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This study examined the relationship between teacher identification of socially at-risk
adolescents and baseline student social competency levels. Additionally, the feasibility and
effects of an eight-session, virtual social training were analyzed. Upon completion of the
virtual social training, the transfer effects from the targeted intervention into the general
education classroomwere determined. Study participants (N�90) were comprised of sixth,
seventh and eighth-grade students from four public middle schools in Dallas, Texas. Data
was collected through classroom teacher questionnaires to measure students’ baseline
social behaviors. In addition, pre-post student performance measures in the areas of affect
recognition, social inference, and social attribution were administered. Results revealed
that middle school teachers were effective identifiers of students with lagging social skills.
Baseline ratings of social skills showed a high positive association between student affect
recognition and teacher rating of participant total social skills including communication,
cooperation, responsibility, and self-control. A high negative association was found
between student affect recognition and problem behaviors. A high negative association
was also found between student perspective-taking and hyperactivity and externalizing
behaviors. Student pre-post test performance measures revealed significant improvement
in affect recognition, attribution, and social inferencing after undergoing the virtual social
training. At the time of a 5°week follow up, teachers rated participants’ social skills in the
areas of communication and assertion as significantly improved. Sixty-eight percent of
participants reported increased confidence in social communication skills such as relating,
maintaining, adapting, and asserting thoughts after the training. Preliminary findings from
this small-scale study provide evidence that a brief eight-session, virtual social training in
middle school is a feasible delivery model that can achieve positive effects on social
behavior, and that teacher referral was a reliable way to identify students who could benefit
from the training. Incorporating teacher perspective aided in translating a previously lab-
based training into an ecologically relevant setting while addressing a programming need
to meet the social demands of adolescence.
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INTRODUCTION

Middle school, commonly grades six through eight in US
education, is an opportune environment for teachers to
observe and measure social behavior change. Early adolescence
is recognized as a maturational period of learning and
development, with heightened receptivity to specific social
contexts (Giovanelli et al., 2020). With high demands for
communication, cooperation, and assertion, a middle school
classroom is rich with social interaction, potentially leading to
problem behaviors. In fact, during middle school, students may
face considerable challenges ranging from peer pressure,
academic competition, and social comparison among peers,
which may result in decreased connectedness with teachers,
school staff, and classmates (Cappella et al., 2019).
Furthermore, how middle schoolers respond to peer-evaluative
stress may, in part, influence tendencies to withdraw from social
interactions (Kaeppler and Erath, 2017). Given this critical role of
peer interaction during adolescence, greater incorporation of
efforts to boost positive communication methods and
resiliency in the face of negative peer contagion may prove
beneficial (Rapee et al., 2019). Educational practices focused
predominantly on rudimentary social skill behaviors such as
eye contact, greetings, turn-taking, and friendship-building
may fall short in building socially confident and capable
communicators. The tendency in traditional public education
beyond elementary school has been to assume that children will
automatically acquire nuanced social skills as part of the
developmental process (Ogilvy, 1994). However, since the
adolescent brain is still developing, it needs to be molded and
shaped to learn and adapt during this window of neural
reorganization (Blakemore et al., 2010).

As early adolescents develop, between 11 and 14°years of age,
the social rules and demands become more abstract and require
higher levels of social information processing. According to the
Crick and Dodge (1994) model of social information processing
(SIP), individuals in social situations: 1) perceive and encode the
situational and social cues, 2) form a mental representation and
interpretation of the situation, 3) select a goal or desired outcome
for the interaction, 4) recall or construct possible reactions to the
situation, 5) evaluate these reactions, and, finally, 6) initiate what
they expect to be an adequate action. Additionally, developing
complexities of social competency in adolescence include an
awareness of another person’s needs, a gradual increase in
perspective-taking skills, and an ability to decode others’
emotional cues to understand intentions (Ma et al., 2020).

Of particular interest in recent research is the social
performance and behavior of adolescents that attend middle
schools predominately with low social-economic status who
may be at risk for delayed or stalled social reasoning skills.
With 155,000 students and 239 schools, the Dallas
Independent School District (DISD) is one of the nation’s
largest districts with 92% of its students Black or Latino and
overwhelmingly low-income (Gándara and Orfield, 2021).
Previous research within DISD has found that investing time
in cognitive training during regular school hours with at-risk
middle school students, could serve to enhance the development

of higher-order thinking, thereby promoting the developmental
trajectory of cognitive skills (Gamino et al., 2014). As such,
utilizing a socially based cognitive training for students who
lack social engagement or have difficulty with social
perception and reasoning, could mediate a variety of cognitive
breakdowns, both internally in terms of confidence and comfort
level, and externally in regards to school-specific relationships
and social communication. If left unaddressed, these breakdowns
are likely to persist in at-risk populations during the development
of the social self.

