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Abstract Understanding one's own emotions is an important
part of social-emotional development in early childhood. Few
studies have looked at the ability of children with autism spec-
trum disorder (ASD) to relate their own emotions to previous
life events. Our previous study showed that the description of
events that elicited specific emotions is qualitatively and quan-
titatively different in ASD in comparison to typically devel-
oping (TD) pre-adolescents. The current study evaluated dif-
ferences in coherence and content of responses to questions on
emotions in ASD and TD in two age groups. The evaluation
was based on the section on Emotions of the Autism
Diagnostic Observation Schedule Module 3 test. The study
included 96 boys, 48 diagnosed with ASD (IQ≥85) and 48
TD children, divided into younger (6:0-8:0y) and older (8:2-
11:0y) groups. Young TD children were able to give coherent
responses to questions on experiences that evoked basic emo-
tions. Children with ASD gave fewer coherent responses and
more 'no response' and 'odd' responses across the examined
age range. Only in the TD group was the level of vocabulary
associated with the number of coherent statements. TD chil-
dren gavemore responses with content related to interpersonal
relationships, self-awareness and social events than children
with ASD. Deficits in coherence and content of responses to
questions on emotions related to previous life events derive
from the core deficits of ASD. The significant quantitative and

qualitative gap that exists betweenASD and TDmay be useful
during the diagnostic process of ASD in childhood.
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Various aspects of the development of emotional understand-
ing have been studied, mainly regarding the ability to recog-
nize facial expressions of different emotions in others and to
describe them verbally (McClure 2000). Reporting on internal
emotional states requires multiple processes, including the
recognition of different cues that represent different emotions,
and the use of language related to them. Throughout their
development, children show increased insight into and under-
standing of emotions, both their own and those of others
(Sprung et al. 2015). Previous research has found that the
production of emotion words is rare prior to the preschool
years (Bretherton et al. 1986). During the preschool period,
children demonstrate growing abilities to understand the
causes of emotions. In addition, a positive relation has been
found between cognitive language ability and emotional un-
derstanding (Denham et al. 1994). Studies have shown that
children aged 3-6 years can describe causes and consequences
of happiness, sadness, anger, fear, and surprise in structured
lab tasks (Durbin 2010; Levine et al. 1999). In children aged
4-6 years, positive associations were found between the level
of receptive language and skills employing the emotional rec-
ognition of facial expressions (Strand et al. 2016). Russell
(1990) found that as early as the preschool years, children
(mean age 4:11 years) given a story completion task were able
to understand the causes and consequences of a wide range of
emotions including fear, anger, sadness, happiness, and sur-
prise. Taken together, the findings of previous studies suggest
that the preschool to early childhood period is one in which
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children are able to provide accurate reports of their own basic
emotions.

Understanding one's own emotions is an important part of
the social-emotional development of early childhood and is
considered a precursor for social-emotional reciprocity abili-
ties later in childhood. Deficits in social reciprocity are one of
the core symptoms in autism spectrum disorder (ASD) as
described in the current DSM 5 criteria (American
Psychiatric Association – [APA], 2013). Only a few studies
in ASD have examined the ability to report on one's own
emotions, as evoked by individual life experiences.
Cognitively-able individuals (mean age 12 years) with ASD
did not differ from typically developing (TD) groups in the
descriptions of previous experiences involving simple emo-
tions (e.g., happiness, sadness), but showed significantly more
difficulties in describing complex emotions (pride, embarrass-
ment, guilt, and shame) (Capps et al. 1992; Losh and Capps
2006). In a similar vein, Williams and Happé (2010) reported
no significant differences between ASD and learning disabled
groups in their ability to report on the emotions evoked by
prior life experiences. In our previous study (Ben-Itzchak et al.
2016) we examined the perception of one’s own emotions in
cognitively-able 8-11 year old children with and without
ASD. The study examined the coherence and content of re-
sponses given by participants to questions on different emo-
tions derived from the Autism Diagnostic Observation
Schedule (ADOS-2) Module 3. The description of events that
elicited specific emotions given by those in the ASD group
was characterized by more 'odd' and 'no responses', fewer
coherent responses and less use of content related to 'social
situations' and 'self-awareness', as compared to the TD pre-
adolescents.

