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Abstract

This study investigated whether interactive virtual reality
(VR) training of social and emotional abilities (InterAc-
tion) improves socio-emotional functioning of youth with
developmental language disorders (DLD). To this end we
conducted a multiple baseline intervention study, com-
paring participants’ social abilities during a baseline phase
with their changes in abilities during the intervention
and posttest phase. The training group consisted of 29
adolescents (20 boys, 9 girls) with DLD from the Nether-
lands. The training consisted of nine, weekly (45-50 min)
individual sessions with each participant. In addition, to
improve estimation of the secondary outcomes, a matched
sample of 9 adolescents with DLD was also assessed, but
received no treatment. Results of the nonoverlap of all
pairs test showed a large effect of the VR training on more
than half of the individualized intervention goals (56.90%).
The results of multilevel analyses indicated that there
was significant improvement from baseline to posttest on

social abilities (d = 1.36), indicating effectiveness of the VR
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intervention. Secondary outcomes indicated that, compared
to the control group, adolescents of the training group
improved significantly in their cognitive Theory of Mind
(ToM). However, no significant differences were observed
between the two groups in affective ToM or in parent
reported socio-emotional functioning. Importantly, adoles-
cents highly appreciated the VR training, as they found it
both enjoyable and educational. They reported increased
interaction with peers, feeling more confident in social situ-
ations, and would recommend the training to others. These
findings suggest that interactive VR may be a promising tool
to improve socio-emotional functioning in adolescents with
DLD.

KEYWORDS
adolescents, developmental language disorders, socio-emotional
functioning, training, virtual reality

1 | INTRODUCTION

Adolescents with developmental language disorders (DLD) encounter difficulties with expressive and/or receptive lan-
guage processing, without any known underlying biomedical cause (Bishop et al., 2017). Expressive language involves
the capacity to articulate spoken sounds, while receptive language entails understanding and comprehending spoken
or written language. It is estimated that DLD affect between 5%-10% of the population (Law et al., 2000; Van Agt et al.,
2011), with agender ratio of at least 3:1 (boys: girls) (Broomfield & Dodd, 2004). Partly due to their language problems,
adolescents with DLD demonstrate more difficulties in socio-emotional functioning than their typically developing
(TD) peers (Conti-Ramsden et al., 2013; Fujiki et al., 2002; Lindsay & Dockrell, 2012). The term socio-emotional
functioning is complex, closely intertwined, and clusters a series of constructs related to aspects of young people’s
development (Schlegel et al., 2013). Emotional competence refers to the appropriate expression, understanding, and
regulation of emotions to facilitate positive social interactions and relationships (Denham, 2006). Social competence
refers to the process of acquiring insights and skills that promote positive interactions with others (Damon et al., 2006).
Research shows that adolescents with DLD experience more internalising and externalising behavior problems com-
pared to their TD peers. In terms of internalizing, they appear to exhibit more anxiety, depression, and victimization,
along with greater social and emotional difficulties compared to their TD peers (Conti-Ramsden & Botting, 2008; For-
rest et al., 2022; Wadman et al., 2008). In the area of externalizing behavior, adolescents with language difficulties
appear to have an increased risk of conflicts with peers and family (Yew & O’Kearney, 2013). This is concerning, as
problems in socio-emotional functioning lead to significant implications for health, education, well-being, and social
inclusion (Durkin & Conti-ramsden, 2010).

Although adolescents with DLD are eager to make social contacts, language problems appear to have a dual effect
on socio-emotional development (Vissers et al., 2020). First, difficulties in language production and comprehension
seem to impede the social dialogue. These problems in social dialogue, combined with negative experiences in the
past, result in adolescents with DLD engaging less in social situations than their TD peers. By participating less in social

situations, adolescents with DLD have fewer social learning opportunities (e.g., fewer opportunities to internalize
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social norms), potentially leading to issues with socio-emotional functioning. In addition to difficulties in social dia-
logue, language difficulties also appear to lead to problems in inner dialogue also known as inner speech/ self-directed
speech (Vissers et al., 2020). Inner speech is defined as “the subjective experience of language in the absence of overt
and audible articulation” (Alderson-day & Fernyhough, 2015, p. 931). It is suggested that inner speech evolves from
external (e.g., social dialogue) to internal forms during development (Vygotsky & Luria, 1994). Through child- and
adulthood, inner speech has been proposed to have an important role to achieve goal-oriented behavior (regulation;
executive functioning EF] (Baron & Arbel, 2022). Additionally, the process of internalization through social dialogue
leads to that various perspectives, intentions and beliefs of others are internalized (mentalizing; theory of mind
[ToM]) (Fernyhough, 2010). However, inner speech used by children and adolescents with DLD has been described
as less internalized, less relevant to the task, and less effective overall when compared to TD (Lidstone et al., 2012).
These difficulties in inner speech and subsequent issues in EF and ToM appear to underlie the observed/reported
socio-emotional problems in adolescents with DLD.

Building upon the research findings on inner speech, adolescents with DLD indeed demonstrate more difficulties
with cognitive functions (i.e., EF and ToM) than their TD peers. EF is described as a set of cognitive processes that guide
goal-directed behavior through the coordination of working memory, cognitive flexibility, and inhibition (Diamond,
2013). ToM refers to the ability to understand emotions (affective), thoughts, intentions, desires, and beliefs (cogni-
tive) of oneself (intrapersonal) and others (interpersonal) (Westby & Robinson, 2014). Since inner speech appears to
underlie EF and ToM, it is difficult to distinguish whether adolescents with DLD have difficulty using inner speech
and/or impaired cognitive functions (Baron & Arbel, 2022).

