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ABSTRACT

ARTICLE HISTORY

Purpose: This study assessed the environmental quality of an adapted, play-based LEGO® robotics pro-
gram for children and youth with disabilities to determine the degree to which the activity setting sup-
ports the therapeutic goals of the program.

Materials and methods: We measured the environmental qualities of a robotics program held at a
paediatric rehabilitation hospital. We observed and coded video-recordings of the robotics program, spe-
cifically one session from each of five different rooms where the program took place. Using the 32-item
Measure of Environmental Qualities of Activity Settings (MEQAS), we described the place- and opportun-
ity-related qualities of these settings.

Results: Our observations revealed that, across all five settings, the environments support the therapeutic
goals of the program, including providing opportunities for social interaction with peers and adults to a
great extent. We also identified several environmental features of the robotics program that support opti-
mal outcomes for children and youth with disabilities.

Conclusions: Our findings lend support for the value of examining environmental opportunities and
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affordances of play-based therapy within rehabilitation.

> IMPLICATIONS FOR REHABILITATION

e Assessing the environmental opportunities and affordances of play-based activities using the Measure
of Environmental Qualities of Activity Settings (MEQAS) is valuable for supporting positive outcomes

in rehabilitation.

e The settings of an adapted LEGO® robotics program offer children with disabilities opportunities to
engage in social interactions with peers and adults, to learn a new skill, and to develop a sense of

self-identity.

e Optimal therapeutic outcomes of an adapted LEGO® robotics program can be supported by environ-
mental features, including: large tables with sufficient space for two youth and one or two adult vol-
unteers to interact at eye-level, arranged separately with enough space to invite movement between
tables, in such a way that children may also interact across tables.

Introduction

Leisurely activities have a fundamental role in child development
[1,2] and are recognized by the International Classification of
Functioning, Disability, and Health: Children and Youth version
(ICF-CY) as an important health-related component of childhood
well-being [3]. Leisure activities include a range of pursuits that
children participate in, beyond those mandated by school.
Research demonstrates that typically developing children, and
children at-risk for poor academic or life outcomes benefit from
participation in organized, out-of-school leisure activities [4-7].
Such benefits include enhanced social skills, self-esteem, self-con-
cept and identity [8], as well as improved academic, physical,
social, and psychological outcomes [5,7]. Research shows that leis-
ure environments that support exploration, socialization and
learning may help to develop play skills among children with dis-
abilities [9].

Play among youth with disabilities

The ICF-CY identifies participation in play as an important part of
a child’s leisure activities [3]. Play (defined here as a “transaction
or activity in which we engage only because we want to, not
because we feel we must” [10p. 217], is a leisure activity that is a
central occupation during childhood. Understanding children’s
participation in play is especially important among youth with dis-
abilities, because play can contribute to positive developmental
outcomes among children with disabilities [11]. Research shows
that play supports the development of children’s self-determin-
ation, decision-making and problem-solving skills, and their ability
to initiate and maintain communication with peers [12-16].
Additionally, play enhances engagement and learning, independ-
ent performance, and social inclusion [17,18]. However, children
with disabilities have less opportunity to engage in free play, and
face barriers in the type and frequency of play [15,19,20].
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Moreover, a lack of participation in play can lead to poor self-
esteem and social isolation for youth with disabilities [21,22].

Play as an intervention in rehabilitation

Within the context of rehabilitation, evidence suggests that play
provides a framework for intervention strategies to achieve ther-
apy goals [23]. Play is an adaptable activity that can be used
across multiple settings, and provides a context within which an
intervention may be embedded [24]. Play provides a contextually-
relevant and developmentally-appropriate opportunity to effect-
ively work towards therapeutic goals, capitalizing on children'’s
focus and interests [25]. Despite its potential benefits as a context
for rehabilitation, play is markedly underused and under-investi-
gated as a therapeutic intervention [21,26-28].

The use of play-based interventions has emerged within the
context of science, technology, engineering, and mathematics
(STEM) learning, specifically through the use of mediums such as
LEGO® MINDSTORM® [29] and WeDo 2.0 [30] robotics programs
for children and youth. Such programs incorporate STEM learning
into a technology-based playful activity [31]. LEGO® is a familiar
toy and, when incorporated with a robotics component, can
enhance exploration and the development of play [32,33].
Increasingly, play through robotics has been used as an assisting
therapy [9], and can increase the motivation and interest in STEM
disciplines among children and youth with disabilities [9,34,35].