The "gold standard" observational assessment for diagnos-
ing ASD is the Autism Diagnostic Observation Schedule
(ADOS) (Lord et al. 1999). Module 3 of the ADOS, designed
for use in children and adolescents who have fluent language
skills, includes questions on emotions and personal ex-
periences. The focus of the ADOS section on emotions
is on identifying events and objects that elicit different
emotions in the individual, particularly if they include
social content (Lord et al. 2012). Although the ADOS
test allocates a full section to the perception of one's
own emotions, the clinical community still has no
straightforward answers as to whether the understanding of
one's own emotions is impaired in individuals with ASD at
different ages. Our previous study (Ben-Itzchak et al. 2016)
examined only the age range of 8-11 years; however, the
ADOS Module 3 can be used for children with fluent lan-
guage skills as young as 4 years old.

To summarize, the ability to understand one's own emo-
tions develops early in childhood and is crucial for emotional
understanding and the subsequent development of theory of
mind (ToM). Therefore, evaluating this ability in ASD during

the diagnostic process and comparing it to the responses ex-
pected in typical development is important. Specific deficits in
understanding one's own emotions, if found in ASD, should
be targeted in early intervention. There is a paucity of research
on this issue in ASD and in typical development. Therefore,
there is a need to further explore the development of this
ability in specific emotions in different age groups and to find
specifiers that will differentiate between TD and ASD. The
current study extended our previous research on understand-
ing one's own emotions in ASD and in typical development.
Other studies have not yet examined this ability in ASD
during the childhood years. This study included a large
age range, which enabled the comparison of two age
groups, 6:0-8:0 years and 8:2-11:0 years. The aims of
the current study were to evaluate the differences in
coherence and content of the responses to questions on
emotions, derived from the ADOS-2 Module 3, between
children with ASD and TD. In addition, the study ex-
amined age differences in the ability to relate one's own
emotions to previous life events in typical development
and ASD using a cross-sectional design.

Methods

Study population

The study included 96 male participants aged 6:0 - 11:0 years
(M=8:4 years, SD=18.0 months). Forty eight participants were
diagnosed with ASD and 48 were typically developing (TD)
participants. The ASD and TD groups were split into two
subgroups; the younger group was aged 6:0-8:0 years and
the older group was aged 8:2-11:0 years. In the younger sub-
group, the mean age of the ASD (M=7:6years ,
SD=7 .3mon th s . ) and TD groups (M=7 :6yea r s ,
SD=9.2months) did not differ significantly, F(1,46)=0.01,
p=0.90. Similarly in the older subgroup, the mean age of the
ASD (M=9:10years, SD=10.2months) and TD groups
(M=9:5years, SD=9.3months.) did not differ significantly,
F(1,46)=2.69, p=0.11. The research group was selected from
a population that underwent a comprehensive evaluation for
ASD at a tertiary autism center. The criteria for selection of the
ASD participants included: having verbal and nonverbal
scores equal to or above 85 points on the Wechsler
Intelligence Scale for Children IV (WISC-4) (Wechsler
2003) or the Wechsler Preschool and Primary Scale of
Intelligence WPPSI (Wechsler 2012). All the participants in
the research group received a final clinical diagnosis of ASD
based on the DSM-IV or 5 (APA 2000; 2013) depending on
the time of diagnosis. The TD group was matched to the
research group (ASD) for age and sex, and all participants
attended regular education schools.
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Study procedure

