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Abstract
Objective: To study face and emotion recognition in chil-
dren with mostly expressive specific language impairment
(SLI-E). Subjects and Methods: A test movie to study percep-
tion and recognition of faces and mimic-gestural expression
was applied to 24 children diagnosed as suffering from SLI-E
and an age-matched control group of normally developing
children. Results: Compared to a normal control group, the
SLI-E children scored significantly worse in both the face and
expression recognition tasks with a preponderant effect on
emotion recognition. The performance of the SLI-E group
could not be explained by reduced attention during the test
session. Conclusion: We conclude that SLI-E is associated
with a deficiency in decoding non-verbal emotional facial
and gestural information, which might lead to profound and
persistent problems in social interaction and development.
Copyright © 2012 S. Karger AG, Basel

Introduction

Expressive specific language impairment (SLI-E) ac-
cording to the ‘International Classification of Diseases
and Related Health Problems’, tenth revision (ICD-10)
[1], is characterized by impairment in the development of
mostly expressive language skills, not explained by intel-
lectual, sensory, physical, or neurological impairment.
The subaverage language functions contrast with normal
non-verbal intelligence test results, while any other
known disorder that could hinder the normal develop-
ment of language abilities is excluded.

A number of publications have shown that language-
impaired children are at risk for social impairment [2-4].
In preschool children with language delay, the level of
expressive language has a major influence on social and
non-verbal communication skills [5]. Few studies have
focused on the recognition of facial expressions and faces
in children with SLI [6, 7]. A mixed receptive-expressive
language disorder seems to be a particular risk for these
handicaps [6]. This contrasts with an often used study
design, where language-impaired children serve as a con-
trol group (CG) for the face and emotion recognition
skills of autistic children [8-10]. Some of these studies
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suggest that language development, facial identity, and
affect recognition are interrelated [11-13].

In our study, we focused on SLI-E because of the strong
clinical impression that these children show relevant def-
icits in processing of non-verbal communicative signals.
We tested the performance of SLI-E children in compar-
ison with age-matched normal children in a test of facial
identity and affect recognition. Further, we analysed the
error profiles with respect to quantitative or qualitative
features to uncover possible underlying task solving strat-
egies.

Methods

Subjects

Expressive Specific Language Impairment

Participants included 24 children ages 7-11 years who were
diagnosed with expressive specific language impairment (F80.1)
according to ICD-10. The participants were recruited from a spe-
cial education school for language-impaired children or referred
to the department for children with developmental and behav-
ioural disturbances. Ten participants attended a special elemen-
tary school for language-impaired children. The remaining 14
children were day patients of a child psychiatry hospital special-
ized in specific language and learning problems. The participants
included eight 7- to 8-year-old children, and 16 children between
the ages of 9 and 11 years. All children were examined individu-
ally and extensively by a multiprofessional team and diagnoses
were established just prior to inclusion in the study. Most partici-
pants had been followed for several years and two child psychia-
trists, with longstanding experience in the field of specific lan-
guage disorders, made the assignment to the diagnostic group
SLI-E. Language skills were assessed with the ‘Heidelberger
Sprachentwicklungstest™ subtest VS ‘Verstehen von grammatika-
lischen Strukturen’ (Comprehension of Grammatical Structures)
was used as a measure of receptive language skills and subtest IS
‘Imitation grammatikalischer Strukturen’ (Imitation of Gram-
matical Structures) as a measure of expressive language skills
[14]. Additionally, subtests ‘Wortverstindnis’ (Understanding of
Words) and ‘Bilder zuordnen” (Matching of Pictures) of the ‘Psy-
cholinguistischer Entwicklungstest’ (PET) for children aged 3-10
years were applied [15]. The PET is the German version of the Il-
linois Test of Psycholinguistic Abilities.

In order to be included in the diagnostic group SLI-E, there
had to be a two-standard deviation discrepancy between mea-
sures of language skill and chronological age in addition to a one-
standard deviation discrepancy between measures of language
skill and measures of non-verbal intelligence. Furthermore, chil-
dren with difficulties in the comprehension of discourse during a
conversational situation were excluded.

Control Group

Forty normally developing children, age range 7-11 years,
with an unremarkable neuropsychiatric history and normal re-
sults in a full neurological exam served as controls. Sixteen chil-
dren were 7 and 8 years old and 24 children aged 9 through 11
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years. All these subjects were treated in a children’s hospital for
somatic complaints; medication affecting psychomotor speed,
psychosomatic disorders and painful conditions were excluded.