HB FIRST® Robotics, an adapted, group-based robotics pro-
gram, was created to meet the needs of children and youth with
disabilities engaging in STEM learning [11]. Previous research
investigating the outcomes of HB FIRST® Robotics finds that chil-
dren in the program reported increased interest and competency
beliefs in STEM and robotics learning [36,37]. Moreover, studies
show that the program facilitated the development of children’s
play skills, helping them move from solitary play, to more parallel
and cooperative play [38]. Through a qualitative study investigat-
ing the impact of the program, children reported that the pro-
gram offered a fun environment, in particular highlighting that
they enjoyed the STEM content, the socialization and teamwork
[11] and learning new skills [37]. Moreover, parents and staff
report that the robotics program enhanced the clinical environ-
ment, supporting children in developing their therapy goals,
including social skills, teamwork, communication skills, fine motor,
fostering independence, and self-advocacy [11]. Thus, HB FIRST®
Robotics has shown promising benefits of play-based robotics for
children and youth with disabilities.

Assessing environmental quality

The optimal development of children and youth is impacted by
their environmental surroundings across the lifespan, as they as
they live, learn, and play [39,40]. Increasingly, researchers are
investigating how environments can support positive life out-
comes for youth with disabilities [41,42]. Findings from such work
indicate that enriched program environments, such as afterschool
programs, can lead to positive developmental outcomes for youth
with disabilities [43]. Moreover, evidence suggests that child
development is best supported by stimulating environments that
provide youth with opportunities to make choices, interact with
adults and peers, and an opportunity to experience belonging,
fun, and control [44,45]. Given the evidence for the potential ben-
efits of the adapted, play-based robotics program among youth
with disabilities, it is important to examine the environmental
quality of this activity setting to assess the extent to which the

environmental conditions support the therapeutic goals of the
robotics program.

The measure of environmental
tings (MEQAS)

King et al. (2014) recently developed a measure with which to
provide an objective assessment the quality of environments for
youth. The 32-item Measure of Environmental Qualities of Activity
Settings (MEQAS-32) provides an observer-rated assessment of
environmental qualities of youth leisure activity settings. The con-
cept of activity settings is central to the MEQAS. King et al. (2014)
define “activity settings” as places where children or young peo-
ple “do things” at a specific place and a specific time, like reading
a book at home, or playing soccer in the park. Activity settings
vary with respect to their physical, social, and aesthetic qualities,
and offer a range of opportunities and affordances [46]. For
example, soccer practice offers opportunity for both physical and
social activity, while reading a book provides the opportunity to
relax, rest, or reflect. Activity settings refer to the observable fea-
tures, and any possible opportunities for engaging in an activity,
regardless of whether or not those activities are observed [44].
The assessment of environmental quality considers the place-
related and opportunity-related qualities of the activity setting.
The place-related qualities include aesthetic, physical, and social
qualities, while the opportunity-related qualities are all of the pos-
sible common experiences provided by an activity setting that
one could reasonably observe in a short timeframe.

The MEQAS tool was developed to measure environmental
qualities of activity settings for young people across various set-
tings, in a generic sense, that is not child-specific [47]. The
MEQAS was designed to have research utility, such that it may be
used to ensure the presence of particular environmental qualities
assumed for research on developmental properties of environ-
mental settings or programs for young people [47]. Moreover, the
MEQAS has been shown to be a feasible tool, providing a snap-
shot of environmental qualities based on short-term observation
[48]. King et al. (2014) assessed the activity settings of leisure
activities chosen by youth with disabilities, identifying the qual-
ities of the preferred activities among these youth. Additionally,
King et al. (2018) used the MEQAS to examine the environmental
opportunities of a residential immersive life skills program
intended to prepare youth with disabilities for adult roles. Results
of this study revealed that the observed opportunities differed by
session format and activity type, and indicate the utility of the
MEQAS for assessing the environmental affordances of youth pro-
grams [49]. The demonstrated utility and feasibility of the MEQAS
make it an appropriate tool for assessing the qualities and affor-
dances of the HB FIRST® Robotics activity settings.

qualities of activity set-

Study aims

This study assesses the environmental quality of HB FIRST®
Robotics, an adapted, play-based LEGO® robotics program for chil-
dren and youth with disabilities held at a paediatric rehabilitation
hospital. This program took place within five different rooms at
the hospital (i.e., the activity settings), and we use the MEQAS to
evaluate the features of these activity settings. Specifically, we
described the place-related and opportunity-related qualities
offered by these activity settings, and determine the degree to
which these settings offer conditions that support therapeutic
goals of the program.



Method
Design

This research study drew on raw data from a larger study focusing
on the adaptation of a group-based LEGO® robotics program for
children and youth with disabilities, which includes video-record-
ings of each session of the robotics program [11]. For the
present study, five different environments identified in the video
recordings underwent observational analysis to determine
MEQAS scores.

