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Abstract. Various benefits are being envisioned for enhancing autism
interventions with a robot. But what features should such interventions
have if they are to be successful? While there are quite a few papers
that describe specific user requirements or needs, a more comprehensive
account thereof should help to inform the development of such inter-
ventions. We therefore present a literature review on the user require-
ments for robot-assisted interventions. We report on various themes that
emerged from our analysis and discuss how enhancing an intervention
with a robot might fulfil those requirements.
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1 Introduction

The use of social robots as tools that engage autistic children in learning can pro-
vide a novel way to enhance interventions aimed at teaching certain social skills.
Autism spectrum condition (hereafter referred to as “autism”) is a neurodevel-
opmental condition that is characterised by difficulties in social communication
and interaction and by restricted, repetitive behaviour and interests [3]. Gen-
erally speaking, incorporating a robot in an intervention for autistic children1

appears to have a positive effect on the child’s engagement and attention to the
learning task [27,33]. This could ultimately improve their learning gains. The
addition of a robot to an intervention may also have benefits for those working
with the autistic children. Parents of autistic children might be faced with chal-
lenges that can prevent them from accessing care for their autistic child, such
as high costs of interventions, limited availability of providers, or geographic
isolation [37]. These issues could be addressed by providing on-demand learning

1 We use identity-first language, rather than person-first language, because it is less
associated with stigma [12], and autistic adults prefer the use of disability-first terms,
rather than person-first terms because they feel that being autistic is central to their
identity [19].
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for autistic children through a robot-assisted intervention that is designed for
at-home use by an autism professional. A robot could also alleviate the workload
of autism professionals by providing an extra hand in an intervention [17].

As shown above, various benefits are anticipated for enhancing autism inter-
ventions with a robot. To realise these benefits, it is critical that we understand
what features or attributes a robot should have, or how it should perform, from
the users’ perspective (i.e. user requirements). While there are several papers
that report a couple of user requirements, a more comprehensive account thereof
should help to inform the development of robot-assisted interventions for autis-
tic children and the robots used in such interventions. Therefore, we present a
literature review on the user requirements for robot-assisted interventions. The
users we considered are the autistic children themselves, their parents, and the
educators and occupational therapists who work with the children2. From our
analysis of the literature, various themes emerged. We discuss how each theme
could be achieved through design of the robot-assisted intervention.

2 Methods

The databases we accessed to conduct the systematic literature review include
Scopus, Web of Science, and Google Scholar. In September 2020, we carried out
an electronic search using the following keywords: autism/autistic/ASD/ASC
AND robots AND requirements OR needs. This resulted in 44 papers for the
keywords plus requirements and 221 for the keywords plus needs. We included
needs as a keyword, because we can derive requirements from these needs. The
selection of publications was based on five eligibility criteria:

1. The publication should present a study involving autistic children, their par-
ents, or autism professionals, or discuss user requirements related to robots.

2. The study assesses user needs or requirements.
3. The user needs and requirements should relate to robot-assisted interventions

for autistic children.
4. The publication should be written in English.
5. Only full papers and articles are included in the analysis—extended abstracts

were omitted because these often contained preliminary findings.

All titles and abstracts were screened on the eligibility criteria by one author. To
analyse the selected publications, we adopted a grounded theory approach [36].
We first read and highlighted any findings and insights in the publications that
were relevant to our research question. Through open coding, we then generated
higher-level abstraction level type themes from these findings and insights. The
final set of user requirement themes were then decided on through axial and
selective coding.

2 In the remainder of this paper, we will refer to the adult users as “autism experts”,
when addressing the whole group.
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To keep this paper specific to the context of robots being used in autism
interventions, we excluded generic user requirements, such as that the robots
they are working with should be safe to use and cause neither physical nor
mental harm (clearly the most critical requirement), or that the user interface
should be easy to use.

