing this number by three, giving all values equal weight
(Andrade, 2021). Bland-Altman plots can be used to visualize differences in measurements between two techniques to determine their
similarity (Giavarina, 2015). The plots show three lines: a horizontal line in the middle of the chart, representing the mean of dif-
ference between test scores of both methods, also referred to as the bias between the instruments, and two lines indicating the lower
limit of agreement (LL) and upper limit of agreement (UL). The LL and UL are derived from the mean of difference minus/plus 1.96
times the standard deviation of the difference between assessments. The LL and UL are surrounded by 95 % confidence intervals. If the
line representing the mean of differences is close to zero, the average difference in measurements is small. If 95 % of the data points in
the plot are scattered between the limits of agreement, this suggests a good level of agreement between the two methods (Giavarina,
2015). If they are further away from zero, outside of the LL and UL, this indicates weak agreement (Karun & Puranik, 2021).

In a final step, the data was transformed from wide to long format to execute mixed-model regression analyses with a per subject
random intercept. Language score was the dependent variable, type of test, language (English versus Dutch) and group status (autistic
or neurotypical) were the independent variables. Nonverbal cognition, biological sex and age were included as control variables. To
minimize data comparisons, the composite score for natural language was used. Z-scores were used here since the language measures
are each on a different scale.

Interaction effects between the independent variables were assessed using model comparison with the Akaike Information Cri-
terion (AIC), which estimates the quality of each model relative to another model taking into account the trade-off between model fit
and complexity (Akaike, 1998). The model with the lowest AIC was chosen as the most parsimonious if the difference in AIC was at
least two points (Burnham & Anderson, 2004). Interaction effects were included in the “final model” if they significantly contributed to
the model fit as shown by the AIC. Corrections for multiple comparisons for all analyses were done using the False Discovery Rate
(FDR). All data analyses were conducted in R (R Core Team, 2022).
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4. Results
4.1. Missing data

There was no missing data for the natural language samples and the standardized language assessments. However, the parent-
reported VABS-3 was not completed for 28 English-speaking participants (n autistic = 13, n neurotypical = 15), resulting in a
limited sample size of 22 English-speaking participants with VABS-3 data (n autistic = 12, n neurotypical = 10).

4.2. Description of language abilities

After examining the natural language sample, we found that seven of the included English-speaking autistic participants and four
Dutch-speaking autistic participants were considered minimally verbal (i.e., produced less than twenty functional words spontane-
ously (Kasari et al., 2013)). None of the neurotypical children were considered minimally verbal. The ratio verbal/minimally verbal in
the autistic group did not differ significantly between languages (x2(1) = 1.05, p = .31).

All language scores per group per language are shown in Table 2. As can be seen in Table 2, VABS-3 expressive language scores were
higher than VABS-3 receptive language scores for both languages. A paired Wilcoxon test confirmed that this effect was significant for
the whole sample (V = 1719, p < .01) and for the English-speaking autistic group and Dutch-speaking neurotypical group (English-
speaking autistic group: V = 71, p = .01; Dutch-speaking neurotypical group: V = 244, p < .05). When examining the MSEL scores, a
significant effect was found only in the Dutch-speaking neurotypical group (V = 268, p < .001), indicating higher language scores for
expressive than receptive language. Compared to each other, VABS-3 expressive language abilities were significantly higher than MSEL
expressive language abilities for the English-speaking autistic sample (TESLA: V = 74, p < .01) and the Dutch-speaking neurotypical
sample (PIP: V = 247.5, p < .05). The reverse was true for the English-speaking neurotypical sample and Dutch-speaking autistic
samples, which showed higher expressive language scores on the Mullen (TESLA: V=0, p < .01; PIP: V=51.5, p = .01). For receptive
language, only the autistic groups showed a significant effect, indicating higher scores for receptive scores on the MSEL than the VABS-
3 (English-speaking: V = 0, p < .001; Dutch-speaking: V = 60, p < .01).

Comparisons between all language scores per group per language (English versus Dutch) are shown in Fig. 1 (expressive language)
and Fig. 2 (receptive language).

e Autistic Neurotypical e Autistic Neurotypical e Autistic Neurotypical

MSEL expressive language score
.
H
5
Vineland expressive language score
Natural language sample scores

2 .. 24 . . 2 -

T T T T T T
Dutch English Dutch English Dutch English

Language Language Language

Fig. 1. Expressive language methods per group per site. Note: Figure shows the mean-centered language scores per participant, as well as the group
mean standard deviation per language measure. The average score for the whole sample lies at zero. A negative score thus indicates a score that is
lower than the whole sample average, while a positive score indicates a score that is higher than the whole sample average.
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Fig. 2. Receptive language methods per group per site. Note: Figure shows the mean and standard deviations per language measure in z-scores,
meaning that the whole sample average lies at zero.

