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Abstract
The demand of social skills interventions for people with ASD has grown in recent years. The main goal of this research 
was to study social skills: “responding to interaction” and “initiating interaction”, and to capture whether there were differ-
ences between an initial and a final session in a program for children with ASD. Additionally, we aimed to compare social 
skills patterns according to the VIQ level. The sample (N = 20) was divided into 2 subgroups depending on whether the 
VIQ was > 90 or < 90. We employed a mixed methods approach based on a systematic observation of social behaviors. The 
observational design was nomothetic, follow-up, and multidimensional. Once we confirmed inter-observer reliability for the 
ad hoc observational instrument we performed descriptive statistics and polar coordinate analysis using LINCE software. 
The results show high intragroup and intergroup variability. In general, participants with VIQ < 90 showed a better improve-
ment in responding to interaction, whereas participants with VIQ > 90 showed more complex patterns to initiate interactions. 
The polar coordinate technique was useful for detecting significant relationships between autism’s social micro-behaviors. 
Results and information obtained through observational methodology could allow professionals to understand communica-
tion and interaction of participants.

Keywords  Polar coordinate analysis · Autism spectrum disorders · Social skills

Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental 
disorder characterized by alteration in social communication 
and social interaction, along with restricted and repetitive 
patterns, behaviors, interests, and activities. Impairment in 
social competence may cause significant problems in daily 
life, such as difficulties in social reciprocity, abnormality 
in eye contact and alteration in nonverbal communication 

(American Psychiatric Association, 2013, 2020). Social 
skills deficits may include the following difficulties: chal-
lenges with entering, sustaining and exiting interactions; 
difficulty attending to, understanding, and using nonverbal 
and verbal social cues (eye contact, facial expressions and 
gestures (Attwod et al., 1988); difficulty in understanding 
the social rules of their context; difficulties to understand 
the other’s intentions, perspective and to interpret the beliefs 
of others; difficulty in problem solving and problems with 
participating in leisure activities and in free time play with 
others (Hyman et al., 2020). McMahon et al. (2013) com-
mented that social response is a difficult skill due to the need 
to be conscious of the other’s speech and thoughts in order to 
be connected to the conversation. As a consequence of these 
alterations, difficulties in social interactions may interfere in 
their relations. Moreover, social impairments in youth with 
ASD do not tend to improve merely with development, but 
rather may become more pronounced during adolescence 
when the social demands exceed the social skills (Gates 
et al., 2018).
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Intervention Programs

In order to target these nuclear difficulties, social skills 
interventions have demonstrated to be useful to improve 
social competence and might consequently improve 
comorbid affective symptomatology (Gates et al., 2018). 
Commonly, programs include domains of verbal and non-
verbal communication, social interaction and problem-
solving strategies. There are several recommended social 
skills interventions (National Institute for Health & Care 
Excellence, 2013). The most common is social skills 
groups, which tend to be used in school-aged children and 
adolescents (Chester et al., 2019). Peer mentoring/train-
ing, is one of the most effective interventions in social 
skills and is regularly applied in preschool and school-
age children in classrooms (Bohlander et al., 2012). Video 
modeling has been shown to be effective to improve social 
and communication skills in children and adolescents 
with ASD (Buggey, 2009). Like peer mentoring, video 
modeling has proved that skills tend to be generalized 
and maintained (Tierney et al., 2014). Social narrative, 
social stories and picture books are widely used as tools 
to complement social skills training (Golzari et al., 2015; 
Reichow & Wolkmar, 2010). There are many published 
social skills programs which have been used with children 
with ASD, such as Think Social! (Garcia Winner, 2007), 
Social STAR (Arick et al., 2004), Navigating the Social 
World (McAfees, 2009) and Social Adjustment Enhance-
ment Intervention (Solomon et al., 2004). However, fur-
ther research is needed in order to support the use of social 
skills programs.

Factors that Interfere with Social Skills 
Interventions

Research has analyzed the effect of certain factors on the 
effectiveness of social competence interventions, such as 
age (Hong et al., 2018), sex (McVey et al., 2017), sever-
ity, comorbidity or IQ. However, these results are not yet 
consistent (McMahon et al., 2013; McMahon et al., 2013). 
For instance, whereas some studies have found higher 
effectiveness in participants with a normal range of IQ, 
other studies do not confirm this relationship (Gates et al., 
2018). Interestingly, specific factors may interfere with 
each other. For instance, age, intelligence quotient (IQ) 
or gender, could interfere with the presence of comorbidi-
ties (Guerrera et al., 2019). Regarding age, adolescents 
present more difficulties related to anxiety or depression 
compared with children in the spectrum (Bellini, 2006; 
Mensi et al., 2013). In relation to IQ, certain studies report 
a relationship between IQ and comorbidity (Bölte et al., 

1999) but other researches do not confirm this finding 
(Avni et al., 2018). In terms of gender and comorbidity 
in ASD, no relationship has been found in recent studies 
(Margari et al., 2019) but more studies are needed. In fact, 
further research should clarify the relationship between 
specific factors and response to social skills interventions. 
Studies should explore the relationship between Verbal IQ 
(Verbal Comprehension), which has an important role in 
social communication, and performance in social skills 
programs.

