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Abstract
Researchers have established a link between motor and social development. Power
mobility devices (PMDs) can impact the social skills of children who are unable to
move independently. The purpose of this systematic review was to explore the
evidence on PMD interventions on social skills outcomes of young children with
disabilities (CWD) and to provide guidance for future research on PMD interven-
tions. A systematic search was conducted using three electronic databases:
PubMed/Medline, Web of Science, and Cumulative Index to Nursing and Allied
Health Literature to identify relevant studies. Twelve articles met the inclusion
criteria and were included for analyses. Seven studies reported a significant impact
of the PMD interventions on social skills. Although theories are supporting the
relation between early mobility and social skills, in this review research shows
variable results about the impact of PMDs on the social skills of young CWD. The
research on this topic appears to be at an early stage, suggestions for further
exploration are offered.
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Independent mobility such as crawling and walking is a significant contributor to
the development of social skills in typically developing young children (Kim et al.
2016), and researchers have established a link between motor and social develop-
ment (Favazza and Siperstein 2016). Social development is dependent on chil-
dren’s experience using independent mobility to explore environments, access
play, and build friendships with peers on the playground, at school, and at home
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(Favazza et al. 2013; Thelen 2000). Proficiency in social skills increases oppor-
tunities for young children to engage in activities (Rimm-Kaufman et al. 2000).
Social skills are defined as specific behaviors that result in positive social inter-
actions and include verbal and non-verbal behaviors used for effective interper-
sonal communication (e.g., Gresham 1988; Gresham and Elliott 1987; Rao et al.
2008). Social functioning is another term used in this review. Social functioning is
a broader concept of social skills, including social, cognitive, and verbal and
nonverbal behaviors to engage in positive interpersonal interactions (Adolphs
2009; Voorman et al. 2010). Examples of social skills or social functioning are
smiling, making eye contact, asking and responding to questions, engaging in
positive peer and adult social interactions, and being socially independent (Rao
et al. 2008).

Many young children with disabilities (CWD), including physical disabilities, have
deficits and/or delays in social skills and pre-academic skills (Gehrman et al. 2014; Kim
et al. 2016). Limited independent mobility may arise from orthopedic conditions (e.g.,
arthrogryposis), degenerative conditions that impact one’s motor abilities (e.g., muscu-
lar dystrophy), or neurological conditions (e.g., cerebral palsy; Heller 2009). Because
of their limited independent mobility, children must rely on others to transfer them from
one place to another, bring them toys to play with, and initiate play. As a result, delays
and deficits in social development (e.g., fewer opportunities for the child to interact
with others) as well as learned helplessness (e.g., low self-efficacy) may occur or be
apparent in young CWD. These delays may influence early school experiences and task
performance as children get older (Guerette et al. 2013). Therefore, methods for
providing young CWD with increased access to their environments merit exploration.

Power mobility devices (PMDs) are one example of high-tech assistive tech-
nology and include power wheelchairs and robotic devices (e.g., modified ride-on-
car, mobile robot, and Boss toy car). Researchers have demonstrated that AT
devices and services can support the development of and maximize accessibility
for CWD and can improve the educational outcomes of CWD (Section 601
(c)(5)(H) of IDEA 2004). PMDs can provide independent mobility for young
CWD to accommodate their limitations in independent movement (e.g., crawling,
walking) and trigger social and cognitive development (Becker et al. 2014).
Researchers also reported that independent mobility is the major driving force
for increasing peer-to-peer interactions of young CWD (Feldner et al. 2015;
Ragonesi et al. 2010). As such, young CWD using PMDs can move independently
without exerting much physical effort, initiate play with their peers, and interact
with their environments (Kim et al. 2016). These outcomes could facilitate and
enhance learning, socialization, and self-esteem, which are vital for children’s
success in school. To date, literature reviews have mainly focused on the clinical
implementation and experience when using PMDs; the most recent review was
related to power mobility training methods for children and young adults with
disabilities (Kenyon et al. 2018). No reviews specifically focused on outcomes
related to the social skills of young CWD. The purpose of this review is to explore
the effects of PMD interventions in promoting social skills for CWD. The review
addressed the following research question: What effects do PMD interventions
have on the social skills of CWD?
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Method