4.3. Correlation analyses

Spearman correlation analyses were executed between all language measures. For the autistic groups in both languages, all lan-
guage measures significantly correlated together, while this was not the case for the neurotypical group. All correlations coefficients
and their significance are shown in Table 3 (autistic sample) and Table 4 (neurotypical sample).

4.4. Bland-Altman plots

Bland-Altman plots were created separately for the two sites for all pairs of language assessment types for receptive and expressive
language, i.e., VABS-3 versus MSEL expressive language; MSEL versus natural language sample; VABS-3 versus natural language
sample; VABS-3 versus MSEL receptive language. Given the limited sample sizes, plots are collapsed across neurotypical and autistic
children per language. The plots are shown in Figs. 3 to 10.

4.4.1. Expressive language

4.4.1.1. MSEL versus VABS-3. Plots comparing MSEL and VABS-3 expressive language scores are shown in Figs. 3 and 4. Note that the
sample size of the English-speaking participants for the VABS-3 is limited, resulting in bigger confidence bands (i.e., the red and green
areas). In both plots, the mean difference between measurements is small (close to the zero line), and the data points mostly lie within
the LL and UL. There is however a cone-shaped pattern, with data points on the left sides of the figures remaining closer to the zero line,
while data points on the right sides show more variability. This heteroskedasticity shows that the difference is proportional to the size
of the measurement, i.e., variability increases when the measurements increase in size, thus in this case with higher language scores,
while agreement remains high for lower language scores.

4.4.1.2. MSEL versus natural language. Plots examining the agreement between the MSEL and natural language are shown in Figs. 5
and 6. For both plots, the mean of difference line is very close to the zero line, indicating minimal differences in the averages of the
measurements. However, for both the English-speaking and Dutch-speaking participants, two data points fall outside of the UL and LL
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Table 3
Spearman correlations between language measures - autistic sample.
English Dutch English Dutch English Dutch English Dutch English Dutch English Dutch
1 1 2 2 3 3 4 4 5 5 6 6
1. MSEL EL
2. MSEL RL .94 Hxx .95 *x*
3. VABS-3 EL .80 * * .87 w¥k .86 *** K7
4. VABS—3 RL .61 * .82 F* 70 * * .93
5. MLU .88 *x* .85 *¥* .83 *x* .84 79 % 78 .69 * 75 HEE
6. TNW 72 71 .66 *** 71 .70 * .70 71k 75 *x .86 *** .82 ¥ *¥
7. NDW .84 ¥ .83 ¥k .83 ¥k .83 ¥ .85 .81 L8 * ik .80 *** 9] ¥k .94 * w% Q4 * ** 9] * *%

Significance level: p < .05 *,p <.01 * *, p <.001 * **
Correlation coefficients in bold survived FDR corrections for multiple comparisons

Abbreviations: MSEL = Mullen Scales of Early Learning; EL = expressive language; RL = receptive language; VABS-3 = Vineland Adaptive Behavior
Scales - Third Edition; MLU = mean length of utterance; TNW = total number of words, NDW = number of different words

Table 4
Spearman correlations between language measures - neurotypical sample.
English Dutch English Dutch English Dutch English Dutch English Dutch English Dutch
1 1 2 2 3 3 4 4 5 5 6 6
1. MSEL EL
2. MSEL RL .81 **xx
3. VABS-3 EL .90 *** .56 .39 %
4. VABS—3 RL .70 * -.05 -.07 .68 * 44 *
5. MLU .03 .26 .33 .46 .54 * .08 -.08
6. TNW -15 -13 .10 -.26 .15 13 -.16 -.23 43 % .39 %
7. NDW 12 .39 % .28 .28 .52 .18 .14 -.15 .64 *** 48 * * .80 *** .56 * *

Significance level: p < .05 *,p <.01 * *, p <.001 * **
Correlation coefficients in bold survived FDR corrections for multiple comparisons

