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Abstract

Existing research involving children with autism suggests that autonomous (self directed) virtual humans can be used suc-
cessfully to improve language skills, and that authorable (researcher controlled) virtual humans can be used to improve social
skills. This research combines these ideas and investigates the use of autonomous virtual humans for teaching and facilitating
practice of basic social skills in the areas of greeting, conversation skills, listening and turn taking. The Social Tutor soft-
ware features three virtual human ‘characters’ who guide the learner through educational tasks and model social scenarios.
Participants used the software for 10—15 min per day, 3—5 days per week for 3 weeks, with data collected before software use
commenced, immediately after use ended, then again 2 and 4 months after this. The software evaluation revealed that the
social tutor was generally well-received by participants and caregivers, with data showing a clear difference in theoretical
knowledge of social skills between the experimental (social content) group and the control (placebo content) group. This
paper focuses on the automated assessment, dynamic lesson sequencing, feedback, and reinforcement systems of the social
tutor software, the impact these systems had on participant performance during the software evaluation, and recommendations
for future development. Thus, while data reflecting overall performance of the social tutor system is provided for context,
the main data presented is limited to that specifically relating to the performance and user perceptions of the aforementioned
systems.

Keywords Automated assessment - Personalised education - Autism - Social skills - Conversation skills - Embodied virtual
agents

1 Introduction

People with autism spectrum disorders experience diffi-
culties with social skills and can find understanding the
nonverbal cues and social behaviours of other people chal-
lenging [22]. This makes building friendships and other
appropriate relationships difficult, which can lead to isola-
tion, social anxiety, and depression, impacting their overall
wellbeing. Further, many young people with autism report
an affinity for technology and exhibit high technology usage
patterns [24,31]. Using virtual humans to teach social skills
to children with autism harnesses this preference for tech-
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can be used to improve social skills [41]. In this context,
authorable virtual humans are those requiring external input
to interact with the user, such as a researcher observing the
interaction and controlling the virtual human like a puppet,
while autonomous virtual humans are fully self-contained
and require no such external input. Here we combine these
ideas and investigate the use of autonomous virtual humans
for teaching basic social skills in the areas of greeting, con-
versation skills, and listening and turn taking.

The Social Tutor software developed for this purpose fea-
tures three virtual human ‘characters’ namely a teacher, a
peer with strong social skills, and a peer with developing
social skills, who guide the learner through tasks and model
social scenarios. The system also includes a mechanism to
automatically assess users’ task performance and present
a personalised, dynamic lesson sequence tailored to their
current needs. Additionally, the software features a multi-
tier feedback, rewards, and reinforcement system in order
to maximise retention of knowledge and generalization of
skills to real-world contexts, a known difficulty for individ-
uals with autism [29]. It is these assessment, feedback, and
reinforcement systems that we focus on within the current

paper.

2 Related work

To develop a successful virtual agent-based conversational
social skills tutor, it is important to develop an understanding
of what makes human tutoring so effective, which aspects
can be implemented in a software context, and the specific
requirements of individuals on the autism spectrum. It is also
helpful to understand the strengths and challenges uncovered
by existing technology-based interventions.

2.1 Human tutor behaviour

Peer tutoring is a well-established evidence-based practice
that has been successfully used across a range of subjects,
settings, and ages, and is shown to be effective for learners
with and without disabilities [7].

There are two main schools of thought about what makes
tutoring effective, the first being the tutor’s ability to indi-
vidualise instruction, and the second being the capacity for
immediate feedback and prompting. In the first case, it has
been hypothesised that the benefits are due to human tutors’
ability to personalise their responses, provide in-depth indi-
vidualisation of content, and determine the underlying reason
for any difficulties their tutees are experiencing. In reality,
it has been found that human tutors rarely perform these
behaviours [32,42].

An alternative explanation along the same line of reason-
ing suggests that the benefits may stem from tutees’ ability
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to control the dialogue and ask questions to help them clar-
ify and consolidate their understanding, however again it has
been shown that tutees rarely take this initiative beyond sim-
ply confirming if a step or answer is correct [42].

The second hypothesis focuses on the benefits of immedi-
ate feedback and prompting, where students can work at their
own pace until they make a mistake or reach a step they are
unsure of, at which point the tutor can intervene to resolve the
issue with a minimal loss of momentum. This helps reduce
learner frustration, confusion, and the need for backtracking
or re-doing work. It is this hypothesis that appears to account
for much of the effectiveness of human tutoring [7,10].

This is excellent news for virtual tutoring systems such
as the Social Tutor developed here, as they can easily be
structured to support this process, particularly through the use
of scaffolding techniques that ensure feedback is provided
promptly and targeted to the specific skill being taught at the
time.