The ASD group underwent a comprehensive assessment of a
possible diagnosis of ASD. The evaluation included neurologi-
cal, behavioral, cognitive, and functional assessments, which
were conducted by a skilled interdisciplinary team. All the par-
ticipants in the ASD group were diagnosed with ASD using the
standardized tests, including the Autism Diagnosis Interview-
Revised (ADI-R) (Le Couteur et al. 2003) and the Autism
Diagnosis Observation Schedule (ADOS) Module 3 (Lord
et al. 1999), and also underwent a cognitive evaluation. All the
professionals involved in the diagnostic process established reli-
ability in the ADI-R (Le Couteur et al. 2003) and the ADOS
(Lord et al. 1999) diagnostic tools as required. The TD group
underwent an evaluation consisting of two subtests of theWISC-
4, the vocabulary (verbal) and blocks design (non-verbal), for
screening of possible cognitive difficulties. In addition, the TD
participants were asked the interview questions in the 'Emotions'
section of the ADOS Module 3. Parents of the TD group com-
pleted a developmental questionnaire that included questions re-
garding birth history, and any problems in hearing, language,
development, and general health. Criteria for inclusion in the
control group were a score of ≥ 7 in the vocabulary (verbal)
and blocks design (non-verbal) WISC-4/WPPSI subtests, and
no history of sensory or developmental problems according to
the above developmental questionnaire. The responses to the
'Emotion' questions given by all participants were transferred to
a transcript and coded quantitatively and qualitatively.

Measures

Autism Diagnostic Observation Schedule

This is a semi-structured, interactive schedule designed to as-
sess social and communicative functioning in individuals who
may have ASD. Only one of the modules was administered,
depending on the examinee’s age and/or expressive language
(Lord et al. 1999). The research focused on the ADOSModule
3 'Emotions' questions that require identifying the events and
objects that elicit different emotions (Happiness, Fear, Anger,
Sadness) in the participant.

Coding system for the participants' responses to the ADOS
'Emotions' questions

In our previous study we created a coding system to assess the
coherence of the participants' responses to each of the studied
emotions. In addition, another coding system was developed
for the content and number of different statements within each
response (Ben-Itzchak et al. 2016). The responses were first
coded into three categories according to their coherence: 'no
response' (including 'don't know' or 'never' responses), 'odd ',
when the response included at least one odd statement, and

'coherent' (only coherent statements) responses. An 'odd' state-
ment was defined as a sentence that made no sense to the
listener, was irrelevant, or associative. An example of an odd
response to the question "what kind of things make you feel
sad?" given by one of the participants was "Happy, sad, anger,
disgust, sadness and happiness are opposite that went and lost
memory and they traveled to long-termmemory and used plan
B". In another instance, when asked about anger, the
participant's response was: "my little brother, he does not
help" (coherent statement); "My cousin goes to 5th grade but
he is in the happy end, no matter how his day ended, he is
happy"; "To get a piece of paper does not domuch, I am still in
the happy end" (two odd statements). In each of the four
studied emotions, we counted the number of statements indi-
cating different themes described by the participant for each of
the above types of responses (coherent, odd, no response).

The content of the coherent statements in the current study
was based on the definitions that were extensively described in
our previous paper (Ben-Itzchak et al. 2016). The content was
coded according to the following categories: 'interpersonal re-
sponse' included interpersonal interaction content; 'social situa-
tion' referred to situations that must occur within a social envi-
ronment, such as a birthday party or group games; 'self-aware-
ness' referred to self-perception (e.g., experiencing success, or
disappointment); 'non-social situation' referred to participation
in activities and situations that do not necessarily occur in social
environments; 'objects/animals' referred to responses that relate
to objects or animals. In each of the four studied emotions, the
number of statements for each of the above content categories
was counted.