Description of the robotics program

The present study examined the activity settings of the HB FIRST®
robotics program, an adapted, group-based robotics program cre-
ated to meet the needs of children with disabilities [11,35]. This
program was developed through a partnership between a paedi-
atric rehabilitation hospital and FIRST® Canada (For Inspiration
and Recognition of Science and Technology), a non-profit organ-
ization operating after-school robotics programs for children [50].
The goal of the program was to create an opportunity for chil-
dren with disabilities to develop STEM skills, while working on
therapy goals, and building self-confidence, independence, com-
munication, and teamwork, all within a play-based setting [11,35].
The curriculum was developed by FIRST®Robotics Canada in close
collaboration with multidisciplinary staff at the pediatric hospital
to ensure a high degree of learning of building and programming
robots and create features to overcome any accessibility barriers.
The adaptations to the program included a design software for
children who did not have the ability to use hand-over-hand tech-
niques to build LEGO® models but could manipulate a mouse,
vocabulary tools and a tool for writing programming language for
children using augmentative and alternative communication devi-
ces, visual schedules for children with autism, selection mats for
children who needed help with fine motor skills, and digital
instructions for children with visual impairments [11].

The program was composed of a six-week workshop, held
weekly, for two-hour sessions, with up to 10 children in a given
workshop. The program was divided into two age groups; the jun-
ior group, designed for children aged 6-8years, and the intermedi-
ate group, for children aged 9-14years. There were two levels
within each age group, an introductory-level for children just
starting the program, and a more advanced version for children
with more experience in the program [11]. Additionally, a work-
shop for girls exclusively was created at the junior, introductory
level, as a response to low participation rates of girls during early
interactions of the program.

Children worked in pairs or groups of three, along with one or
two volunteers who have knowledge of robotics and/or children
with disabilities. A clinical staff member (i.e., therapeutic recre-
ation specialist) was present to support children’s social and com-
munication skills, and a program coordinator who circulated the
room and provided additional support. A trained student volun-
teer, facilitated each two-hour session and provided lecture-style
instruction on science related concepts, introduced the building
activity, and circulated around the room during building and pro-
gramming to provide further assistance.

Over the six-weeks, children in the junior group applied math
and science concepts to build LEGO® models using WeDo 2.0
[30]. Meanwhile, children in the intermediate group used LEGO®
MINDSTORMS® [29] to learn an introduction to robots, mecha-
nisms and simple machines, programming and design, build and
testing a robot in a team environment [11,35]. Each session was
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Table 1. Description of the activity settings observed.

Activity setting Description

Room 1 Workshop held in a second floor meeting room with one
window. All children and adults were seated at one, large
rectangle table in the middle of the room.

Workshop held in basement meeting room with no windows.
The room was set up with three separate tables arranged in
a U-shape. Each table seated 1-2 children and 1 volunteer.

Workshop held in a first floor meeting room with no windows.
The room was set up with 2 rows of three separate tables.
Five tables seated 1-2 children and 1-2 volunteers, and one
table seated 2 observers.

Workshop held in a first floor conference room with one large
window. The room was set up with seven separate tables
around the perimeter of the room. Four tables seated two
participants and 1-2 volunteers, and the remaining tables
seated the observers and program coordinator.

Workshop held in a first floor conference room with no
window. The room was set up with five tables around the
perimeter of the room. Four tables had 1-2 children and 1
volunteer, and one table seated the program coordinator
and observer.

Room 2

Room 3

Room 4

Room 5

structured similarly, starting with a 20-min “build to express”
activity, where children built something of their own interest
while listening to others, sharing, and learning, followed by a
demonstration from the instructor on how to build a robot.
Children then worked with their partner or group to build and
test the robot themselves, concluding with a discussion of what
was learned during the session [35].

Description of activity settings

The activity settings evaluated in this study are the five rooms
where children built robots in an adapted LEGO® robotics pro-
gram. All of the activity settings consisted of learning about and
building robots in a conference room or meeting room in a
paediatric rehabilitation hospital. We observed the qualities of five
different rooms where the robotics program was held. The layout
of each room was arranged at the discretion of the clinical staff,
who organized the seating according to the tables and chairs
available in the room. They did so in a way that to help children
feel supported while optimizing program outcomes. The room
arrangements were maintained across all sessions of the program.
A description of each activity setting is provided in Table 1.

Ethics

A Research Ethics Board at a paediatric hospital and the
University of Toronto approved the study. Informed written con-
sent/assent (one consent form) was obtained from all children
and parents prior to taking part in the program.

