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Abstract. The employment settings for autistic individuals in the USA is grim.
As more children are diagnosed with ASD, the number of adolescent and young
adult with ASD will increase as well over the next decade. Based on reports, one
of the main challenges in securing and retaining employment for individual with
ASD is difficulty in communicating and working with others in workplace settings.
Most vocational trainings focused on technical skills development and very few
addresses teamwork skills development. In this study, we present the design of a
collaborative virtual environment (CVE) that support autistic individual to develop
their teamwork skills by working together with a partner in a shared virtual space.
This paper described the CVE architecture, teamwork-based tasks design and
quantitative measures to evaluate teamwork skills. A system validation was also
carried out to validate the system design. The results showed that our CVE was
able to support multiple users in the same shared environment, the tasks were
tolerable by users, and all the quantitative measures are recorded accordingly.

Note: We are using both identity-first and people-first language to respect both
views by interchangeably using the term ‘autistic adults’ and ‘adults with autism’
[22].

Keywords: Collaborative virtual environment - Neurodiverse employability -
Autism spectrum disorders - Adolescent and adult with ASD - Teamwork -
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1 Introduction

Autism spectrum disorder (ASD) is a range of disorder that can significantly affect
a person’s ability to socially interact and communicate with others. Based on a new
study by Centers for Disease Control and Prevention (CDC), there are approximately
2.21% of adolescents and adults in the USA with ASD [1]. As ASD is considered a
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lifelong condition, there have been growing interest and concern of the challenges faced
by individuals with ASD as they are transitioning into adolescence and adulthood [2].
Employability is one of the main challenges as the unemployment rate for individuals
with ASD are between 50-85% [2, 3]. For those with employment, majority of them
are either underemployed or are unable to retain their position for long [4]. Studies
reported that soft skills and communication were the biggest challenges and reasons for
unemployment in this population [5, 6]. Despite that, majority of job trainings offered
to individuals with ASD are more focused on developing technical skills and rarely on
communication and soft skills development [7]. Based on these findings, there is a need
for a system that could support soft skills development and encourage social interactions
at workplace for autistic individuals.

Stauch and Plavnick combined vocational training with social skills training using
video modelling for individuals with ASD [8]. Participants were shown videos of voca-
tional tasks embedded with social skills as part of the intervention while performing
the task in real life. Although the study reported improvements in both vocational skills
and social skills among the participants, there was limited availability of quantitative
measures and the cost to operate such study was quite high. The use of virtual real-
ity (VR) based systems for vocational training has shown potential in recent years. VR
training engages the users [9], provides a safe environment for training [10] and provides
quantitative measures of the skills they are learning [11]. As a result, several important
virtual systems have been explored in the context of vocational training [9-11]. But these
systems are not catered for individuals with disabilities. A recent study by Bozgeyikli
et al. presented a vocational VR-based training system for individuals with disabilities
focused on building technical skills such as cleaning, shelf sorting and point of sale skills
[12]. Participants were able to interactively practice on the technical skills within the
virtual environment while a job coach supervise their performance. However, these VR-
based training systems still lack the support on social skills development, specifically
teamwork and collaboration skills.

The use of collaborative virtual environment (CVE) in the last decade has provided
autistic individuals the platform to interact with each other or a coach to perform a
task together. CVE offers the same advantages as the VR-based interaction with the
added ability of sharing the virtual experience with other users, thus expanding on the
social interaction experience. iSocial, a distributed learning environment was designed
for school students to collaborate and work with each other in virtual settings following a
defined syllabus [13]. In one of the tasks, children were asked to communicate with each
other to plan a vacation. Zhang et al. designed a CVE system that allowed two children
to play collaborative puzzle games with each other [14]. The system was able to promote
collaboration and communication between users while quantitatively measure the skills.
As can be seen from the examples mentioned, majority of CVE studies focused on social
skills development in children with ASD, in support of early interventions creating a
gap on the outcome for adult with ASD [15].