A systematic review on Social-Emotional Learning (SEL)
programs conducted by the Collaborative for Academic, Social,
and Emotional Learning (CASEL) among others found that SEL
programs yield many benefits for children and adolescents,
however, as of 2018, only 11 out of 50 states had freestanding
K-12 SEL standards (Payton et al., 2008; Eklund et al., 2018). In a
summary of randomized, controlled trials heavily focused on
social-cognitive theory, it was suggested that youth are most likely
to benefit when receiving individual-level behavioral skills, family
level support and communication, and autonomous motivational
support from the broader social environment, which could
include the school system and educators (Wilson et al., 2017).
Likewise, an additional meta-analysis revealed continued long-
term benefits following program participation when investigating
the longer-term impact of exposure to SEL programming in the
school (Taylor et al., 2017). Finally, Mahoney and colleagues
examined four large-scale meta-analyses on student outcomes
related to participating in school-based SEL programs and found
that although SEL programs can result in positive student
outcomes socially and academically, it is prudent that multiple
stakeholders (policymakers, funders, educators, researchers, and
families) work together to ensure that as many students as
possible benefit from well-conceptualized and well-
implemented SEL programs (Mahoney et al., 2018).

Two large-scale studies of more than 25,000 students across
elementary, middle, and high school found that students in lower
grades reported greater cognitive-behavioral and emotional
engagement than those in middle and high school (Wang and
Eccles, 2012; Yang et al., 2018). Additionally, when examining
recent trends in student social-emotional learning, it was found
that self-efficacy, social awareness, and, to a lesser degree, self-
management decrease after Grade 6 (West et al., 2020).
Furthermore, teachers are recognized within the school setting
as first identifiers and responders to the social needs of students,
yet several studies point to a lack of help from school policies or
clear lines of support once educators have observed social
difficulties (Solberg, et al., 2020; Nyborg, et al., 2020). As such
a process to accurately identify and then refer for social support in
middle school may be lacking. A group of researchers conducted
an analysis of available social skills assessments to assist middle
school teachers in the accurate identification of students
struggling socially and found that only 10 out of 73 potential
tools were identified as a strong assessment choice (Haggerty
et al., 2011). One measure identified as appropriate was the Social
Skills Improvement System, as it includes direct teacher
observation ratings of social behavior such as assertion,
communication, responsibility, and self-control as well as a
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problem behavior scale for internalizing and externalizing
behaviors, among others (Gresham and Elliot, 2008).

The window of dynamic growth and autonomy in adolescence
may offer insight into the importance of intersections between
developmental social neuroscience, social-emotional learning,
and technology (Giovanelli et al., 2020). Evidence suggests that
how technology users interact in a virtual world is strongly
associated with their behavior and personality in the real
world (Bayraktar and Amca, 2012; Wohn and Wash, 2013). In
a paper outlining foundational principles required to ensure
learner immersion, the presence and representation of self in a
virtual world was found to be critical in promoting deep levels of
social engagement (Mount et al., 2009). Additional studies have
supported utilizing an avatar-driven, virtual learning platform as
a social training tool for children and young adults with high
functioning autism spectrum disorder, specifically for social-
cognitive skills such as theory of mind and affect recognition
(Wainer and Ingersoll, 2011; Kandalaft et al., 2013; Maskey et al.,
2014; Didehbani et al., 2016; Zhao et al., 2020). Results offered
promising data to support the use of three-dimensional virtual
platforms as a social training tool but may have been limited in
terms of generalization, as the studies were conducted in a
controlled laboratory setting as opposed to the natural context
of middle school. Although modern technology can provide a
robust platform to engage and motivate learners, it is also
necessary to balance state-of-the-art solutions with human
interaction, mentorship and strong teacher-student
relationships (Kamińska et al., 2019). Implementation of a
social skill training utilizing technology at the middle school
level may result in an increase in student engagement and
attention when the curricular content matches students’
developmental interests or is delivered in a novel way, unique
to student age and learning style. Moreover, when SEL programs
honor an individual’s desire to achieve social competencies and
respect the interests, trends, and needs of adolescents, motivation
can be captured along with instilling the beginnings of a mindset
shift (Yeager, 2017).

Given the importance of identifying and supporting
adolescents struggling socially in middle school, the purpose of
this study was to 1) examine the relationship between teachers’
ratings of student social skills and student baseline performance
on standardized measures of social competency, 2) analyze the
feasibility and preliminary effects of implementing an eight-
session virtual social training with strategy-based coaching for
identified adolescents in the public school setting, and 3)
determine transfer effects from the targeted social skill training
to the general education classroom, as reported by teacher
observations 5°weeks following the training.

We hypothesized that 1) teachers are reliable identifiers of
middle school students with lagging social skills; 2) the
implementation of an eight-session virtual social training
would be feasible within a naturalized context of public
school, as evidenced by student participant improvements in
measures of emotion recognition and social attribution; and 3)
improvement on other related social communication skills
observed by teachers in the classroom setting.