Study Selection Criteria

This systematic review followed the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) framework (Moher et al. 2009). Studies
that met all of the following inclusion criteria were included in the review: (a)
study design included randomized control trials, quasi-experimental designs, pre-
posttest studies, or single-case designs; (b) at least one child participant had a
disability and was 6 years old or younger. This age range was chosen because
research demonstrated CWD as young as 7 months of age can use power mobility
devices (Lynch et al. 2009) and functional self-controlled mobility during early
childhood (6 years or younger) is critical for the development of social skills and
decrease the risk of developing learned helplessness and social isolation (Feldner
et al. 2015; Nilsson and Nyberg 2003); (c) social skills were one of the measured
outcomes of the PMD intervention; (d) the study was published in a peer-reviewed
journal before January 2019; and (e) the study was published in English. Articles
were excluded when (a) they were published in non-English languages and non-
peer-reviewed sources such as conference proceedings, comments, letters, reviews,
and dissertations; and (b) the interventions targeted only typically developing
children.

Search Strategy

We performed a keyword search in PubMed/Medline, Web of Science, and Cumulative
Index to Nursing and Allied Health Literature (CINAHL). The search algorithm
included all possible combinations of keywords from the following four groups: (a)
physical disability, developmental disability, cerebral palsy, or spinal bifida; (b) pre-
schoolers, child, young children, kid, or toddler; (c) power mobility, power wheelchair,
assistive technology, or mobility aids; and (d) social skills, communication, language,
or quality of life. We screened titles and abstracts of the articles identified through the
keyword search based on the study selection criteria. We retrieved the potentially
relevant articles for the full-text evaluation.

We conducted a cited reference search (i.e., forward reference search) and a
reference list search (i.e., backward reference search) using the relevant articles
that met the selection criteria. Next, we further evaluated and selected the articles
identified through the forward/backward reference search using the same selection
criteria. We identified one article through this process. We conducted a repeated
reference search on all newly identified articles until no additional relevant articles
were found. We found a total of 577 articles: 202 from Web of Science, 328 from
PubMed, 46 from CINAHL, and 1 from forward/backward reference search. The
entire search was completed by March 18, 2019 (see Fig. 1). The first author
determined the inclusion or exclusion of all articles retrieved in full text. The third
author checked for reliability and independently assess the selected studies based
on the inclusion and exclusion criteria. Intercoder agreement across the 12 includ-
ed articles was 100%.
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Data Extraction and Synthesis

We used a standardized data extraction form to collect the following methodological
and outcome variables from each included study: (a) author(s), publication year, and
country where a study was conducted, (b) purpose of the study, (c) sample size
including control and treatment groups, (d) participants’ characteristics (i.e., gender,
age, and types of disabilities), (e) settings, (f) types of PMDs, (g) social skills outcomes
and measures, (h) length of intervention, and (i) key findings.

Study Quality Assessment

We were using the CEC Standards for Evidence-Based Practices in Special Education
(Council for Exceptional Children 2014) to assess the methodological quality of each
study included in this review. The quality indicators established by CEC include both
group design and single-case design and are divided into eight categories: (a) context

Fig. 1 Study selection flowchart using PRISMA framework (Moher et al. 2009)
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and setting; (b) participants; (c) intervention agent; (d) description of practice; (e)
implementation fidelity; (f) internal fidelity, (g) outcome measures; and (h) data
analysis. According to Cook et al. (2014), a methodologically sound study must
meet all of the quality indicators (i.e., group design: 24 quality indicators; single-case
design: 22 quality indicators). The first and third authors independently scored each
study based on these quality indicators. Intercoder agreement across the included
articles averaged 89% (range: 68–100%). Disagreements were resolved through dis-
cussion to consensus. Scores for each indicator were: met (score = 1) or not met
(score = 0). The possible total study score ranged from 0 to 24 for group design studies
and from 0 to 22 for single-case studies. The purpose of the study quality score was to
measure the strength of each study design rather than to determine the inclusion of
studies. The same reliability process was performed for the methodologies and outcome
variables (i.e., social skills) between first and third authors for 50% (n = 6) of the
studies (the coding guide is available upon request). The intercoder agreement was
100%.