While the difficulties with socio-emotional functioning already occur in preschool children with DLD, they seem to
increase during adolescence (Durkin & Conti-Ramsden, 2010). This is because adolescents have the need to become
more autonomous, whereby friendships and social interactions with peers become critically important (Smit et al.,
2019). In fact, friendships in adolescence serve as a new support system, gradually replacing parental supervision
(Siegel & Shaughnessy, 1995). This is supported by recent findings that communication with friends throughout adoles-
cence can lead to the recovery of negative emotions (Espinoza, 2018). However, these protective factors of friendships
disappear when there is little/no contact with peers, leading to increased risk of loneliness and stress (Espinoza &
Hernandez, 2022; Smit et al., 2019).

Research indicates that adolescents with DLD engage less in active conversational interactions, exhibit higher
levels of withdrawal (Hart et al., 2004), and have less peer relations and friendships than their TD peers (Durkin &
Conti-ramsden, 2010). These reduced social interactions with peers go hand in hand with the absence of important
social and cognitive scaffolding during adolescence, leading to several problems in the person’s daily life (e.g., higher
levels of victimization and bullying) (Durkin & Conti-ramsden, 2010). Importantly, adolescents with DLD do report the
same desires for social interaction and friendships as their TD (Wadman et al., 2008). However, their impaired social
communication abilities/ pragmatics (e.g., asking questions, turn-taking behavior, Mok et al., 2014) and disturbed emo-
tional abilities (e.g., emotional understanding, emotional expression) lead to negative social experiences, leading to
more shyness, and less self-esteem to actually go for it (Durkin et al., 2017).

Designing an effective intervention to reduce negative consequences in socio-emotional functioning and subse-
quent problems in health, education, and well-being is a clear priority for educational and health services globally.
Yet, there is limited understanding regarding the efficacy of interventions addressing socio-emotional functioning
in adolescents with DLD (Arts et al., 2022). Treatment methods traditionally designed for DLD are mainly focusing
on the linguistic components, which fails to capture the cognitive aspects (EF/ToM) underlying the socio-emotional
issues. Current interventions aimed to improve socio-emotional functioning in adolescents with other neurocognitive
disorders (e.g., Autism) are highly dependent on language as they use hypothetical vignettes; therefore less suited to
DLD. In addition, studies examining the possible effects of EF/ToM or inner speech training in adolescents with DLD
are scarce (Arts et al., 2022). Nevertheless, in the domain of ToM, certain elements have been identified in effective

interventions. First, for improving affective ToM, it is recommended to frequently use emotion words and practice
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emotion recognition. For enhancing cognitive ToM, it is suggested to practice the use of sentential complements (e.g. “|
think, that Jule thinks that...”) and analyzing video clips of peers demonstrating in social situations (Durrleman, 2020;
Westby & Robinson, 2014). Finally, in order to achieve generalization of learned social and emotional abilities, it is
advised to practice in meaningful and real-life scenarios (Arts et al., 2022). However, realistic practice and scaffolding
of social behaviors seem difficult to attain within practical (the controllability of the situation) and ethical boundaries
(e.g., how far can one go in allowing the experience of challenging situations due to a history of victimization, bullying,
and low self-esteem, Durkin et al., 2017; Durkin & Conti-ramsden, 2010).

More recently, interactive virtual reality (VR) has been proposed as a promising language-independent technique
to treat socio-emotional difficulties in real-life situations, such as those encountered by adolescents with DLD (e.g., dif-
ficulties in social interactions with peers) (Veling et al., 2014). Interactive VR involves displaying a three-dimensional
image to the user, resulting in an immersive experience that triggers psychological and physiological responses similar
to those experienced in the real world. In interactive VR, participants can interact with this virtual world, that conse-
quently responds to their behaviors, for example through manipulation of the VR by a trainer or therapist. The use of
interactive VR appears to have several advantages. First, VR provides the opportunity to simulate a safe and realistic
environment; adolescents can practice difficult skills without any risk of victimization or rejection (Didehbani et al.,
2016). Second, a virtual environment is controllable: difficult skills can be practiced repeatedly. Third, VR aligns with
adolescents’ interests in gaming and technology (Brezinka, 2014). Finally, recent studies show positive results of inter-
active VR on improving socio-emotional functioning in adolescents with other (neurocognitive) problems (aggression:
Alsem et al., 2023; autism: Kandalaft et al., 2013; social anxiety: Chen et al., 2021). For example, the study of Kandalaft
et al. (2013) showed significant results between pre- and posttest on measures of social cognition, including emotion
recognition, and ToM in adolescents with Autism. This VR intervention consisted of 10 interactive sessions, in which
adolescents practiced various social situations (e.g., introducing, meeting strangers, working together, job interview).
In addition, the study of Alsem et al (2023) showed reduced aggressive behavior in TD children using a VR training
of 11 sessions focused on tuning in with peers (e.g., check your feelings and problem solving). Furthermore the study
showed that, compared to role-play, VR had favorable outcomes on children’s emotional engagement, practice immer-
sion, and treatment appreciation. Moreover, the meta-analysis of Chen et al. (2021) showed that VR can be effective in
reducing anxiety-related symptoms in individuals with social anxiety. Since adolescents with DLD also face problems
in “tuning in” with conversation partners in combination with the reported levels of anxiety in social situations, it is
interesting to investigate the effects of a VR training based on these previous VR methods.