The first and last authors separately coded 15% of the study
population's responses and were blind to whether each partic-
ipant had ASD or TD. The Pearson correlations revealed high
inter rater reliability for most of the coded categories: for the
number of coherent statements (r=0.98, p=0.00); for the num-
ber of odd responses (r=0.94, p=0.00); for the number of
statements related to 'objects/animals' (r=0.88, p=0.00); for
the number of statements related to 'social situation'(r=0.80,
p=0.00); for the number of statements related to 'interpersonal
response' (r=0.99, p=0.00); and for the number of statements
related to 'self-awareness' (r=0.89, p=0.00). The one excep-
tion was the number of statements related to 'non-social situ-
ation' (r=0.70, p=0.01). The responses of all the other partic-
ipants were coded only by the first and last authors. In cases of
disagreement between the raters, a consensus was achieved.
To further confirm the reliability of the coding system, a clin-
ical psychologist unrelated to the research who was also blind
to whether each participant had ASD or TD, coded 10% of the
responses. This coding was correlated to the authors' coding.
Pearson correlations for inter rater reliability were good; num-
ber of coherent statements (r=0.98, p=0.00); number of odd
responses (r=0.92, p=0.00); number of statements related to
'objects/animals' (r=0.88, p=0.00); number of statements
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related to 'non-social situation' (r=0.75, p=0.00); number of
statements related to 'social situation'(r=0.82, p=0.00); num-
ber of statements related to 'interpersonal response' (r=0.87,
p=0.00); and number of statements related to 'self-awareness'
(r=0.81, p=0.00).

Data analysis

Comparison of the participants' characteristics and the demo-
graphic data were analyzed using 2 one-way ANOVAs (ASD/
TD) for age in each age group, a 2x2 ANOVA (ASD/TD groups
x 2 age groups) for maternal education and a 2x2MANOVA for
block design and vocabularyWPPSI/WISC-4 sub-tests. To eval-
uate the quality of the responses in each of the studied groups, the
number of each type of response and statement were analyzed in
terms of both coherence and content. The number of different
types of responses (coherent, odd, no response) was compared
between the studied groups using a 2x2 MANCOVA (ASD/TD
groups x 2 age groups) controlling for maternal education, which
differed between the groups. In addition, we used non-parametric
Chi2 analyses to compare the percentage of participants in the
two groups (ASD, TD) in each of the defined categories for
coherence, in each of the studied emotions.We further compared
the coherence and content of the statements across the four ex-
amined groups. We first compared the number of 'coherent' and
'odd' statements in the four examined groups. Thenwe compared
the number of coherent statements in each content category using
2x2 MANCOVAs and ANCOVAs, controlling for maternal ed-
ucation. To identify child and parental variables that might ex-
plain the variance in the number of coherent statements, a hier-
archical multiple regression analysis was conducted.

Results

The study population characteristics are presented in Table 1. For
block design and vocabulary cognitive subtests the analyses did
not yield a significant ASD/TD group effect, F(2,87)=0.33,
p=0.61, nor age group effect, F(2,87)=2.73, p=0.07, and no
ASD/TD group X age-group interaction, F(2,87)=1.59, p=0.21.
Maternal education was significantly higher for the TD group
than for the ASD group (Table 1). However, no age-group effect
F(1,92)=3.02, p=0.09, and no ASD/TD group X age-group in-
teraction were found, F(1,92)=1.92, p=0.17.

Type of responses

Coherence of responses

We first evaluated the coherence of the participants' responses
in the four examined emotions. For each participant, the num-
ber of each type of possible response ('coherent',' odd' and 'no
response') in all the studied emotions could range from 0-4.

The analysis yielded a significant ASD/TD group effect,
F(2,90)=24.47, p=0.00, η2=0.35. No significant age-group ef-
fect, F(2,90)=0.02, p=0.97, and no significant ASD/TD group
X age-group interaction were found, F(2,90)=1.07, p=0.35.
As shown in Table 2, the ASD group gave significantly fewer
coherent responses and more odd and no response answers
than the TD group.

We then compared the percentages of participants in the ASD
and TD groups in the two age groups who gave coherent re-
sponses, in each of the studied emotions. As presented in
Table 3, the percentage of participants that gave coherent re-
sponses in the TD group in comparison to the ASD group in
each of the age groups was significantly higher for all the studied
emotions. A Bonferroni correction was performed to address the
use ofmultiple comparisons (p<0.01). In the youngest age group,
the TD group had a significantly higher percentage of partici-
pants that gave coherent responses only for the Happiness and
Sadness emotions. In the older age group, the TD had a signifi-
cantly higher percentage of participants that gave coherent re-
sponses for all the emotions, even after the Bonferroni
corrections.