Results

Study Selection

We identified a total of 577 articles through the keyword and reference searches. We
excluded 21 articles due to duplication and 533 articles at the title and abstract
screening stage. We reviewed the remaining 23 articles for the full texts and excluded
11 of them because they did not meet the inclusion criteria (i.e., six were not focused on
the social outcome, and five were not intervention studies). We included the remaining
12 studies (Agrawal et al. 2016; Bottos et al. 2001; Butler 1986; Deitz et al. 2002;
Guerette et al. 2013; Huang and Chen 2017; Huang and Chen 2017; Huang et al.
2018a; Huang et al. 2018b; Jones et al. 2012; Logan et al. 2016; Ross et al. 2018) in
this review (see Fig. 1).

Basic Characteristics of Included Studies

Table 1 reports the basic characteristics of each of the 12 articles included in the review.
It includes descriptive information related to (a) purposes, (b) participants, (c) study
designs and settings, and (d) types of PMDs. Table 2 summarizes the key characteristics
across all selected studies, such as designs, settings, and children’s disabilities. Table 3
describes the (a) outcomes and measures, (b) length of interventions, and (c) key
findings. Table 4 summarizes the key findings regarding the effects of the PMD
interventions on social skills, and Table 5 summarizes the characteristics of PMDs.

Publication Year and Countries

Among the 12 eligible studies, nine (75%) were published between 2008 and 2018.
The remaining studies were published between 1986 and 2002 (n = 3, 25%). Studies
were conducted in three countries: South Korea, the United States, and Taiwan (see
Table 1).
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Study Designs and Settings

Of the 12 included studies, one study (8.4%) was a randomized controlled trial (Jones
et al. 2012), seven studies (58.3%) were pre-and posttests with and without control
groups (Agrawal et al. 2016; Bottos et al. 2001; Guerette et al. 2013; Huang and Chen
2017; Huang et al. 2017; Huang et al. 2018a; Huang et al. 2018b), and four studies
(33.3%) were single-case designs (Butler 1986; Deitz et al. 2002; Logan et al. 2016;
Ross et al. 2018). Regarding the settings in which the studies were conducted, five of
the 12 interventions (41.7%) were delivered in hospitals. Three studies (25%) were
conducted at participants’ homes, while two studies (8.4%) were implemented in
schools. One study (8.4%) was conducted in a laboratory setting (Agrawal et al.
2016), and one study (8.4%) was conducted in mixed settings (Bottos et al. 2001).

Participants

A total of 199 children participated in the 12 studies. About 77.9% of the participants
(n = 155) were between 6 months and 3 years old, and 1% of the participants (n = 2)

Table 2 Summary of Key Characteristics of Selected Studies

Characteristics n (%)

Research design

Pre-and posttests with or without control group 7 (58.3%)

Single-case design 4 (33.3%)

Randomized controlled trial 1 (8.4%)

Settings

Hospital 5 (41.6%)

Home 3 (25.0%)

School 2 (16.6%)

Laboratory 1 (8.4%)

Mixed settings 1 (8.4%)

Child participants

Age

Birth-3 years 155 (77.9%)

4–6 years 2 (1%)

Mean age under 6 years (individual ages were not reported) 42 (21.1%)

Gender

Male 77 (38.7%)

Female 84 (42.2%)

Not reported 38 (19.1%)

Disability

Cerebral palsy 97 (48.7%)

Developmental delay 53 (26.6%)

Down syndrome 5 (2.5%)

Other 44 (22.2%)
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were between 4 and 6 years old. Both mean age and range of age rather than individual
ages were reported for approximately 21.1% of the participants (n = 42). The majority
of the studies (80.9%) reported the gender of the participants (n = 161); males made up
47.8% of the 161 participants (n = 77), and females made up 52.2% of the 161
participants (n = 84). Participants were identified as having cerebral palsy (n = 97;
48.7%), developmental delays (n = 53; 26.6%), and Down syndrome (n = 5; 2.5%).
Forty-four participants (22.2%) were identified as CWD, but the researchers did not
specify the types of disabilities they had (see Table 2).