3 User Requirements and Discussion Thereof

The following papers and articles matched the selection criteria: [1,8,13,16,18,
20,22,24–26,38]. We excluded Robins et al. [26], as the results reported in this
paper are also reported, and expanded upon, in [25]. Next to discussing the
themes that emerged from our analysis, we will also discuss how the user require-
ments could be addressed by drawing upon the broader literature in the field
of Human-Robot Interaction. We thus cite more papers than those listed above.
The following themes emerged from our analysis:

3.1 Autism Experts in Control over the Intervention and Robot

Autism experts expressed firmly that autism interventions should remain a
human activity. A robot can possibly assist the expert, but not take over their
role [1,8,20]. Human-robot interaction should not replace human-human rela-
tionships for the autistic child, but autism experts warn that this can be the
case when robots are not used correctly—in a manner where the autism expert
does not have control over the intervention. Interacting with a robot may be
highly engaging to autistic children, and educators warned that the robot may
have the properties to turn into an obsession for certain children [1]. Further-
more, the children could also trust the robot and connect with it emotionally [8],
which then could lead to becoming overly dependent on the robot and reduce
the child’s interaction with people. Similarly, Putnam et al. [22] reports that one
of the reasons why parents who avoided technology for their child did so because
they were worried that it might contribute to isolation of their child. On the
other hand, in the same study, participants also mentioned that a robot could
become like a friend to the child, which seems to be at odds with the belief that
technology can lead to isolation from other people.

Autism experts expressed not only that they want to remain in control of the
intervention (e.g. controlling the learning content or the flow of the intervention)
[1,8], but also have (a degree of) control over the robot’s behaviour [1,18,20,38].
A robot should fill in for the weaknesses of autism experts, and not replace their
strengths. Educators are trained to assess the varying needs of the children,
support those needs using (creative use of) distinct strategies [1], and, in general,
are particularly proficient into “reading the mind of the autistic children” [18,20]
(i.e. noticing subtle changes in their emotional well-being). They fear that overly
relying on a robot’s senses and analyses thereof may deteriorate the quality of
an intervention, because robotic technology was judged not to be up to this task
currently, nor did they believe that it would be in the future [1]. The educators
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also foresee that they need to adapt the robot’s behaviour on the fly when the
situation demands it, as the children can behave unpredictably and have dynamic
needs [13,16]. Control over the robot’s behaviour is therefore necessary, so that
the autism experts have the last say in how the child is likely to feel, and what
strategies are likely to be most appropriate.

To address the requirement for being in control over the robot’s behaviour,
autism experts will need to be able to interface with the robot. While some
aspects of control can be addressed prior to the intervention, such as determin-
ing the learning content for an upcoming session, much of the aspects mentioned
above relate to being able to enact control over the robot on the fly. For the lat-
ter, a simple graphical user interface might not be preferable. When asked, some
experts said they likely would prefer to interface with the robot through speech
[20]. Such an interface could possibly also be embedded in the interaction, where
the expert could ask the robot to perform a certain behaviour. Alternatively,
the experts could interface with the robot through a remote control, gestures,
or touch, although these were judged less favourably [20]. In the design of an
interface for the autism experts, it is important to keep in mind that the addi-
tion of a robot to the intervention, and control thereof, does not increase the
workload of the expert, or make it more complicated, as this will likely decrease
the adoption of such interventions [13,16].

3.2 Providing a Comfortable and Safe Learning Environment

It can sometimes be difficult to provide a comfortable and safe learning envi-
ronment for the autistic children [1,18]. A robot was perceived as a possible
solution to some instances where the learning environment was not comfort-
able for the child. The autism experts mentioned two aspects for addressing this
requirement. Firstly, the unpredictability and complexity of people’s behaviour
and appearance can make it difficult for autistic children to understand them
and can induce anxiety. Secondly, the (high) social demands experienced by the
child of having to perform in the intervention can prevent the child from learning
and also cause anxiety. To address the former, a robot can be highly predictable
when it is programmed to do the same behaviour over and over again, in exactly
the same manner, and look exactly the same every day. However, this may not
be a very useful contribution to the intervention—the robot will likely have to
do more, which can decrease its predictability [31]. On the other hand, a more
predictable robot can lead to more visual attention to a robot-assisted activity
[29]. Thus, a balance will need to be struck between the robot’s predictability
and providing meaningful interactions.

To improve the simplicity of a robot, experts noted that presenting multi-
modal robot behaviour could cause an information overload [16], and that a
simplistic appearance of it might make it easier for children to interact with
them [13,18]. To address the social demands of the intervention placed on the
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child, the environment should allow for making mistakes and still be supportive
[1,25]. Rather than stating that the child’s answer is incorrect, the robot could
encourage the child to try again, or praise the child on the effort he or she is
putting in.

3.3 Familiarising the Child with the Robot

Interacting with a robot can be an unsettling experience for autistic children,
when they do not know what to expect from the robot [16,25]. What will it look
like, what will it do, or how will it sound? To prevent this from happening, the
autistic children will need time to get accustomed to the robot. Either before
meeting the robot in person, or when they first meet. Note that this user require-
ment is connected to the user requirement discussed in the previous section, as
being familiar with a robot generally increases the ability of people to predict
its behaviour [31].