Abbreviations: MSEL = Mullen Scales of Early Learning; EL = expressive language; RL = receptive language; VABS-3 = Vineland Adaptive Behavior
Scales - Third Edition; MLU = mean length of utterance; TNW = total number of words, NDW = number of different words

confidence intervals, thus failing to keep 95 % of data points within the limits of agreement, indicating less agreement between the
MSEL and natural language samples. Here too, heteroskedasticity is present in the plots, with data points showing more variability for

higher scores.
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Fig. 3. Bland-Altman plot comparing MSEL and VABS-3 expressive language — English-speaking participants. Note: The y-axis shows the differences
between the two measurements while the x-asis shows the averages of the two measurements. The solid horizontal line in the plot represents the
mean difference between the two measurements and the dotted lines represent the + 1.96 standard deviations of the differences.
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Bland-Altman plot for comparison of 2 methods
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Fig. 5. Bland-Altman plot comparing MSEL and natural expressive language — English-speaking participants.

4.4.1.3. VABS-3 versus natural language. Figs. 7 and 8 depict the agreement between VABS-3 expressive language and natural lan-
guage. The plots indicate small to minimal average differences in measurements, as data points for both languages lie mostly within the
LL and UL, except for one data point in the Dutch-speaking sample. There is a cone-shaped pattern, similar to the previous plots,
indicating the presence of heteroskedasticity, with data points showing more variability for higher scores.

4.5. Receptive language

For receptive language, only the MSEL and VABS-3 language were compared, as there is no measure of natural receptive language.
Bland-Altman plots per site are shown in Figs. 9 and 10. Similar to most plots for expressive language, the mean difference line is close
to zero and all data points fall within the LL and UL, except one data point for the Dutch-speaking sample. However, a pattern of
heteroskedasticity is present with around the mean scores for language (i.e., x-axis score of 0).
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Fig. 7. Bland-Altman plot comparing VABS-3 and natural expressive language - English-speaking participants.

4.6. Regression analyses

4.6.1. Testing of mixed-effects assumptions

The assumptions for mixed-effects regression were assessed for selected models. The variance inflation factor (VIF) was examined
to assess collinearity between numerical variables. All VIFs were below 10, suggesting no collinearity in the data (largest VIF was 2.91)
(Vittinghoff et al., 2012). Autocorrelation was assessed with the acf function in R (R Core Team, 2022) and was not detected. Het-
eroskedasticity was not present based on visual inspection of residual plots and residuals of the selected model followed a Gaussian

distribution in both models.

4.7. Expressive language

After model comparison using AIC and testing all interaction effects, the most parsimonious/ best fit model for expressive language
included the pre-specified independent variables (i.e., group status (autistic or neurotypical), type of test, language (English versus

10
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Fig. 9. Bland-Altman plot comparing MSEL and VABS-3 receptive language - English-speaking participants.

Dutch), nonverbal cognition, biological sex and age) (R? total model =.67, AIC = 458.91, comparison AICs of competing models > 10).
Significant main effects were present for group, with higher scores for the neurotypical participants (b =.49, SE =.15, p < .001), age,
with language scores increasing with age (b =.04, SE =.006, p < .001), nonverbal cognition, with higher nonverbal cognitive abilities
resulting in higher language scores (b =.59, SE =.07, p < .001), and biological sex, with boys achieving significantly lower language
scores than girls (b = —.32, SE =.11, p = .01). Interaction effects were tested and were non-significant.

4.8. Receptive language

The final best fit model selected for receptive language was the same as for expressive language (R total model =.69, AIC = 317.25,
comparison AICs of competing models > 5). Interestingly, main effects were present for age, with scores getting higher as age increases
(b =.05, SE =.01, p < .001), nonverbal cognition, with higher nonverbal cognition resulting in higher language scores (b =.73, SE
=.07, p < .001) and biological sex, with boys achieving lower scores than girls (b = —.15, SE =.05, p = .01), but no main effect was
present for group.

11
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Fig. 10. Bland-Altman plot comparing MSEL and VABS-3 receptive language - Dutch-speaking participants.
5. Discussion

In this paper, we aimed to examine different language assessments and their relationship to each other in English-speaking and
Dutch-speaking autistic children. Overall, findings in this study showed that there is substantial heterogeneity in language abilities
within the autistic samples in both languages, which is in line with previous results (e.g., Baird & Norbury, 2016; Pickles et al., 2014,
pp. 12269). Our results also suggest that there is a strong agreement between parent-reported language and standardized language
assessment while there is less agreement between these variables and variables derived from a natural language sample (i.e., MLU,
total number of words, number of different words). This may suggest that a multimethod approach of language assessment can be
beneficial in capturing the different facets of autistic children’s language abilities.

