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Abstract

Background: Many children with neurodevelopmental disorders such as autism spectrum disorder (ASD), attention
deficit hyperactivity disorder (ADHD) or developmental language disorder (DLD) have difficulty recognizing and
understanding emotions. However, the reasons for these difficulties are currently not well understood.
Aims: To compare the emotion recognition skills of children with neurodevelopmental disorders as well as those
children’s skills with the skills of their typically developing (TD) age peers. Also, to identify the role of underlying
factors in predicting emotion recognition skills.
Methods & Procedures: The 6–10-year-old children (n = 50) who participated in the study had either ASD, ADHD
or DLD and difficulties recognizing emotions from face and/or in voice. TD age peers (n = 106) served as controls.
Children’s skills were tested using six forced-choice tasks with emotional nonsense words, meaningful emotional
sentences, the FEFA 2 test, photographs, video clips and a task in which facial expressions and tones of voice had
to be matched. Expressive vocabulary, rapid serial naming, auditory and visual working memory and Theory of
Mind skills were explored as possible explanatory factors of the emotion recognition difficulties of the diagnosed
children.
Outcomes & Results: Children with ASD, ADHD or DLD did not significantly differ from each other in their
linguistic or cognitive skills. Moreover, there were only minor differences between children with these diagnoses in
recognizing facial expressions and emotional tone of voice and matching the two. The only significant difference
was that children with ADHD recognized facial expressions in photographs better than children with DLD. The
participants with diagnoses scored significantly lower than the controls in all but one emotion recognition tasks
presented. According to the linear regression analysis, first-order Theory of Mind skills predicted the delay relative
to typical development in the recognition of facial expressions in the FEFA 2 test, and expressive vocabulary and
working memory skills together predicted the delay in the recognition of emotions in the matching task.
Conclusions & Implications: Children with ASD, ADHD or DLD showed very similar emotion recognition skills
and were also found to be significantly delayed in their development of these skills. Some predictive factors related
to linguistic and cognitive skills were found for these difficulties. Information about impaired emotion recognition
and underlying linguistic and cognitive skills helps to select intervention procedures. Without this information,
therapy might unnecessarily focus on only symptoms.
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What this paper adds
What is already known on the subject
Research suggests that children with neurodevelopmental disorders such as ASD, ADHD and DLD display emotion
recognition problems as one of their social–emotional difficulties, but the underlying factors of and interrelationships
between these difficulties are largely unknown.

What this paper adds to existing knowledge
This study uncovered some underpinnings of emotion recognition skills in the three diagnostic groups studied. The
possibility of ASD, ADHD and DLD sharing more symptoms than have previously been identified is starting to be
widely accepted among both researchers and clinicians. To our knowledge, no prior studies have included all three
groups in the same study to explore children’s abilities to recognize emotions from facial expressions and tones of
voice and match the information from these two modalities.

What are the potential or actual clinical implications of this work?
Focusing intervention only on emotion recognition skills may not suffice. It is important for clinicians also to focus
therapy on improving (emotional) vocabulary, Theory of Mind abilities, and auditory and visual working memory
skills because deficits in these may hamper emotion recognition.

Introduction

Emotion recognition skills are important parts of com-
munication and children’s social–emotional develop-
ment. In contrast to typically developing (TD) chil-
dren, children with neurodevelopmental disorders often
face difficulties in the development of emotion recogni-
tion skills which are linked to the development of social
competence, peer relations and self-esteem (Evers et al.
2015). Emotion recognition abilities are complex set of
skills, which are also affected by an individual’s linguistic
and cognitive abilities (Keltner et al. 2014: 187–194).

The present study explores the emotion recogni-
tion abilities of children with autism spectrum disorder
(ASD), attention deficit hyperactivity disorder (ADHD)
and developmental language disorder (DLD). These dis-
orders have similar etiological background consisting of
genetic or hereditary factors (Onnisa et al. 2018, Simp-
son et al. 2015, Smoller et al. 2013), and they quite often
occur together, which may suggest at least partly shared
neurobiological and etiological background (Rommelse
et al. 2010, see also Bishop 2010). The growing un-
derstanding of the similarities and differences in these
three diagnostic groups has also affected the diagnos-
tic criteria of ASD, ADHD and DLD (or specific lan-
guage impairment—SLI) as they have been undergoing
change in both the ICD-11 and the recently published
DSM-5 American Psychiatric Association (APA) (2013)
classifications. Additionally, increased attention has re-
cently been paid to the occurrence of a broad spectrum
of other difficulties, such as attention problems, social
impairment, and behavioural and emotional disorders
which sometimes accompany DLD (Loucas et al. 2008,
Taylor et al. 2015). As groups, children with ASD,
ADHD and DLD have all been found to experience
overlapping difficulties not only in neurodevelopmental

domains (e.g., Geurts and Embrechts 2008) but also
in emotion recognition skills. For example, Wadding-
ton et al. (2018) found that children with ADHD had
problems in recognition of facial expressions and tones
of voice to the same extent as children with ASD. Stud-
ies where overlaps in emotion recognition difficulties
between DLD and ASD or ADHD have been demon-
strated are still sparse, although descriptions of difficul-
ties within these diagnostic groups exist. For example, a
fairly recent study by Taylor et al. (2015) showed that
children with ASD (n = 29) and DLD (n = 18) both
performed poorly in recognizing emotions from face or
voice. They also stressed the importance of language
ability in affective understanding. These cross-domain
relationships are important to be explored further to
create a more comprehensive picture of these neurode-
velopmental disorders.