Inclusion criteria for all children: the non-verbal intelligence
quotient (IQ) test result had to be 85 or higher. For all children
with SLI-E current IQ test results were available (Hamburg
Wechsler Intelligenztest fiir Kinder - revidierte Fassung; Kauf-
mann Assessment Battery for Children; Culture Fair Test). The
control subjects were tested using Raven’s Progressive Matrices.

Additionally, components of visual perception were examined
by established measures, which are known to be associated with
recognition deficits of facial stimuli (pass criteria in brackets): vi-
sual acuity using Snellen test chart for children (at least 6/9 with
spectacles allowed), colour vision (colour board of Ishihara, no
red-green colour deficiencies), visual field (no visual field defi-
ciency), visual exploration by pointing to triangles between dots
onachartof1.7 X 1.2 m (atleast 90% of triangles indicated), con-
trast discrimination using Cambridge Low Contrast Gratings (to-
tal scores at least 22 for the younger and 24 for the older groups,
respectively) [16, 17] and visual spatial orientation using Benton’s
Judgement of Line Orientation Test (JLO raw score transformed
into a z score inside 95% of the normal distribution) [18, 19]. All
participants passed these screening tests for visual perception
deficits.

Test Material

The study was based on a test movie developed and described
by Berndl et al. [20], which was used with personal advice and
permission by the authors. Basically, the person recognition task
consisted of slides presenting five actors or actresses and the chil-
dren were asked to recognize the person from the actual movie
scene. The emotion recognition task had different segments:
choice of one of five stationary snaps from the movies represent-
ing the actual scene, choosing a line drawing matching its emo-
tional expression, and expressing the scene’s emotional informa-
tion either by a verbal description or by pantomiming it, respec-
tively. There was no time limit for task solving to exclude the
influence of psychomotor speed on non-verbal cognitive tasks.
Corresponding to each movie scene, one subtest was included
twice to control for attention variation. This was done because
children with SLI are at increased risk for attention and activity
disturbances.

The test consisted of 13 different silent movie scenes present-
ing mimicry and gestural expression of emotions from everyday
life situations (e.g. joy, fear, pain, anger). Each scene was played by
a different actor or actress. Performers of the pantomime were
young adults; they were shown above the waist line. The projec-
tion time for each movie scene was 10 s leading to a fairly high
amount of informational redundancy. At the beginning of each
test session training trials were performed until the basics of the
test were completely understood.

The perception and recognition of the acting persons and their
expressions were evaluated by means of 9 different types of mul-
tiple-choice subtests, offered immediately following each movie
scene. The subtests require recognition of identity (three subtests)
or affect (six subtests). For seven of these subtests, subjects re-
sponded non-verbally by pointing to one of five choices displayed
on slides using a laser pointer. Just two subtests demanded some
verbal processing: one emotion recognition task for a verbal de-
scription of the content of the scene, but pantomiming by means
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of facial mimicry and gesture was encouraged and allowed as well;
in another emotion recognition task, subjects had to choose one
of five phrases, which were associated with the perceived expres-
sion. These phrases were written on a slide and read out loud by
the test instructor as often as desired by the participant.

Each subtest offered one correct answer among the five pos-
sible choices. These tests evaluated recognition of the person with
a neutral facial expression, identification of the presented emo-
tional expression in the same person, recognition of the expres-
sion in a different person, recognition of the person pantomiming
a different expression, and the matching of a line drawing to the
scene. Two subtests of the original test were slightly modified to
uncouple the test demands from reading and verbal expressive
proficiency of the participants. In one subtest, a pantomime of the
emotional content of the scene was allowed alternatively to ver-
bally describing it. In the other subtest, the matching simple de-
scription of the scene’s content was read aloud and not just shown
on a screen. In a pilot study, we verified that these phrases were
understood even by the youngest preschool children; they were
read aloud as often as requested by the participant.

This material has not been used in children before. We de-
cided to use this test for paediatric purposes because of three spe-
cial qualities: (1) the test presents non-verbal communicative sig-
nals in a naturalistic temporal sequence, (2) facial emotion recog-
nition is facilitated by accompanying gestures as in everyday life
situations, and (3) movie scenes on a television screen have ex-
traordinary salience for most children, even at very early ages. In
a pilot study we applied the test to 105 normal children aged 3
through 14 years and found it well applicable.

Statistical Analysis

The test results were analysed with respect to quantitative as
well as qualitative features, especially with respect to the perfor-
mance difference between the SLI-E and the CG.