MATERIALS AND METHODS

Participants
Study participants were sixth, seventh, and eighth-grade students
throughout four public middle schools in Dallas, Texas.
Procedures were approved by the Institutional Review Board
at the University of Texas at Dallas and the Dallas Independent
School District Research Review Board. All middle school
teachers who identified potential students for the study were
given the opportunity to provide written informed consent upon
student enrollment and take part in completing teacher rating
scales. Cumulatively, 116 students were identified for potential
participation across the four middle schools. Of this pool, 26
students did not enroll in the study due to frequent suspension,
academic probation, transient attendance, and/or lack of parental
consent, leaving 90 students and their parents or legal guardians
who signed informed assent (student) and consent (parent or
guardian). Of the 90 student participants, 40 were in the sixth
grade, 27 were in seventh grade, and 23 were in eighth grade. The
average age of the students was 12.4°years (range 11–14°years)
and included 8% Caucasian, 73% Hispanic, 13.5% African-
American, and 5.5% Asian or Other race. Sixty-one males and
29 females comprised the total student sample.

Procedure
All procedures were conducted at four Dallas public middle
schools and the Center for BrainHealth® at the University of
Texas at Dallas. Study staff was comprised of three master level
clinicians and two graduate research assistants. An informational
flier introducing the study was made available to all teachers at
each school. Additionally, teachers were provided examples of
social themes that would be covered in the virtual social training,
such as initiating and maintaining conversations, understanding
the quality of relationships and interactions, and recognizing and
responding to peer pressure and adult authority. Teachers were
asked to nominate individuals for participation in the program
via a brief student identification form. Teachers reported the
following description(s) of each student’s social behavior in the
classroom as the reason for referral: isolated or withdrawn,
awkward conversational exchanges, limited group
participation, rigid thinking, and/or skewed perceptions or
reactions. Teachers could indicate more than one reason for
referral. The most frequently reported reasons for referral were
shy and withdrawn social behavior and awkward conversational
exchanges (Table 1). For this study, adolescents between the ages
of 11–14, who spoke fluent English, as defined by being able to use
five-to-six word phrases and follow one-to-two step verbal
directions, were eligible to participate. A letter and flyer were
then sent home to the teacher-identified students to inform the
parents of the availability of the study. All parent forms were
proffered in English and Spanish. Interested parents were asked
to contact study staff to complete informed consent procedures
and provide general student demographics such as ethnicity,
language spoken at home, medical history including prescribed
medications and/or treatments, pre-existing psychiatric/mental
illness, educational diagnosis (such as non-clinical, attention
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deficit hyperactivity disorder, other health impairment, autism
spectrum disorder, and learning disability), and a brief
description of their child’s social skills. Study staff
coordinated with teachers to determine which class period
during the school day participants could complete the virtual
social training and related assessments. Students also provided
input toward which class periods were preferred/non-preferred.
1°week before the commencement of the virtual social training,
student pre-test measures were administered, followed by eight,
45°min social coaching sessions. Student post-test measures
were conducted no more than 1°week after the conclusion of
the virtual social training. All student procedures were
conducted within a 4–5°week time period, depending on
student availability and the school calendar. Students
completed pre and post-test measures individually, and then,
to establish feasibility of delivering the training within the
natural context of the school setting, participants were
matched with a peer that was performing at a similar
competency level for the duration of the virtual social
training. Other feasibility factors included accommodating
for more students, delivering intervention within limited
times during the school day, and meeting administrator
requests. Participants who were observed by study staff to
have difficulty attending within the virtual environment (n �
8) were assigned individual training sessions although no
difference in the delivery of the training or coaching existed,
thereafter. Participants then individually completed the virtual
social training post-test. All participants, both paired and
individual, completed eight sessions of the virtual social
training as well as 1°h pre-test and post-test sessions each.

Measures
The Teacher form of the Social Skills Improvement System-
Rating Scale (SSIS-T; Gresham and Elliott, 2008) assessed
students’ social skills preceding and approximately 5°weeks
following the virtual social training. The SSIS-T is one of the
aforementioned 10 assessment tools for teachers and is a norm-
referenced, standardized scale that provides a broad assessment of
students’ social skills across seven domains using 46 items and
problem behaviors across five domains using 30 items. Subscales
related to social skills include data on areas such as
communication and assertion, while the problem behaviors
domain looks at areas such as internalizing problems,
externalizing problems, and hyperactivity. All items are rated
on a four-point frequency scale: Never, Seldom, Often, and

Almost Always. As documented in the SSIS Rating Scales
Manual (Gresham and Elliott, 2008), there is substantial
evidence for the reliability and validity of the score inferences
made from the SSIS-T scales and subscales. Test-retest indices for
Total Social Skills were 0.82 for the teacher version with median
stability indices for the Social Skills and Problem Behavior
subscales in the 0.80s.

The Developmental Neuropsychological Assessment-II Affect
Recognition (NEPSY-II AR; Korkman et al., 2007), a
subcomponent of this social perception subtest, was used to
measure participants’ ability to recognize others’ emotions.
This subcomponent includes three task areas that require
participants to select photographs where children appear to be
feeling the same way. NEPSY-II AR has high reliability
coefficients (rs � 0.85–0.87) and moderate test-retest
coefficients (rs � 0.50 to 0.58; Brooks et al., 2010).