Emotion recognition difficulties in children with
ASD, ADHD and DLD

Recognizing emotions from face, voice or social context
is difficult for many children with ASD, and evidence
of poor facial emotion recognition is found in several
studies (e.g., Golan et al. 2008, Leung et al. 2013). Fewer
studies have focused on children with ASD recognizing
emotions from voice, but some researchers have found
impairment in their ability to process emotional prosody
(e.g., Demopoulos et al. 2013) and interpreting them in
social contexts.

Like children with ASD, children with ADHD have
demonstrated difficulties with emotion recognition (De-
mopoulos et al. 2013), although contrary findings also
exist (see the review by Borhani and Nejati 2018).
In ADHD, inattention, impulsivity and hyperactivity
hamper a child’s development. Differing views have been
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presented favouring either impaired executive functions
(Sinzig et al. 2008) or linguistic problems (Geurts and
Embrechts 2008) as underpinning emotion recognition
difficulties of children with ADHD. Of the studies re-
viewed by Borhani and Nejati (2018), 18 out of 26 had
found facial emotion recognition problems in children
and adults with ADHD.

Moreover, children with DLD have also been
demonstrated to have emotion recognition difficulties
(Boucher et al. 2000, Taylor et al. 2015). Compared
with children with ASD, their skills have been far less
researched, but some findings have been presented on
the nature of their social–emotional skills (Botting and
Conti-Ramsden 2008). There is evidence that children
and adolescents with DLD have difficulty recognizing
both simple (such as joy or anger) and complex (such
as embarrassment) emotions (Boucher et al. 2000, Tay-
lor et al. 2015). Children with DLD often have dif-
ficulties with social competence, and this has usually
been thought to result from poor communication skills
(Spackman et al. 2005). Spackman et al. (2005), how-
ever, also argued that difficulties the children with DLD
have with social competence are partly due to emotion
recognition difficulties.

In the recent study of Taylor et al. (2015), TD chil-
dren (n = 61) were compared with children with ASD
(n = 29) and children with DLD (n = 18). They found
that the 4–11-year-old children with ASD and DLD
performed significantly worse than TD children at rec-
ognizing emotions from both face and voice. The au-
thors concluded that emotion recognition difficulties
were specifically due to poor linguistic skills in both
groups. Boucher et al. (2000) found that 9-year-old
children with DLD (n = 19) recognized emotions from
faces and named emotions even worse than same-age
children with ASD (n = 19).

Linguistic and cognitive abilities and emotion
recognition

Based on what is already known about emotion recog-
nition skills, the strongest evidence that currently exists
concerns their associations with Theory of Mind (ToM),
language and working memory skills. ToM skills have
been found to be delayed in children with ASD and
some children with ADHD and DLD (Loukusa et al.
2014). Furthermore, ToM skills are strongly and directly
associated with emotion recognition problems, without
mediating factors (Baron-Cohen et al. 1985). Language
has been shown to be an important mediating factor in
emotion recognition skills (Loucas et al. 2008). Alloway
et al. (2009) noticed that there is also evidence of shared
deficits among children with ASD, ADHD and DLD
in, for example, attention skills, short-term memory and
self-regulation skills. They found that working memory

difficulties were extremely prevalent in all these diagnos-
tic groups, with the children with DLD having the most
severe problems.

In sum, it is still unclear which underlying factors
can explain the emotion recognition difficulties in these
three disorders and to what extent different language and
cognitive functions are needed for emotion recognition
even in typical development. To the best of our knowl-
edge, no other study has included both ASD, ADHD
and DLD and explored the interrelationships between
the linguistic and cognitive factors and emotion recog-
nition as extensively as we aim to do in this study.

Aims of the study

We aimed to determine the level of emotion recognition
skills, their differences from those of TD children and
the possible underlying linguistic and cognitive factors
of these difficulties in children with ASD, ADHD and
DLD.

Methods

Participants

Children who had ASD, ADHD or DLD (n = 50)
and were 6–10 years old took part this study (table 1).
They were recruited from both northern and southern
Finland through hospitals, privately practising speech
and language and occupational therapists, psychologists,
schools and parent organizations. From here on, these
three diagnostic groups are together called the clinical
group. Additionally, a group of TD children 6–10 years
old (n = 106), 20–22 children in each age group, were
recruited to serve as controls. They were recruited from
daycare centres and schools and were judged to be TD
based on the report of their parents (questionnaire filled
out). The study protocol was approved by the Ethical
Committee of the Northern Ostrobothnia Hospital Dis-
trict, and written informed consent was obtained from
the parents. Written consent was also obtained from
those children who were able to read the research note
and sign the consent form.

The inclusion criteria for the clinical group were: (1)
diagnosis of ASD, ADHD or DLD; (2) difficulties rec-
ognizing emotions from face and/or in voice as reported
by parents or a professional (speech and language thera-
pist, occupational therapist, psychologist, kindergarten
teacher or teacher); (3) age between 6 and 10 years; (4)
non-verbal IQ > 85; (5) monolingual Finnish-speaking
family; and (6) child’s vision, hearing, motor and atten-
tion skills sufficient for test situations. Some participants
had the diagnostic label of SLI as they were diagnosed
according to the ICD-10 (National Institute for Health
and Welfare 2011, World Health Organization (WHO)
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Table 1. Demographic characteristics of the children with neurodevelopmental disorders and the typically developing (TD) children

ASD ADHD DLD Total TD
(n = 20) (n = 17) (n = 13) (n = 50) (n = 106)

Male:female 18:2 14:3 9:4 41:9 47:59
CHR age (years), mean (SD) 8.25 (1.21) 8.06 (1.30) 7.62 (1.61) 8.02 (1.25) 8.02 (1.42)
Single diagnosis 11 9 10 30 n.a.
Comorbid diagnoses 9 8 3 20 n.a.