Based on previous studies, (Barbarotto et al. 2005;
Morrison and Ellis 1995) the average acquisition of a devel-
opmental skill was measured in the current study by the point
at which 75% of the population had acquired said skill. The
results showed that both TD age groups reached this level of
acquisition for the Happiness, Fear and Anger emotions, as at
least 75% of the TD group gave coherent responses. For the

Table 1 Characteristics of the study participants in the ASD and TD
groups

ASD^ TD^^ Group effect

F p η2M(SD) M(SD)

Age 101.25(19.06) 99.08(17.10) 0.33 0.56 0.00

Maternal education 15.52(2.16) 16.62(8.21) 6.22* 0.01 0.06

Block design subtest 11.89(8.80) 11.64(2.42) 0.20 0.65 0.00

Vocabulary subtest 11.24(2.82) 11.62(3.58) 0.37 0.54 0.00

^ASD autism spectrum disorder, ^^TD typical developed

*p<0.05

Table 2 Number of each type of response in all four emotions (Mean
and SD)

ASD TD Group effect

F p η2M(SD) M(SD)

Coherent 2.04(1.32) 3.58(0.65) 48.57*** 0.00 0.35

Odd 1.20(1.13) 0.22(0.59) 23.89*** 0.00 0.21

No responses 0.75(0.84) 0.18(0.39) 19.91*** 0.00 0.18

***p<0.001
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Sadness emotion, only the TD younger group reached this
level of acquisition. In contrast, for the ASD group, only the
older group reached this level of acquisition and only for the
Happiness emotion.

Analyses of statements

Coherence of statements

We then examined the number of coherent and odd statements
that were produced by the participants. Comparing the num-
ber of coherent statements in the ASD and TD groups in the
two age groups yielded a significant group effect,
F(1,91)=25.59, p=0.00, η2=0.22. The TD group gave signifi-
cantly more coherent statements (M=9.35, SD=4.63) than the
ASD group (M=5.12, SD=2.99). No significant age group
main effect, F(1,91)=0.65, p=0.42, nor interaction be-
tween them, F(1,91)=0.03, p=0.87, was noted.
Regarding the number of odd statements, the ASD
group gave significantly more odd statements (M=1.96,
SD=2.4) than the TD group (M=0.27, SD=0.76),
F(1,91)=25.59, p=0.00, η2= 0.22.

Content of coherent statements

In addition to a quantitative analysis, we examined the quali-
tative content of the statements of the coherent responses in
the ASD/TD groups in both age groups. The 2x2MANCOVA
for the total number of statements in each content category
yielded a significant ASD/TD group effect, F(5,87)=9.21,
p=0.00, η2=0.35. No age group, F(5,87)=1.26, p=0.29, nor
ASD/TD group X age group interaction were found,
F(5,87)=0.83, p=0.53, η2=0.04. The TD group gave more
statements with ‘interpersonal’, ‘self-awareness’ and ‘social
situation’ content than did the ASD group (Table 4).

We then examined the number of statements given with
'self-awareness', 'interpersonal' and 'social situation' content
for each of the four studied emotions (Table 5).

For the 'interpersonal' content, a significant ASD/TD group
effect was noted, (F(4,88)=4.93, p=0.00, η2=0.18). The TD
group gave significantly more statements with 'interpersonal'

content for the Happiness, Fear and Anger emotions. No sig-
nificant age group, (F=4,88)=0.62, p=0.65, η2=0.03, nor
ASD/TD group X age group interaction were found,
(F=4,88)=1.88, p=0.12. For the 'self-awareness' content, a sig-
nificant ASD/TD group effect was noted, (F=4,88)=4.22,
p=0.00, η2=0.16. The TD group gave significantly more state-
ments with 'self-awareness' content than did the ASD group
for the Fear and the Sadness emotions. No significant age
group, F(4,88)=0.39, p=0.81, and ASD/TD group X age-
group interaction were found, F(4,88)=1.03, p=0.39. For the
'social situation' content, a significant ASD/TD group effect
was noted, (F=4,88)=4.86, p=0.00, η2=0.18. The TD group
gave significantly more statements with 'social situation' con-
tent for the Happiness and Fear emotions. No significant age
group, F(4,88)=1.33, p=0.26, nor ASD/TD group X age group
interaction were found, F(4,88)=0.27, p=0.90.