The Social Attribution Task (SAT) measured participants’
understanding of social accuracy, attribution, and
intentionality (Abell et al., 2000). In this experimental
measure, adapted from the original videos of Heider and
Simmel (1944), participants were asked to narrate the
movements of blue and red triangles presented in six separate
brief videos. In the current study, pre and post-test
administrations were randomized, and two different sets of six
videos were used for each participant. For the first three videos,
participants were instructed to “Watch each video. At the end of
each video, you will describe what you think the triangles were
doing.” Then, before the start of the last three videos, the
participants were prompted to “Pretend the triangles are
people, and tell me what they are doing.” Narratives were
recorded, transcribed, and double-scored by two blind raters.
Using methods of (Castelli et al., 2000) each video from the SAT
was given a total and intentionality score both based on a six-
point Likert scale, as well as an accuracy score based on three-
point Likert scale methods (Heider and Simmel, 1944). For the
intentionality score, more points were awarded when the
participant used mental state vocabulary such as “scared,”
“surprised,” “trick,” “bully,” etc. to describe the movement of
the triangles (e.g., “Parent coaxing a child to go outside” received
higher points than “A triangle moving around in a box”).

The Social Language Development Test (SLDT; Elementary
and Adolescent Editions) Making Inferences subtest was
administered to formally assess participants’ ability to use
contextual clues (i.e., facial expressions, gestures, and posture)
to infer a pictured character’s perspective. During the Making
Inferences subtest of the SLDT, the student takes the perspective
of someone in a photograph and tells what the person is thinking
as a direct quote. The second question in each item asks the
student to identify the relevant visual clues supporting the
character’s thought. Scoring for SLDT Making Inferences
subtest includes assigning a score of one or 0 to each
response, based on relevancy and quality. The SLDT has
demonstrated good test-retest reliability (SLDT-Elementary κ
� 0.79 SLDT-Adolescent κ � 0.82), excellent interrater
reliability (SLDT-Elementary 84%, SLDT-Adolescent 85%),
and good content and criterion validity (Bowers et al., 2008;
Bowers et al., 2010).

TABLE 1 |Reason for Teacher Referral. Teachers marked which reason(s) applied
for the students they reported (N � 90).

Referral reason Number of
referrals

Percentage of total
sample (# of
referrals/N)

Isolated or withdrawn 38 42%
Awkward conversational
exchanges

43 48%

Limited group participation 25 28%
Rigid thinking 15 15%
Skewed perceptions or reactions 30 33%
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An informal student interview was conducted upon
completion of the eight-session virtual social training. Students
were asked to report subjective areas of growth and provide
insight into their progress. A clinician queried which elements of
the virtual social training were most beneficial and applicable to
students’ daily lives. Lastly, a user experience form was completed
by participants to share their impressions of interacting within
the virtual social training environment.

Virtual Social Training Environment
Virtual Gemini™ 3.0 (VG3) was developed at The University of
Texas at Dallas’ Center for BrainHealth. The Center for
BrainHealth’s Emerging Technology Lab brought the vision of
researchers and clinicians to life as a secure online multiplayer
simulation. The VG3 was an immersive 3D platform built on a
full source code version of Unreal Engine via the Unreal
Development Kit. The virtual world takes the form of a city

neighborhood block with access to many environments that are
designed to facilitate social role-play. Participants and clinicians
were represented in the virtual world by full-body avatars selected
to match gender, general height, eye color, hair color, and
clothing preferences. Virtual locations (Figure 1) included
were a school, a grocery store, an apartment building, a coffee
house, a bookstore, and an outdoor city central square area.
Exterior features within the city square included the business
fronts of a movie theater, restaurant, electronics store, and a
pharmacy, all of which provided additional real-world context.

Navigating the virtual world was achieved via use of a USB-
compatible console controller. Locomotion and interactions such
as run, walk, jump, sit, stand and interact with props were
mapped to that of conventional gaming norms. Additionally,
participants were provided a gaming headset with microphone
for voice communication before, during, and after the experience
in the virtual world. Voice over Internet Protocol (VOIP) was
handled by Mumble, chosen for its simple user interface and low
latency. Clinicians needed the additional functionality of voice
manipulation to facilitate the portrayal of many different
personas in a single coaching session. For this, the study used
MorphVox™ to manipulate pitch and tone to create simulated
voices for various clinician-controlled characters as needed,
regardless of age or gender. No participants exhibited difficulty
utilizing the technology.