Outcome Measures

Social skills were measured by the Pediatric Evaluation of Disability Inventory (Haley
et al. 1992) in four studies. The Pediatric Evaluation of Disability Inventory quantifies
social functioning in children from 6 months to 7 years of age and is a parent report.
Another five studies used an observation method (i.e., video recording) to measure
participants’ facial expressions, initiations with others, or direct interaction with peers
or adults. The remaining three studies used the revised Dimensions of Mastery
Questionnaire (MacTurk et al. 1995), the Impact of Childhood Illness Scales (Hoare
and Russell 1995), the Adaptive Social Behavior Inventory (Hogan et al. 1992), and the
Preschool and Kindergarten Behavior Scales (Merrell 1994). See Table 3 for a list of
outcomes and measures.

Social Skills Outcomes

Table 4 highlights the findings regarding the effects of PMD interventions on children’s
social skills. Regarding PMDs used among the 12 eligible studies, four used power

Table 4 Findings for the Effects of PMD Interventions on Social Skills

Significant change for
intervention group

No change

Social functioning • Agrawal et al. (2016)
(effective on the 12-weeks long term intervention)
• Guerette et al. (2013)
• Huang and Chen (2017)
(effective on pre-post but not effective when comparing

with control group)
• Huang, Chen, et al. (2018)

• Agrawal et al. (2016)
(6-week short-term in-

tervention);
• Jones et al. (2012)

Social persistence • Huang, Huang, et al.
(2018)

Social participation • Bottos et al. (2001)

Facial expressions • Huang et al. (2017)
• Logan et al. (2016)

• Deitz et al. (2014)

Direct peer or adult
interaction

• Butler (1986) • Ross et al. (2018)

Initiation of contact
with others

• Deitz et al. (2014) • Huang et al. (2017)
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wheelchairs (Bottos et al. 2001; Butler 1986; Guerette et al. 2013; Jones et al. 2012)
and eight used robotic devices including six studies using modified ride-on-cars
(Huang and Chen 2017; Huang et al. 2017; Huang et al. 2018a; Huang et al. 2018b;
Logan et al. 2016; Ross et al. 2018), one using a mobile robot (Agrawal et al. 2016),
and the remaining one using a Boss toy car (Deitz et al. 2002). Six outcome variables
were found in the selected studies that measured social skills, including (a) social
functioning, (b) social persistence, (c) social participation, (d) facial expression, (e)
direct peer or adult interaction, and (f) initiation of contact with others. Each variable is
discussed next.

Social Functioning

Four of the 12 research studies reported significant improvements in social skills using social
functioning as a variable (Agrawal et al. 2016; Guerette et al. 2013; Huang and Chen 2017;
Huang et al. 2018a). Among these four studies, Huang and Chen (2017) reported that the
treatment group showed significant improvements in social functioning from pre- to post-
interventions, but no significant difference was found while comparing with the control
group. Agrawal et al. (2016) conducted two pilot studies comparing 6-week-long and 12-
week-long interventions. Their findings showed that children who participated in the 12-
week intervention showed significant improvements in social functioning, but there was no
significant effect on childrenwhowere in the 6-week training. Guerette et al. (2013) used the
Adaptive Social Behavior Inventory (Hogan et al. 1992) and the Preschool andKindergarten
Behavior Scales (Merrell 1994) to measure social functioning. This research team used
power wheelchairs and pre- and posttests without a control group in 23 CWD. Findings
showed significant increases in parental perceptions of positive social skills. However, Jones
et al. (2012) conducted a randomized controlled trial on a home-based intervention for 14
CWD and found no significant change in social skills.

Social Persistence

Social persistence with adults and children were measured by the revised Dimensions
of Mastery Questionnaire (MacTurk et al. 1995). Huang et al. (2018b) conducted a pre-
and posttests with a control group on 15 CWD and used a modified ride-on-car in a
hospital setting. Results showed no significant changes in social persistence with adults
and children for both the intervention and control groups.

Social Participation

Changes in social participation were measured using the Impact of Childhood Illness Scales
(Hoare and Russell 1995). Bottos et al. (2001) conducted a pre- and posttests without a
control group and used power wheelchairs with 29 children with cerebral palsy. No
significant change was noted in the scores of the Impact of Childhood Illness Scales.