The Present Proposal

Based on all the previous literature revised, our proposal is 
based on a phrase from Creswell and Plano Clark (2011, p. 
7) that we especially value: "There are three ways in which 
mixing occurs: merging or converging the two datasets by 
actually bringing them together, connecting the two datasets 
by having one build on the other, or embedding one dataset 
within the other so that one type of data provides a support-
ive role for the other dataset". This mixing, applied from a 
literal and broader perspective, constitutes a central point of 
support for rethinking the quantitizing. On one hand, from 
literality, “connecting the two datasets by having one build 
on the other” will imply that one database—which is qualita-
tive in nature, in our paper social skills group sessions—can 
give rise to another through its transformation. This trans-
formation must ensure the maintenance of its informative 
quality, although the appearance is modified. On the other 
hand, from a broader perspective, the connecting allows the 
alternation of QUAL-QUAN-QUAL stages, which legiti-
mizes the generic approach of mixed methods, while a total 
integration between qualitative and quantitative elements is 
achieved (Anguera et al., 2020). With this rethinking we can 
ensure an idoneous way to materialize in this paper.

In this work, focused on procedural aspects, we propose 
an observational methodology considered itself as a mixed 
method (Anguera & Hernández-Mendo, 2016; Anguera 
et al., 2017), that implies integration ways (quantitizing) 
between qualitative and quantitative elements. The proposal 
of quantizing begins with a systematic observation of ASD 
children, and implies qualitative records (QUAL step); from 
theoretical framework and empirical expertise we built an 
observation instrument with a specific structure that allows 
to record from sequence parameter, and following a matrix 
codes format, that we will analyze quantitatively (QUAN 
step); the results will interpret coming back to initial prob-
lem (QUAL step) (Anguera et al., 2020).

Specifically, it has been suggested that observational meth-
odology can complement other methodologies, allowing to 
analyze spontaneous conducts that take place in natural situ-
ations (Anguera, 2003; Portell et al., 2015) and behaviors 
in psychotherapy settings (Arias-Pujol et al., 2015). This 
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methodology also allows to detect patterns in co-therapy work 
with a group of siblings of children with autism (Venturella 
et al., 2019), to analyze evolution of parenting skills during 
a behavior parent training with ASD children (Parladé et al., 
2019).

Considering all previous literature, the main objective of 
this research is to provide more scientific evidence about 
new mixed methodologies, measuring possible changes in 
social behavior in children with autism. Specifically, this 
research aims to (a) observe changes between the second 
and the last session of a social skills intervention program 
for children with ASD, through Polar

Coordinate Analysis (we were interested in studying 
social skills: “responding to interaction” and “initiating 
interaction”); (b) detect if there exist differences in children 
regarding the intelligence quotient, to compare social skills 
patterns according to the VIQ level. We hypothesized that 
results from Polar Coordinate Analysis would be different 
in session 2 and session 10, showing differences in children 
with high VIQ.

Our Intervention Program

The intervention that we applied was an adaptation of the 
Social Skills program of the UC Davis MIND Institute (Sol-
omon et al., 2004). This intervention has shown positive 
results, including an increase in responses and interaction 
between peers and a decrease in other vocalizations, such 
as talking alone (McMahon et al., 2013; McMahon et al., 
2013). The main objective of the intervention group was to 
work with patients from an inside-out perspective, devel-
oping and practicing the abilities of empathy, recognition 
of their own and others’ emotions and problem resolution, 
conversational skills or stress regulation, among others.

Considering our community hospital context and the 
high demand of intervention in social skills, we adapted 
the original program to a brief intervention of ten sessions 
(Solomon et al., 2004) with two purposes: one objective was 
to be able to reach all patients in the ASD unit who needed 
this type of intervention, offering a lower waiting list and 
a brief intervention, compatible with the public resources 
of the hospital. Another purpose was to observe whether a 
brief intervention program (adapted to our community con-
text) could cause initial and little changes in social behavior 
(Lerner & Mikami, 2012; Matthews et al., 2019).

Method

Design

The study was based on a quasi-experimental design with 
measurement before and after treatment in a group of 

participants. Regarding observational methodology, the 
design of our research was N/F/M, nomothetic (N) because 
several participants were observed, it consisted of follow-up 
(F) because an initial session (session 2) and the last session 
from the intervention were registered, and it was multidi-
mensional (M) because several dimensions of the observa-
tion instrument were considered suitable (Anguera, 2011; 
Sánchez-Algarra & Anguera, 2013).

Participants

According to the approval to the standard of the institutional 
Research Committee review board, the Ethical Committee 
for Clinical Research (Intern Code: PIC-04-17), and fol-
lowing the 2000 Helsinki declaration, participants were 
recruited by psychologists and psychiatrists from the Mul-
tidisciplinary Autism Spectrum Disorder Unit. All parents 
provided written and informed consent and informed assent 
were obtained from each child. Participants were informed 
about the location of the camera and the period of time that 
would be recorded.