To examine the potential benefits of interactive VR training for youth with DLD, we developed a novel interac-
tive VR training (InterAction) for adolescents with DLD, which aims to improve their socio-emotional functioning.
Recognizing the importance of tailoring VR programs to the characteristics of the target audience to enhance the
usability and effectiveness of previous interventions (Chen et al., 2021), we not only reviewed existing effective VR
interventions but also collaborated with students with DLD and experts in the field to design the training. The objec-
tive of this study was to analyze the effectiveness of this innovative training approach. Since this is the first time that
research is conducted into VR training in adolescents with DLD, our aim is to accurately monitor the exact develop-
ment trajectories of the individual participants. Moreover, previous research on individuals with DLD has revealed
significant variation in socio-emotional problems (Leonard, 2009). Similarly, exploratory studies on the impact of VR
for this group suggest that uniform training goals are not feasible due to this variability in socio-emotional issues
(Arts et al., 2024). Therefore, this study adopts an idiographic design, enabling participants to set personalized train-
ing goals. This individual-focused approach makes a within-subject design more appropriate than a between-subject
design, such as a randomized controlled trial (RCT). Because of this, the effect of the training is analyzed using a
multiple baseline design with frequent assessments. Such designs have been introduced as a way to closely study
whether individual cases respond to a treatment or not (Shadish et al., 2008). The use of these multiple baselines
controls for the effects of time, because each adolescents’ baseline variance serves as their own within-subjects con-

trol, rather than relying on a separate control group (Farrell et al., 2021). Additionally, this design allows adolescents
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to monitor their self-selected training goals, aligning with the heterogeneous nature of the socio-emotional chal-
lenges experienced by adolescents with DLD. Based on this design, participants were randomly assigned to 4-week,
5-week, 6-week, or 7-week baselines, followed by the VR training and a follow-up period. Additionally, to give at least
some between-subjects impression of mean changes, we used a small control group for the comparison of secondary
outcomes.

It was hypothesized that a training tailored to each adolescent’s individual needs and carried out in a safe and
reliable virtual environment would increase participants’ social abilities. More precisely, it was hypothesized that par-
ticipants’ social ability scores on the weekly self-reports would be higher in the posttest phase (after participating
in the VR training) compared to the baseline phase. Furthermore, it was hypothesized that there would be signifi-
cant improvements across time (from pre- to posttest) on secondary outcomes, including ToM (as measured using
two ToM tasks) and parent-rated socio-emotional functioning in the training group compared to the control group.
Finally, we also assessed the adolescents appreciation of the training and hypothesized that VR matches the interests

of adolescents, leading to high appreciation of the training.

2 | METHOD
2.1 | Participants

Participants of the training group were 29 adolescents (20 boys, 9 girls) with DLD, aged 13-17 years old (M = 14.72,
SD = 1.22). Inclusion criteria were having a DLD diagnosis, aged between 13-17 years, and no history of epilepsy.
The control group consisted of 9 adolescents (5 boys, 4 girls) with DLD, aged 13-16 years old (M = 14.00, SD = 1.32).
The participants of the training group were recruited from three, and participants of the control from one secondary
schools for special education of children with communication problems in the Netherlands. Teachers and professionals
at these schools were invited to an information session about the VR training program. During this session, the teach-
ers and professionals were informed about the established inclusion criteria. Based on this information, the teachers
reported suitable participants to the school psychologist. In order to recruit participants, the school psychologist sent
the information letter about the study to all students who met the inclusion criteria. This allowed selected adolescents
to voluntarily enroll in the research (i.e., voluntary sampling). Informed consent for participation was obtained in writ-
ing from parents/guardians; adolescents also gave their written consent and were told they could opt out at any time.
Randomization of the two groups (training/control) was unfortunately not possible due to the limited availability of the
VR set at the participating schools. This study was approved by the Ethics Committee of the Faculty of Social Sciences
of the Radboud University (ECSW-2022-114) on December 14, 2022.

In the Netherlands, national criteria have been established outlining when a student qualifies for special educa-
tion (Siméa, 2017). Upon application by parents or school, the first step is to check whether the students meets the
established criteria (i.e., DLD diagnosis/severity/persistence/previously performed interventions). In the Netherlands,
DLD diagnoses are established by a multidisciplinary team at an audiological center or by a treating speech thera-
pist according to the DLD guideline (Nederlandse Vereniging voor Logopedie en Foniatrie [NVLF], 2017). To receive a
DLD diagnosis, participants must (1) not have severe hearing problems, as assessed by an audiologist; (2) have typ-
ical nonverbal intelligence, as assessed by a psychologist; (3) not have neurological problems; and (4) have severe
and persistent language problems affecting communicative effectiveness (Samenwerkingen Instellingen voor mensen
met Auditieve en/of Communicatieve Beperkingen [SIAC], 2023). Language problems are considered “severe” enough
for a special education arrangement only when individuals (1) score <2 SD below the mean in one of the four lan-
guage domains (speech, grammar, semantics, pragmatics), or (2) score <1.5 SD below the mean in two of the four
language domains, or (3) score <1 SD below the mean in three of the four language domains. This deviation must be

demonstrated with at least two language tests.
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2.2 | Study design

A multiple baseline single-case experimental design with frequent assessments during a baseline phase (A), an inter-
vention phase (B) and a follow-up phase (C) was used in this study to evaluate the effectiveness of VR training. Multiple
baseline designs are seen as a practical and ethical option for challenging-to-treat and research populations, as they
require only a small number of participants, who also serve as their own controls (Vigeveno et al., 2022). A minimum of
N =4is suggested for this design (Kazdin & Kopel, 1975). Based upon sample sizes in a similar study, a sample of N =29
seems sufficient (Nitz et al., 2023). The Task Force of the Society of Clinical Psychology, a division of the American
Psychological Association, classified interventions tested in nine replicated single-case studies as “well-established”
interventions (Chambless, 1995).