Note: CHR age = chronological age; ASD, autism spectrum disorder; ADHD, attention deficit hyperactivity disorder (including three with ADD); DLD, developmental language
disorder; n.a., not applicable.

1992), which is still in clinical use. However, the up-to-
date label of DLD will be used here, as this term does not
exclude cognitive, motor or emotional difficulties and
will also be included in the upcoming ICD-11 classifica-
tion (Bishop et al. 2017). Per the exclusion criteria, the
children in the clinical group were not allowed to have
any psychiatric diagnoses, such as depression. Informa-
tion needed to fulfil the inclusion criteria and detailed
information about their child’s diagnosis and other issues
was gathered from the parents using a questionnaire.

Demographic characteristics of the children can be
found in table 1. The mean age of the children with
one of the diagnoses was 8.02 years, which matched
the mean age of the TD children. Neither the age of
the children nor the male-to-female ratio differed sig-
nificantly between the three diagnostic groups. In the
whole clinical group (n = 50), the proportion of males
was significantly higher than in the TD 106 age peers
(Fisher’s Exact test, p < 0.001).

Of the children with neurodevelopmental disorders,
30 had a single diagnosis, but 20 children had at least one
comorbid diagnosis in addition to that which we judged
to be the primary one (see below). Of these 20 children,
six had been diagnosed with both ASD and ADHD,
seven had ADHD and DLD, three had ASD and DLD,
and four had all three diagnoses. Therefore, as many as
48% of the participants had comorbid diagnoses despite
the diagnostic criteria of SLI (nowadays increasingly
called DLD) in ICD-10 (National Institute of Health
and Welfare 2011, WHO 1992). According to the ICD-
10, a child’s language difficulties cannot be explained by
other disorders (see also Rapin and Allen 1988).

Most (n = 17) of the 20 children with ASD had
Asperger’s syndrome (AS) (code F84.5 in ICD-10) as
their diagnosis, and three had diagnosis of pervasive
developmental disorders, unspecified (F84.9). Three of
the children grouped under ADHD had attention deficit
disorder (ADD), but since ADD is categorized under the
diagnostic code of ADHD (F90.0), we will use ADHD
to cover these cases.

In the case of comorbid diagnoses, the primary diag-
nosis was determined based on a child’s symptom profile
in the medical records provided by parents. If there was
no additional information available, the decision was

based on scientific and clinical literature. For example,
if diagnoses of both ASD and ADHD had been given to
the same child, complying with the clinical routine used
in Finland (Moilanen 2011), ASD was determined to be
the primary one. If a child had medication for ADHD
and he or she also had DLD, ADHD was judged to be
more severe and therefore the primary diagnosis. Addi-
tionally, seven of the participants also had subsidiary di-
agnoses such as a motor function disorder or Tourette´s
syndrome. Of the children with ADHD, 12 out of 17
had medication for their ADHD symptoms. There were
35 children (70%) in the clinical group who had received
or had ongoing speech therapy during the time of data
collection, and 15 children (30%), who did not.

Measurements

Data were collected by formal testing using vocabu-
lary, rapid serial naming, working memory, ToM and
emotion recognition tasks. All children with a diagno-
sis were tested individually, and the assessments were
both audio- and video-recorded for purposes of scoring.
To avoid testing fatigue, the test sessions were usually
scheduled to take place on two consecutive days. The
same was applied to the TD 7–8-year-olds who served
as controls, but for the sake of time efficiency, all the
TD 9–10-year-olds were tested in groups. This proce-
dure was judged to give valid and unbiased results as
we checked that the emotion recognition results of the
7–8-year-old TD children (n = 42) tested individually
in our study did not significantly differ from those of 7–
8-year-old TD children (n = 43) tested in groups (these
data have been collected earlier and are reported else-
where). During group testing, stimuli were presented
using a computer, loudspeakers and a data projector,
and children marked down their responses on paper.

Linguistic and cognitive tasks

The linguistic skills of the participants with neurode-
velopmental disorders were explored in the domain of
expressive vocabulary by using the validated Finnish ver-
sion (Laine et al. 1997) of the Boston Naming Test
(Kaplan et al. 1983). Rapid automatized naming was
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tested by using two subtests of the validated Rapid Se-
rial Naming Test (Ahonen et al. 1999), that is, for the
most part, based on the Rapid Automatized Naming
Test (RAN; Denckla and Rudel 1974). Delay relative
to typical development was calculated by using the re-
sults of the validation samples documented in the test
manuals. Two-category delay variables were formed for
the scores of the Boston Naming Test and the two RAN
subtests to separate children performing at their age level
from those who performed > 1 SD below it. This cate-
gorization of the data was performed because no closer
information for relating the test results obtained to typ-
ical development were given; only mean and SDs for
different age groups were available in the test manual
of the Finnish version of the Boston Naming Test and
RAN. The same –1 SD criterion has also been used by
Taylor et al. (2015) and we obtained comparability by
using the same criterion in our study.