Intervention
The virtual social training was designed to include a dynamic,
eight-session social coaching protocol, with established themes
and strategy focus as well as coaching targets, administered within
a virtual world (Figure 2). A team of two clinicians was assigned
to each student or pair of students to fulfill two distinct clinical
roles. Assigned as the “lead” coach, the first of the two clinicians
provided onsite user support, in-person instruction of the social
strategies, and real-time social coaching within the virtual world
(Figure 3). The second role was filled by a confederate-clinician
that interacted with participants exclusively as “faux peers” in the
virtual world and was implemented from a remote location at the
Center for BrainHealth. To ensure quality and consistency, a
clinician scenario guide was developed to guide the “faux peer” in
assuming the personas of multiple characters with unique
personality traits and varying intentions over 40 total
simulated social interactions (Figure 4). All sessions were
designed to allot sufficient time for each participant or
participant pair to receive 5–10 min of virtual social training
strategy instruction and four virtual conversations with the “faux
peers”, with social coaching between each conversation. Parents
and teachers were informed that the confederate-clinician would
play these multiple characters, while the participants were simply
told that the people they were talking to were “real people” and
were instructed to “Interact with the other avatars just like you
would normally act with people in the real world.” Study staff
were instructed to not direct the participants on what to say or do
during the social interactions. After each conversation, the lead
coach utilized a social coaching approach with guided discussion
developed from the SIP model. All participants, regardless if
paired or individual, were asked to identify if and when they were

FIGURE 1 | Virtual locations (A) Outside school; Participant, Faux Peer,
Coach (B) School classroom; Participant, Faux Peer, Coach (C) Playground
and Basketball Courts; Participant, two Faux Peers.
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using the social strategies and to explain how the strategies were
impacting their ability to recognize social cues and respond to
others. For students receiving individual training sessions, due to
having difficulty attending within the virtual environment, the
lead coach used frequent verbal cues to redirect focus and
engagement within the virtual world. Two-thirds of the
interactions took place with peers, and one-third took place
with adults. Conversations took place within the virtual world
at the following virtual locations: apartment complex (15%),
school (44%), and city square (41%), with more conversations
taking place in academic and social environments to ensure
contextual appropriateness for the adolescent years.

Analyses
To test the hypotheses that teachers are reliable identifiers of
middle school students with lagging social skills, standardized

FIGURE 2 | Virtual social training session design.

FIGURE 3 | Lead social coach. Virtual apartment, participant avatar.
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rating scales measuring social skills and problem behaviors were
provided to classroom teachers for each participant. Results were
then compared to baseline performance measures in the areas of
emotion recognition, social inference, and social attribution to
determine any association between teacher observations of social
behavior and student performance. It was expected that student
classroom-based social skills were 1) positively associated with
one or more areas of social competence at baseline, and 2)
negatively related to problem behaviors. Additionally, pre-post
participant performance data and study completion rate were
measured to establish the feasibility and effect of the
implementation of an eight-session virtual social training
within a naturalized context of public school. Lastly, to test
the hypothesis that student participants would transfer skills
into the classroom setting 5°weeks following the training, a

post-training rating scale was completed by teachers. Again,
expected findings were that implementation of an eight-session
virtual social training in a public middle school setting would
yield a positive impact on classroom social skills.

Two sets of general linear mixed models were implemented to
accommodate the aims of this study, testing the association of
student social performance measures with teacher assessments of
social behaviors and effects of the virtual social training on each of
those measures. The first set modeled each of the teacher
assessments as a function of the students’ social competency,
diagnostic category of each student (non-clinical, attention deficit
hyperactivity disorder, other health impairment, autism spectrum
disorder, and learning disability), time (pre- and post-training),
and all pair-wise and three-way interactions of those factors. The
primary test of interest was the association of the student

FIGURE 4 | Confederate-clinician/faux peer scenario guide- session four.
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measures with the teacher assessments, but the other factors and
interaction terms were included in the event they influenced the
teacher ratings. Average regression coefficients for each
dependent variable were converted to t-statistics, which
formed the basis for inference. Application of the false
discovery rate (FDR) method controlled for multiple testing.
The second set modeled each student competency measure
and each teacher assessment separately as a function of
diagnostic category (listed above), time (pre- and post-
training), and the interaction between these two factors. The
primary test of interest was the mean change due to virtual social
training, but included diagnostic category in the event that the
effect of training depended on one or more of these clinical
groups, however, no relevant interactions were found. As above,
inference for mean change following training was based on
t-statistics, and multiple testing was controlled by the FDR
method.

For both sets of models, separate variance components for
within-subject measurements (pre- and post-training measures)
and for between-subject measures were estimated. This was done
not only to allow multiple factors in the linear models, but also to
accommodate missingness in some of the time points. This linear
based ANOVA model, was reported as t-statistics instead of

F-statistics. Measurements that were not paired in time were
not excluded. Model parameters were estimated by maximum
likelihood (ML) or restricted ML for variance components; and
all models, estimates, and tests were written in the R statistical
computing language (R Core Team, 2017). The FDR method was
applied to each of the sets of models, and the FDR level was
controlled at 0.10.