Previous work in exclusively English-speaking autistic populations has shown that the three language measurement modalities
correlate highly with each other (Condouris et al., 2003; Luyster et al., 2008; Ring & Fenson, 2000; Thomas et al., 2022), but that
parents tend to overestimate their child’s receptive language and underestimate expressive language abilities compared to stan-
dardized assessment (Luyster et al., 2008; Miller et al., 2017; Ring & Fenson, 2000). In this study, we also found high correlations
between the three expressive language measures for the autistic samples, both English-speaking and Dutch-speaking. In contrast, we
did not find the same degree of correlation for the neurotypical participants, although the MSEL and VABS-3 scores of expressive
language mostly correlated highly with each other, as did the measures of natural language (MLU, TNW, NDW) amongst each other.
The hypothesized effect of parental underestimation of expressive language abilities, based on earlier research (Luyster et al., 2008;
Miller et al., 2017) was not present in our data. On the contrary, our results show that parents across both the English-speaking and
Dutch-speaking sites rated their autistic child’s expressive language abilities higher than their receptive language abilities. Such an
effect was also present for the standardized language measure in Dutch-speaking neurotypical children. The contrasting findings
between our and previous studies may be due to the different ages of the participants, as previous work included children around 30
months (Luyster et al., 2008; Ring & Fenson, 2000), while the average age in our study was 44 months.

Moreover, unlike previous results (Luyster et al., 2008), we found that parents of autistic children in both languages and parents of
English-speaking neurotypical children rated their child’s expressive language abilities significantly higher than scores on the MSEL
indicated. The reverse effect was found for receptive language, but only for the autistic groups. Parents may rate their child’s
expressive language higher because they may misinterpret echolalia as genuine language production (Cohn et al., 2023), though this
would not be judged in this way by researchers and would not be considered in the scores achieved on a standardized test. It could also
be the case that autistic children have more expressive communication with their caregiver than with an unfamiliar examiner (Bar-
okova et al., 2020). Another important point to mention here is that the MSEL assess specifically structural linguistic abilities, while the
VABS-3 assesses more general expressive and receptive communication abilities, which could influence the results.

A second research question in this study examined how different language measures converge cross-linguistically. To this end, we
created Bland-Altman plots for each pair of language assessments for both languages. The results show that the different language
assessments converge relatively well with each other, which is in line with our correlation analyses. However, for most comparisons,
heteroskedasticity was present in the plot indicating that the variability increases with higher language scores. In other words, lan-
guage measures are mostly in agreement for those with lower language scores but differ more for higher language scores. This is the
case for both the English-speaking and Dutch-speaking children and is in line with previous studies examining agreement between
standardized language measures and parent reports in neurotypical and language-delayed children (Bennetts et al., 2016; Garibaldi
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et al., 2021). However, it should be noted that there were also more participants present at the right end of the scale and the higher
agreement for those with lower language scores can be caused by floor effects of minimally verbal participants. The data from the
natural language sample correlated least well with the other measures, indicating that there is the least amount of overlap in the
information between the natural language sample and the other measures. This may indicate that a natural language sample taps into a
different linguistic variety that is not captured by standardized assessments and vice versa. Adding such a sample may therefore
provide researchers and clinicians with information regarding an additional facet of the language abilities in autistic children.

Lastly, we examined the effect of type of test (MSEL, VABS-3, and natural language), group and language on language abilities
simultaneously, while controlling for age and nonverbal cognitive abilities with mixed-effects regression. These results showed that
autistic children scored significantly lower on all expressive language assessments than neurotypical children on a group-level. Age,
nonverbal cognition and a female biological sex were positively related to both expressive and receptive language. No main effect of
language or type of test was significant, indicating that children’s language scores were not significantly impacted by the choice of
language assessment or whether they spoke English or Dutch. Interestingly, no significant effect of group (autistic versus neurotypical)
was present for receptive language, although Table 2 shows lower scores for autistic participants. It appears that group status did not
add unique variance once age, nonverbal cognition and biological sex were taken into account, showing the importance of including
these variables in data analyses.