Memory skills were assessed using both the auditory
and visual short-term sequential memory tasks in the
two subtests of the validated Finnish version (Kuusinen
and Blåfield 1974) of the Illinois Test of Psycholinguistic
Abilities (ITPA) (Kirk et al. 1968). Delay in months
relative to age peers was determined based on the mean
scaled scores representing typical development at each
age level documented in the test manual (Kuusinen and
Blåfield 1974).

ToM skills were assessed with first- and second-order
false belief tasks. The Sally-Anne Test (Baron-Cohen
et al. 1985) was used as the first-order false belief task.
To help to diminish the memory load, a girl and a boy
doll were used, as suggested by Doherty (2009: 10), as
opposed to the original set-up in which two girl dolls
are used. The Ice Cream Van story based on Perner and
Wimmer (1985) was used as the second-order ToM false
belief task, with some modifications made to shorten and
simplify it. A justification question was also presented
requiring the child to provide reasons for his or her
answer to the second-order ToM question. All ToM
tasks were scored as pass or fail.

Emotion recognition tasks

Emotion recognition skills were assessed by using forced-
choice tasks of facial expression and tone of voice recog-
nition, and matching them.

In the emotional nonsense word task, children lis-
tened to 18 items comprising nonsense words ‘paappa’,
‘piippi’ and ‘paippi’, either as single words (in nine items)
or (also in nine items) embedded in a linguistically neu-
tral carrier phrase (‘Now I say . . . ’), with the prosody
of the carrier phrase matching the target tone of voice.
Nonsense words representing joy, anger and sadness all
randomly occurred six times among the 18 items. In
the next task, children listened to three- to four-word

sentences in which the linguistic content complied with
the emotion with which the sentences were spoken (e.g.,
‘Don’t come here!’ with an angry voice). With its 11
items, this task contained joy, anger and sadness, all oc-
curring twice as targets, and fear, surprise, disgust, shame
and neutral tones of voice occurring once as targets.

The ‘Faces’ submodule of the Finnish version of the
FEFA 2 test (The Frankfurt Test and Training of Fa-
cial Affect Recognition; Bölte et al. 2013, Bölte and
Poustka 2003) was used as a standardized task to as-
sess children’s facial emotion recognition skills. This
computerized test consists of 50 photographs depict-
ing seven different emotions and their labels as response
choices (joy, anger, sadness, fear, surprise, disgust and
neutral). The test administrator read aloud the alterna-
tive choices for illiterate children. The original version of
the Faces submodule has been reported to have excellent
psychometric properties: internal consistency is 0.95 as
measured by Cronbach’s alpha and stability r = 0.92
based on test–retest measurements (Bölte et al. 2002).
Additionally, a set of eight photographs depicting eight
different emotions (the six basic emotions, and ashamed
and neutral expressions), posed by two children and two
adult professional actors, was constructed and shown
with four verbal labels spoken by the test administrator
as response choices. To test facial emotion recognition
skills using dynamic input, a set of eight video clips
of 4 s each (again, comprising the six basic emotions,
and ashamed and neutral expressions) was created and
shown with four verbal labels as response choices. In all
clips but the one illustrating a neutral facial expression,
the expression developed from neutral into the target
emotion.

A task in which facial expressions and tone of voice
had to be matched comprised 11 different items (the six
basic emotions, and ashamed and neutral expressions).
Children needed to point at a facial expression with
which they thought the sentence they heard matched.
All the emotions were posed, and the sentences were
spoken by two speech and language therapists. All the
emotion recognition tasks were also conducted on the
controls, 106 TD children.

Statistical analyses

SPSS for Windows (vv. 24 and 25) was used for the sta-
tistical analyses. Because tasks of different lengths and
maximum scores were used in emotion recognition test-
ing, their results were expressed as per cent performance
to allow comparability. Additionally, for the emotion
recognition tasks, a delay in relation to TD age peers
was also calculated and used in scoring. This was done
to obtain further comparability between the different
tests and tasks and children of varying ages and un-
cover the emotion recognition profile of the children in
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different diagnostic groups. Delay variables were also
needed in the linear regression analysis. In all emotion
recognition tasks, the TD sample was used in forming
the delay variables of the clinical group.

Reliability of the measurements was explored with
Pearson’s correlation coefficient and Cronbach’s alpha.
Differences in the ages between different child groups
and whether emotion recognition ability differed be-
tween children with single diagnosis and children with
at least one comorbid diagnosis were investigated with
independent sample T-test. One-way analysis of vari-
ance (ANOVA), independent sample and paired sample
T-tests, chi square and Fisher’s exact test were used to
compare linguistic and cognitive test results and the
emotion recognition results between the different diag-
nostic groups and between children with diagnoses and
typical development.

Linear regression analysis was used to explore which
combinations of linguistic and cognitive factors would
predict the level of children’s emotion recognition skills.
Three tasks—emotional nonsense words, FEFA 2 test
of facial expressions and matching facial expressions and
tone of voice—were chosen as dependents. All measured
linguistic and cognitive factors served as independent
variables to find the best possible model for predicting
emotion recognition skills. Because of the sample size
(n = 50), only models with a maximum of two inde-
pendent variables were used. The diagnosis of DLD was
used as a reference group because they performed most
poorly. Preliminary analysis was performed to ensure
that the assumptions of normality were met. A factor
was left in the regression model if it had p < 0.05 or
a significant impact on the model’s R2 value (> 10%
change). Given the fairly large number of statistical tests
performed, p-values should be interpreted with caution.