Three possible solutions on how to address the requirement of familiarising
the child with the robot were put forward. First, an autistic adult mentioned
that it would be beneficial if the children themselves could freely explore the
robot, and become familiar with it, as they know best what they do and do
not want [16]. Second, in Alcorn et al. [1], educators mentioned that creating a
social story around the robot that shows what it looks like, explains what it is
going to do, and when it is coming, may help the children anticipate and prepare
for the robot’s arrival. And lastly, providing some familiarity in appearance or
behaviour might also put the children more at ease [25].

3.4 Accounting for Sensory Hyper- and Hypo-sensitivity

Unusual responses to sensory information are included as one of the non-social
symptoms of autism [3]. These responses vary widely between autistic individuals
[15]. Some are hyper-sensitive to certain sensory experiences (e.g. strong reac-
tions to loud or unpredicted sounds, or lights) which then cause great discomfort
(e.g. feeling like a sharp needle pierces your eardrums), others are hypo-sensitive
and react very slowly to certain sensory information, or are unaware of it, and
there are also some that actively seek out certain sensory experiences. Autism
experts reported that taking these unusual responses to sensory information
into account in the interventions could be important for keeping the children
engaged [13,16,25]. On the one hand, we do not want to create a sensory expe-
rience that triggers hyper-sensitivity, which is very unpleasant and may lead to
disengagement. On the other hand, for those who are hypo-sensitive to such
sensory experiences, they may be particularly motivating.

To address sensory hyper- and hypo-sensitivities, personalising the sensory
experiences is required. If the robot has lights, then it should be possible to both
use them or deactivate them. If children want to feel the material of the robot,
then this can be utilised to increase motivation, but it should not be required
in order for the child to engage in the intervention, as this would prevent those
who are sensitive to the robot’s materials from engaging. Because it is often not
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possible to tell exactly what sensory experiences the child has unusual responses
to, the autism experts using the robot will also need to pay close attention to
this and intervene when necessary. In case a sensory sensitivity is triggered by
something the robot is doing, then it should immediately stop doing it.

3.5 Personalising Content and the Robot

While personalising the autistic child-interaction in relation to sensory sensitiv-
ities of the children is one form of personalising that is particularly important,
personalisation in general will be important according to autism experts. In
autism education, personalising content is an essential task for autism experts
to adjust learning material to a specific child. Parents and educators noted that
autistic children can have strong interests, and that utilising these interests could
draw the attention of the child and keep the child engaged [22]. Not only in per-
sonalising the robot’s behaviour [1], but also its appearance [16]. Some children
may enjoy certain robot behaviours, which are particularly motivating for that
child, while other children may enjoy different robot behaviours [25]. In our own
research, we also found large individual differences in the type of interactions
autistic children spontaneously initiate towards a robot [30]. Overall, the chil-
dren’s individual differences will need to be addressed. Educators further men-
tioned that it should be possible for autism experts to personalise the learning
content, as each child has an individual learning plan [1,16].

In robotics, much of the personalising that is done relates to personalising
the difficulty of games through intelligent tutoring systems [e.g. 32], which may
partly address the need for personalising content and the robot. Similar systems
have been applied to personalising learning content in robot-assisted interven-
tions in terms of difficulty [7,28] and feedback [7]. However, as we explained in the
previous paragraph, more personalisation, and different kinds of personalisation,
are needed to effectively support the autistic children in a robot-assisted interven-
tion. While some of the personalisation can be done by the robot (autonomously),
other forms of personalisation will require the input from the autism expert (e.g.
adjusting the learning content to the child’s individual learning plan). The lat-
ter could be facilitated by providing the experts with the ability to program the
robot’s behaviour [e.g. 4]. A different solution is to give more control over the
robot to the children themselves. This way, the children can choose what they
enjoy [25]. Moreover, it lets the children be active participants, where they shape
the interaction. In Robins et al. [25], educators suggested that simple controls
on a toy (i.e. the robot) could provide the children with the means to explore
the robot and control its behaviour.

3.6 Generalisation of Learned Skills to Humans

Generalising skills learned in interventions is problematic for autistic children in
general. As robots do not look and act like humans (which can be a good thing!),
generalisation may be even more problematic. For instance, educators in [1] said
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that robots that are too predictable, or too engaging, could potentially hinder
the child’s progress in learning to navigate in social environments.