Taken together, our results did not identify sole effects of English-speaking versus Dutch-speaking on the language scores of our
participants, likely reflecting the closeness between English and Dutch, and indicating that the three language measure modalities (i.e.,
standardized measures, parent reports, and natural language samples) are similarly appropriate to capture language abilities between
English-speaking and Dutch-speaking autistic children. Moreover, for the autistic participants, standardized, parent-reported and
natural language assessments were in good agreement with each other, although each with their own specific nuances (e.g., signifi-
cantly higher scores on expressive language for parent reported language) that may impact the choice of test type depending on
potential research questions. Especially agreements between the standardized test and parent report were quite high. This has further
implications for clinical practice as it means that parent report, such as parent questionnaires alone may already provide a relatively
good estimate when screening autistic children for potential language difficulties, which may be especially beneficial for communities
with limited resources. Our results also show that, similar to previous work in other populations (Bennetts et al., 2016; Garibaldi et al.,
2021), convergence between language methods is highest for children with lower scores. The finding indicates that, if one language
measurement modality is unfeasible due to limited resources or study format (e.g., online study), utilizing another measurement
modality will capture similar language profiles for autistic children with low language levels. On the other hand, less convergence
between measurement modalities in autistic children with higher language levels reiterates the importance of using multiple sources of
information to fully capture the language abilities of those with (above) average competence. In addition to a standardized test or
parent report, getting a natural language sample would provide most unique information about spontaneous language in natural
settings for verbally fluent autistic children.

Given that our work focuses on linguistically similar languages (i.e., English vs Dutch), future work should assess languages that are
further apart from each other. Studying more diverse languages will enrich our understandings of how to choose and incorporate the
most appropriate language measures for autistic individuals with culturally- and linguistically diverse backgrounds. Future research
could also include different populations, such as bilingual children, as more than half of the world’s population is bilingual (Hopkins
et al., 2017), to examine if language abilities of monolingual and bilingual autistic children are revealed differently across different
assessment modalities.

5.1. Strengths and limitations

This study has multiple strengths. First, we adopted a cross-linguistic approach to examine our research questions so generalize our
results beyond the English language. A second strength is the multimodal language assessment, including natural language sample,
which requires specific training on transcribing the spontaneous language and therefore can be a time-consuming method, but can give
valuable, ecologically valid insights into children’s language abilities (Barokova & Tager-Flusberg, 2020).

Several limitations of the current study provided directions for future studies. First, although the total sample size was 100, dividing
this number into four equal groups resulted in a limited sample size per group. The sample was especially limited for parent-reported
language data of the TESLA site as some data were missing. Future cross-linguistic comparison research should consider including a
larger sample size to increase statistical power for analyses. We also did not keep track of effects of potential language interventions
that children received. For example, English-speaking participants may have received different interventions than Dutch-speaking
participants, which could have influenced their language scores. Next, although the coder for the natural language variables in
Dutch is well-qualified and experienced in working with this type of data, the codings would have ideally been done using SALT
software rather than manually. This was however not possible as SALT software is not available in Dutch. To mitigate this fact
however, the coder coded some videos twice with high reliability. Moreover, due to restrictions because of the covid-19 pandemic,
ADOS-2 scores could not reliably be acquired for the Dutch-speaking autistic participants. Although we did collect SRS-2 scores for this
sample to gain more information about the level of autistic traits, the lack of reliable ADOS scores makes it impossible to compare the
two samples on the level of autism traits. Lastly, the MSEL and VABS-3 standardized assessments are translated in Dutch but are not
validated or normed on a Dutch sample. Therefore, we used the same American norms for all groups. Although these norms were only
used to acquire age equivalent scores to assess group differences and other analyses were done using raw scores transformed into z-
scores, this may have had an effect on the results.
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6. Conclusion

This study conducted a cross-linguistic comparison of how different language assessments capture language abilities in autistic and
neurotypical preschoolers. Our findings showed a good convergence between language abilities measured by standardized measure,
parent report, and natural language sample, with a better agreement between assessments for autistic children with lower language
scores. As expected, autistic children obtained significantly lower language scores than neurotypical children at the group-level across
all three assessment modalities. Within the autism groups, there was great individual variability and language scores ranged from
clinical scores to very good structural language capacities. Significant differences were found with respect to parent-rated and stan-
dardized assessments of language, with parents rating their child’s expressive language abilities significantly higher, and their
receptive language significantly lower than researchers did. We found no differences between the English-speaking and Dutch-
speaking sites, likely resembling the closeness between the two languages. Future work should assess languages that are more
linguistically distinct, especially in non-Western populations.
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