RESULT

Association Between Teacher Report and
Baseline Measures of Social Competency
Table 2 presents data that examines the relationship between the
teacher ratings and measures of social competency at baseline. The
NEPSY-II AR subtest had a high positive association with the
majority of the SSIS-T Social Skills Subscales (i.e., Communication,
Cooperation, Responsibility, Self-Control) as well as the Total Social
Skills raw score. There was also a high negative association with SSIS-
T Problem Behavior subscale of Externalizing as well as The Total
Problem Behavior score. Normed standard scores on the SLDT
Making Inferences subtest had a strong negative association with
the SSIS-T Externalizing and Hyperactivity subscales.

TABLE 2 | Association between Teacher Report and Baseline Measures of Social Competency. Tests of regression coefficients, SSIS-T sub-scale associations with NEPSY-
II (left) and SLDT (right).

Association with NEPSY-II: Affect recognition Association with SLDT: Making inferences

SSIS−T
subscales

Coefficient T-value df p-value Coefficient T-value df p-value

Communication 0.26 2.24 88.7 0.027* 0.08 1.26 68.5 0.213
Cooperation 0.29 2.40 84.5 0.018* 0.10 1.36 73.8 0.177
Assertion 0.09 0.70 90.8 0.484 −0.02 −0.29 73.5 0.771
Responsibility 0.27 2.40 88.8 0.019* 0.06 0.95 69.8 0.343
Empathy 0.04 0.28 97.7 0.778 0.14 1.87 61.5 0.066
Engagement 0.17 1.19 96.9 0.237 0.04 0.46 62.5 0.649
Self control 0.35 2.44 95.1 0.017* 0.12 1.52 63.1 0.132
Social skills total 1.57 2.14 98.9 0.035* 0.30 0.81 62.1 0.422
SSIS−T problem behavior subscales
Externalizing −0.35 −2.16 72.9 0.034* −0.31 −2.63 83.5 0.010*
Bullying −0.02 −0.26 88.5 0.793 −0.06 −1.40 70.3 0.165
Hyperactivity −0.24 −1.86 81.4 0.066 −0.23 −2.85 80.1 0.006*
Internalizing −0.21 −1.56 87.5 0.123 −0.02 −0.29 69.2 0.769
Problem behavior −0.94 −2.12 87.1 0.037* −0.33 −1.23 77.3 0.221
Autism spectrum −0.29 −1.26 93.6 0.212 −0.15 −1.34 68.7 0.184

*FDR � 0.10

TABLE 3 | Student Social Skill Performance Post Training. SLDT- E and A reported in standard score, other measures reported using raw score; Neuropsychological
Assessment (NEPSY-II), Social Attribution Task (SAT), Social Language Development Test Elementary and Adolescent (SLDT- E and A).

Measure Baseline Mean Post mean T Df p-value

Measures of social competency
NEPSY-II: Affect recognition 25.59 26.91 2.89 86.0 0.005*
SAT: Total 16.40 18.12 4.56 86.0 0.000*
SAT: Intentionality 11.65 13.55 4.21 86.0 0.000*
SAT: Accuracy 6.31 7.23 2.86 86.0 0.005*
SLDT-E and A: Making inferences 82.74 91.86 6.44 71 0.000*

*FDR<0.05
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Student Social Skill Performance Post
Training
Whole group data on measures of social competency were
examined for statistical significance (Table 3). Paired t-tests
comparing pre-test and post-test differences for the total sample
(N � 90) revealed significant increases on NEPSY-II AR mean raw
scores. There was also significant improvement on the SAT total
scores as well as intentionality and accuracy subscales (N � 90).
Lastly, there was a significant improvement noted on the SLDT
Making Inferences subtest (n � 72). Standard score conversions are
compared due to the elementary and adolescent versions of the test
having slightly different scoring procedures and raw score totals.

To further address the feasibility of the training, qualitative data
was collected to evaluate each participant’s perspective and
experience. During the post-training exit interview, participants
(N � 90) were queried as to what component of the virtual
social training helped the most and why. Sixty-eight percent of
participants identified a more confident mindset in regards to their
own social communication skills such as relating, maintaining,
adapting, and asserting thoughts and ideas. Participants most
frequently reported that practicing making connections in the
virtual world, either through conversations, shared explorations,
world knowledge, and/or developed relationships was the most
helpful aspect of the training. The second most frequently
reported element was learning a strategy to help evaluate
situations and incorporate reactions, feedback, and cues from

others to generate novel solutions and implement strong social
choices. During this post-training exit interview, no participants
reported difficulty using the technology, and the overall technology
user experience for this pilot group of sixth through eighth graders
was positive. Feedback obtained from students was consistent in that
the experience of simulating social situations in a virtual world was
fun and interactive, felt “real”, and allowed for repeated practice of
social strategies in new and engaging ways.

Classroom Behavior Five Weeks Post
Training
Teachers were asked to report on how student participants were
engaging socially 5°weeks after the training (Table 4). Initial data
analysis revealed improvement in all social skills subtest areas.
Further data analyses revealed statistically significant improvement
in the areas of communication and assertion (n � 52). At 5°weeks
post training, student participants were reported to communicate
more frequently with peers and teachers (i.e., communication) and
have greater insight into when to ask for help (i.e., assertion).