In this work, we present a collaborative virtual environment (CVE) where a person
with ASD and a neurotypical (NT) partner will interact with each other to complete
two designated tasks. The objectives of the CVE are to (i) allow users to work together
(teamwork) in a shared virtual space and (ii) encourage communication and collaboration
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between users through shared tasks. The rest of the paper presents the system architecture,
collaborative tasks design, and result of system testing.

2 Collaborative Virtual Environment (CVE) System Design

A collaborative virtual environment (CVE) is a virtual environment that allows multiple
users to share the same virtual space where they can interact with other users and the
environment itself. In this work, our CVE system was designed for two users to work
together as a team to achieve the same goal in each task. In this study we designed tasks
within the CVE that simulate workplace environment, even though the system is not
limited to only these tasks. The first is a computer assembly task and the second task
is a fulfillment center. These tasks were chosen as we wanted a workplace environment
that could encourage teamwork and collaboration.

Users access the CVE from two different physical location using their respective
computer and join the shared virtual environment by connecting to the same server. In
each task, users are presented with a set of instruction that included task objectives,
a list and manuals. The users control their movements and interact with the virtual
environment by using common computer peripherals such as keyboard keypads, a mouse
and or a gamepad. to control movements. Once connected, users can communicate with
each other through video and audio streaming component embedded within the CVE.
They use the instruction set as reference to navigate within the environment together by
collaborating and communicating to accomplish the set goals.

2.1 Tasks Design

The main design criteria we considered for the tasks was they must encourage teamwork
and collaboration. Both users need to communicate with each other and synchronize their
actions in the virtual space to achieve the goals set in the tasks. Without communicating
with each other to perform the task, the users will not be able to proceed with the task.
Each task takes between five to ten minutes to complete. When users are unable to
proceed with the task, researchers will provide assistance to move to the next step.

Computer Assembly Task. In the computer assembly task, users are working together
in a computer workshop room. As shown in Fig. 1, five computer components together
with a computer chassis are placed on a table in front of both users. The objective of the
computer assembly task is to put together a computer using the provided components.
One user plays the role of an assembler while the other user plays the role of a supervisor
and has access to the installation manual. The supervisor should provide verbal guidance
to the assembler. The assembler then follows the instruction conveyed by the supervisor
to put the computer together. Both the assembler and supervisor will take turn to place
the component into the chassis as some components are accessible to only either the
assembler or the supervisor. To pick up the component, users select the component they
want to move with the mouse and use keyboard keypad buttons to move and rotate the
component into the right location in the chassis. Both users need to communicate well
with each other to fully assemble the computer within a specified time. Throughout the
task, the CVE system will continuously monitor interaction and collaborative actions.
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Fig. 1. Users’ view of the computer assembly task.

Fulfillment Center Task. The fulfilment center task is set in a warehouse. Users need
to drive forklifts in the warehouse to retrieve pallets from the shelves to a collection
area. The pallets are color-coded to match them to the different collection area. Figure 2
illustrates the different point of views of both users and overall view of the warehouse
with the color-coded collection area. Both users are given a list of pallets they need to
pick up from various location in the warehouse. One user is assigned as the trainee while
the other user is the supervisor. The supervisor in this task will give directional verbal
instruction (e.g., ‘Move to the left’, ‘Move the fork down further’) to guide the trainee
when picking up and dropping off pallets as the trainee does not have the complete view
of the pallet from inside the forklift. This is shown in Fig. 2(a). In this task, a gamepad
controller is used to maneuver the forklift and move around in the warehouse. Figure 3
shows the controls used in this task. Additionally, at any time, only one forklift can
access the shelves, as such the users have to communicate and coordinate their locations
to avoid collision and efficiently transport the pallets. Both users will need to complete
the task within a specified time. Similar to the computer assembly task, the CVE system
will continuously monitor interaction and collaborative actions.