Results

The linguistic, cognitive and emotion recognition skills
in children with ASD, ADHD and DLD (n = 50) were
explored. Depending on the task or test, between 39
and 50 children accomplished each task. Missing data
were caused by children’s cooperation skills and chil-
dren not yet knowing numbers and letters to be named
in one RAN subtest. However, we perceive the results
to be valid without any data imputation because the
few (at maximum, four per diagnostic group) missing
results were evenly or randomly spread across the three
diagnostic groups.

Linguistic and cognitive skills

The mean raw scores and the number of children per-
forming more poorly than 1 SD below age level in the
linguistic and cognitive tasks can be found in table 2.

We wanted to know if the linguistic and cognitive
skills in the three diagnostic groups would differ from
the group of TD children. Because the vocabulary and
rapid serial naming skills of the TD children serving
as controls in this study were not tested, no statistical
testing could be performed using their results. Instead,
we used age norms from the test manuals or references
from Loukusa (2007). Overall, ANOVA showed that
there was no difference between the diagnostic groups
in the raw scores compared with age norms in RAN
time subtest ‘Objects’ (F(2,38) = 0.776, p = 0.467),
in RAN time ‘Colours, numbers and letters’ (F(2,36) =
1.504, p = 0.236), or in ITPA auditory (F(2,44) =
1.750, p = 0.186) or visual (F(2,44) = 0.627, p = 0.539)
short-term memory. Additionally, raw scores of the
Boston Naming Test (F(2,47) = 3.207, p = 0.049) were
not, after Bonferroni correction, significantly different
between the three groups of children with neurodevel-
opmental disorders.

Compared with age norms or age references, chil-
dren with DLD were significantly delayed in their ex-
pressive vocabulary and in their ability to rapidly name
objects (table 3). All the three diagnostic groups were
significantly delayed in their auditory short-term mem-
ory skills and children with DLD also in their visual
short-term memory skills.

For the ToM tasks, the clinical group was found to
both pass the ToM 1 task significantly less often than the
106 TD controls (χ ² (3) = 12.631; p = 0.006), and to
less often give the right answer to the ToM 2 question (χ ²
(3) = 8.277; p = 0.041). Specifically, children in both
the group of children with ADHD (Fisher’s exact test,
p = 0.027) and DLD (Fisher’s exact test, p = 0.007)
passed the ToM 1 task less often than their TD age
peers and children with ADHD could also less often
give the correct ToM 2 explanation (Fisher’s exact test,
p = 0.028).

Emotion recognition skills

Recognition of tone of voice in nonsense words and
in meaningful sentences were found to correlate signif-
icantly (Pearson’s correlation coefficient = 0.334, p =
0.018) in the clinical group. However, Cronbach’s alpha
was low (0.498). A low alpha level was probably due to
low variability in the task of meaningful sentences; 17
out of 50 children scored at maximum, the mean accu-
racy of the clinical group was 85% (SD = 16.837) and
median 91% (interquartile range = 20). Instead, recog-
nition of facial expressions correlated significantly be-
tween the FEFA 2 test, the task containing photographs
(Pearson’s correlation coefficient = 0.634, p < 0.001)
and the task containing video clips (r = 0.590, p <
0.001), and Cronbach’s alpha indicated good reliability
(0.834).
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Table 2. Results of the linguistic and cognitive tasks of children with neurodevelopmental disorders with age norms or references

ASD (n = 20) ADHD (n = 17) DLD (n = 13) Total (n = 50)

Age norms or
references for TD

8-year-olds

Boston Naming Test raw score
Mean (SD) 42 (9) 41 (6) 36 (7) 40 (8) 43 (7)a

At age level: > 1 SD below age level, N 16:4 13:4 7:6 36:14
RAN time, subtest ‘Objects’
Mean (s) (SD) 61 (17) 70 (31) 70 (16) 67 (23) 56 (12)
At age level: > 1 SD below age level, N 9:8 8:6 5:5 22:19
RAN time, subtest ‘Colours, Numbers and Letters’
Mean (s) (SD) 53 (21) 62 (33) 72 (27) 60 (27) 51 (15)
At age level: > 1 SD below age level, N 12:5 9:4 6:3 27:12
ITPA auditory working memory
Mean scaled scores (SD) 31 (5) 32 (7) 29 (5) 31 (6) 36
At age level: below age level, N 4:16 3:13 0:13 7:42
Below age level (months), mean (SD) 29 (19) 30 (19) 38 (16) 33 (18)
Below age level (months), minimum–maximum 8–58 15–62 5–63 5–63
ITPA visual working memory
Mean scaled scores (SD) 34 (13) 30 (9) 31 (9) 32 (11) 36
At age level: below age level, N 5:13 4:11 2:10 11:34
Below age level (months), mean (SD) 22 (19) 25 (25) 32 (25) 26 (23)
Below age level (months), minimum–maximum 6–56 1–80 1–76 1–80
ToM 1 task, pass:failb 15:5 11:6 7:6 33:17 93:13
ToM 2 task, pass:failb 12:8 10:7 8:5 30:20 76:30
ToM 2 task: justification, pass:failb 8:12 2:15 2:11 12:38 44:62

Notes: Boston Naming Test = expressive vocabulary naming test (Laine et al. 1997; Kaplan et al. 1983); RAN = Rapid Automatized Naming Test (Ahonen et al. 1999; Denckla
and Rudel 1974); ITPA = The Illinois Test of Psycholinguistic Abilities (Kuusinen and Blåfield 1974; Kirk et al. 1968); ToM 1 task = Theory of Mind first-order false belief task
(Baron-Cohen et al. 1985); ToM 2 = Theory of Mind second-order false belief task (Perner and Wimmer 1985); ToM 2 task: justification = can a child provide a justification for the
answer in the ToM 2 task.
aAge references from Loukusa (2007).
bResults of typically developing (TD) children are based on the 106 children (mean age = 8.02 years, minimum = 6, maximum = 10 years) tested in the present study.