Participants were selected through the inclusion criteria: 
8–12 years old, diagnosis of Autism Spectrum Disorder veri-
fied with the Autism Diagnostic Observational Schedule-2 
(ADOS-2, Lord et al., 2000), and normal range of level of 
Verbal Comprehension (Verbal IQ) according to standard-
ized assessment (WISC-IV or V, Wechsler & Kaplan, 2015). 
Participants with severe behavioral problems, other several 
mental disorders such as schizophrenia, or with intellectual 
functioning below 70, were excluded.

During 2 years (2018, 2019), a total of 36 children were 
recruited to participate in the intervention sessions. Each 
year we recruited 18 children and paired them according 
to age, gender and VIQ; then each pair was randomized 
between the two groups using R software (R Foundation 
for Statistical Computing; Vienna, Austria) with a fixed 
random seed. Each group was formed by 7, 8 or 9 partici-
pants and conducted by a clinical psychologist, a psychia-
trist and a mental-health nurse. The team had large experi-
ence in implementing social skills interventions with ASD 
children and received specific training to conduct this pro-
gram. Besides, two master’s degree students participated in 
the implementation of the program. A total of four groups 
received the same intervention with similar conditions.

In order to code observational data, we only included 21 
children (3 females and 18 males) from the total sample. 
This selection was based on the fact that participants of this 
subgroup had attended all the sessions and it was possible to 
codify their social behaviors through the video records. The 
rest of the participants (n = 15) did not attend all sessions 
and observational data was missing. From the final sample 
(n = 20), 11 participants had received the intervention in 
2019 (5 children of one group; 6 of another group) and 10 
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participants had attended the sessions in 2018 (5 children 
of each group). To perform polar coordinate analyses, we 
included 20 participants from the sample, because data from 
VIQ from one participant was missing.

Instruments

Diagnostic Instruments

In order to confirm the diagnoses of autism, a clinical 
interview based on DSM 5 criteria (APA, 2013) was done. 
Additionally, the ADOS-2 (Lord et al., 2000) was adminis-
tered to all participants. To assess Verbal Comprehension, 
cognitive abilities were measured using the Wechsler intel-
ligence scale for children and adolescents (Wechsler, 2007; 
Wechsler & Kaplan, 2015).

Recording Instrument

Sessions were recorded with two different cameras located 
at different angles. Cameras were positioned discreetly to 
avoid inconvenience to participants and followed all the eth-
ics aspects.

Observational Instrument

To codify social behaviors, we reorganized and evolved 
an observational instrument (Alcover et al., 2019) which 
had been inspired by an original observational instrument 
of Bauminger (2002) and by the approach of social diffi-
culties by the authors of ADOS-2 and Autism Diagnostic 
Interview-Revised (Lord et al., 2000; Rutter et al., 2003). 
Certain behaviors were not included in the analysis because 
the observation frequency was very low such as proxim-
ity, sharing objects, affection, talk that reflects an interest in 

another child's hobbies, giving help, peer or therapist imi-
tation, idiosyncratic language and repetitive behavior. We 
reorganized the observational instrument in order to adjust 
it to the behavior of our participants (see Table 1). The final 
instrument had 6 dimensions. For each dimension, we built 
a category system, following the requirements of exhaustiv-
ity and mutual exclusivity. Dimensions and categories are 
shown in Table 2.

Procedure

For this study, data was collected during the free playtime 
group (14 min) of the second and the last session using 
the observational instrument. We performed the analysis 
through two levels of response: initiation and response. 
We selected session 2 as pre-evaluation instead of session 
1 because participants did not know each other before the 
intervention and the interaction during the first session was 
interfered by this fact.

Implementation of the Program

As aforementioned, our program was an adaptation of the 
Social Skills program of the UC Davis Mind Institute (Solo-
mon et al., 2004). We implemented 10 sessions of 1:30 hours 
each. Solomon’s program is less structured than most tra-
ditional programs. It includes semi-structured instructions, 
positive reinforcement, motivation for social interactions, 
and free-time play as an opportunity to practice. Regarding 
the intervention, the structure of each session was: saluta-
tion with a little talk about the week and introduction of 
the topic (allowing participants to talk and share thoughts 
or problems), free time to play (were children play games 
in an unstructured time-lapse), didactic activity (structured 
part were pedagogic information and activities of social 

Table 1   Specific didactic topics of each session. Adapted from Solomon et al (2004)

Session Didactic topic

Session 1 Presentation and empathy. We start playing different games to know each other. We introduce the concept of “empathy” and the 
steps, through a role playing

Session 2 Practice empathy throw role playing invented situations and examples of their real situations
Session 3 Recognizing our own and others’ emotions. Explain the concept and perform different games to understand and interiorized the 

emotions
Session 4 Practice emotional recognition
Session 5 Strategies to manage stress, anxiety and anger
Session 6 Practice strategies to manage stress, anxiety and anger, through role playing of real situations
Session 7 Interests and group reciprocal conversation. Talk about personal interests that have in common and differences between the group. 