Data collection

Measure of environmental qualities of activity settings (MEQAS)

The MEQAS [46] was used in this study to assess the various activ-
ity settings of the HB FIRST® Robotics program. The MEQAS is a
32-item, global, aggregate, observer-rated measure of qualities
and affordances of activity settings for youth, captured based on
short-term observation [46,51]. The MEQAS is composed of 32
individual items divided across six scales: Opportunities for Social
Activities, Opportunities for Physical Activities, Pleasant Physical
Environment, Opportunities for Choice, Opportunities for Personal
Growth, and Opportunities to Interact with Adults. Observers rate
the extent to which the 32 environmental qualities outlined in
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Table 2. Overview of the adults and children present in each of the activity settings.

1 instructor
2 therapeutic recreation specialist

Workshop Children present Adults present
Room 1 All Girls 3 girls with ASD 8 women
Spring 2018 2 girls with CP e 1 program coordinator
e 1 research assistant observer
. 1 instructor
e 1 therapeutic recreation specialist
e 4 volunteers
Room 2 All Girls 5 girls with ASD 7 women
Fall 2018 e 1 program coordinator
e 1 research assistant observer
e 1 therapeutic recreation specialist
e 3 volunteers
Room 3 Junior 7 boys with ASD 7 women, 4 men
Level 1 1 boy with CP . 1 program coordinator
Fall 2017 1 boy with skeletal dysplasia e 2 research assistant observer
e 1 therapeutic recreation specialist
e 7 volunteers
Room 4 Intermediate 1 girl with CP 6 women, 4 men
Level 2 6 boys with ASD e 1 program coordinator
Spring 2018 1 boy with developmental delay e 1 research assistant observer
. 1 instructor
e 2 therapeutic recreation specialist
e 5 volunteers
Room 5 Intermediate 6 boys with ASD 6 women, 3 men
Level 1 1 boy with CP e 1 program coordinator
Fall 2018 e 1 research assistant observer
L[]
[ ]
L[]

5 volunteers

the MEQAS are present in an activity setting on a 7-point scale
ranging from 7=to a very great extent to 1=not at all. The
MEQAS evaluates the qualities and opportunities of leisure activity
settings for youth, and is intended to consider the features of
activity settings for all youth, regardless of individual characteris-
tics (e.g., age, gender, disability, etc.) [46].

The MEQAS has evidence of good internal consistency, with
Cronbach’s alphas ranging from 0.76 to 0.96 [47]. Evidence from
the scale development study indicates that the MEQAS-32 test-
retest reliabilities were good to excellent (0.70-0.90) across activ-
ity settings, and good to excellent interrater reliabilities, with
intra-class correlation coefficients between 0.60-0.93 for all rater
pairs, over all activity settings [47]. Finally, King et al. (2014) exam-
ined construct validity as part of the MEQAS-32 measurement
development by testing predictions across different types of activ-
ity settings. Results indicated evidence for construct validity, as
the scales discriminated between different types of activity set-
tings as predicted [47]. Thus, ratings on the scales of the MEQAS-
32 can discriminate between different activity settings, and com-
pare their features [51].

Training of the raters

Two researchers, one male and one female, trained for approxi-
mately 3h on using the MEQAS independently rated the environ-
mental quality. One rater held PhD in communication sciences
and disorders, and the other was a Masters student in rehabilita-
tion sciences with extensive experience in video-coding. The
raters each read the MEQAS training manual [51], and met to dis-
cuss any questions about administering the measure. Additionally,
the two raters met after completing the first two observations to
compare ratings, and any discrepancies were discussed. The raters
had 95.3% agreement on their first two observations, and data
from these observations were included in the final analysis.

Procedure for observations and ratings

The present study examined activity settings where children with
disabilities engaged in an adapted LEGO® robotics program. We
used the MEQAS to evaluate the environmental quality of the five
different rooms where the robotics program was held. The
MEQAS scores were interpreted descriptively, as is suggested in
the MEQAS-32 user manual [51], and consistent with other
research applying this measure [41,43,48,49]. All five rooms were
either conference rooms or meeting rooms located in a children’s
rehabilitation hospital. A breakdown of the individuals who were
present, and the group and level of the program is displayed in
Table 2.

Two researchers independently rated the environmental qual-
ity observed in one session from each of the five rooms. Each ses-
sion of every workshop was video-recorded using two cameras
placed in opposite corners of the room to allow the frame to cap-
ture majority of the activity setting. The researchers made obser-
vations from these video-recordings. The observations were
conducted on the third session of the workshop for each activity
setting, to ensure consistency in participants; level of familiarity
with the program across all activity settings. The raters focused
their observations on the building the robot portion of each ses-
sion, where children worked with peers and adult volunteers to
follow directions and construct the robots.