2.3 | Interactive VR training

InterActionis a newly developed manualized training program, using interactive VR, that includes nine weekly sessions
of 45-50 min each, conducted in a one-on-one setting. All training sessions were conducted by the same experimenter.
The experimenter received an extensive full-day training covering the VR technology employed in InterAction. Both
hardware and software were facilitated by CleVR BV (https://clevr.net).

During the nine VR training sessions, participants practiced various social problem solving skills using interactive
role-play exercises, which are listed in Table 1. The sessions of the VR training were very structured. To begin, each
session started by identifying the target skill as outlined in Table 1. Next, the experimenter activated the participant’s
existing knowledge through questions (e.g. “What topics of conversation do you already know?”). Subsequently, the
participant viewed video clips of other peers demonstrating the target skill, consisting of three clips (including two
incorrect clips and one clip demonstrating the skill correctly). The possibility to pause, rewind, and replay during this
viewing process was aimed at promoting a deeper understanding of the perspectives of the peers (ToM) depicted in
the video (Westby & Robinson, 2014). Following this, the participant answered the following questions: (1) “What did
the persons do well in the video?,” (2) “Which persons’ abilities should be improved?,” (3) “What would both persons
think?,” and to stimulate the frequently use of emotion words and practice emotion recognition (4) “What would both
persons feel?.” Afterward, the participant practiced the skill verbally with the therapist (e.g. “How would you intro-
duce yourself to peers?”). Then, they practiced the learned social skill twice within a virtual environment. Finally, the
adolescents reflected on their skill application within the VR setting.

Toincrease therelevance of the training and promote the generalization of training content to daily life, participants
practiced social and emotional abilities in different VR environments (see Figure 1), interacting with nine different vir-
tual characters (differing in gender, haircut, skin color, facial features, height, and clothes, see Figure 2). Participants
wore an Oculus Rift S (resolution of 1280 x 1440 per eye, diagonal field of view of 115) to experience the virtual
world. Voice transformation (using the program MorphVox) was used in the virtual role-play exercises to modify the
experimenter’s voice into teenage voices. To hear the teenage voices in combination with the environmental sounds,
participants wore a headphone (3M Peltor WorkTunes Pro). Within the role-plays, the experimenter utilized a user
interface (on a laptop) to control facial emotions (i.e., happy, sad, scared, angry, surprised, and disgusted) and/or ges-
tures (e.g., pointing, waving) of the virtual characters. By allowing the experimenter to communicate freely with the
participants, spontaneity in social interaction was pursued that would not be possible with fixed scripts.

To design the interactive VR training, various phases were completed. The first phase consisted of identifying
current problems in socio-emotional functioning in the target group. To achieve this, conversations were held with
adolescents with DLD, their parents, mentors, and speech and language therapists. In phase two, it was decided
(based on the identified problems) which social and emotional problems would be addressed in the VR training (see

Table 1). In the third phase, we (1) described the content per session, (2) designed the virtual practice situations, and
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FIGURE 1 Virtual reality bus, living room, schoolyard, and presentation room.

(3) created the workbook for the participants. In phase four, the feasibility of InterAction was assessed by conducting
apilot study (involving 9 participants with DLD; Arts et al., 2024). Based on the findings of the pilot study, adjustments
were made (e.g., nine training sessions instead of six). In phase five, InterAction was implemented as described in this

current study. An example of the training session is given in Appendix A (Table A1).

2.4 | Measures
24.1 | Primary outcomes

Individual goals for socio-emotional functioning

To study the effects of the intervention on each participant’s own goals, participants assessed themselves twice a
week on six goals for socio-emotional functioning (see procedure; goal-setting conversation), during the baseline (4-
7 weeks), training (9 weeks) and the posttest phase (3 weeks). These six goals consisted of five goals selected by the
participant from a goal list (see Appendix B) and one general goal for all participants (Goal 13: “I can start a conversa-
tion with peers”). Participants evaluated their socio-emotional functioning in relation to their individual goals using a
visual analogue scale (VAS). The VAS-scale is a reliable and valid assessment instrument, similar to Likert scales (Janse
et al., 2014). In this study, the VAS scale consists of a horizontal line that ranges from “I can’t do it yet” (sad face) to “I
can do it” (happy face) (see Figure 3). When completing the VAS scale, the participant is asked to select a point on the
horizontal line that corresponds to his or her perceived ability to perform the specific social skill (e.g., “l can initiate a
conversation with peers”). If the participant has difficulty performing the social skill, the selected point will be closer to
the sad face. As the participant notices improvements in his or her performance, the selected point will gradually shift
toward the happy face. For statistical purposes, the sad face represents a score of O and the happy face represents a
score of 200. However, these scores are not visible to the participant.
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FIGURE 2 Examples of four of the nine designed virtual characters used in the VR training. VR, virtual reality.

) o ]

FIGURE 3 Visual analogue scale on the weekly self-reports.

2.4.2 | Secondary outcomes

The following tasks and questionnaire were administered as both a pre- and posttest measure.

243 | ToM

To assess potential effects of the training on ToM, we chose to administer one affective ToM task (i.e., emotion recog-
nition task [ERT], see below), in combination with one cognitive ToM task (i.e., ToMotion). We selected these tasks as
they are largely presented visually and require minimal reliance on individuals’ linguistic abilities. This makes them
particularly suited for individuals with DLD. Another advantage is that the ToMotion task was specifically designed for
adolescents with communication difficulties (Smit et al., 2022).
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TABLE 2 Evaluation questions for measuring training appreciation.