Table 3. Comparison of the results of linguistic and cognitive tasks of the children with neurodevelopmental disorders with age
norms or references with p-values from the Paired Sample T test or Fisher’s Exact test

ASD (n = 20) ADHD (n = 17) DLD (n = 13)

Boston Naming Test raw score
a

t(19) = –1.053, p = 0.306 t(16) = –1.170, p = 0.259 t(12) = –3.381, p = 0.005
RAN time, subtest ‘Objects’ t(16) = 1.855, p = 0.082 t(12) = 1.767, p = 0.103 t(9) = 2.288, p = 0.048
RAN time, subtest ‘Colours, Numbers and Letters’ t(16) = 1.056, p = 0.307 t(12) = 1.463, p = 0.169 t(8) = 2.257, p = 0.054
ITPA auditory working memory t(18) = –4.230, p = 0.001 t(14) = –3.690, p = 0.002 t(12) = –8686, p < 0.001
ITPA visual working memory t(18) = –1.389, p = 0.182 t(14) = –1.568, p = 0.139 t(11) = –2.578, p = 0.026
ToM 1 taskb χ ² = 2.170, p = 0.165 χ ² = 5.842, p = 0.027 χ ² = 0.9767, p = 0.007
ToM 2 taskb χ ² = 1.037, p = 0.304 χ ² = 1.100, p = 0.393 χ ² = 0.542, p = 0.524
ToM 2 task justificationb χ ² = 0.006, p = 1.000 χ ² = 5.354, p = 0.028 χ ² = 3.205, p = 0.127

Note: aCompared with age references of Loukusa (2007).
bCompared with the 106 typically developing (TD) children tested in the present study.

The ANOVA showed that the performance of the
children with a diagnosis was significantly below that of
the controls in all emotion recognition tasks except in
the ability to match emotion input from face and voice
(table 4), with the recognition ability profile across dif-
ferent tasks being similar in all diagnostic groups. When
looking at the mean per cent performance (raw scores),
one difference was found between the diagnostic groups
(F(2,46) = 4.407, p = 0.024); children with ADHD
(mean = 77.4%, SD = 15) performed significantly bet-
ter than children with DLD (mean = 60.9%, SD =

13) in the recognition of facial expressions from pho-
tographs task (p = 0.020).

The largest mean difference between the clinical
group compared with typically developing children was
found in recognition of emotions from photographs
(11% units, F(3,150) = 8.470, p < 0.001), and the
smallest difference was found in recognition of emo-
tions from meaningful sentences (5% units, F(3,149) =
4.044, p = 0.008).

Because delay variables were needed to be formed
for the linear regression analysis (see below), all the
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Table 4. Mean per cent performance in emotion recognition tasks of the different diagnostic groups compared with typically
developing (TD) children (n = 106) with p-values from one-way analysis of variance (ANOVA) with Bonferroni correction

ASD (n = 20) ADHD (n = 17) DLD (n = 13) TD (n = 106)

Recognizing emotions from voice
Nonsense words 57.6 (13.2), p = 0.868 51.6 (17.2), p = 0.017 48.7 (13.8), p = 0.006 63.2 (14.55)
Meaningful sentences 88.6 (14.2), p = 1.000 86.7 (11.6), p = 1.000 78.2 (24.2), p = 0.005 90.5 (9.54)
Recognizing emotions from face
FEFA 2 test 64.9 (13.1), p = 0.002 67.9 (7.9), p = 0.120 57.5 (17.4), p < 0.001 74.7 (10.00)
Photographs 70.0 (18.4), p = 0.031 77.4 (14.2), p = 1.000 60.9 (12.5), p < 0.001 81.0 (15.42)
Video clips 78.6 (15.6), p = 0.475 78.1 (15.0), p = 0.422 67.6 (17.4), p < 0.001 85.0 (13.65)
Matching emotion input from face and voice

77.5 (18.3), p = 0.101 76.5 (22.5), p = 0.080 78.4 (22.5), p = 0.448 86.3 (11.28)

Note: Nonsense words = recognition of an emotion from single nonsense words or nonsense words embedded in a carrier sentence; meaningful sentences = recognition of an emotion
from a meaningful sentence; FEFA 2 test = The Frankfurt Test and Training of Facial Affect Recognition 2 (Bölte et al. 2013); photographs = eight photographs depicting eight
different emotions; video clips = eight video clips depicting the same emotions as the photographs; matching task = matching facial expressions with the respective tone of voice.

emotion recognition variables presented from hereon
are delay variables (clinical group was compared with the
group of TD controls), except in the raw score results
shown in table 4. Although there were proportionally
clearly more females in the TD control group (56%)
than in the clinical group (18%), comparisons in emo-
tion recognition were seen to be relevant because there
was no significant difference in the results in any of the
emotion recognition tasks between the TD females and
males (p = 0.659–0.877).