To address this requirement, using a humanoid appearance for a robot may
be particularly successful in facilitating the generalisation of the learned skills to
humans [1,23,27]. However, for some children, “a robot is still a robot, even when
it looks like person” [p. 8 1], and this solution may not work. Instead, a more
successful approach may be to actively embed the generalisation of learned skills
from robots to humans into the intervention. Two approaches for doing so have
been proposed in literature. One approach is where the robot is only used for
eliciting certain social behaviours from the child that are directed at the expert,
and learn a skill through this process [9]. The skill is then already applied in the
interaction with another person, circumventing the need for generalisation from
robots to humans. An alternate approach is by gradually fading the role of the
robot in the intervention [6,14]. The child may then first learn the skill through
interacting with the robot, but later on in the interventions learns to apply this
skill in the interaction with the expert, rather than with the robot.

3.7 Safety and Robustness of the Robot Itself

Next to the safety of the people involved in the intervention, the robot itself
should also be safe [13]. Autistic children may enjoy taking objects apart [5], or
may handle objects roughly, and a robot is unlikely to be an exception [2]. Fur-
thermore, the children may engage in challenging behaviours, such as kicking,
hitting, or throwing objects. These behaviours may also be directed towards the
robot and damage it (as well as pose a risk to the children themselves and those
around them). As robots are often expensive and difficult to repair for a layper-
son, the robot should not be damaged during the intervention. As such, this
type of behaviour needs to be accounted for through design, or through proto-
col, to address this requirement of having a sufficiently robust platform. Possible
solution include using a highly robust robot that cannot be taken apart with-
out using tools, or simply dissuading the child to handle the robot roughly and
intervening when this happens. Alternatively, scheduling a fixed period of time
in the intervention where the children can engage in the tactile exploration of
the robot could give them the satisfaction of doing so without further disrupting
the rest of the intervention.

4 General Discussion and Conclusion

Through our analysis, three major topics of user requirements emerged. Firstly,
there is a need for a more predictable and simplistic interaction with a social
actor. Robotic technology may be uniquely positioned by being able to pro-
vide more predictable, and less complex interactions, as well as being a social
actor that elicits social interaction. This opens up various promising avenues
for embedding a robot in interventions that target learning social skills. Not
only could a predictable and simplistic robot be more easy to understand and
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comfortable for autistic children, it could also be less threatening, as it may be
perceived by the children as being less socially demanding than a person.

The second topic relates to the large individual differences between autistic
children. Accounting for such differences will be essential, but also challenging,
because it is not always clear how the robot-assisted intervention should be
adapted to the child. For instance, the use of lights could be anywhere from
being highly motivating to causing great discomfort. It is unlikely that there
is a one-size-fits-all robot for autistic children. Some children may not enjoy
interacting with the robot, as they may be fearful of it [22], or may not think
the robot is “cool” [16]. Others may be too aggressive to interact with a robot.
In the end, the autism expert will need to decide how and when to use the robot.

This brings us to our last topic, which is that the robot is to be a tool for
autism experts that they can use in certain scenarios. For instance, by using the
robot as a scaffold, to bridge the gap between learning with current materials
and learning with people. This also means that the experts should be empowered
by having a robot at their disposal, which requires that they should remain in
control over the intervention and be able to use the robot as they see fit. To
enable the experts to adjust and customise the robot’s behaviour, they will need
easy-to-use tools to program the robot. What these tools should look like, and
how the experts can control the robot in a session—taking into account that it
should not cause additional workload during sessions—are questions that will
need to be addressed in future research.

In our literature search, we found no papers which involved autistic children
in their search for user needs or requirements. This is unfortunate, as autism
interventions are designed for them. Yet we do not know what needs and require-
ments they themselves would report. Including autistic children in the design
process would allow us to create more suitable and acceptable technologies, as
well as allow the children to aid in shaping the robot-assisted intervention accord-
ing to their needs and desires [34]. Frauenberger et al. [10] argue that autistic
children are rarely involved in the design process, because either the researchers
have limited access to the target group, or hold views that autistic children may
be impaired in their creative and communicative skills, limiting their potential
to provide feedback. While it may seem difficult to involve autistic children with
low language and cognitive ability, there are ways for doing so. For instance,
researchers could use a combination of ethnography and structured observations
to understand their experiences [e.g. 21]. Alternatively, autistic children who are
further in their development could be involved in a study—for whom there are
many methods to engage them in research [see 11,35]—and represent autistic
children with more difficult in their communication and cognition.
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