Items of appreciation

1.1 enjoyed participating in the VR training.

2.1 have learned a lot from the VR-training.

3. After the training, | have more contact with peers.

4. | have gained more confidence in social situations with peers through the VR training.
5.1 would recommend the training to other peers.

6.1f | have to rate it, | would give the VR training a:

Affective ToM

The ERT is a frequently used computerized picture task, for identifying emotions (Montagne et al., 2007). The task
presents six dynamic facial expressions (i.e., happiness, surprise, sadness, anger, disgust, and fear). Participants have to
indicate after each dynamic image which emotion is shown by multiple choice. The task consist of 96 dynamic images,
starting with a neutral face that changes into a facial expression of different intensities (40%, 60%, 80%, and 100%).
Answers could be right or wrong. A total correct score was used for analysis.

Cognitive ToM

The ToMotion test (Smit et al., 2022) is a computer-based, visual ToM task. The tasks was specifically designed to
assess ToM in adolescents in an ecologically valid manner (i.e., videoclips display real persons in everyday-life social
situations). The task consist of 13 Dutch-spoken items (1 control clip and 12 test clips), ranging from 11 to 21 s per clip.
ToM was assessed using three questions after each clip; (1) a descriptive question (“What did you just see happen?”),
(2) an explanatory question (“Why did X say this?”), and (3) a personalized question (“What would you do if you were
Y?”). The answers given were assessed with O, 1 or 2 points, based on the example answers in the manual. A maximum

of 72 points could be achieved. Total scores were analyzed.

24.4 | Socio-emotional functioning (rated by parents)

Parents filled out the “Me and the other questionnaire” (Dutch: Ik en de ander vragenlijst [IKA]) (Van Hoof et al., 2023).
Based on the 34 items on this questionnaire, parents assessed the social-emotional functioning about their adoles-
cent. Items could be answered on a 4-points Likert scale (1 = My child can’t do it yet, 2 = My child can do it with an
adult’s help, 3 = My child can do it independently with a tool, 4 = My child can do it completely independently). Parents com-
pleted this digital questionnaire before and after their adolescent participated in the VR training. Total scores were

analyzed.

245 | Appreciation of the training

To assess the participant’s appreciation of the training, each participant completed a self-designed online evaluation
form about the VR training. Participants rated their appreciation of the training on six items, on a 6-point Likert scale
(1 = completely disagree, 6 = completely agree) (see 1-6, in Table 2). In addition, participants were asked to give a grade
from 1 to 10 to the training (in Table 2). In the Dutch school system, such grades are used with a grade of six as an
anchor for satisfactory performance. Ratings were averaged for all items.
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2.5 | Procedure

After inclusion, participants engaged in a goal-setting conversation to identify their personal goal list. This goal list
consisted of a combination of one general item that was measured by all participants and five personal items. Per-
sonal items were chosen, as previous research has shown that having entirely identical goals for different participants
does not adequately account for individual differences (e.g., participants may be working on goals that are not chal-
lenging to them) (Arts et al., 2024). To limit the choice for participants, they were allowed to choose the 5 personal
items from a list of 19 items (see Appendix B). These 19 items are based on reported problems by adolescents with
DLD, their parents and their speech-and-language therapists. Second, participants completed their personal goal list
two times a week, during the baseline period. Additionally, participants completed the pretests (ToMotion/ERT). At
the same time, parent(s) completed the questionnaire about their adolescents’ socio-emotional functioning (IKAN).
Third, all participants took part in the InterAction training program described above. The VR training was performed
in a small classroom at the adolescents’ own school. Adolescents participated in the VR training during class time. All
trainings were provided by the same therapist. Finally, after participating in the training sessions, participants contin-
ued to complete their personal goal list for an additional 3 weeks, twice a week. In addition, the ToMotion and ERT (for
the participant) and the IKAN questionnaire (for the parent) were completed as posttests. As proof of participation,

participants received a diploma in combination with a 15 euro gift card.

2.6 | Analyses
2.6.1 | Individual goals of socio-emotional functioning

First, the participants’ personal goals were considered individually. For this purpose, we used the nonoverlap of all
pairs (NAP; Parker & Vannest, 2009) method, which is a commonly used index to investigate the probability that a
random measurement in one phase (e.g., posttest) is different from arandom measurement in another phase (e.g., base-
line) in single-case studies. To calculate the NAP, the points overlapping between two phases are first calculated. Then,
this value is divided by the total number of pairs (data points) to obtain an index score between “0” and “1”. A score
of “0” thus indicates no overlap between the two phases, and therefore a certain change. A score of “1” occurs when
all pairs overlap between the phases, thus indicating no change at all. In this study, NAP values were calculated using
Shiny SCDA (Bulté & Onghena, 2013). To establish a guideline for determining significance based on NAP values indi-
cating meaningful differences between two phases, we applied the following criteria: NAP 50% is chance level, > 50%
is indicative of an effect in the expected direction (Parker & Vannest, 2009). NAP values below 65% are classified as
indicating a weak effect, values between 66%-92% as medium effect, and values above 93% are identified as indicat-
ing a large effect. In this study, we calculated NAP scores based on the comparison between baseline and the posttest
phase.

2.6.2 | General goal of socio-emotional functioning

Second, the weekly changes in the in the general target skill (“l can start a conversation with peers”) were examined
both at individual and at the group level. Individual changes were again tested with NAP. For the group level, a two-
level analysis was conducted using the MultiSCED web application (Declercq et al., 2020). This method is designed
to evaluate the mean effect of an intervention by analyzing single-case experimental data with multilevel modeling. A
significant change (between the baseline and posttest phase) indicates a shift in the general social skill as a result of
the VR training. In addition, we calculated Cohen’s d effect sizes for the group means based on the means and standard

deviations of the baseline and posttest phase (Cohen, 1988).
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TABLE 3 NAP results (baseline—posttest).