To identify child and parental variables that might explain
the variance in the number of coherent statements, a hierarchi-
cal multiple regression analysis was conducted. The predictors
included the child's age in the first step, being in the ASD/TD
group in the second step, the vocabulary and block design
scores in the third step and maternal education in the fourth
step. In addition, interactions of ASD/TD group and the above
variables were entered.

As shown in Table 6, being in the ASD or TD group in the
second step explained 23.3% of the variance in the number of
coherent statements. Specifically, being in the TD group was

Table 3 Percentage of
participants that gave coherent
responses for the four emotions,
in the ASD and TD groups in both
age groups

% of Younger
participants

Younger groups % of Older
participants

Older group

ASD TD χ2 p η ASD TD χ2 p η

Happiness 50.0 91.7 10.08*** 0.00 0.46 75.0 100.0 6.86** 0.01 0.38

Fear 41.7 75.0 5.49* 0.02 0.34 50.0 95.8 12.76*** 0.00 0.52

Anger 62.5 91.7 5.78* 0.02 0.35 45.8 100.0 17.83*** 0.00 0.61

Sadness 58.3 91.7 7.11** 0.01 0.38 25.0 70.8 10.10*** 0.00 0.46

***p<0.001, **p<0.01, *p<0.05

Table 4 Number of statements in each content category in the ASD and
TD groups (Mean and SD)

ASD TD Group effect

F (1,91) p η2M(SD) M(SD)

Interpersonal 1.90(1.81) 3.92(2.84) 15.25*** 0.00 0.14

Social situation 0.40(0.74) 1.27(1.55) 12.20*** 0.00 0.12

Self-awareness 0.29(0.68) 1.27(1.63) 13.03*** 0.00 0.12

Non-social situation 0.96(1.17) 1.54(1.92) 3.08 0.08 0.01

Objects/animals 1.58(1.62) 1.35(1.36) 0.55 0.46 0.03

***p<0.001
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associated with more coherent statements. The Vocabulary
and Block design scores in the third step contributed together
significantly (10.4%) to the explained variance, but only the
Vocabulary score contribution was significant. The higher the
Vocabulary scores were, the more coherent responses were

noted. In addition, Vocabulary X ASD/TD group interaction
in the fifth step added significantly (4.2%) to the explained
variance. This interaction, presented in Fig. 1, reflects the
correlations between the vocabulary level and the number of
coherent statements in the TD and ASD groups. It is apparent
that in the TD group, higher vocabulary scores were associat-
ed with a higher number of coherent statements (β=0.36,
p<0.05) while in the ASD group, no significant correlation
was observed (β=0.05, p>0.05). The total model explained
37.9% of the variance of the number of coherent statements.

Discussion

The current study examined the coherence and content of
responses to questions on life events that evoked four different
emotions in ASD and TD groups in childhood (6:0-8:0y) and
pre-adolescence (8:2-11:0y).

Generally, significant differences in coherence and content
categories were noted between children with ASD and TD in
the two age ranges. Specifically, children with ASD gave few-
er coherent responses and more 'no response' and 'odd' re-
sponses across the examined age range. The TD children de-
scribed more events (statements) that elicited specific emo-
tions in comparison to children with ASD, but without age
related differences.