Practice of having a conversation of topics that are not interesting
Session 8 Nonverbal communication and reciprocal conversation. Practice through role playing
Session 9 Solving social problems. Expose different real situations of problems, talk about the different solutions and possibilities to manage 

them. Practie through role playing
Session 10 Closing group: feelings and thoughts about the intervention group
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competence are performed) and closing (structured part that 
include joke-telling time and the optional homework, called 
“social experiment for the week”). The specific contents of 
each didactic session are detailed in Table 1. Clinicians 
developed strategies and activities based on theory of mind 
and social competence (Garcia Winner, 2007) in order to 
practice the didactic components.

The sample was divided in four groups in order to facili-
tate group intervention. Each group was formed by 7, 8 or 
9 participants and each group received the same interven-
tion with similar conditions. As aforementioned, the clini-
cal team that conducted the groups included a clinical psy-
chologist, a psychiatrist and a mental-health nurse with large 
experience in social skills interventions with ASD children. 
After obtaining approval from the authors (Solomon and 
colleagues), our clinicians were trained in the program by a 
member of the team who had previously collaborated with 
the developing team of the program at the UC MIND Insti-
tute. The clinical psychologist was the main therapist of the 
intervention, while the psychiatrist and the mental-health 
nurse were co-therapists. Additionally, two master’s degree 
students participated as co-therapists in order to support 
children in a more individual way.

In order to ensure fidelity of implementation of the inter-
vention, before each session, clinicians had a meeting with 
the member of the team who had previously collaborated 
with the developing team of the program. In these meetings, 
specific instructions for each session were provided to the 
team and a protocol with a complete description of steps was 
reviewed. By the end of each session, clinicians reviewed 
again the specific protocol and its checklist, in order to 
ensure that the intervention was provided consistently and 
accurately as designed.

Data Quality Control Analysis: Inter‑Observer Agreement

From the qualitative research perspective, a systematic 
observation was used to obtain data that we managed as 
a code matrix. Two psychologists who did not participate 
in the intervention were trained on the observation instru-
ment in order to analyze and code data. These observers 
were aware of the research hypotheses, but they did not 
have information about the session number (session 2 or 
10) or the students' IQ groups. The degree of interobserver 
agreement calculated with Cohen’s Kappa () ranged between 
0.76 and 0.89. To obtain this value, 20% of the material was 
coded and the Kappa coefficient of the 2 and 10 sessions 
(which were randomized) was obtained of the 10% of the 
participants. This inter-observer agreement was conducted 
between the observers and the main therapist of the inter-
vention, who had collaborated with them in the adaptation 
of the observational instrument. Once we had confirmed 
the reliability of the data, we codified 14 min during the Ta
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free play activity of session 2 (as a pre-evaluation) and 10 
(as a post-evaluation) of the participants that participated 
in all sessions and appeared in all videos, to observe differ-
ences between sessions. Social conditions of both sessions 
were identical. The same group of children and therapists 
were present and the same materials were offered to the 
participants.

Data Analysis: Mixed Methods Perspective

The software LINCE (Gabin et al., 2012) was used to codify 
social behaviors during the free time of the selected sessions. 
After the codification, the analysis strategy was developed 
in two stages.

First, in a descriptive level, the absolute frequencies of 
each of the behaviors recorded were analyzed and compared 
according to the groups of participants and the session (2 
and 10 session).

In the second stage, mixed methods methodology was used 
in order to integrate qualitative and quantitative elements. 
This approach implies the integration of different types of 
data, which includes the transformation of quantitative data 
into qualitative data (Sandelowski et al., 2009), of quali-
tative data into quantitative data (Arias-Pujol & Anguera, 
2017, 2020), or any other type of information (Onwuegbuzie 
& Teddlie, 2003) in a comprehensive way (“crossover”, 
according to Onwuegbuzie & Dickinson, 2008). We selected 
this methodology due to the lack of objective measures that 
reflect the real progress of social skills abilities. The major-
ity of studies use questionnaires to assess the evolution of 
participants, but these methods tend to be subjective and 
incomplete (McMahon et al., 2013; McMahon et al., 2013; 
Moody et al., 2020). Therefore, additional methodologies 
that complement questionnaires have been proposed, such 
as social cognitive assessments and behavioral observations 
(Alcover et al., 2019; Solomon et al., 2004). These meth-
odologies have demonstrated to be effective in assessing 
evolution and changes in social behaviors, including micro-
conducts like gestures. In addition, they provide greater 
knowledge and specificity about social behaviors, which can 
offer information for professionals to improve their interven-
tions and focus them on their participants (Alcover et al., 
2019). As aforementioned, mixed methods methodology 
allow to transform qualitative data into quantitative data.