Effect in the expected direction Effect in the opposite direction
Large effect Moderate effect Weak effect NAP =<.50

>.93 NAP =.66-.92 NAP =.50-.65

99 (56.90%) 42 (24.14%) 14 (8.05%) 19 (10.92%)

TABLE 4 Results multilevel analysis on the general social skill (baseline—posttest).

Parameter Estimate SE DF t p

Intercept 108.50 20.00 27.77 5.43 <.001
Time in phase .64 71 27.05 .90 .188
Phase 34.91 19.28 27.73 1.81 .041
Time in phase x phase 1.01 .99 25.02 1.02 159

2.6.3 | Secondary outcomes

To see whether the training group changes differently from those of the control group on the ToM tasks (ToMo-
tion/ERT) and IKAN, statistical test were performed. Non-parametric statistics (i.e., Mann-Whitney U test) were

employed because of the non-normality of the distribution of variables, assessed by the Shapiro-Wilk test.

3 | RESULTS
3.1 | Individual goals of socio-emotional functioning

Progress on individual goals was assessed for each participant separately with NAP analyses. Table 3 below displays
a summary of the NAP between baseline and posttest, calculated over a total of 174 goals (6 goals x 29 participants).
Detailed NAP scores per participant, per goal are shown in Appendix C.

When comparing the NAP scores between both phases (Table 3), results on 155 goals (89.08%) show an effect in
the expected direction (i.e., increase of social and emotional abilities after the intervention compared to the baseline).
Among these, results on 99 goals (56.90%) demonstrate a large positive effect, while results on 42 goals (24.14%) show

a moderate positive effect. In contrast, on 19 goals (10.92%), an effect in the opposite direction was observed.

3.2 | General goal of socio-emotional functioning

Based on the NAP analyses, 20 participants (70%) show a large effect, 6 participants a moderate effect, and 3 partic-
ipants an effect in the opposite direction on the general skill “I can start a conversation with peers” (see Appendix C).
These individual differences are visually presented in Figure 4. Given the large individual differences on this general
goal, testing for a “mean” effect over all participants may seem questionable. Nonetheless, we conducted a preregis-
tered multilevel analysis. This showed significant improvement from the baseline to the posttest phase at the group
level (see Table 4; Estimate 34.91, p =.041). The effect size, as measured by Cohen’s d, was d = 1.36, indicating a large
effect (see Table 5).
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FIGURE 4 Weekly scores on the general goal of socio-emotional functioning over time. Dashed line reflect the
start of the baseline period and the red line reflect the average score across all cases.

TABLE 5 Descriptives baseline and posttest.

Phase N Mean (SD) Min Max
Baseline 287 91.74 (41.40) 0 200
Posttest 179 147.70(32.13) 76 200

Comparison ToMotion

o Training
= Control

Mean score

Pre-test Post-test
FIGURE 5 Comparison ToMotion between training and control group.
3.3 | Secondary outcomes
To evaluate whether the gain sores between pre- and posttest of the secondary outcomes differed between the train-

ing and control group, Mann-Whitney U tests were conducted (see Table 6). For cognitive ToM, there was a significant
difference in gain scores favoring the training group compared to the control group (see Figure 5; U=41.50, p =.002).
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TABLE 6 Mann-Whitney U test results for the comparison of pretest, posttest and gain scores.

Mean (SD)
Training (n = 29)? Control (n=19)
ERT
Pretest 51.90(9.34) 52.67(11.14)
Posttest 55.41(8.43) 55.56(8.53)
Gain score 3.52 2.89
Mean rank 20.38 16.67
ToMotion
Pretest 46.10 (6.09) 45.11(7.80)
Posttest 52.31(4.99) 45.11(6.41)
Gain score 6.21 .00
Mean rank 22.57 9.61
IKAN (parents)
Pretest 93.85(16.17) 88.33(19.38)
Posttest 101.38(18.80) 91.44(18.55)
Gain score 7.88 311
Mean rank 19.04 15.00

2For the IKAN, the training condition is n = 26.

TABLE 7 Results ontraining appreciation.

Asked item (n = 29)

1.l enjoyed participating the VR training (1-6).

2.1 have learned a lot from the VR-training.

4. After the training, | have more contact with peers.

5.1 have gained more confidence in social situations with peers
through the VR training.

6.1 would recommend the training to other peers.

7.1f | have to rate it, | would give the VR training a (1-10)

-.878

-3.064

-1.020

Mean
5.14
5.03
4.31
4.76

5.14
8.21

.380

.002

.308

SD
.69
.82
.85
79

69
1.15

WI LEY 150f23

r (effect size)

Min.

wWw N W DN

(S BN

14

.50

17

Max.

(o e e NN

10

These results showed that the VR training seems effective for improving cognitive ToM, measured with the ToMotion.

For emotion recognition, in contrast to our expectation, there was no significant difference between the gain scores

of the training and the control group (U = 105.00, p = .380).

For socio-emotional functioning (rated by parents), although the descriptives point in the expected direction, the

results did not support our hypothesis, as the difference in gains between the training and control groups did not prove

to be statistically significant (U = 90.00, p =.308).

3.4 | Appreciation of the training

Participants showed much appreciation for the VR training (see Table 7). That is, they enjoyed the VR training and

would recommend the training to other peers. In addition, participants became more confident in social situations than
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before the training and had more contact with peers after the training. The average final grade given by the participants
for the VR training was 8.2 (SD = 1.15) on a 10-point scale.