In regard to typical development, the current study found
that even young children were able to give full coherent re-
sponses (≥75%) to questions on experiences that evoked four
basic emotions. These findings reflect that TD children

Table 6 Hierarchical regression analysis for variables predicting the number of coherent statements

Variable B SE. B β adjusted R2 Δ R2

Step 1 0.00 0.00

Child’s age -0.01 0.03 -0.02

Step 2 0.23*** 0.23

Child’s age -0.01 0.02 -0.02
ASD-TD group 4.38 0.86 0.48***

Step 3 0.34*** 0.10

Child's age ASD-TD group Vocabulary scores Block design scores 0.01 4.19
0.44 0.10

0.02 0.81
0.13 0.16

0.05 0.46***
0.31*** 0.06

Step 4 0.34*** 0.00

Child’s age ASD-TD group Vocabulary scores Block design scores 0.01 4.14
0.44 0.10

0.02 0.84
0.13 0.16

0.05 0.45***
0.32*** 0.06

Maternal education 0.05 0.19 0.03

Step 5 0.38*** 0.10

Child’s age ASD-TD group Vocabulary scores Block design scores 0.02 4.19
0.36 0.10

0.02 0.82
0.13 0.16

0.06 0.46***
0.26** 0.06

Maternal education 0.04 0.19 0.02 0.04

Vocabulary X group 0.99 0.42 0.22*

***p<0.001, **p<0.01, *p<0.05

Table 5 Number of statements in Interpersonal, Self-awareness and
Social situation content categories for the ASD and TD groups (Mean
and SD)

ASD TD

M(SD) M(SD) F(1,96) p η2

Interpersonal

Happiness 0.27(0.57) 0.98(1.23) 11.58*** 0.00 0.11

Fear 0.10(0.31) 0.25(0.48) 3.83* 0.05 0.04

Anger 0.98(1.02) 1.nn(1.54) 1.31*** 0.00 0.11

Sadness 0.54(0.87) 0.79(0.97) 0.99 0.32 0.01

Self-awareness

Happiness 0.10(0.47) 0.33(0.72) 3.18 0.08 0.03

Fear 0.06(0.24) 0.46(0.68) 12.98*** 0.00 0.12

Anger 0.02(0.14) 0.10(0.31) 2.41 0.12 0.03

Sadness 0.10(0.31) 0.37(0.79) 4.03* 0.05 0.04

Social situation

Happiness 0.19(0.39) 0.73(0.94) 13.13*** 0.00 0.13

Fear 0.06(0.24) 0.25(0.44) 6.26** 0.01 0.06

Anger 0.12(0.44) 0.08(0.28) 0.18 0.67 0.00

Sadness 0.02(0.14) 0.21(0.68) 3.53 0.06 0.04

***p<0.001, **p<0.01, *p<0.05
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understood which life events led to these basic emotions and
were able to describe them coherently. In contrast, in ASD only
children in the older age range gave coherent responses (≥75%)
and only for the 'Happiness' emotion. The differences between
the childrenwithASD andTD increasedwith age andweremore
noticeable for the negative emotions. Few previous studies have
looked at the ability of children with ASD to relate one's own
emotions to previous life events. The studies which did address
these topics examined only older children (11:0-12:0 years) and
did not find significant differences for simple emotions in com-
parison to typical development (Capps et al. 1992; Losh and
Capps 2006) and to children with learning disabilities
(Williams and Happé 2010). In contrast, our previous study ex-
amined children in the age range of 8:0-11:0 years and found
significant differences in the coherence of responses between the
ASD and TD groups. We discussed possible reasons for the
differences between our findings and the aforementioned studies,
such as participants’ ages, the coding system used, and the type
of control group. (Ben-Itzchak et al. 2016). The current study
expanded on our previous findings by including a larger popula-
tion and children as young as 6:0-8:0 years. In the current study,
even young TD children were able to report coherently on life
events that evoked all the studied emotions. These findings
are in accordance with studies of this ability in TD
children. Levine et al. (1999) reported that even young
children with a mean age of three years were capable of
generating coherent episodic narratives related to experi-
enced simple emotions. Relating one's own emotions to life
events appears to be a basic skill that TD children acquire
early on. Our study emphasized the significant weakness of
this ability in ASD, even in cognitively-able children.

