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Introduction
Impairments of emotion recognition are acknowledged as 

prominent debilitating aspects of austism spectrum disorder 
(ASD) (DSM-5) [1-5]. Previous research has shown that 
individuals with ASD and intellectual disabilities (ID) have 
difficulty processing their own and other people’s emotions [6]. 
This impairment may result in problems with regulating social 
interactions, establishing reciprocal peer relationships, and/
or integrating social, emotional and communicative behaviors 
[7,8].

Social and emotional deficits associated with ASD and 
IDsuch as impairments of emotion recognition negatively 
impact crucial areas of day-to-day functioning resulting in 
individuals experiencing challenges developing reciprocal peer 
relationships, unsuccessful leisure involvement, and an overall 
low quality of life [9-15]. In addition, people with ASD and 
ID are faced with significant barriers related to employment 
opportunities and workplace participation [16].Individuals with 
ASD and ID have difficulty identifying facial affect of other people, 
expressing emotions in a social context, and anticipating social 
consequences Bauminger&Kasar(1999) [7,17-20]. Although, 
there have been limited efforts to improve socio-emotional 
cognitive abilities of people with ASD [7,21] in the last decade  

 
a growing body of research suggests that these individuals can 
efficiently learn social and emotional skills by participating in 
intensive one-on-one educational programs[22-24]. Therefore, 
there is a pressing need to examine effects of instructional 
programs designed to enhance social and emotional skills 
and to examine the extent to which age and IQ influence such 
impairments Salomone et al. (2018).

Computer-Assisted Educational Programs
Computer-assisted educational programs may provide one 

method to help adults with ASD and ID learn social and emotional 
skills [24-27]. Such programs can be designed to: be multimodal; 
provide repetition, be predictable, and provide consistent 
procedures; require fewer social demands and include several 
levels of difficulty[28].Also, these computer-assisted programs 
can create interesting learning scenarios with animations and 
sounds [29]. Although effectiveness of computer-assisted 
educational programs have been demonstrated to promote 
language and vocabulary acquisition for people with ASD and ID 
(e.g., Smit & Sung, 2014 [30];Walen et al. 2010 [31];Yamamoto 
& Miya, 1999 [32]), research is needed that examines use of 
computer programs to teach complex socio-emotional skills 
[33].
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A few computer-assisted programs designed to teach 
complex social and emotional skills have been developed 
and tested. For example, Bolte et al.[34]demonstrated the 
usefulness of a computer program to teach participants to 
read facial affect; however, results failed to indicate meaningful 
improvements in social and cognitive skills, and generalization 
was not established. Also, Silver&Oakes [35] examined effects 
of a computer-assisted program designed to teach people 
with ASD to better recognize and predict emotional responses 
in others. The researchers demonstrated that those in the 
experimental group improved their emotional processing skills 
and these skills were generalized. Similarly, in a randomized 
clinical trial, Tanaka et al. (2010) implemented a computer-
assisted program Let’s Face It! with a group of people with ASD. 
Although participants demonstrated reliable improvements in 
their analytic recognition ofmost of the basic facial emotions, 
they did not demonstrate generalization of recognitions of facial 
emotions across different identities and showed a tendency to 
recognize the mouth feature holistically and the eyes as isolated 
parts. 

Golan and Baron-Cohen [36]evaluated Mind Reading, an 
interactive multimedia program that teaches emotions and 
mental states using video, audio, and written text to introduce 
basic and complex emotions, and found that the group with ASD 
performed worse than controls on emotion recognition from 
faces and voices and on 12 of 20 specific emotions. The same 
group of researchers (Lacavaet al. [37]) used the Mind Reading 
program to teach emotion recognition to students with ASD 
and reported that students improved on face and voice emotion 
recognition for basic and complex emotions taught via the 
software. However, there was limited support for generalization 
of these skills to real-life contexts.Finally, Golan et al. (2010) 
examined effects of The Transporters, an animated series 
using trains with faces that interact in social scenarios to teach 
emotion recognition to people with ASD; however, there was 
limited generalization to real-life situations. 