Facial Expression

Deitz et al. (2002), Huang et al. (2017), and Logan et al. (2016) used facial expressions
as a proxy for social skills, which included the number of times positive facial
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expressions (i.e., smiling and laughing) were observed during interactions. Huang et al.
(2017) used modified ride-on-cars in a group design with 10 CWD and reported more
positive facial expressions. Logan et al. (2016) used modified ride-on-cars with a
single-case design for three CWD and observed increased positive facial expressions.
In contrast, Deitz et al. (2002) used a Boss toy car and reported no clear impact on
positive affect.

Direct Peer or Adult Interaction

Direct peer or adult interaction is defined as an engagement in verbal or physical
interaction with a peer or adult. Verbal, nonverbal, and physical interactions directed to
and/or from target children were coded as peer interaction. Both Butler (1986) and Ross
et al. (2018) used single-case designs. Butler (1986) used power wheelchairs with six
CWD, and the findings demonstrated that increased frequencies of adult interaction.
However, Ross et al. (2018) used a modified ride-on-car with five CWD and reported
no intervention effect on peer or adult interaction.

Initiation of Contact with Others

Child-initiated contacts with peers or adults were counted when (a) the child-initiated
contact without observable prompting or initiating behavior from another person or (b)
the child independently vocalized (e.g., shouting, laughing, and grunting) or physically
pointed at or touched another person, indicating that he or she wanted something. Deitz
et al. (2002) conducted a single-case design and used a Boss toy car with two children
with complex developmental delays. They observed an increased number of initiations
with adults, whereas Huang et al. (2017) reported that no significant change was found
in 15 CWD compared with a control group.

PMD Interventions

Among the 12 eligible studies, eight used robotic devices including six studies using
modified ride-on-cars (50%), one using a mobile robot (8.3%), and the remaining one
using a Boss toy car (8.3%). The remaining four studies (33.4%) used power wheel-
chairs (see Table 5 for the features of the modified ride-on-car, mobile robot, Boss toy
car, and power wheelchairs).

Robotic Devices

Eight studies used robotic devices with participants with cerebral palsy, developmental
delays, Down syndrome, or other disabilities. The mean age of the participants was
1.56 years, and the average length of intervention was 2.3 months. Among the eight
studies, six of them used a modified ride-on-car, one used a mobile robot, and the
remaining study used a Boss toy car to explore the impact on social skills for CWD.

Modified ride-on-car. Huang et al. (2017) conducted a 9-week modified ride-on-car
intervention without a control group. Participants included 10 children with either
cerebral palsy, Down syndrome, developmental delays, or other disabilities. Results
showed that positive facial expressions (i.e., smiling and laughing) during interventions
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were significantly improved. Logan et al. (2016) examined the use of a modified ride-
on-car for three young children with complex medical needs, which required a trache-
otomy tube and a mechanical ventilator for breathing. The single-case design study was
conducted in a hospital setting. Findings showed that the modified ride-on-car was
feasible for children with complex medical needs and led to increased positive facial
expressions (i.e., smiling and laughing). Ross et al. (2018) conducted a modified ride-
on-car intervention using a single-case design with five young children with either
cerebral palsy or Down syndrome for 11 weeks during an inclusive playgroup in
school. The findings showed that children did not experience significant changes in
direct peer interactions.

Huang et al. (2018a) and Huang et al. (2018b) used modified ride-on-cars combined
with an adult-directed social interaction training program to support the social needs of
CWD in a hospital setting. The program included three steps. First, one-on-one
instruction was provided to participants regarding how to perform desired social
behaviors such as greetings, gestures, and vocalizations. Second, therapists guided
the participants to perform desired social behaviors while meeting people in the
hallway, and therapists provided positive feedback for encouragement. Third,
participants were asked to complete social interaction tasks such as sharing toys.
Both studies appeared to use the same group of participants and similar interventions,
but different measures were used to quantify social skills. Huang et al. (2018a) found
significant improvements in social skills compared to the control group; they used the
Chinese version of the Pediatric Evaluation of Disability Inventory (Chen et al. 2009)
to measure social functioning. Huang et al. (2018a) showed no intervention effects on
social persistence with children or adults; they used the revised Dimensions of Mastery
Questionnaire (MacTurk et al. 1995). Also, Huang and Chen (2017) examined the
effects of a 9-week modified ride-on-car training versus conventional therapy (i.e.,
physical, occupational, and speech therapy) on social functioning for 20 CWD (n = 10
in the intervention group; n = 10 in the control group). The findings showed that the
treatment group demonstrated improvements in social functioning, but no significant
difference was found between the two groups.