DISCUSSION

The results of this pilot study show that the utilization of virtual
social training for adolescents in the middle school environment

TABLE 4 | Classroom Behavior 5°Weeks Post Training. Reported in raw scores; Social Skills Improvement Rating Scale- Teacher (SSIS-T).

Measure Baseline mean 5°Week follow-up
mean

T Df p-value

Teacher rating: SSIS-T subscales
Communication 10.97 11.95

2.38 50.2
0.021*

Cooperation 11.30 11.39
0.22 49.2

0.827

Assertion 8.47 9.76
2.98 50.5

0.004*

Responsibility 11.23 11.45
0.50 51.3

0.620

Empathy 8.30 8.39
0.16 53.6

0.873

Engagement 9.44 9.94
0.85 53.2

0.396

Self−control 11.36 11.74
0.66 53.1

0.514

Social skills total 70.84 75.13
1.42 54.0

0.161

Externalizing 6.96 7.09
0.27 46.9

0.791

Bullying 1.69 1.87
0.71 50.0

0.481

Hyperactivity 6.39 6.19
−0.46 48.3

0.648

Internalizing 6.67 6.57
−0.22 50.2

0.828

Problem behavior 22.83 21.27
−0.95 50.2

0.346

Autism spectrum 17.56 16.04
−1.75 52.1

0.087

*FDR <0.05
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appears to be feasible. Adolescents with lagging social skills are
at a disadvantage, as they tend to struggle with accurately
recognizing what others think and feel, resulting in poor
social communication skills and a negative social mindset.
These weaknesses present in a classroom setting as decreased
social participation, group work disengagement, and a limited
ability to ask for help when needed. Three important
contributions of this training study are discussed, followed by
the study’s limitations which motivate and refine future
investigations. The contributions of this research relate to 1)
the potential advantage of teacher identification and referral of
students struggling socially in middle school; 2) utilizing a
virtual environment to simulate real-life interactions with
specific social coaching targets and strategies; and 3) the
preliminary exploration that virtual social training may have
a lasting positive impact on social confidence and behavior in
the classroom.

Within the middle school setting, teachers act as key
observers of student social behavior. This pilot study
supports the feasibility of utilizing teacher identification of
social behavior and change, consistent with previous
researchers who denote that direct teacher observation of
behavior provides essential, real-time information about
student functioning and can allow for several potential
advantages, such as being used to confirm the presence of a
social problem and evaluate student response to intervention
(Clemens, et al., 2012; Miller, et al., 2014). Additionally, this
work expands on previous studies investigating the validity of
teacher ratings of adolescents’ social competency levels (Ogden,
2003). With the predominant reasons for referral in this study
being shyness/withdrawal and social awkwardness, proactively
working with teachers to ensure consistent and reliable
identification of students struggling socially may help support
quality interactions within the classroom, therefore increasing
the likelihood of student confidence, engagement, and
participation in classroom discussions. In the face of current
societal, economic, environmental, and social challenges, the
identification of lagging social skills and promotion of skill
development in the educational setting is seen as more critical
than ever before. SOCIAL, a socio-cognitive integration of
abilities conceptual framework, provides a biopsychosocial
understanding of social skill development and proposes that
social competence requires cognitive and affective capacities
(Beauchamp and Anderson, 2010). The current study builds
upon the aforementioned model and adds to the currently
limited landscape of social-emotional programming in
middle school, as this specific environment demands
dynamic and ever-changing social, communicative, and
cognitive functions. As such, schools are being urged by
political leaders and administrative policy to pay more
attention to equipping students with skills such as
communication, collaboration, social regulation, and
problem-solving, as well as critical thinking (Schonert-Reichl
et al., 2017).

Few virtual training programs have demonstrated
effectiveness beyond a single study, and a great deal of
uncertainty still exists regarding the ideal curriculum and

process to develop social skills in a virtual environment
(Howard and Gutworth, 2020). We must therefore be
cautious in ascribing cause-and-effect relationships between
the training and the observed improvements before and after
the 5°week virtual social training. Whereas this is a significant
limitation, the results offer promise as supported by the
compelling observations across training engagement and
teacher-reported improvement. Remotely delivered,
individualized social coaching sessions with a trained
clinician helped participants understand and integrate this
information. Our prior work has shown that social-cognitive
strategy training in a virtual environment can generalize beyond
the trained domains to neural signatures underpinning social
brain health, such as increased brain blood flow, with the brain
changes linked to improved complex social cognition,
emotional well-being, real-life functions, and social adeptness
(Kandalaft et al., 2013; Didehbani et al., 2016; Yang et al., 2017).
The present study offers high-quality virtual-based cognitive
coaching aimed at teaching tactical social strategies previously
shown to improve affect recognition and social engagement.
The current paradigm extends the aforementioned approach by
exploring the feasibility of training students in a traditional
middle school environment with measured social behavior
change in the classroom setting. This study replicates
laboratory findings in terms of pre-post social performance
gains and adds that the virtual social training can be
administered in a typical public middle school to improve
students’ ability to recognize others’ emotions, consider
perspectives, and interpret intentions, as evidenced by a high
completion rate of 80 percent.