Specifically, in our study, we first used an observation 
instrument, which is a qualitative procedure. We registered 
categorical variables (behaviors) which were then trans-
formed into quantitative data, in order to obtain parameters 
such a frequency, order and duration. Finally, the polar 
coordinate technique (Cochran, 1954) was applied to com-
pare the social interactions generated in sessions 2 and 10. 
We selected this technique because it offers information 
about the relationship between a focal behavior and other 

conditional behaviors. Polar coordinate technique, applied 
by Sackett (1980) and further optimized with the genuine 
retrospective technique proposed by Anguera (1997), allows 
the reduction of data by using the Zsum statistic (Zsum = 
Σz/√n), where Z represents the independent values obtained 
from the adjusted residuals found for the respective delays of 
− 5 to − 1 and 1 to 5, and n represents the number of delays 
considered. Previous literature suggests that conduct pat-
terns tend to get dissolved after 5 delays (Bakeman & Gott-
man, 1997). The sequential analysis of delays allows us to 
control the random effect. The goal is to identify sequences 
that appear in a higher frequency than expected by random. 
Thus, the Zsum values allow us to estimate the type of rela-
tionships established between the selected focal behavior 
and the other behaviors (conditioned behaviors) that con-
stitute the instrument of observation. The type of relation-
ship between focal and conditioned behaviors is shown 
qualitatively (Quadrant I, II, III or IV) and quantitatively 
(vector length). Quadrants indicate whether the focal and 
conditional conducts activate or inhibit each other. Activa-
tion involves that when a conduct occurs, another conduct 
is elicited. In contrast, inhibition means that one conduct 
might inhibit another. Vectors in Quadrant I indicate mutual 
excitation between focal and conditional behavior. Quadrant 
II informs about inhibitory focal behavior and excitatory 
conditional behavior. Vectors in Quadrant III indicate mutual 
inhibition between focal and conditional behavior. Quadrant 
IV informs about excitatory focal behavior and inhibitory 
conditional behavior.

Results

Descriptive Statistics of Participants

The mean age of the participants was 9.52 y.o. (median = 10, 
PC25 = 8.5 and PC75 = 10.5) and the mean of Verbal Com-
prehension Index from the WISC-IV or V scale (Wechsler, 
2007) was 103.8 (median = 105, PC25 = 89 and PC75 = 
117) (see Table 3).

A Descriptive Statistical Analysis of Session 2 and 10 
from each category were performed (see Table S1). A total 
of 1631 behaviors in session 2 and a total of 1393 behaviors 
in session 10 were analyzed in 21 participants (85.7% male). 
In general, in session 2 (initial session), the average fre-
quency of positive social interactions (HLI) (M = 1.14, SD 
= 1.39, range [0–4]) was lower than the average frequency 
of low intensity interactions (LLI) (M = 20.24, SD = 6.74, 
range [7–30]).

A general decrease in the number of social behaviors was 
observed in session 10, even so, an increase in the number of 
behaviors related to ASD nuclear difficulties such as positive 
social interaction (HLI; S2 = 5.65%; S10 = 12.67%) (M = 
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2.2, SD = 3, range [0–11]), verbal social communication, 
eye contact or emotional gestures was observed, as well as 
a decrease of the low-level interactions (LLI) (M = 14.7, 
SD = 5.1, range [3–23]). Finally, negative level interaction 
(NLI) was registered in session 10 (M = 0.4, SD = 0.7, 
range [0–2]).

Outcomes Results

Results of Polar Coordinate Analysis

To perform these analyses, we included 20 participants from 
the sample, because data from VIQ from one participant 
was missing. Coordinate analyses were performed in two 
subgroups: Verbal IQ (VIQ)> 90 (n = 14) and VIQ < 90 
(n = 6).

Focal behavior: Response to an Interaction

In session 2 (see Table 4 and Fig. 1), a significant activation 
relationship was observed between focal behavior response 
to an interaction and low-level interaction conditioned 
behavior, in 9 of the 14 participants with VIQ > 90. Simul-
taneously, low-level interaction (LLI) inhibited the response 
to interactions, since the vector with a significant radius rep-
resenting LLI is located in quadrant IV (Quadrant IV, radius 
= 2.29, SDradius = 0.59, angle = 346°, SDangle = 8.91, p < 
0.05). On the other hand, for the rest of the participants with 
VIQ > 90 (5/14), there was a relationship of mutual activa-
tion between response and low-level interaction (LLI), but it 
was not statistically significant (Quadrant I, radius = 1.69, p 
> 0.05). In two of these participants, functional communica-
tion (FUNC) significantly activated the response to interac-
tions (participant 13, Quadrant I, radius = 2.29, p < 0.05; 
participant 1, Quadrant II, radius = 2, p < 0.05). However, 
while for the first participant, the response to interactions 
in turn activated functional communication, for the second, 
these responses inhibited functional communication. Finally, 
we observed again in one participant from VIQ > 90 group 
that high-level interaction (HLI) activated the response to 
interactions (participant 21, Quadrant II, radius = 2.05, p < 
0.05) and initiations of interaction (IN) inhibited the appear-
ance of new social responses for another (participant 13, 
Quadrant III, radius = 2.5, p < 0.05).

Coinciding with the other group, we observed that low-
level interaction (LLI) inhibited the response to interactions 
observed in 5 of the 6 participants with VIQ < 90 (Quadrant 
IV, radius = 2.34, SDradius = 0.19, angle = 340º, SDangle = 
8.98, p < 0.05). Other findings obtained in the VIQ > 90 
were not observed in this group, but a significant relation-
ship of mutual activation between look without eye contact 
(NOEC) and response to interactions in one of the members 
of this group was found (participant 15, Quadrant I, radius 
= 2.34, p < 0.05).