Mobile robot. Agrawal et al. (2016) used a mobile robot to study short-term (i.e.,
6 weeks) and long-term (i.e., 12 weeks) effects on children with cerebral palsy in a
laboratory setting. Five children with cerebral palsy participated in each intervention
(n = 5 for 6 weeks and n = 5 for 12 weeks). Findings demonstrated significant improve-
ment in social skills during the 12-week intervention but not during the 6-week
intervention.

Boss toy car. Deitz et al. (2002) used a single-case design to examine the effects of a
Boss toy car on the participation behaviors of two young children with complex
developmental delays in school. The findings showed positive changes in initiation
with others but did not have a clear impact on positive facial expressions.

Power Wheelchair

Four studies used power wheelchairs to explore their impact on the social skills of
participants with cerebral palsy and other disabilities. The mean age of the participants
was 3.44 years, and the average length of intervention was 6.8 months. Three of the
four studies (Butler 1986; Guerette et al. 2013; Jones et al. 2012;) were conducted in
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homes and the fourth (Bottos et al. 2001) was in mixed settings (i.e., school and home).
Jones et al. (2012) conducted a randomized controlled trial using power wheelchairs
with 14 CWD in a treatment group and 14 CWD in a control group. The mean age for
both sets of participants was 1.8 years, and the intervention lasted for approximately
1 year. Both Bottos et al. (2001) and Guerette et al. (2013) conducted pre- and posttests
(without control groups) with children with either cerebral palsy or other orthopedic
disabilities. Butler (1986) used power wheelchairs and a single-case design to evaluate
the effects of a 10-day intervention on six CWD. This was the shortest intervention
across all power wheelchair interventions.

Study Quality

Table 6 reports the results of the study quality assessment. The included studies on
average scored 20.25 out of 24.00 possible points for group design and 15.50 out of
22.00 possible points for single-case design. Four of eight group design studies were
not qualified for CEC standards because these studies have no comparison groups. All
8 studies provide sufficient information regarding the setting, participants, description
of practice (intervention), and data analysis. In contrast, none of the reviewed studies
reported implementation fidelity. Only two research teams reported internal reliability,
inter-observer reliability, or test-retest reliability. None of the reviewed single-case
design studies controlled for the common threats to internal validity and provided at
least three demonstrations of experimental effects at three different times.

Discussion

The purpose of this review was to explore the existing evidence on the effects of PMD
interventions on the social skills for young CWD. Twelve peer-reviewed studies met
the inclusion criteria and were included in this review. Six studies reported significant
impacts of the PMD interventions on social skills, but an insufficient agreement can be
drawn about the impact of PMDs on the social skills of young CWD. The research in
this area appears to be at an early stage which agrees with the findings from
Livingstone and Field (2014) on power mobility outcomes for individuals with mobil-
ity delays or disabilities. Thus, supplementing PMD interventions with evidence-based
social skills intervention is recommended until future research provides evidence on the
effects of PMD interventions on social skills.

Age is an important factor for PMD interventions. Typically developing children
develop reaching and rolling (3–4 months), crawling (7–9 months), and walking (12–
13 months) to enable them to explore their surroundings, with resultant changes in
cognitive and social behavior. Using PMD interventions at similar ages (developing
milestones) is recommended for CWD to accommodate their limited mobilities and
facilitate the development of other domains such as social and cognition (Rosen et al.
2009). Regarding the age of young CWD who participated in PMD interventions, it
tends to differ by the type of PMD used, which may also relate to the duration of PMD
interventions. In this review, the average age of the 44 participants who used the robotic
devices in eight studies (Agrawal et al. 2016; Deitz et al. 2002; Huang and Chen 2017;
Huang et al. 2017; Huang et al. 2018a; Huang et al. 2018b; Logan et al. 2016; Ross
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et al. 2018) was 1.47 years, and their ages ranged from 0.5 to 5.8 years. On the other
hand, the average age of participants in the four studies using power wheelchairs was
3.44 years (range: 1.2–8.0 years old) (see Table 4 for the characteristics of the groups).
Thus, the age of participants tends to be younger in robotic device interventions than in
power wheelchair interventions. In addition, the average intervention duration for
robotic devices and power wheelchairs were 9.2 weeks (range: 9–14 weeks) and
27.2 weeks (range: 10 days-48 weeks), respectively. The length of intervention tends
to be shorter for robotic device interventions compared to power wheelchair interven-
tions. One of the possible reasons for this difference is that children might learn how to
drive robotic devices more quickly than they can learn how to drive a power wheelchair
(Lynch et al. 2009). Allegretti et al. (2018) claim that children require significant time
to develop proficiency in driving power wheelchairs, and Jones et al. (2012) reported
that seven of the 11 participants in their study had not mastered all the power
wheelchair’s driving skills after participating in an intervention program for a year.
However, there is no general agreement on what type of PMD intervention protocol or
training method positively impacts the social skills of CWD.