A subgroup analysis using independent sample T-
test did not reveal any significant differences (t(48) =
–1.249, p = 0.223 to t(47) = 0.112, p = 0.911) in
the emotion recognition skills between the children
with a single diagnosis (n = 30) and those with co-
morbid diagnoses (n = 20). Then we looked at the
possible differences in emotion recognition abilities as
the function of the diagnosis of ASD, ADHD and
DLD. When the diagnostic groups were compared
with the group of TD controls (using delay variables),
ANOVA with Bonferroni correction as the post hoc
analysis did not indicate any differences between the
three diagnostic groups in the six emotion recognition
tasks (F(2,47) = 2.519, p = 0.91 to F(2,47) = 0.048,
p = 0.953).

Interrelationships between linguistic, cognitive and
emotion recognition skills

Linear regression analysis was applied to determine
which linguistic and cognitive factors of their combi-
nations would best predict the selected emotion recog-
nition abilities. Since there were neither differences be-
tween the children with single or comorbid diagnoses
nor wide-scale differences between the diagnoses of
ASD, ADHD or DLD in emotion recognition skills,
the whole clinical group (n = 50) was used as one in the
linear regression analysis.

The nonsense word task, the FEFA 2 test, and the
matching task were chosen as the emotion recognition
variables in the regression analyses, because they had
the largest number of items and they represent both
facial and vocal emotion recognition skills. The variables
were entered as delay variables (in comparison with the
TD children) in the regression models. As the children
with DLD performed slightly more poorly (although
non-significantly) than children with ASD or ADHD
in the above mentioned three tasks, the DLD group was
used as the constant (reference group) in the regression
analyses.

No model had significant predictive value for the
nonsense word task. The best predictive models for the
FEFA 2 test and the matching task are found in table 5.
Passing the ToM 1 task was a significant predictor of the
FEFA 2 test results contributing to, on average, a smaller
delay by 8% units compared with those not passing the
task. In this same model, children with ADHD per-
formed significantly better in the FEFA 2 test than the
children with DLD. Children with ADHD and ASD
had, on average, 9% and 5% units smaller delays in
FEFA 2 scores compared with children with DLD, re-
spectively. The delay was 3% units larger in males than in
females, and it decreased by 2% units for every increas-
ing age year, but neither sex nor age were significant pre-
dictors of FEFA 2. This model predicted 17.9% (R2 =
0.179) of the variation in the recognition of facial ex-
pressions in the FEFA 2 test.

The model in table 5 predicted 15.9% of the varia-
tion in the matching task (R2 = 0.159), with the Boston
Naming Test being a marginally significant predictor
(p = 0.05). Those children who scored > 1 SD below
their age level in the expressive vocabulary test had a
mean of 10% units larger delay in the matching task
than children with age-appropriate expressive vocabu-
lary. The ITPA auditory and visual working memory
subtests themselves were not significant predictors, but
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Table 5. Best models found through linear regression analysis for the FEFA 2 test and the matching task as dependent variables

R2 = 0.179

CI CI
Delay in FEFA 2 B p Lower bound Upper bound

Constant (DLD) 22.43 0.001 14.89 29.98
ASD −4.61 0.28 −13.09 3.87
ADHD −9.13 0.039 −17.80 −0.472
ToM 1 −7.60 0.037 −14.70 −0.50

R2 = 0.159

CI CI
Delay in matching task B p Lower bound Upper bound

Constant (DLD) −0.080 0.98 −10.58 10.42
Boston > 1 SD below age level 9.97 0.050 −0.17 19.95
ITPA 0.24 0.071 −0.02 0.51

Notes: Variables were entered as delay variables (in comparison with the typically developing children).
CI = 95% confidence interval for B; ITPA = auditory or visual memory, which ever was worse – expressed as delay in months compared with the age norms in the test manual.

when entered into the model, the delay in the Boston
Naming Test scores and either of the ITPA subtests
together predicted the scores of the matching task.
Age was not a significant predictor in the matching
task.

Discussion

The main findings of this study indicate that children
with ASD, ADHD or DLD had shared difficulties in all
emotion recognition tasks. They were significantly de-
layed in emotion recognition skills compared with TD
age peers in all tasks measured. No significant differ-
ence was found between the three diagnostic groups
other than that of the children with ADHD, who
had better per cent scores than children with DLD in
the recognition of facial expressions from photographs
task. Furthermore, there was no significant difference
in children’s emotion recognition skills depending on
whether the child had a single diagnosis or comorbid
diagnoses.

Our regression analysis showed that the diagnosis
and the first-order ToM false belief skill predicted chil-
dren’s delays in facial emotion recognition in the FEFA
2 ‘Faces’ subtest, with children with ADHD having the
smallest delay. Additionally, the delay in expressive vo-
cabulary measured with the Boston Naming Test and
delay in either ITPA auditory or visual working mem-
ory subtest scores together predicted the degree of delay
in the task in which facial expressions and tone of voice
were matched with each other. Similar findings have
been found when the emotion recognition skills of chil-
dren with ASD and DLD have been compared with
each other (e.g., Boucher et al. 2000, Golan et al. 2008,
Taylor et al. 2015), but before our study, no research has
compared these difficulties in ASD, ADHD and DLD
together.