In session 10, we observed again, in fewer participants, 
the previous relationship of significant activation between 
focal behavior response to an interaction and conditioned 
behavior low-level interaction (5 of the 14 participants with 
VIQ> 90) (Fig. 1) (Quadrant IV, radius = 2.58, SDradius = 
.47, angle = 345.73°, SDangle = 8.18, p < 0.01; in 2 of the 
6 participants with VIQ < 90 (Quadrant IV, radius = 2.47, 
SDradius = 0.66, angle = 355.8°, SDangle = 0.23, p < 0.05).

In session 10, regarding to the VIQ < 90 group, we 
observed in one participant how conventional gestures 
(CONVG) activated responses to interactions while they 
inhibited these types of gestures (participant 18, Quadrant 
II, radius = 2.28, angle = 131.72°, p < 0.05). No other sig-
nificant relationships between behaviors were observed in 
this subgroup.

Focal Behavior: Initiation of Interaction

The set of associated behaviors was significantly greater for 
this focal behavior than for the response to interaction.

In session 2 (see Table 5 and Fig. 2), the group of par-
ticipants with VIQ> 90 had a greater initiation of interac-
tions (11 of 14 participants initiated social interactions in 
the initial session (M = 5.64, SD = 3.58, Range [1–12]), 
compared to the other group (only 3 of 6 participants, M = 
2.67, SD = 2.08, Range [1–5]). In two of the participants 
in this group, there was a significant relationship of mutual 
activation between high level interaction (HLI) and focal 
behavior (initiation of interaction) (Quadrant I, radius = 
3.90, SDradius = 1.39, angle = 10.11°, SDangle = 5.18, p < 
0.01). Also, we observed a relationship of mutual inhibition 
between focal behavior (initiation of interaction) and deictic 
gesture behavior (POINTG) in 4 of the participants (Quad-
rant III, radius = 2.12, SDradius = 0.15, angle = 227.98°, 
SDangle = 8.09, p < 0.05). Mutual activation relationships 

Table 3   Participants 
demographics

Demographics All participants (N =  Participants with 
VIQ < 90 (n = 

Participants with VIQ > 90

Mean age (SD) 9.5 (1.12) 9.5 (1.17) 9.8 (1.09)
Mean verbal index quotient 103.8 84.2 112.2
Sex 18 males 3 females 5 males 1 female 12 males 2 females
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between focal behavior (initiation of interaction) and ver-
bal social communication (SOVERC) were also observed 
in 2 participants (participants 3 and 13: Quadrant I, radius 
= 3.20, SDradius= 0.04, angle = 24.37°, SDangle = 3.94, p < 
0.01) and activation of eye contact (EC) by focal behavior 
(initiation of interaction) (participant 3, Quadrant IV, radius 
= 4.57, angle = 354.75°, p < 0.01) (participant 13, Quadrant 
I, radius = 3.2, angle = 48.59°, p < 0.01).

In the group of participants with VIQ < 90, only 3 of the 
6 participants-initiated interactions in session 2 (M = 2.67, 
SD = 2.08, Range [1–5]). As it can be seen in Figure 2, 
results show a significant relationship between deictic ges-
tures (POINTG) that activated focal behavior (initiation of 
interaction) in 2 of the 6 participants (participant 15, Quad-
rant I, radius = 2.77, angle = 56.59°, p <0.01) (participant 
10, Quadrant II, radius = 2.68, angle = 97.39°, p <0.01).

In session 10 a lower number of significant relation-
ships was compared to session 2 and in a smaller number of 
participants in both groups (Figure 2). However, both eye 
contact (EC) (Quadrant II, radius = 3.55, SDradius= 0.19, 
angle = 95.41°, SDangle= 1.94, p < 0.01) and smile (SMIL) 
(Quadrant II, radius = 3.04, SDradius = 0.93, angle = 96.87°, 
SDangle = 4.06, p < 0.01) activated the initiation of social 
interactions in two participants from the VIQ > 90 group 
(participants 3 and 13). This type of relationship did not 
occur among participants in the VIQ < 90 group.

Discussion and Conclusions

The main purpose of this study was to study social skills 
(“responding to interaction” and “initiating interaction”) and 
provide data quality about the possible changes in social 
behaviors in children with ASD who participated in an 
adapted social skills training program. We were interested 
in observing changes between the second and the last ses-
sion of a social skills intervention program for children with 
ASD, through Polar Coordinate Analysis. Additionally, we 
aimed to evaluate differences in children according to their 
intelligence quotient. Regarding treatment, our purpose was 
to observe whether a brief intervention program could cause 
initial and little changes in social behavior adapted to our 
community context (Lerner & Mikami, 2012; Matthews 
et al., 2019).

Results show that, in general, our social skills interven-
tion improved the quality of interactions but not the quantity, 
observing a diminution in the quantity of social behaviors in 
session 10 but improving the quality (more positive behav-
iors than in session 2).