The raters followed the procedure for observing activity set-
tings, as outlined by King et al. (2013) in the MEQAS-32 user man-
ual. They observed the setting for approximately 10 min before
making any ratings, and then continued to watch the video as
they completed the items. The raters then verified their ratings
while watching the video-recordings from the second camera in
the room to ensure that as much of the activity setting as pos-
sible could be observed. The focus of these observations was on
the activity setting in general, and not on any of the individual
children in the setting. Moreover, raters focused on the qualities
and opportunities of the settings as they are relevant to a typical
individual in the setting, rather than the fit between and specific



children and the environment [46]. As described in the MEQAS-32
manual, ratings for each activity setting were completed by a pair
of observers, and scores were aggregated (i.e., the average score
between the two raters for each item), to produce more reliable
and less biased judgements [51]. As outlined in the MEQAS man-
ual, an aggregate score for each scale and a total score was gen-
erated for each of the five activity settings by taking the average
of the scores for the two raters. Cronbach’s alpha for our assess-
ments was 0.83, indicating good internal consistency.

Participants

There were thirty-one unique children who were present across
the five activity settings assessed in this study. Of these children,
eight were girls (25.8%), and twenty-three boys (74.2%). Fourteen
children were in the junior group (aged 6-8years), and seventeen
children were in the intermediate group (aged 9-14years).
Twenty-four children had a diagnosis of Autism Spectrum
Disorder (ASD), five had a diagnosis of cerebral palsy (CP), one
child was diagnosed with a developmental delay, and one child
was diagnosed with skeletal dysplasia. Of the thirty-one children,
four children were present in more than one of the activity set-
tings assessed. These four children were all girls, and each of
them was present in one of the all-girls workshops, and one other
workshop. A breakdown of who was present in each activity set-
ting, including children, volunteers, and clinicians, is presented in
Table 1.

Results
Observations using the MEQAS

The mean scores for each of the six MEQAS scales, and the mean
total score across the observed activity settings are displayed in
Table 3. The overall mean MEQAS scores, collapsing across the
activity settings, revealed that the robotics activity settings pro-
vided an opportunity to interact with adults to a great extent
(M=6.40, SD=0.42). Additionally, the robotics activity settings
provided opportunities for social interaction to a fairly great
extent (M=5.22, SD=0.36). There was opportunity for choice to
a moderate extent (M=4.17, SD=0.62), while opportunities for
personal growth (M=3.3, SD = .38), and a pleasant physical
environment (M =3.5, SD=1.03) were observed to a small extent.
Finally, the overall opportunity for physical activity was observed
to a very small extent (M =2.83, SD = .68), collapsing across activ-
ity settings. While there was some consistency observed across
the activity settings, differences were observed between the set-
tings with respect to the qualities and opportunities, as measured
by the MEQAS. The similarities and differences between the activ-
ity settings for each MEQAS scale are described below.

Table 3. MEQAS-32 scale scores for 5 observed activity settings (Rooms 1-5).
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Opportunities to interact with adults in a typical way

Figure 1 displays the means, medians, and inter-quartile ranges of
the items on the six MEQAS scales, for each activity setting,
respectively. The most consistent ratings across the activity set-
tings were observed for the opportunities to interact with adults.
Across all five rooms, the opportunity to interact with adults is
observed to the greatest extent of the six scales. Moreover, across
the activity settings, the distribution of ratings for opportunities
to interact with adults is limited, with all items receiving ratings
between 5 (= a fairly moderate extent) and 7 (= a very great
extent). An exception to this pattern is the robotics program in
Room 3, a first floor meeting room arranged in two rows of three
separated tables. In this setting, while the degree to which the
room was a place in which youth are interacting physically or
socially with adults, and the opportunity to engage in shared
activity with adults were rated highly, (6 (= a great extent) and 7
(= a very great extent), respectively), the opportunity to commu-
nicate with adults in a typical way was only observed to a
small extent.

Opportunities for social activities

The opportunities for social activities were also consistently rated
highly across activity settings, although slightly lower and more
distributed than the ratings for the opportunities to interact with
adults. The median scores across activity settings ranged from 5
(= a fairly moderate extent) to 7 (= a very great extent). The rat-
ings for this scale also showed a great deal of dispersion around
the means and medians. The lower quartiles were as low as 3 (=
a small extent), with outliers reaching 2 (= a very small extent),
while the upper quartiles were as a high as 7 (= a very great
extent). Across all five activity settings, the opportunities for social
risk taking were the lowest rated item within this scale.

Opportunities for choice

There was some variability, but a small distribution of responses
across activity settings with respect to the opportunities for
choice. For rooms 1, 2, and 5, all responses ranged from 3 (= a
small extent) to 4 (= a moderate extent). Overall, rooms 3 and 4
showed slightly higher opportunity for choice, with ratings rang-
ing from 4 (= a moderate extent) to 5 (= a fairly great extent).
The highest rated item was the opportunity to have a say in what
happens in room 4, which was observed be present to a fairly
great extent.