We analysed the total error score, defined as the percentage of
all wrong answers in relation to all subtests. In a further analysis
we separately scored the results according to person or emotion
recognition tasks.

In the pilot study, we found that the performance proficiency
increased remarkably between the ages of 8 and 10 years. There-
fore, the results of the 7- to 8- and the 9- to 11-year-old children
were analysed separately.

The groups were compared using unpaired t tests; perfor-
mance stability for the one subtest presented twice was tested by
a paired t test comparing the results for the first and second pre-
sentation. A significance level of p = 0.01 was set for each com-
parison.

Results

When comparing the total error scores of the children
in the SLI-E groups to those of their age-matched con-
trols, the SLI-E children scored significantly worse than
normally developing children (p < 0.001, fig. 1). For the
7- to 8-year-old children, the total error scores (mean *
SEM) gave the following results: CG 12.27 £ 1.78 vs. SLI-
E27.1 % 1.65[t(22) =4.55,p =0.0002, 95% CI 7.98-21.68].
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Fig. 1. Comparison of total error score between CG (normally de-
veloping children) and children with SLI according to age.

For the 9- to 11-year-olds, the total error scores were CG
598 + 0.76 vs. SLI-E 13.75 + 1.94 [t(38) = 4.24, p =
0.0001, 95% CI 4.06-11.48].

The detailed error profile analysis revealed that this
significant performance difference included person as
well as emotion recognition tasks. In all these compari-
sons there was a significant (p <0.0001) advantage for the
normally developing children (fig. 2a—d). In detail, for the
7- to 8-year-olds the error scores for identity recognition
were 1.55 * 0.07 vs. 3.14 * 0.45 [mean * SEM, CG vs.
SLI-E, respectively; t(22) = 5.10, CI 0.94-2.23; tig. 2a]. For
this age group the error scores for emotion recognition
were 1.52 * 0.05 vs. 3.64 £ 0.47 [CG vs. SLI-E; t(22) =
8.12, 95% CI 1.57-2.68; fig. 2b]. For the 9- to 11-year-olds
the error scores for identity recognition were 0.49 + 0.07
vs. 2.78 = 0.42 [CG vs. SLI-E; t (38) = 5.01, CI 1.1-2.59,
tig. 2¢c]. The error scores for emotion recognition were
0.48 + 0.04vs. 1.58 % 0.18 [CG vs. SLI-E; t(38) = 7.63, CI
0.80-1.39; fig. 2d].

When one compares the performance of the older
group of SLI-E children in relation to the younger CG, the
SLI-E group scored worse on the identity recognition task
[t(31) =2.76, p<0.01; fig. 3a]. With increasing age, normal
children developed an improving proficiency in decod-
ing mimic and gestural information relative to person
recognition [t(46) = 5.49, p < 0.0001; fig. 3b]. This clear
maturational effect was lacking in the language-impaired
children. In the SLI-E group, the 9- to 11-year-olds showed
no significant emotion over identity recognition advan-
tage (fig. 3¢).
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Fig. 2. Analysis of identity (a, ¢) and emo-
tion (b, d) recognition according to age.

Fig. 3. a Comparison of 7- to 8-year-old
normal and 9- to 11-year-old SLI children
with respect to identity recognition. b Error
scores for identity versus emotion recogni-
tion tasks among the 9- to 11-year-old CG.
c Same as b, for the 9- to 11-year-old SLI-E
group, this effect of age was not found in the
9- to 11-year-old SLI-E. d Comparison of
SLI-E children for first and second presen-
tation.
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A comparison of identity recognition errors revealed bias for positive emotions was found for all groups: er-
reliance on the same stimulus features in control and rors in matching the video scene to a line drawing
SLI-E groups: to the same extent, errors of identity rec- showed a bias for the positive emotion, e.g. a picture
ognition are explained by judgement based on para- with the face of a clown is preferred to that associated
phernalia (i.e. features such as a haircut, or beard). A  with a spoilt meal.

76 Folia Phoniatr Logop 2012;64:73-79

Merkenschlager/Amorosa/Kiefl/
Martinius



Control Subtest for Attention Fluctuation

The analysis of the one subtest that was presented twice
as described above did not point to a decrease of attention
in both control and, especially, study subjects (fig. 3d).

Discussion

Both age groups of language-impaired children
achieved a significantly higher total error score than the
groups of normal children. These results argue for sig-
nificant recognition deficits of facial identity and mimic-
gestural expression in primary school age children with
SLI-E. Both person and affect recognition seem to be im-
paired.