4 | DISCUSSION

This is the first study into the effectiveness of a socio-emotional VR training program for adolescents with DLD. VR
training has previously been shown to improve prosocial behavior in younger children with aggression (Alsem et al.,
2023), to improve social cognition and ToM in adolescents with Autism (Kandalaft et al., 2013), and to reduce anxiety-
related symptoms in individuals with social anxiety (Chen et al., 2021). The current study extended this prior work to
determine the potential efficacy of VR training to improve socio-emotional functioning in adolescents with DLD. The
results showed that socio-emotional functioning in adolescents with DLD can be improved by interactive VR train-
ing. At an individual level, the findings revealed a large impact (i.e., more than 93% of the data points in posttest were
higher than baseline) of the VR training, on more than half of the set goals. On group level, significant changes with
a large effect size were found on the general goal of socio-emotional functioning (i.e. “I can have a conversation with
peers”) from baseline phase to posttest. Additionally, cognitive ToM significantly improved after the training in compar-
ison with the control group. However, affective ToM and parents-rated socio-emotional functioning improved, but not
significantly more than the improvement in the control group. Thus, intervention parents did not (yet) see significantly
more changes in socio-emotional functioning than control parents, although gains were made in the expected direc-
tion and sample sizes for this comparison were very small. All adolescents completed the VR training, and reported
high levels of appreciation. Taken together, we showed that practicing in a realistic and interactive VR training leads to
improvements in social abilities and cognitive ToM in adolescents with DLD. The successful attainment of their goals
canresult in greater self-confidence in, and/or motivation to participate in social situations.

Similar to previous research we found that an interactive VR training, focusing on social cognitions, can improve
cognitive ToM abilities (Kandalaft et al., 2013). Moreover, the findings of this study are consistent with current neu-
ropsychological developmental models that attempt to explain socio-emotional problems in adolescents with DLD, in
terms of an interplay between language deficits, ToM deficits and EF deficits (Tomas & Vissers, 2019). According to
these neuropsychological models, improving or stimulating underlying cognitive processes can contribute to devel-
opmental and behavioral grow. Training of these cognitions (e.g., watching videoclips of peers, and practicing in the
VR) seems to have had a positive effect on cognitive ToM in this current study. Additionally, the adolescents reported
improvements at the behavioral level (e.g., the ability to start a conversation) in their weekly self-reports. Further
research is needed to investigate how these two results have influenced each other.

Strengths of this study included the multiple-case design which provided within-subjects experimental control,
combined with an idiographic design (i.e., personalized training). The advantage of this idiographic design was that
participants were allowed to choose their own training goals, which is suggested to support training motivation
(Chiu et al., 2024). Moreover, the ability to choose personal goals made it possible to address the heterogeneous
challenges in socio-emotional functioning as encountered in adolescents with DLD. However, a limitation of the
idiographic design is that it is challenging to make generalizations at group level from individual results. Another
strength of this study was that the participants were followed for a relatively long duration, with multiple measure-
ments. This way of collecting data reflects real-life developments over time, enhancing the clinical relevance of the
results.

While the study provides evidence for the efficacy of the VR training, some limitations must also be noted. Although
the limitations of the study are mainly related to the study design, they are strongly influenced by clinical practice.
First, the current study measures the effectiveness of a new training that is a combination of cognitive behavioral ther-
apy (CBT) (i.e., the training content) and VR technology. It is therefore impossible to make definitive statements about
the effect of VR, regardless of CBT, and vice versa. Future studies could be used to determine whether VR enhances
CBT, that is, whether CBT with interactive VR is more effective than the same CBT without VR.
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A second limitation of the current study is the small sample size for the secondary outcomes, which limits the
statistical power and generalizability of findings on these measures. Future studies assessing the effectiveness of a
VR-based training should include a larger control group. Furthermore, the lack of long-term follow-up results makes it
difficult to know how the effects of the VR training are maintained over time.

A third limitation is that single-case designs require a stable baseline in order to accurately document changes
between baseline and the intervention and/or posttest phase. However, in this study there are some cases where
scores decrease during baseline, which weakens statements regarding the training’s efficacy. Future research could
address this by collectively reflecting on the goals with the adolescent, parent and teacher prior to the students’ self-
assessment. Nevertheless, a decrease in baseline scores (and the found results in the opposite direction compared to
the posttest) is not necessarily detrimental for the participants. A decrease in baseline scores can indicate an increase
in self-awareness regarding socio-emotional functioning (i.e. “I thought | was good at this skill, but based on weekly
reflection | need to adjust my scores”). This increase in self-awareness can be a useful secondary outcome of the study
design.

Indeed, our design was less strong for the secondary outcomes, that were not examined with the multiple baseline
design, but with a small between group comparison. Initially, we expected that affective ToM and parent-rated socio-
emotional functioning would also improve in the training group, as a result of the VR training. However, we found no
significant evidence of this. Unfortunately, the sample size of the control group for this secondary analysis was so small
(n = 9), that we simply did not have statistical power to demonstrate small or modest effects. Another explanation
might be the persistence of the socio-emotional problems in adolescents with DLD, in combination with the relatively
short period between pre- and posttest. The finding that parents did see gains, but not significantly more than the
control group may also support this explanation. Assessing training effects over a longer period of follow-up, would be
necessary to determine whether these secondary outcomes are obtained over a longer period of time. Another reason
for the lack of improvements in parent-rated socio-emotional functioning may be that adolescents have indeed gained
more self-confidence (as measured by weekly self-assessments), but do not perform better in these social abilities in
practice. Moreover, significant differences in socio-emotional functioning rated by parents may not appear because
parents tend to become less involved during adolescence (i.e., they are less present and engaged in their children’s
daily activities), while friends become more important (Siegel & Shaughnessy, 1995; Smit et al., 2019). Given this infor-
mation, future research should use much larger samples for between group comparisons, or could consider using peers
as evaluators of participants’ socio-emotional functioning, in addition to parents. Furthermore, future research could
consider having parents evaluate the specific goals chosen by the students, instead of a more general questionnaire
about socio-emotional functioning. This would give parents the opportunity to assess any progress in the trained social
abilities more specifically.