Opportunities for personal growth

Similar to the opportunities for choice, there was a small distribu-
tion and variability of responses across activity settings with
respect to opportunities for personal growth. There was a similar
distribution of response for Rooms 1, 2, and 3, ranging from 2 (=
a very small extent) to 4 (= a moderate extent). There was more
widespread distribution in the range of scores for Rooms 4 and 5.
Both rooms had a median of 4 (= a moderate extents), but Room
4 ranged from 2 (= a very small extent), while Room 5 ranged

Opportunities for Opportunities for

Pleasant Physical

Opportunities Opportunities for Opportunities to

Social Activities Physical Activities Environment for Choice Personal Growth Interact with Adults
Room 1 4.89 2.00 3.17 3.67 270 6.67
Room 2 5.67 250 250 3.83 3.50 6.50
Room 3 483 3.83 2,67 467 3.20 5.67
Room 4 5.28 3.08 4.83 5.00 3.70 6.50
Room 5 5.44 2.75 433 3.67 3.40 6.67

Note: 1= not at all, 2=to a very small extent, 3=to a small extent, 4 =to a moderate extent, 5=to a fairly great extent, 6 =to a great extent, 7=to a very great

extent.
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Figure 1. Means, medians, and inter-quartile ranges of the items on the MEQAS-32 scales for each activity setting.

from 1 (= not at all) to 4 (= a very small extent). Across all set-
tings, multiple opportunities for personal growth or social experi-
ence was the highest rated item, with the exception of Room 1,
where the opportunity for creative expression was the
rated highest.

Pleasant physical environment

The activity settings varied greatly with respect to the degree to
which there was a pleasant physical environment. Moreover, the
scores were widely distributed within each activity setting. Rooms
2 and 3 were similar in their ratings for the pleasant physical
environment, ranging from 2 (2=a very small extent) to 3 (= a
small extent). Room 4 showed a considerable amount of disper-
sion, with items ranging from 3 (= a small extent), to 6 (= a great
extent), while Rooms 1 and 2 showed a great deal of dispersion.
Room 1 ranged from 1 (= not at all) to 5 (= a fairly great extent),
while Room 5 ranges from 2 (= a very small extent) to 6 (= a
great extent). Among most of the rooms, the degree to which the
physical environment is restful was the lowest rated item, with
the exception of Room 1, where the opportunity for privacy was
the lowest rated item. Across the activity settings, the highest
rated items were a place with warm finishes and an overall sense
of welcoming.

Opportunities for physical activities

Overall, the opportunities for physical activities were the lowest
rated scale across all six scales of the MEQAS, and scores were
largely distributed within each activity setting. The lower quartile
observed for Rooms 1, 2, 4 and, 5 was rated at 1 (= not at all),
and 2 (= a very small extent) for Room 3. Scores reached an
upper quartile of 5 (= a fairly great extent) for Room 5, and 6 (=
a great extent) for Rooms 3 and 4. For the most part, all items
were rated low (either a 1 (= not at all) or 2 (= a very small
extent)) on this scale, while the opportunity to learn a new skill

was rated highest across the activity settings (either a 6 (= a
great extent) or 7 (= a very great extent). The only rooms that
did not follow this pattern were Rooms 3 and 4, where in add-
ition to learning a new skill, the degree to which the room is a
place that invites movement were also rated highly.

Discussion

This study assessed the opportunities and affordances offered by
an adapted LEGO® robotics program for children and youth with
disabilities. The MEQAS was used to evaluate the environmental
quality of activity settings for the robotics program, specifically
five different rooms in a paediatric rehabilitation hospital where
the robotics lessons were held. Overall, we observed that across
all activity settings, the robotics program offered an opportunity
for children to interact with adults and for social interaction with
peers to a large extent. These findings reflect the goal of the pro-
gram to embed the teaching STEM and robotics principles within
a social setting that strengthens critical thinking, problem solving,
and teamwork [35]. The MEQAS observations confirm that the
robotics activity settings offer sufficient opportunity to engage in
social interactions with both peers and adults. Research indicates
that children and youth with disabilities have fewer opportunities
to engage in meaningful play [22], and in turn may face social
isolation and difficulties with social development [52,53]. Thus,
engaging in a leisure activity with ample opportunity for socializa-
tion like the robotics program may be of great benefit for social
development among children with disabilities.