Integral to the future of effective and engaging social skill
training, technology-based, interactive platforms can be
personalized to match the social competency levels and
specific social contexts of the adolescent experience while
simultaneously teaching and applying new skills. Investigating
the value of virtual technology within applied settings within
education is an important supplement to classic lab experiments
(Makransky et al., 2020). These findings support that a virtual
platform for participants to be empowered and self-monitor their
application of social strategies may increase student engagement
and motivation. Results demonstrated both improvements in
quantitative and qualitative measures of social competence and
students’ reported level of accomplishment and ability.

The present findings have implications that go beyond the
promising results of this study. More encouraging is the
attainment of positive results while students are in middle
school. Investigators found participants’ impaired social
functioning was identifiable by teachers in a classroom
setting, measurable by a standardized assessment battery, and
observed by clinicians within an online, virtual environment.
Sixth, seventh, and eighth grade may be an opportune time to
implement specialized training to improve social competencies.
The application of brain science to evidence-based
policymaking should address high-level cognitive capacities
such as self-awareness, social understanding, and decision-
making (Choudhury, 2017). Lastly, this work supports recent
advances in the study of at-risk youth that indicate a positive,
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strengths-based and preventative approach to working with
economically disadvantaged minority youth and encourages a
greater focus on identifying resilience-promoting assets within
the ecology of one’s school, family, and community (Marks
et al., 2020).

There were several interesting factors considered from this
pilot study that should influence follow-up studies of a similar
nature. Analyzing data on the frequency and quality of
participants’ interactions and strategy use while in the virtual
world could help further characterize patterns of social
engagement in adolescents, assist in measuring potential
response to the virtual social training, and serve as a useful
feedback tool for the participants. Although data analyses did
not find diagnostic category as an influential factor in the
outcomes presented in this study, further exploration of
students’ social behavior and how related competencies change
over time may lead to a more nuanced approach when classifying
different types of social learners.

LIMITATIONS

There are limitations to this pilot study involving study design.
In regards to teacher referrals, developing a Likert scale for
teachers to rate the social behavior of all students within a class,
and then refer at-risk youth may lend to a more dynamic
analysis of teacher concerns prior to enrollment in the study.
However, the strength of the design was that data was collected
in a real classroom environment by the classroom teachers,
which made it possible to quickly assess and respond to teacher
concerns as well as measure the impact of the virtual training in
a realistic setting. Most significantly, this study did not use a
control group to isolate the effects of the training. Therefore,
causation cannot be established and results must be interpreted
with caution. Due to the inclusive nature of this study, it was not
possible to develop an experimental design in the given setting
because the teachers and administrators did not want to further
disadvantage any students in an already at-risk population. To
address this, future randomized controlled trials could compare
an experimental group to a waitlist control group that engages in
conversations with a partner in the virtual world, however, does
not receive social coaching or strategies. Nonetheless, virtual
social coaching may still offer promise for future interventions.
Lastly, this study suffers from issues with missing data,
especially concerning the low response rate from teachers
(60% at 5°weeks post-training). Although teachers reported
positive social behavior change 5°weeks after the training,
using a longitudinal approach that extends to multiple
populations and age groups would provide a more
comprehensive look at generalization effects and social
performance across time. A correlational analysis between
improved social competency levels and academic
achievement could also provide insight into the benefit and
lasting effects of an eight-session virtual social training from a
holistic social-educational perspective.

Research directions for group-based social interactions within
a virtual environment also remain largely unexplored. Evidence

suggests that individuals with social challenges most frequently
avoid loud, crowded spaces and may benefit from a modifiable,
virtual environment to improve social skills (Lau et al., 2020). To
further enhance sensory immersion, it may be beneficial from an
engagement standpoint to incorporate non-player characters and
auditory features such as environmental ambient sound into the
virtual world, thereby simulating real-life experiences of small
and large group gatherings. Additionally, a platform
enhancement suggested by participants was a group gaming
component of the virtual experience.

CONCLUSION

Adolescent social development has critical cognitive elements
that govern the processing of information from the social world
and drive the attributions that are made. This work provides hope
that viable solutions for adolescents struggling socially in the
educational setting may eventually be obtained through the
provision of evidence-based virtual social training. With
advancements in naturally motivating virtual technology, real-
time social coaching is a feasible intervention approach that
promotes social communication and assertion.

The current study is an innovative and individualized
alternative that expands previously stagnated social skill
interventions. Furthermore, students demonstrate improved
precision in recognizing and understanding social,
conversational, and emotional nuances to best formulate and
execute a prosocial response, creating a strong, confident
foundation for social reasoning and resiliency.
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