In regard to the content of the responses, children with TD
gave more responses related to interpersonal relationships (for
Happiness, Fear and Anger emotions), self-awareness (for Fear
and Sadness emotions) and social events (for Happiness and Fear
emotions). The content of the responses to questions on emotions
in TD and ASD was examined in our previous study only in an
older population (Ben-Itzchak et al. 2016). The current study
expanded the scope of the previous research on this topic to
younger children and confirmed the differences between ASD

and TD in a larger research population. The lower number of
statements on interpersonal relationships, self-awareness and so-
cial events reflects themajor core social-affect difficulties inASD
that are considered pre-requisite abilities for the acquisition of
theory of mind skills.

The relatively large number of participants in the current
study enabled us for the first time to use a regression model to
evaluate the contribution of different factors to the richness of
response, reflected in the number of statements made by the
participants. Having typical development was the most con-
tributing factor, associated with providing more coherent
statements. An interesting finding was that only for children
with TD, but not for children with ASD, the level of vocabu-
lary was associated with the number of coherent statements.
The study's findings suggest that in typical development, a
richer vocabulary is correlated with providing more informa-
tion on previous emotional events. In regard to the ASD pop-
ulation, the current study demonstrated that the ability to relate
emotions to previous experiences is not dependent on the
richness of the vocabulary as was apparent in typical develop-
ment. In ASD with preserved cognition and verbal ability, the
difficulty to relate emotions to previous life events is probably
related to their social-communication deficits and is not com-
pensated by their good verbal skills. One might conclude that
understanding one's own emotions is an inherent deficit in
ASD that exists as early as age 6 and continues into the pre-
adolescence years.

Overall, this is one of the few studies to present evidence that
in typical development; even young children acquire the ability
to relate certain basic emotions to previous life events. In addi-
tion, the study is unique in that it identifies specific factors dif-
ferentiating TD from ASD in terms of coherence, content and
amount of statements that relate to previous experiences that
provoked specific emotions, in the age-range of 6-11 years.
The study has important clinical implications. The significant
quantitative and qualitative gap that exists between ASD and
TD can be used during the diagnostic process of ASD in this
age range. The ADOS-2 Module 3 includes questions on emo-
tions, but no specific coding system to interpret the responses is
available. The findings of this research offer a tool to analyze the
received responses according to the coding system for coherence
and content categories that were examined in the current study.
For example, a high occurrence of 'odd' and/or 'no' responses,
and a paucity of content related to social events, relationships,
and self-awareness might support other typical symptoms of
ASD that were observed during the ADOS administration.

This study's findings support those reported in our previous
study (Ben-Itzchak et al. 2016). Both studies used an innova-
tive coding system that employs two dimensions to assess
responses to the ADOS questions on emotions, one relating
to coherence and the second to the content of the responses.
The current findings strengthen the validity of this coding
system and may encourage clinicians to use it.
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Fig. 1 Correlations between the vocabulary level and the number of
coherent statements in the TD and ASD groups
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This study has several strengths. The study includes a
relatively large population of ASD and TD with no dif-
ference in sex, age and the examined verbal and non-
verbal cognitive abilities. The ASD population was diag-
nosed rigorously using standardized tests (ADI-R, ADOS)
and the DSM -IV or 5 criteria, and underwent comprehen-
sive cognitive assessments. The study's limitations include
the use of only two cognitive sub-tests for the TD group,
and the significant differences in maternal education be-
tween the TD and ASD groups, although it was controlled
for in all the statistical analyses. The study included only
cognitively-able male participants in order to have more
homogeneous groups. However, the focus on this popula-
tion prevents the generalization of the study's conclusions
to the entire ASD population, including females and low-
functioning individuals.

Future studies should examine this important area of
understanding one's own emotions in more complex emo-
tions, such as shame, guilt, and disappointment, in both the
typical population and in ASD. In addition, it is important
to study how females both with TD and with ASD under-
stand their own emotions, and to compare the findings to
those of males. Future research should also examine factors
that contribute to the expression of emotions in ASD, and
whether the expression of emotions is related to other
areas, such as emotional regulation, anxiety, and friendship.
Expanding our knowledge on developmental trajectories in
TD and ASD will help to identify the differences between
these two populations across a large age range. In addition,
specific intervention programs should be developed in order
to improve the understanding of one's own emotions in
ASD.
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