In summary, though there have been initial attempts to teach 
emotion recognition for individuals with ASD and ID, research 
examining this issue has shown limited, although positive, 
effect (e.g.,Bauminger [38,39]; Berggren et al. [7];Gevers et al. 
[40]; Hadwin et al. [41]; Golan & Baron-Cohen [36]; Ozonoff& 
Miller [42]; Ramdoss et al. [24]; Turner-Brown et al. [19]).Of 
those studies, only research by Golan and Baron-Cohen as well 
as Turner-Brown et al. examined effects on adults. Overall, the 
evidence reviewed suggests that most studies were conducted 
with people with average or high intelligence[43]. A strength of 
this study is the inclusion of people with ASD who also have ID.

ASD and Stress
The potential relationship between emotion recognition of 

people with ASD and comorbid psychopathologies, such as stress, 
is important to consider when providing services to adults with 

ASD.Although stress is assumed to have an important role in 
development and expression of challenging behavior of people 
with ASD[44], there is a dearth of literature examining the role 
of stress in the daily life of adults with ASD[45-47]. Previous 
research has shown that adults with ASD consistently report 
greater perceived stress and distress than do typical community 
members (Bishop-Fitzpatrick et al. 2015, [44,48] which might 
compromise their capacity to employ cognitive strategies such 
as emotion recognition. 

The intervention was developed to address the specific 
needs of adults who have ASD and ID. The aim of this study 
was to examine effects of a computer-assisted training program 
on emotion recognition skills of individuals with ASD. The 
main hypothesis was that the experimental group would 
perform significantly better on the emotion recognition post-
test (including basic and dynamic visual emotion recognition, 
advanced complex and dynamic visual emotion recognition, 
and the eyes task) compared to the wait-list control group. 
The second hypothesis was that the experimental group would 
demonstrate significantly lower scores associated with stress 
than a wait-list control group.

Method
Participants

Participants were recruited from a health care facility 
that serves people with ASD. All of the participants have ID 
associated.Table 1 lists key demographic information of the 
sample. Participants diagnosed with ASD were matched relative 
to demographic variables (e.g., age, gender, severity of disability) 
and were randomly assigned to either an experimental group 
or a wait-list control group.We stratified the randomization 
procedure to ensure equivalence of groups on key variables such 
as age, gender, and severity of disability. The experimental group 
included 22 adults (14 males and 8 females) ages 23 to 44 (M 
= 34.18; Sd = 6.08); the control group included 21 adults (13 
males and 8 females) ages 22 to 43 (M = 33.24; Sd = 5.88). All 
participants were evaluated at baseline and nine months later by 
a team of therapists who were blind to the research objectives.

Table 1: Demographic characteristics of the sample.

IEET Program Wait-List  

 Mean (SD) Mean (SD)  

Test of Leiter 
(age in months) 59.45 (18.05) 57.63 (12.31) F(1,42) = .43; n.s.

Chronological 
Age (in years) 34.18 (6.08) 33.24 (5.88) F(1,42) = .68; n.s.

Sex (N) 22 21 χ2= .014; n.s.

Males 14 13

Females 8 8

All participants received a clinical diagnosis of ASD from 
a psychiatrist or clinical psychologist who each had several 
years of diagnostic experience with ASD. Participants were 
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screened to exclude co-morbid neurological disorders that 
might influence brain functioning (e.g., dementia). Participants 
were excluded if they had vision worse than 20% in both eyes, 
if they demonstrated behaviors indicative of not comprehending 
the instructions for the experimental tasks, or if they did not 
have emotion processing deficits important enough to require 
intervention.

The Ethics Commission of the institution approved the 
research project. An explanation of the study was given to 
participants, their tutors, and their families before the study was 
initiated. All participants or their guardians provided informed 
consent for participation in this study.Assessments and training 
occurred at mental health care centers.