Concerning methodology, mixed methods framework 
provides results that inform about the quality of the inter-
actions established between the participants and also the 
existence or not of relational patterns. These micro-con-
ducts and specific information were obtained through the 
rigorous observation in natural situations (Anguera, 2003; 
Portell et al., 2015) of the interactions during a sponta-
neous time-play (Deckers et al., 2016; McMahon et al., 
2013; McMahon et al., 2013). According to several inves-
tigations (Koenig et al., 2010; Lerner & Mikami, 2012), 

Table 4   Polar coordinate analysis results corresponding to response to interaction as the focal behavior

LLI low-level interaction, FUNC functional communication, HLI high level interaction, IN initiations of interaction, NOEC looking without eye 
contact, CONVG conventional gestures

Code Quadrant Ratio Radius Angle SD radius SD angle Angle range nº participants

Session 2
IQV > 90

LLI IV  − 0.44 2.29 346.46 0.59 8.91 334.16 357.84 9
LLI I 0.09 1.69 16.60 0.60 21.75 0.11 52.63 5
FUNC I 0.50 2.29 29.81 – – – – 1
FUNC II 0.95 2.00 108.58 – – – – 1
HLI II 0.75 2.05 131.60 – – – – 1
IN III  − 0.71 2.50 225.17 – – – – 1

Code Quadrant Ratio Radius Angle SD radius SD angle Angle range nº participants

Session 10
IQV > 90

LLI IV  − 0.43 2.58 345.73 0.47 8.18 334.43 356.59 5
IQV < 90

LLI IV  − 0.08 2.47 355.81 0.66 0.23 355.64 355.81 2
CONVG II 0.75 2.28 131.72 – – – – 1
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questionnaires cannot provide that type of information, 
and this specific and detailed information can contribute 
to develop more specific interventions to improve social 
skills in children with autism. Many researches with brief 
interventions, expose that existed difficulties to conclude 
if their groups’ interventions were effective (Lerner & 
Mikami, 2012). With observational methodology, in our 
research, and inside mixed methods perspective, we could 
observe the micro-conducts that were at the beginning of 
the intervention and at the end, exposing the little differ-
ences before and after the intervention and getting more 
specificity in the process and evolution of each partici-
pant. These results were consistent with our previous study 
(Alcover et al., 2019), where we analyzed the evolution of 

social behaviors in five adolescents with ASD during an 
intervention of social skills. We concluded that the evo-
lution and performance of social skills was different for 
each participant, observing better performance in some 
participants after the intervention.

In the present study, we aimed to study the influence of 
one more factor and used Polar Coordinate Analysis to detect 
possible changes associated with VIQ. Regarding relation-
ship with verbal intelligence quotient (IQ), we found differ-
ences between sessions 2 and 10, both in social responses 
and initiations.

In our sample, we observed controversial but interesting 
results. Initiations of interactions were more complex and 
included more social components in participants with VIQ > 

Fig. 1   Polar coordinate results in Response to interaction as a focal behavior in sessions 2 and 10 in participants with VIQ > 90 and VIQ < 90
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90 before and after intervention (initiations with social com-
munication, eye contact, smile and use of gestures). Instead, 
the group with lower VIQ showed less patterns and low qual-
ity at the beginning. Regarding the response to an interaction, 
participants with VIQ < 90 showed a better improvement, 
specifically an activation of responses was observed through 
the behavior of looking without eye contact, indicating a low-
quality level of interaction. According to Lebarton and Iverson 

research (2016), new significant pattern in these participants 
was observed, indicating an activation of the responses through 
conventional gestures. The results are highly variable, observ-
ing improvements in different areas in both groups; according 
with McMahon and colleagues (2013) that did not find a rela-
tionship between effectiveness of social skills training and IQ. 
However, other studies obtained better results in people with 
autism spectrum disorder and normal IQ rating (Gates et al., 

Table 5   Polar coordinate analysis results corresponding to initiation of interaction as the focal behavior

POINTG pointing gestures, HLI high level interaction, SOVERC social verbal communication, EC eye contact, CONVG conventional gestures, 
LLI low-level interaction, NOEC looking without eye contact, NONFUC non-functional communication, PX proximity, RES responses to an 
interaction, SMIL smile, FUNC functional communication, FP functional play, EMOG emotional gestures, DESCG descriptive gesture, OBJ 
sharing object

Code Quadrant Ratio Radius Angle SD radius SD angle Angle range nº participants

Session 2
IQV > 90

POINTG III  − 0.71 2.12 227.98 0.15 8.09 218.35 237.60 4
HLI I 0.24 3.90 10.11 1.39 5.18 6.44 13.77 2
SOVERC I 0.37 3.20 24.37 0.04 3.94 21.58 27.15 2
EC IV  − 0.09 4.57 354.75 – – – – 1
EC I 0.75 3.20 48.59 – – – – 1
CONVG II 1.00 4.46 95.53 – – – – 1
LLI IV  − 0.46 2.68 332.69 – – – – 1
NOEC II 1.00 3.45 94.69 – – – – 1
NONFUC I 0.04 1.99 2.06 – – – – 1
PX II 1.00 3.42 94.73 – – – – 1
RES III  − 0.70 2.50 224.83 – – – – 1
SMIL II 0.96 2.07 107.16 – – – – 1