Based on the detailed error analyses of the study, we
deduce some consistencies between SLI-E and normally
developing children. All groups were strongly influenced
by paraphernalia when judging face identity. The distrac-
tive effect of paraphernalia in children’s ability of face
recognition is well known [21, 22].

Another agreement between the normally developing
and the SLI-E group is represented by a bias for positive
emotions during the association tasks (matching mimic-
gestural expression and an adequate cartoon). Possibly,
this can be explained by a positivity effect, which might
apply to all study subjects: positive emotions might in-
crease feelings of familiarity [23].

Because this paradigm is used as a non-verbal memo-
ry test, it is justified to speculate about non-verbal mem-
ory deficits in the SLI-E group as an explanation for re-
duced face recognition skills [24]. Short-term memory
deficits might play a role in the problematic language ac-
quisition of children with SLI [25], but we think that the
inferior performance of the SLI-E children in our study
is just to a minor extent explained by memory difficulties.
The test application immediately after the video presen-
tation in conjunction with the control subtest scores
make it unlikely that memory deficits had a strong influ-
ence on the results. More importantly, memory impair-
ments in SLI seem to be domain-specific, affecting pre-
dominantly verbal processing and not visual domains
[26]. Additionally, a poor short-term memory capacity
was found in mixed receptive-expressive language im-
pairment, not in expressive language impairment [27].

Of utmost importance is the result that age-dependent
skill improvement of normally developing children in
emotion recognition is lacking in SLI-E children. This
suggests a maturational delay or disturbance of non-ver-
bal emotion recognition in these children, and suggests

Recognition of Face Identity and Emotion
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emotion recognition as a quite specifically disturbed do-
main in SLI-E.

In accordance with the domain-general theory of SLI
[28], our results could reflect a variety of maladaptions in
brain systems required not just for comprehension and
production of language but for processing of the human
face, mimic and gesture. Given the possibility of such a
widespread cognitive impairment, it is noteworthy that
the profile of the SLI-E results differs clearly from chil-
dren with a global cognitive deficiency as in the case of
mental retardation. Children with mental retardation
score significantly poorer than normally developing chil-
dren in tasks of face identification, but mental retardation
is not associated with a disturbance in facial affect recog-
nition [29, 30]. In contrast to these literature data, both
age groups of SLI-E children had a predominant deficit
in emotion recognition. They also differed from normal-
ly developing children, who developed an advantage of
emotion decoding over identity recognition around the
age of 10; at this age, in normal children the adult perfor-
mance level seems to be reached [31, 32].

Our test results could have been influenced by atten-
tion fluctuation or deficit. Children with attention-defi-
cit disorder (ADD) exhibit a general deficit in decoding
emotional facial expressions [33]. Children with SLI show
additional attention deficits [28, 34, 35]. Co-occurrence
of ADD [36] or an increased risk for ADD [37] might be
a possible explanation to the visual perception disadvan-
tage. The control subtest scores strongly argue against a
prevailing influence of attention fluctuations as an expla-
nation for the low performance level of the SLI-E group.
In addition, there was no linear relation between error
probability and test duration.

One limitation of the study could be that two subtests
required, at least partially, verbal performance skills, but
their contribution to the total error score of the SLI-E
groups was of minor relevance. Even when excluding
these two items from analysis, the results did not change
substantially. We explain this by our modification of the
original test: instead of verbally describing the scene’s
content, pantomiming was encouraged and accepted.
When aread-aloud phrase had to be chosen, this was read
as often as desired by the subjects. In a pilot study using
the material, these phrases were convenient even for the
youngest preschoolers. The highest error scores for both
normal and SLI-E children were found for the non-verbal
task. The association task of matching a cartoon to the
content of the scene was the most difficult item. But, still
it has to be considered that all instructions were given ver-
bally, even when as much effort as possible was made for
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the instructions to be understood by means of repeating
and reformulating and demonstrating them non-verbally.
Another limitation might be the choice of the CG, be-
cause anxiety and stressful experiences — possible conse-

quences of somatic illnesses - might modify emotional
memory retrieval [38, 39]. To exclude the possible influ-

ences on the sensitivity to face identity and emotion, it

would be useful to establish a CG of physically healthy
children.
In summary, our study suggests impaired perfor-
mance in recognizing non-verbal emotion recognition in
SLI-E, which might be an important additive causal fac-
tor for its social communication deficits.

—_
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