2.2 CVE Architecture

The virtual environment was designed and developed using Unity, a leading game devel-
opment software that support interactive play [16]. Figure 4 presents the system interac-
tion diagram and the five main components within the CVE architecture. The Network
Communication Module is responsible to set up the shared environment when users start
joining. Once connection is established, this module triggers the Player Controller to set
up and assign players with their respective roles. At the same time, the module initializes
the audio and video streaming component. When users start interacting and performing
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Fig. 2. Fulfillment center task views. (a) Point of view of each player. User A can see User B
driving the forklift carrying a red pallet. User B’s view is from inside the forklift. (b) Overall
warehouse view with pallets of different colors and the color-coded collection area.
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Fig. 3. Gamepad configurations for forklift user.

a task, the Player Controller trigger events to the Network Communication Module to
exchange player data between the users’ so that both users’ view are synchronized. At
the same time, any user interactions with the environment are synchronized through
the Environment Controller. Users’ data are also stored locally in the Data Collection
Module for post-task analysis.
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Fig. 4. System interaction diagram

Network Communication Module. The main component that enables a virtual envi-
ronment to be shared among multiple users is the network component. For our imple-
mentation, we used two types of networking interfaces: Mirror [17] and WebRTC [18].
Both are compatible with Unity and purchased through Unity Asset store.

Using similar architecture to Unity Networking (UNet) application that has been
deprecated [19], Mirror uses a server-client module. A server connects all the users
together and manages data transmission in both server and client. A client is created for
each user that is connected to the same environment through the server. In this CVE
system, one of the users is connected as a host server which take the role of both a server
and client and the other user is connected as client only. The assignment of the server
client roles to the users are solely for network configuration and does not influence
user experience at all. Mirror is used to exchange environment related data that are
dynamically changing such as player actions and objects movements, and periodically
exchanging data such as user performance and duration of the task across both user’s
environments. As our tasks involve moving virtual objects to specific locations and
transporting large virtual objects around, we wanted the synchronization to be high but
not overload the channel. The default update rate for Mirror was set to 60 messages
per second or 60 Hz, which is suitable for high paced game [17]. To stream the audio
and video data, we initially used Dissonance, an integration component in Mirror that
allow video and audio streaming [20]. Due to incompatibility with other components in
the development, we had to use an alternative network interface. We chose WebRTC to
stream the user’s audio and video data from a webcam and microphone, respectively, in
real-time between users while they performed the virtual task. This plugin came with
pre-configured network layer that makes establishing connection easy. An event handler
within the plugin trigger updates to the receiving user when a new video frame was
received, or an audio clip was received. For a smooth video transmission, a frame rate
of 30 frame per second (fps) was chosen for WebRTC. In the computer assembly task,
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we are using both video and audio streaming service, while the fulfillment center uses
only the voice streaming service.

Player Controller. The Player Controller configures the user movements within the
environment and how they interact with the virtual objects. Within the controller we
also defined two different roles for each user to encourage further collaboration and
communication between them. The first role defined is of a supervisor, where they
need to provide more verbal instruction to the other user and minimal involvement with
interacting with the virtual objects. The other role is of a trainee where the user is
expected to conduct most of the interaction with the virtual objects and communicate
with the other user. The assignment of roles is done randomly and alternately applied
between the two tasks. For example, if the first task was the computer assembly task and
User A is assigned the supervisor role and User B is assigned the trainee role, then in
the fulfillment center task, User A will be assigned the trainee role while User B will
take the supervisor role.

This controller is also connected to the Network Communication Module to transmit
and receive player’s information which include player’s location and actions such as
moving or picking up virtual objects. Player representation in the shared environment is
important to establish a sense of presence of each other and facilitate collaboration and
team work better. It is also important to synchronize the players’ information to ensure
player representation is not delayed that can disrupt the teamwork and collaboration
activity they are conducting.

Quantitative Measures. To evaluate the collaborative skills and teamwork, we are
using tasks related data and social communication information gathered during the
experiment. Task performance data include number of successful collaborative moves,
duration of collaborative actions and scores are collected locally for each user in the
Data Collection Module. Social communication data include speech and eye gaze data.
Within the system we are transcribing the user’s speech and including it in the Data
Collection Module. Evaluation of speech and conversation are done post tasks where
researchers view experiment recording and label the collaborative part of the speech.
We then validate it against the transcription and add the label accordingly. The labelling
can be used in future study to improve our system. For eye gaze data collection, we
are using a TobiiEyeX [21] to track gaze points in the virtual space and specific virtual
objects that the user looks at. Similar to speech data, gaze points are analyzed post tasks
to obtain the gaze pattern in collaborative settings.