There were far fewer predictive factors between lin-
guistic and cognitive factors and emotion recognition
abilities than we expected to find. There could be sev-
eral reasons for this. First, of the factors we could test
statistically, there were no striking differences between
the children with neurodevelopmental disorders and the
TD children in the linguistic and cognitive tasks except
in the ToM 1 task and in answering the ToM 2 justifi-
cation question. On that basis, linguistic and cognitive
skills cannot be expected to be strong explanatory factors
of difficulties in emotion recognition skills in the present
data. Second, differences in emotion recognition skills
between children with diagnoses and TD children were
not large; their means differed only from 5% to 11%
units. It is possible that additional explanatory factors
could be found in children with more severe symptom
profiles. The diagnostic groups were also relatively small
in size (n = 13–20). Thus, the regression analysis only
allowed two independent variables to be entered into
each model at one time. The best predictive models ex-
plained up to 17.9% of the variation in emotion recog-
nition skills, which is a moderate figure and typical of
studies on human behaviour.

Language has been found to be an important fac-
tor in emotion recognition skills (Boucher et al. 2000,
Spackman et al. 2005, Taylor et al. 2015). In the present
study, 70% of the children in the clinical group had
received prior or had ongoing speech therapy, and this
was not limited only to the children with DLD. How-
ever, only 28% of the children had a delay of –1 SD
or more in the vocabulary task which may suggest that
other aspects of language than only expressive vocab-
ulary are needed in emotion recognition. For exam-
ple, some children with ASD, ADHD and DLD have
been shown to have difficulties in the use of language,
that is, pragmatics (e.g., Green et al. 2014, Helland and
Helland 2017). Ideally in this study, too, the language
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assessments should also have covered more than just
expressive vocabulary and rapid serial naming.

Research suggests that ToM skills are strongly asso-
ciated with social–emotional skills (Golan et al. 2008).
According to a recent meta-analysis by Bora and Pan-
telis (2016), both facial and vocal emotion recognition
and ToM skills are significantly impaired in individu-
als with ADHD with large effect sizes of 0.40–0.44.
In the present study, the ADHD group did not differ
significantly from the ASD and DLD groups in ToM
skills. However, in the regression analysis model in which
children with ADHD had smaller delays in expressive
vocabulary, passing the ToM 1 task predicted emotion
recognition from facial expressions. In contrast, the ASD
group did not differ from the other groups in ToM and
emotion recognition skills, though, based on earlier re-
search findings (e.g., Loukusa et al. 2014), we expected
to see a difference. This may be due to the small sample
size, and because our sample of children may have been
somewhat biased; according to our inclusion criterion,
the children’s nonverbal IQ had to be > 85, and there-
fore our participants did not represent the whole range
of children, especially with ASD.

Study limitations

The biggest limitations restricting the generalizability
of our results are the fairly small number of partici-
pants and the unequally distributed number of chil-
dren between the three diagnosis groups. Especially the
group of children with DLD was small (n = 13), and
these children also often scored lower in different tasks
than children with ASD and ADHD. The recruitment
of children depended on the parents’ and children’s in-
terest in participating. It may be that children with a
more severe symptom profile and their families were
reluctant to volunteer and participate in the study. All
these factors could have caused bias in our study.

Excluding the FEFA 2 test, all the emotion recogni-
tion tasks used were self-constructed. They have, how-
ever, high face-validity because the task types they rep-
resent are typically used when emotion recognition is
assessed (e.g., Taylor et al. 2015). Additionally, although
discerning emotions from voice had low reliability, emo-
tion recognition from facial expressions had high relia-
bility when FEFA 2, and tasks containing photographs
and video clips were explored with Cronbach’s alpha.
By using results obtained from 106 TD children as a
reference, we could, however, determine the typical per-
formance in the tasks at each age level. However, due to
time constraints during the data collection, we were not
able to test the TD children’s expressive vocabulary, rapid
serial naming, and auditory and visual short-term mem-
ory skills. Instead, we had to base the delay variables of
the clinical group on the test norms documented in the

test manuals and age references published by Loukusa
(2007). This is a clear limitation in our study.

Clinical implications

Despite the rather limited number of participants
(n = 50), our findings suggest shared emotion recog-
nition difficulties in children with ASD, ADHD and
DLD. This means that the interventions these children
need to improve their emotion recognition skills could
also be similar across these diagnostic groups. Our study
also revealed that language, ToM and working memory
skills may be fundamental in the process of recogniz-
ing emotions. It is therefore important for clinicians to
focus therapy on improving emotional vocabulary and
ToM abilities, as well as keep in mind that these chil-
dren may also have difficulties with working memory
skills, which may further hamper emotion recognition
skill development. However, focusing intervention only
on linguistic or cognitive skills may not suffice; it is also
important that therapy encompasses social–emotional
skills in social situations and encourages generalization
of newly learned emotion recognition skills to everyday
life. The challenge is how exactly to help the children
transfer emotion recognition skills to the peer relations
and social situations. Research on this area has thus far
been contradictory, at least concerning children with
considerable challenges, such as those with ASD (e.g.,
Golan et al. 2008).

Conclusions

Overall, this study suggests that, compared with each
other and to TD age peers, children with ASD, ADHD
and DLD have similar difficulties in emotion recogni-
tion. The findings also included the predictive role of
the first-order ToM, expressive vocabulary and work-
ing memory skills in facial expression recognition and
matching facial expressions and tone of voice. Further
research with larger samples and a wider set of predic-
tive variables is needed to explore the shared basis of the
emotion recognition skills in these disorders, since only
a few studies focused on this topic before the present
study.
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