The present findings are comparable to other studies that
have used the MEQAS to evaluate the activity settings of youth
with disabilities. The MEQAS ratings in this study are similar to
research investigating the environmental quality of a residential
immersive life skills program for adolescents with physical disabil-
ities [43,49]. These evaluated the activity settings of youth



enrolled in the program, which included recreational, active phys-
ical, social, skill-based, and self-improvement settings [49]. The
opportunity to interact with adults was the highest rated scale in
each of these studies, (M =5.50 in King et al,, 2016, and M=4.77
in King et al,, 2018), as it was in the present study. However, over-
all opportunity for interacting with adults was rated higher for
the activity settings in this study than for the residential immer-
sive life skills program, indicating that the robotics program set-
tings are especially conducive to interactions with adults.
Additionally, the opportunities for social interaction were similar
to those found in the life skills program, where they were also
observed to a moderate extent by King et al. (2016) (M =4.38),
and King et al. (2018) (M =4.24 for opportunities for peer inter-
action). The lowest rated scales in the present study were also
similar to those in the life skills program, as the opportunity for
personal growth was the lowest rated scale in the King et al.
(2016) study (M =2.84), and opportunity for physical activity was
the lowest rated scale in the King et al. (2018) study (M=2.64).
Moreover, King et al. (2014) used the MEQAS to identify the qual-
ities of leisure activities chosen by youth with disabilities, and the
pattern of scale ratings reflects that found in the robotics activity
settings. Once again, among the highest rated scales in the King
et al. (2014) study were opportunities for interaction with adults
(M=4.84), and social activities (M =4.16), while opportunity for
physical activity was the lowest rated scale (3.30) [41]. Thus, it
seems the opportunities and affordances offered by the robotics
program activities settings align with the opportunities offered by
other activity settings occupied by youth with disabilities.

Interestingly, unlike the other activity settings where the
opportunity to interact with adults was observed to a great
extent, in Room 3, the opportunity to communicate with adults
was observed only to a small extent. This difference may reflect
the arrangement of the room, such that tables were placed separ-
ately and arranged in rows. It appears that, given the small size of
the tables, the adult volunteers did not sit at the tables with the
children during the building activity as they often did in the other
settings. Instead, the adults walked around the tables, often
standing behind the children as they participated in the building
activity. This arrangement reduced the ability of adults to lower
to the level of the child and make eye contact, limiting the
opportunities for children to engage with adults in a typical way.
To ensure that the robotics program allows for the optimal inter-
action between children and their peers and adults, it is import-
ant that the room is set up with tables of sufficient size so that
all individuals can interact on the same level, enabling eye con-
tact and social interaction.

Across all of the robotics activity settings, the opportunity for
physical activity was rated lowest. This finding was not surprising,
given that the goals of the robotics program focused on socializa-
tion and STEM learning, and did not address physical activity.
Additionally, it is promising that despite overall low scores among
the items within this scale, the opportunity to learn a new skill
was rated highly across the activity settings. This finding aligns
with the primary goal of the program is to allow children and
youth with disabilities to learn new skills in STEM and
robotics [35].

Some differences in opportunities for physical activities were
observed across the activity settings. Specifically, Rooms 3 and 4
were rated highly on the degree to which they invited movement.
These rooms were each set up in a configuration of separated
tables, with enough space for children to move about in between.
While it was not a goal of the program to provide an activity set-
ting that supports physical activity, it may be important to
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consider the movement needs of the children within an adapted
robotics program. Children with physical disabilities require suffi-
cient space to comfortably move about with the room.
Additionally, a large majority of children in this study were chil-
dren with ASD, and these children often require more personal
space or access to external play areas [54]. Thus, an optimal set-
ting for the adapted robotics program would include tables con-
figured separately to allow space and invite movement.

The opportunities for choice and personal growth were
observed from a small to moderate extent across all five activity
settings. Room 4 in particular was rated the highest of all activity
settings on these two scales. Within this activity setting, the high-
est rated items included the opportunity to have a say in what
happens, the opportunity for identity development, as well as
multiple opportunities for personal growth or social experience.
This room was set up with one or two participants at separate
tables around the perimeter of the room, along with one or two
volunteers. Research on inclusive education among youth with
intellectual and developmental disabilities indicates that social
engagement may be supported by small group arrangements
that allow for peer-to-peer interaction [55]. Moreover, this
research suggests that close proximity of adults can reduce the
levels of peer-to-peer interactions, while increasing task-related
interactions between students [55]. The arrangement observed in
Room 4 seems to strike a balance between the benefits of small
group, peer interactions and proximity of adults, in turn support-
ing children with disabilities in their development of social skills
and self-identity.