IQV < 90
FUNC I 0.93 3.20 68.33 – – – – 1
POINTG II 0.99 2.68 97.39 – – – – 1
POINTG I 0.83 2.77 56.59 – – – – 1

Code Quadrant Ratio Radius Angle SD radius SD angle Angle range nº participants

Session 10
IQV > 90

EC II 1.00 3.55 95.41 0.19 1.94 94.03 96.78 2
FP II 0.99 2.55 98.29 – – – – 1
SMIL II 1.00 3.04 96.87 0.93 4.06 94.00 99.74 2
HLI II 0.99 3.38 96.83 – – – – 1
CONVG I 0.78 2.23 51.28 – – – – 1
POINTG II 0.89 1.97 117.47 – – – – 1
SOVERC II 0.99 2.31 99.61 – – – – 1
EMOG IV  − .17 2.33 350.47 – – – – 1

IQV < 90
SOVERC IV  − 0.22 2.00 347.34 – – – – 1
CONVG II 0.98 1.98 102.79 – – – – 1
DESCG IV  − 0.22 1.98 347.21 – – – – 1
POINTG IV  − 0.22 1.99 347.28 – – – – 1
OBJ IV  − 0.22 2.01 347.40 – – – – 1
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2018). Children with higher intelligence coefficient have more 
social skills than children with lower IQ, but this does not 
imply that their evolution is better than others.

In relation to sex, we observed that two out of three females 
showed more patterns of responses to an interaction. There 
are many controversial aspects regarding this subject. Choque 
et al. (2017) observed more improvements in females than 
males. Our results did not include a significative number of 
both sexes, so we cannot affirm that girls perform better qual-
ity and quantity patterns than boys. Coinciding with another 
observational research, females performed more social inter-
actions than males (McMahon et al., 2013; McMahon et al., 
2013).

Generally, from results obtained in our study, we observed 
a better baseline of social responses in participants with higher 

VIQ. However, we observed new quantity and quality patterns 
after the intervention in participants with lower VIQ. With 
this research, we cannot conclude whether there are similar 
or common social behavior patterns between children with 
ASD, with a VIQ greater than 90, but we could better under-
stand our participants, supporting and adapting our interven-
tion with specific objectives to improve their impairments in 
social competence.

This knowledge could allow professionals to better under-
stand the deficits and difficulties in communication and inter-
action that our participants tend to present and adapt their 
interventions, making them more efficient and beneficial for 
patients.

Fig. 2   Polar coordinate results in Initiation to interaction as a focal behavior in sessions 2 and 10 in participants with VIQ > 90 and VIQ < 90
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Limitations

There are several limitations that should be considered for 
future researchers. Firstly, the most important limitation 
was the number of observations registered and codified. 
More observations are needed during the group and post-
treatment to measure the effectiveness of the intervention. 
Having several observations during different times (at the 
beginning, in the middle, at the end and post-treatment) 
could contribute to have information about the evolution of 
the micro-conduct during the intervention (Alcover et al., 
2019). Secondly, observers who coded the data were not 
blind to the study goals. Future research should consider 
the possibility that observers were totally blinded to avoid 
bias.Thirdly, our observation was only focused on social 
behaviors of each participant, but we did not include infor-
mation about how one person’s behaviors are followed by 
other person’s reaction. This is an important limitation 
because it does not allow us to obtain information about 
how one participant responds to another person’s behav-
iors. Observation of dyadic interactions could provide 
information about other’s reactions. Finally, no control 
(waiting-list or traditional SSI; Lerner & Mikami, 2012; 
Marro et al., 2019) group was used, limiting interpretabil-
ity of effects. We are a community hospital and we were 
limited by the clinical demand. However, we plan to per-
form further research with a control group (waiting list).

Implications

Our findings show that mixed methodologies are useful 
to obtain information about patterns of micro-conducts 
that participants exhibit in social situations. Observational 
methodology can provide valuable data related to com-
munication and social behaviors, complementing data 
obtained from other traditional methods, such as question-
naires. For example, observing new patterns of complex 
social behaviors can inform about the improvement of par-
ticipants after the intervention. Moreover, the use of polar 
coordinate analysis offers information about the evolution 
of the changes of participants, session by session. This 
methodology allows us to observe the process of change-
ment, and not only changes before and after an interven-
tion. This information might be valuable to determine 
suitable modifications in the design of the intervention.

Furthermore, as aforementioned, future research could 
include information about dyadic interactions, which 
would allow professionals to understand sequences of 
behaviors between participants.

Moreover, based on the findings of this research, it is 
recommended to design social skills intervention groups 
for patients with ASD in community hospitals taking in 
account their VIQ level. We observed that both groups of 
patients (higher and lower VIQ) could learn and develop 
different social competences such as eye contact, gestures 
or social communication. In fact, each group had different 
needs and trajectory. It would be useful to design specific 
interventions considering the line base characteristics of 
each group (higher and lower VIQ) in order to obtain the 
maximum profit of the intervention.
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