In conclusion, the present study provides promising results for a newly designed VR training to improve socio-
emotional functioning of adolescents with DLD. These findings provide new insights, as we show that interactive and
realistic practice can produce improvements in social abilities and cognitive ToM. In addition, the high appreciation
scores show that a VR training meets the needs of adolescents with DLD. In addition, future research should focus
on exploring the underlying working mechanism of VR exposure, as well as the influence of different moderators (e.g.,
presence/immersion, perceived realism, engagement), as this may be associated with favorable outcomes in VR studies
(Krijn et al., 2004). Given this first evidence for benefits of VR for the DLD group, combined with the high appreciation
and promising results of the VR training, it is important to continue research into this training method and test further

implication.
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APPENDIX A
Example of the training session (InterAction)

TABLE A1 Step-by-step explanation of session 3 “Having a conversation.”

Training step

1. Introduction to the
target skill

2. Activating (prior)
knowledge

3a. Watching
role-playings of peers
(videoclip)

3b. Answering

questions about the
videoclip

Content

The session begins with an introduction to the target skill. Today we’re going to work on “having
a conversation.” There are two specific goals linked to today’s session:

1. Youwill learn at least three topics to bring up during a conversation with peers;

2. Youwill learn at least four questions to ask about these topics;

We continue the session by activating some (prior) knowledge. When you want to have a
conversation with someone, it’s helpful to know what you want to talk about. There are certain
topics that almost all peers can talk about, for example: vacation. Think of more topics that you
can talk about with peers.

Watch the videoclip “having a conversation” (Dutch version only).
https://elkearts.wixsite.com/interaction/gesprek-voeren

Ask the following questions:

- What did the characters do well in the video?

- Which abilities need to be improved in the characters?
- What would both characters think?

- What would both characters feel?

(Continues)
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TABLE A1 (Continued)

Training step

4. Practicing skill
verbally with the
therapist

Two practice
moments in the VR
environment

Reflection on
socio-emotional
functioningin VR

APPENDIX B
Overview of goals

Item

Content

We are now going to practice which topics we can bring up in a conversation with peers. Let the
student think of three conversation topics. Have the student write down at least four questions
per topic that could be asked to a peer.

It is now time to practice in the virtual environment. The goal for the student is to engage in a
conversation and introduce at least three conversation topics. Additionally, the student has to
ask four questions about these topics.

After each practice session in VR, it is time for reflection. Ask the following questions:
- What went well in the VR exercise?
- What did not go as well during practice?

1.1 canintroduce myself to peers | don’t know yet.

2.1 can ask various questions during a conversation with peers.

3.1 canshow interest in peers.

4. | can talk with peers about shared interests.

5.1 canintroduce various topics during a conversation with peers.

6.1 can speak clearly and understandably during a conversation with peers.
7.1 can check with peers, during a conversation, if they have understood me.
8.1 can make eye contact during a conversation with peers.

9.1 can effectively take turns in a conversation with peers.

10. I can present myself to a group of peers.

11.1can tell a coherent story in conversation with peers.

12.1can end a conversation in the right way.

13. 1 can start a conversation with peers (general goal).

14. | can ask peers for clarification when | haven’t understood something.
15. | can give my opinion to pees.

16. | can indicate my limits to peers.

17.1 can share my feelings with peers.

18. | can respond appropriately to the feelings of peers.

19. 1 can find a solution with peers when we disagree.
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APPENDIX C
NAP scores (baseline—posttest) per goal, per participant

PPN

NV 0N o dWN e
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Goal
1 2 3 4 5 6 7 8 9
1.00 .85
1.00 1.00
1.00 .99
1.00
.94
1.00
86 1.00
.97 1.00
.87 1.00
.90 .92
1.00
1.00 .99
.99
1.00
76 .25 .99
.98 .93
1.00
1.00 .91
.92 .92 .75 .56
.85 .60
.92 .89
48 .38
81 .58 .88
.58 .56 .70 .36
1.00 1.00
.95 1.00
.52 74 .90
1.00 .98 .70 .79
1.00 1.00 1.00

10

1.00

.97

1.00

44

1.00

1.00

.97

.23

.89
.95
.96

.96

.64

.99
.95

11 12

1.00

1.00

1.00

.14

.95

.97

47

1.00

1.00

.86

.96

13 14
1.00
1.00
93 .92
1.00 1.00
1.00
1.00
.90
1.00
99
95
1.00
1.00
1.00
1.00
1.00
85
1.00
83
74
44
97
75
1.00
39
93
1.00
23
84
1.00

15 16 17 18 19

1.00 .95
1.00 1.00 1.00
.92
1.00 1.00
50 .33 54 51
1.00 1.00 1.00
46
.83 .99
.83 1.00
.75
1.00 1.00
1.00 .99
1.00 1.00 1.00
1.00 .90
61
.87
.99 1.00 .90
.86 21
.83
.28 .50
27 34 .66
.86 .32
.70
.66
43 1.00
1.00 1.00
71 .77
1.00
1.00 1.00
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