There were some noticeable variations across the 12 studies, which made it difficult
to compare the outcomes and effects of the studies. First, the measures of social
outcomes were highly varied. Five studies used observation methods to quantify social
skills, and three different measures were used (i.e., facial expression, direct peer and
adult interaction, social initiations). Seven studies used standardized assessment tools to
quantify the impact of PMDs on social skills. Among those seven studies, three used
different outcome measures (i.e., the revised Dimensions of Mastery Questionnaire, the
Adaptive Social Behavior Inventory, the Pediatric Evaluation of Disability Inventory,
and the Impact of Childhood Illness Scales). In fact, only four of the 12 studies used the
same outcome measure (i.e., the Pediatric Evaluation of Disability Inventory) to
quantify social skills, which made it difficult to compare the outcomes and effects of
the studies. Second, none of the studies reported or assessed implementation fidelity to
ensure that the interventions were conducted as planned, based on the evaluation of the
CEC’s quality indicators. Implementation fidelity plays an important role in the effect
of interventions and children’s outcomes (Cook and Odom 2013; Fixsen et al. 2009).
Low fidelity of implementation might negatively affect the degree of change in
outcomes (Davidson et al. 2009; Strain and Bovey 2011), and future researchers should
consider measuring and then reporting implementation fidelity in their dissemination
activities.

Limitations and Implications

Several limitations exist in this literature review. First, this review focused mainly on
social skills outcomes, which is only one of several key measures of PMD intervention.
This focus might not provide a broad overview of the impact of PMD interventions on
young CWD. Future researchers might explore the impact of PMD on other school
readiness domains such as cognition or communication. Second, this review excluded
qualitative studies related to the children’s, families’, and therapists’ perspectives on
PMD interventions. Excluded studies may provide qualitative information related to the
impact of PMD interventions on social skills outcomes. Future reviews might include
different types of research designs to better understand the impact of PMD
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interventions. Third, the review focused on studies with young children (6 years old
and younger) and, therefore, the results are for this specific age group and it is possible
that including studies with children in different age groups would reveal different
findings. Finally, reliability was assessed only for the final identified 12 studies and
not during the screening process, future reviews should include reliability measures for
each step in the search and screening process.

Additional limitations are related to the studies included. First, none of the 12 studies
met all quality standards and this limits the ability to interpret and evaluate the findings.
Because rigorous studies are needed to demonstrate the value of PMD interventions,
future studies should use quality indicators and standards to allow a careful evaluation
of the impact of PMD interventions on young CWD. Second, half of the reviewed
studies were conducted in laboratory and hospital settings. Learning to use a PMD is a
long and complex process that requires determination, practice, and family support
(Kenyon et al. 2018). Natural environments (e.g., home and school) provide children
with more frequent opportunities to practice, which may help children learn to use
PMDs and simultaneously promote participation and peer interaction. Future studies
might consider using the natural environments as a context to examine the impact of
PMD interventions.

There was no adverse report on social skills, and five studies reported significant
impacts on social skills in this review, suggesting that PMD interventions might have a
potentially positive impact on social skills of young CWD. However, the current
literature is limited by the number of studies that specifically measured social skills
outcomes, the wide ranges of measures used in the identified studies, and the rigor of
the identified studies. The research on this topic appears to be at an early stage and
additional studies are needed.
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