Design and Procedures
A pre-test, post-test control group experimental design 

was used to measure effects of the intervention intended to 
facilitate improvement of emotion recognition skills of 22 
adults diagnosed with ASD as compared to 21 adults with ASD 
who did not receive the intervention. In this report, pre- and 
post-treatment measures associated with emotion recognition 
are reported. In addition, we studied the secondary impact of 
the intervention on their overall stress. The 22 participants 
completed all intervention sessions.Members of the control 
group were wait-listed and, subsequently, received the 
intervention at the end of this study. Eligibility criteria required 
individuals to have emotional processing deficits. The screening 
of emotional processing deficits was evaluated by The Emotion 
Multimedia Battery Assessment for Adults with Autism (EMBA-
AA) described in the next paragraph.One person was excluded 
because the individual did not show emotional deficits.

Intervention
i. Computer-facilitated emotion recognition training. 

The intervention was developed based on the work of 
Howlin, Baron-Cohen, and Hadwin[49]. Feedback was obtained 
from agency personnel and teachers during the design to 
increase ease of use and realism of scenarios. The intervention 
is comprised of two major components. The first component 
includes Emotion Perception Training teaching participants to 
recognize facial emotions from dynamic scenes; recognizing 
facial emotions from schematic drawings; identifying emotions 
linked to situations; identifying emotions linked to desires; 
identifying emotions linked to beliefs. The second component 
includes Informational States Training teaching participants to: 
identify that people have different opinions on the same theme, 
practice simple and complex visual perspective, understand 
that “seeing leads to knowing”[50], predict future actions on the 
basis of a person’s knowledge, understand true and false beliefs, 
and differentiate between environmental and emotional sounds.

The intervention was administered in hour-long sessions 
(5/week) for 36 weeks by four clinicians who were present to 

assist participants if they encountered difficulty operating the 
computer. During each session, participants were given many 
opportunities to identify the correct emotional expression 
from a range of expressions and were encouraged to consider 
each component of the expression in their decision-making. 
Participants were instructed to select the emotional expression 
they thought had the greatest likelihood of being correct as 
quickly and accurately as possible. Verbal feedback consisted of 
either “Correct!” “Incorrect” or “No response detected.” There 
is a total of 410 activities presented in this computer-based, 
multimedia instructional program that is compatible with the 
Windows XP platform.

ii. Data Collection Instruments

Autism Spectrum Disorders-Diagnosis for Adults (ASD-
DA) [51]. The ASD-DA is a 31-item, informant-based measure 
used to assess symptoms associated with ASD.The items of the 
ASD-DA correspond to different behavioral symptom patterns 
exhibited by adults with ASD and are scored 0 = not different, 
no impairment, or 1 = different, some impairment. A proxy 
respondent, a significant person in the life of the adult with 
ASD, completed the measure. The measure has good test–retest 
and inter-rater reliability, and internal consistency is robust 
(Cronbach’s α = .94; Matson, Wilkins, & Gonzalez, 2007; present 
sample, α = .89).

Stress Survey Schedule (SSS) [52].The SSS is a 49-item 
Stress Survey Schedule for rating perceived stress reactions 
and stressors experienced in the lives of people with ASD that 
can helpidentify circumstances that cause stress responses[53]. 
Grodenet al. [52] usedexploratory and confirmatory factor 
analysis proceduresto determine that the SSS had strong 
contentvalidity. Internal consistency correlations range from .70 
to .87[52].In the current sample, Cronbach’s α = .86.The total 
score of SSS was used as an index of the global level of stress. In 
the current sample, Cronbach’s α = .86.

Leiter International Performance Scale (LIPS) [54]. The 
LIPS[54] is a non-verbal intelligence test designed for people 
between 2 and 18 years age, although it can be applied to all 
ages. No speech is required from the examiner or participant. 