While the MEQAS evaluates the qualities of activity settings for
youth, regardless of their individual characteristics, it is important
to consider potential gender differences in the impact of the
environmental features of the LEGO® robotics program. Research
indicates that the physical environment may establish gendered
expectations for how children play within a setting. For example,
Borve and Berve (2017) show that rooms for kindergarten stu-
dents are constructed with a strongly coded message for gen-
dered expectations, such that environments perceived as
stereotypically masculine tend to be open, allowing space for
physical activities, while environments that are more stereotypic-
ally feminine are smaller, quieter, and allow for less physical activ-
ity [56]. In our study, certain qualities of the activity settings may
have coded for gendered expectations for how the rooms were
to be used. Rooms 1 and 2 were both rooms used for the girls-
only robotics sessions. These rooms received the lowest ratings of
all the activity settings for the opportunities for physical activities.
The table arrangements in these rooms left little space for chil-
dren to move about within the room, reflecting the gender
stereotype identified by Berve and Bgrve (2017) that environ-
ments for girls require less space for physical activity. These
rooms invite movement only to a small extent, which may limit
the accessibility of the robotics program for girls with disabilities,
who are already under-represented in STEM education [57,58]. To
ensure equitable access to the robotics program for all youth
with disabilities, it is important that a physical environment avoids
gender stereotypes in the layout and invites movement for all
participants.

The findings from this study illuminate environmental qualities
for the adapted LEGO® robotics program that align with and opti-
mize the goals and intended therapeutic goals of the program.
While no single activity setting from this study embodied all of
these features, the findings from this study have implications for
designing the ideal environment for future iterations of the
adapted robotics program for youth with disabilities. Specifically,
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to accommodate the space needs of youth with disabilities, the
ideal setting for the robotics program would include separated
tables with sufficient space to invite movement around the room.
Moreover, to foster the development of children’s social skills and
self-identity, approximately two children and one or two adults
should work closely in a small group at each table, but tables
should be arranged so that opportunities to interact as a larger
group, across tables, is also facilitated. Importantly, to support
social interaction, tables should be large enough that children
and adults can interact at eye level. Incorporating these environ-
mental qualities would provide opportunities for youth that sup-
port the goals of the adapted robotics program.

Limitations and future directions

There are some limitations in the methods used in this study to
consider. First, although the MEQAS manual recommends that rat-
ings be based on in-person observations, the observations for this
study were based on video-recordings. The video-recordings
included multiple camera angles to capture the room from a var-
iety of perspective, but it was not possible to capture the entire
room environment, and thus observations and ratings are less
informed. Future studies should conduct observations of robotics
sessions in-person, in real-time, as the sessions take place. Next,
there is a possible observer bias in this assessment, as two of the
authors of this paper completed the ratings of environments. This
bias was minimized as the ratings were completed by following
the instructions outlined in the MEQAS manual. However, to
reduce potential bias, the authors should not complete the qual-
ity assessment ratings. Additionally, while we used the MEQAS-32
to assess environmental qualities, the measure developers have
published an updated measure, the MEQAS-48 [46]. This measure
offers four new scales to measure place-related qualities and
opportunities; including privacy/relaxation, peer interaction, and
cooperative group activity. While we chose to use the MEQAS-32
as it was developed to capture the qualities of leisure activity set-
tings specifically, the MEQAS-42 was developed for a broader
range of activity settings and has enhanced utility [46]. Thus, the
updated 42-item MEQAS measure may have illuminated aspects
of the robotics activity settings not captured by the MEQAS-32,
and it would be valuable for suture studies to evaluate the
robotics environments using this expanded MEQAS measure. It is
important to note that in we did not evaluate the effectiveness of
the robotics program, so we were unable to statistically analyse
the relationship between the MEQAS-32 scores and outcomes of
the robotics program. Moving forward, it would be interesting to
explore the predictive validity of the MEQAS-32, examining the
correlation between MEQAS scores for the robotics program and
outcomes of the program, including interest in STEM disciplines.
Finally, the present study focused specifically on the portion of
the robotics program where children are building robots. It is pos-
sible that the environmental quality ratings might vary for the
other sections of the robotics program. Future studies should use
the MEQAS to evaluate the degree to which the settings of the
other sections of the adapted robotics program support the thera-
peutic goals.

Conclusion

The assessment of the environmental quality of an adapted
robotics program for children and youth with disabilities revealed
that the environmental qualities of the activity settings for this
program are aligned with the therapeutic goals of the program.

Specifically, the activity settings of the robotics program offer
ample opportunities for children to engage in social interactions
with peers and adults, opportunity to learn a new skill, and to
develop a sense of self-identity. Through examining the opportu-
nities and affordances offered across the five setting observed in
this study, we identified the environmental features of the
robotics settings that best support the program goals. The ideal
robotics environment for children and youth with disabilities
would be composed of large tables with sufficient space for two
youth and one or two adult volunteers to interact at eye-level,
arranged separately with enough space to invite movement
between tables, in such a way that children may also interact
across tables. The findings of this study support the value of
assessing the opportunities and affordances of play-based activ-
ities, and demonstrate that the environment of an adapted LEGO®
robotics program can be designed in such a way that supports
optimal outcomes for children and youth with disabilities.
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