3 System Validation

We conducted system testing with 3 pairs of NT volunteers to validate that the system
can support multiple users and allow users to perform the tasks together in the shared
environment without any issues. Additionally, through the system testing we can validate
that the data are correct and logged in the right format.

After the test, we asked the volunteers to fill out a system usability scale to rate their
experience performing the tasks within the CVE. They commonly agreed that the system



346 A.Z. Amat et al.

was tolerable and simple to understand. They could easily understand the instructions
and objectives of both tasks. One user did comment that the use of different controllers
across both tasks caused a bit of confusion when transitioning over to the other task. We
took note of this and will add them into consideration when we revise the system for a
user study.

As part of technical verification of the system, we observed two areas of the system:
connectivity and recording of quantitative measures. To verify the system connectivity,
we tested connecting two computers in the same building but in separate rooms 10
times a day and repeated the same process for five days. We achieved a success rate of
98% where only 1 trial failed to get connected. When testing with the volunteers, they
accessed the shared environment six times where each pair connected twice, one time
for each task. In all six times, there were no connectivity issues, and they were able
to stay connected until they finished the tasks. Our Network Communication Module
was robust, where players and all virtual objects in the computer assembly task and
fulfillment center task were synchronized with unnoticeable latency. We have yet to test
the network performance of this system in different buildings and observe the latency.

To verify the quantitative measures, the researchers reviewed and compared the
recorded data against the video recording of the volunteers. As we did not have matching
time stamp between the video recording and the log files, we relied on the duration of
the task to align the data with the actual video. From the analysis of the 3 sessions
with the volunteers, we were able to match the speech transcriptions to the utterances in
the videos. Although we did not analytically measure the accuracy of the transcription,
the system successfully discriminated the speech coming from both users (e.g.: User 1
Speech, User 2 Speech). As for the eye gaze data, we selected a short clip from the video
recording and observe what was the volunteer doing in that clip. We then compared this
to the gaze log file and find if there was a match between the object in the video to the
object logged in the gaze log file. We found 100% match in eye gaze data against the
video recording for the virtual object logging. We did not verify the raw gaze point data
as that required more processing time. Both the speech and gaze data can be used to
analyze collaborative level of the participants.

With the completion of our system testing, we can validate that our CVE system is
tolerable by users, easy to understand, able to support multiple users connected to the
same virtual environment and record meaningful quantitative data related to teamwork
and collaborative skills. It is ready for user testing where we will analyze the user
performance, teamwork skills and the system performance.

4 Conclusion

We designed a CVE that is aimed to support the development of teamwork and col-
laborative skills of autistic adults in vocational settings. This initial study addresses the
design considerations for suitable tasks that would encourage individuals with ASD to
communicate and work together with a partner to achieve a common goal. To quan-
titatively measure teamwork and collaborative performance, our system continuously
collects user’s actions in the task together with speech and gaze data.

There were a few limitations in our system validation. The main limitation is the
system was tested with neurotypical users only. Next, there was not enough variation in
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the tasks to allow for more collaborative work between users. Also, the current design
of the feedback is limited to only acknowledgement of successful attempts but does not
prompt the users when they are stuck. Finally, availability of speech data that are labelled
with collaborative tags are limited due to the limited number of study participants and
shorter tasks length.

Our future work will address the limitations we identified from this round of testing.
First, we would conduct a pilot study with autistic adults and NT partners. We will also
introduce variations to the tasks. For example, we plan to have three different difficulty
level for each task. The basic level will serve as a baseline to evaluate the users task
performance while the second and third level introduces ambiguity to the tasks that
would drive the users to work together to overcome the challenge. To further improve
user experience using the system, a more robust feedback mechanism will be introduced
to support users when they are not sure what to do. After the pilot study is finished, we
plan to use the speech data to train a machine learning model that could classify the
collaborative speech in real-time more accurately. With these improvements in plan, we
are confident that our CVE system can benefit individuals with ASD by providing them
with the right tool and support to secure and retain employment by preparing them to
work better with others.
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