Emotion Multimedia Battery Assessment for Adults with 
Autism (EMBA-A) [55].The EMBA-AA is a multimedia battery 
used to assess complex and single emotions of adults with ASD. 
This battery was used because the adults with ASD can recognize 
simple emotions and pass basic theory of mind tasks, but have 
difficulty recognizing more complex emotions and mental state. 
The EMBA-AA tests recognition of a group of complex emotions 
and mental states from faces and voices. Most items were 
adapted for people whose primary language is Spanish from the 
English-based Cambridge Mindreading Face-Voice Battery[56]. 
The EMBA-AA is a set of three emotion-related experimental 
paradigms designed to measure biases in emotional processing 
thought to be core components of ASD: Basic and Dynamic Visual 
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Emotion Recognition, The Eyes Task, and Advanced Dynamic 
Complex Visual Emotion Recognition.

Consistent with previous tasks, feedback is given to 
participants for each of their answers and their response time 
is measured. When a participant fails on four consecutive items, 
the task is terminated. This program is compatible with the 
Windows XP platform.The EMBA-AA was standardized with a 
sample of adults with ASD and the psychometric properties are 
identified as acceptable with a Cronbach’alfa of .79 (Author, et 
al. 2014).

Results
General Participant Characteristics

The demographic characteristics of the sample at the 
beginning of the training can be seen in Table 1. No differences 
existed between the experimental and control group on 

nonverbal intelligence (Test of Leiter) (F(1,42)= .43; n.s.), 
chronological age (F(1,42) = .68; n.s.) and distribution by sex 
(χ2= .014; n.s.). 

Experimental Results
General effects of the intervention on EMBA-AA were analyzed 

using repeated measures Anova with pre/post scores treated 
as within-subject (Table 2).Related to hypothesis one, results 
indicated a positive interaction between group (experimental 
vs. wait list) and basic and dynamic visual emotion recognition 
(F(1,41) = 7.78; p < .01; η2= .16), and advanced complex and 
dynamic visual emotion recognition, First Level (F (1,41) = 
15.23; p < .001; η2= .27). However, there were no differences on 
the Eyes task (F (1,41) = 3.31; n.s.; η2= .05).In addition, related 
to hypothesis two, results showed indirect benefits on general 
stress (F (1,41) = 5.31; p < .05; η2= .12) when the experimental 
group was compared to the control wit-list group.

Table 2: Descriptive statistics at baseline and at end of program (9 months later) and Anova (repeated measures).

 Baseline Final Program Anova (repeated measures) η2

Emotion Recognition Tasks Condition Mean SD Mean SD   

Basic emotion recognition
Intervention 8.81 3.51 11.78 4.82 F(1,41) =7.78** 0.16

Wait-list 7.67 1.82 7.85 2.57   

The Eyes Task
Intervention 2.73 0.98 3.59 1.53 F(1,41) =3.31; n.s. 0.05

Wait-list 2.86 0.91 2.95 0.92   

Advanced emotion recognition
Intervention 4.77 3.54 8.36 3.22 F(1,41) =15.23*** 0.27

Wait-list 6,29 2.95 6.43 2.34   

General stress
Intervention 130.36 26.59 108 27.17 F(1,41) =5.31* 0.12

Wait-list 120.57 17.02 124.57 26.76   

*p < .05; **p < .01; ***p < .001

Discussion
In relation to facial processing of emotions, results 

demonstrated that the intervention helped adults with ASD to 
recognize and identify different facial expressions. The ability 
to recognize and understand emotions reflected in unfamiliar 
faces improved for the experimental group but did not improve 
for the control group. More specifically, the experimental group 
improved their ability to recognize single and complex emotions 
but did not reflect such progress in recognizing emotions as 
expressed through people’s eyes.

Our results are similar to previous research that has obtained 
mixed results on facial processing of people with ASD such as 
the research of Beaumont and Sofronoff [57] who investigated 
the validity of a new multi-component social skills program for 
people with ASD.Results of the Beaumont and Sofronoff study 
indicated that relative to a control group, the experimental 
group showed greater progress in developing their social skills 
as indicted by parent and teacher-reports; however, there was 
no difference in the improvements made by both groups on 
facial expression. In another study, Golan and Baron-Cohen 

[36] used “Mind Reading” software to teaching individuals with 
high-functioning ASD to recognize emotions in voices and faces; 
although participant scores improved significantly on several 
emotion tasks (e.g., emotional concepts recognition), they did 
not significantly improve in generalization tasks.Soon thereafter, 
LaCava et al. [28] used the “Mind Reading” software to teach 
four youth with ASD to recognize basic and complex emotions 
in computer presented stimuli and demonstrated a significant 
improvement from pre- to post-intervention in faces and voice 
emotions recognition; however, effects were not strong enough 
to determine that the software was superior to other approaches. 
Finally, Silver and Oakes [35]compared the “Mind Reading” 
software with other technologies such as asking participants 
to identify emotions in cartoons and mental states occurring 
in stories. The authors compared results of the experimental 
and control group and observed large and significant effects 
with measures of identification of emotional and mental states; 
however, no significant differences were found on the facial 
expression naming measure.

The primary purpose of the intervention is to enhance 
participants’ emotion recognition; therefore, we hypothesized 
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that the experimental group would perform significantly better 
on the emotion recognition post-test compared to the wait-list 
control group. However, a secondary purpose of the intervention 
was to reduce participants’ stress; therefore, we hypothesized 
that participants would experience an indirect reduction of 
stress at by the end of the intervention for the experimental 
group compared to the wait-list control group.

Analyses conducted to address this hypothesis indicate 
an indirect reduction on stress level at program termination 
for the experimental group. Social interactions and associated 
emotional responses can be stressful for adults with ASD and can 
result in avoidance behaviors that lead to solitary activities[53].

Several factors could explain the significant reduction of 
stress response in the experimental group.First, it is possible 
that, while a significant relationship between psychosocial stress 
and ASD severity has been identified in previous preliminary 
research due to pathognomonic emotional deficits of people with 
ASD[53,58,59]the enhancement of recognition and expression of 
emotions could contribute to a reduction of stress responses[8]. 
Second, the stress in adults with ASD may instead, or in addition, 
be caused by factors other than emotional deficits. It is possible 
that stress may not be intrinsically related to emotional deficits 
in adults with ASD and that the finding of this research about 
the indirect effects of the intervention program require further 
examination. 

Given these results, the intervention may help adults with 
ASD and ID learn skills that increase their social and emotional 
functioning. The most often cited programs for enhancing 
emotional comprehension, such as The Emotion Trainer [35]
or Mind Reading: The Interactive Guide to Emotions[56], were 
not developed for adults with ASD and ID[58-72]. This emotion 
recognition training program was designed specifically for 
Spanish speaking adults with ASD and ID derived from the Mind 
Reading software, a well-known verified program providing 
emotional training to people with ASD[73-88].

Limitations
Generalization is limited in this study. Since the small 

sample size makes it difficult to generalize results to the broader 
population of people with ASD and ID; we recommend future 
studies use a larger sample.The absence of concurrent validity 
of the emotion recognition training program could influence 
generalization of effects. It was beyond the scope of this study 
to examine generalization of these effects to real life. This gap 
is an important limitation of this study. It is recommended that 
further research be undertaken to analyze generalization of 
these effects outside the experimental context. In addition, a 
question that was not addressed by this study is to what degree 
observed effects are maintained over an extended period of time 
since the study lasted only nine months, a short-term follow-up 
period. Therefore, it would be helpful if future research included 
a lengthier follow-up.

Another concern of this study was that the clinicians knew the 
objectives of the program.In future studies, these effects should 
be controlled. Finally, the emotion recognition training program 
took a considerable length of time to implement[89-103]. 
It would be helpful to test shorter versions of this type of 
intervention to determine if a more cost-effective intervention 
can be developed.

Conclusion
This study evaluated the 36-week computer-assisted 

emotion recognition training program designed to teach 
emotion recognition skills to adults with ASD and ID.Overall, 
the experimental group’s post-test score reflected a significant 
improvement from their pre-training scores when compared 
with the wait-listed control group in their ability to recognize 
emotions and their perceptions of stress.
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