2.2 Computer-assisted assessment

Research suggests that in order to be most effective, assess-
ment should be integrated into the overall learning sequence
rather than viewed as a separate activity, and should then
be used to continually inform and adjust the activities pre-
sented to learners [4]. Computer assisted assessment within
the Social Tutor occurs primarily at two different points;
dynamic determination of the overall lesson sequence to
be offered to learners, and immediate feedback within les-
son tasks. To facilitate these processes, inspiration has been
drawn from Shute and Towle’s ‘Learning Objects’ approach
[36] whereby all content in the intelligent tutoring system is
broken down into small, self-contained, and reusable tasks
that can be flexibly combined into meaningful and adaptive
lesson sequences.

Shute and Towle argue that common methods of evalu-
ating student mastery are insufficient, for example simply
getting a set percentage or a certain number of consec-
utive assessment tasks correct [36]. Instead, they suggest
the use of Bayesian inference networks (BINs) to provide
probabilistic values which can be used to determine gaps or
misunderstandings in the learners’ knowledge. While this is
a promising technique, unfortunately to successfully imple-
ment this requires tasks with open-ended or flexible answers,
which in a software environment typically translates to writ-
ing paragraph-style answers. Producing such blocks of text
is highly challenging for individuals with autism who expe-
rience both language and communication difficulties.

Following on from this, recent work has investigated the
use of multimedia performance-based assessment, where
users interact with a virtual scenario and the interaction data
is fed into a BIN for assessment [21]. This research emerged
after production of the Social Tutor software had concluded,
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but appears promising for incorporation in the future, being
both engaging for the learner and providing rich data that can
be assessed using probabilistic techniques.

A related and common approach to assessing students’
knowledge in existing autonomous tutoring systems is to
use latent semantic analysis (LSA) to judge the seman-
tic similarity of student responses to a provided ‘ideal’
response [17,18]. This has been found to provide grades on-
par with those provided by human teachers. Unfortunately
LSA relies on comparing paragraphs of text, again making
it an unsuitable technique for use with individuals on the
autism spectrum given their challenges with language and
communication.

An alternative and more appropriate approach for this
learner group and the current Social Tutor software is to use
concept maps [26]. Concept maps are particularly applicable
to autonomous tutoring software as they can be automati-
cally assessed, and existing work has shown that paper-based
graphic organisers can lead to strong learning gains in chil-
dren with high functioning autism [13,34]. Given this, several
concept map activities have been incorporated into the Social
Tutor.

2.3 Existing technology interventions

A wide range of technology-based interventions exist to
assist individuals with autism in various ways. Here a small
sample of those that are either specifically focussed on teach-
ing social skills or include a virtual character are included.

Use of virtual reality and augmented reality appears
promising for assisting individuals with autism to learn new
skills in a way that supports generalization to real-world envi-
ronments, since learners are either entirely immersed in a
simulated environment or interacting in the real environment
with additional information overlayed on a display. Some
success has been achieved using these approaches, however
there are a number of barriers such as the cost of equipment
and sensory issues involved in wearing goggles or helments
[9], or the need for adult mediators to be involved in the
activity [20].

There are numerous software programs in existence aimed
atteaching social skills, however these often focus on the nar-
row domain of emotion recognition and, unlike the Social
Tutor discussed here, are not designed to adapt to their
users’ needs nor do they employ autonomous virtual tutors
[1,16,37,40]. Of the existing software that does incorporate
autonomous virtual tutors, very little is designed for indi-
viduals with autism specifically, and the majority focuses on
teaching skills with unambiguous answers that can be eas-
ily and automatically assessed by the software, for example
tutors for reading [19,28], science [5], and mathematics [43].

There are a small number of autonomous virtual tutors
that have demonstrated successful outcomes from evalua-

tions with individuals on the autism spectrum. These include
Baldi and Timo [6] and the Sight Word Pedagogical Agent
[35], both designed for improving vocabulary. For social
skills teaching there are currently few virtual tutors avail-
able. One example is Andy the autonomous virtual peer in
the ECHOES program [3], and another is Sam the authorable
virtual peer [41]. Evaluations of Andy have shown promis-
ing anecdotal support, however no significant conclusions
could be drawn as to its effectiveness in the initial study.
Evaluations of Sam have shown improved social behaviours,
however being authorable means that an adult mediator is
again required to control Sam during interactions with learn-
ers. In both cases specialised equipment is required to run
and display the programs, and thus both Andy and Sam are
more suited to use in a classroom or clinic setting rather than
independent use on a home computer.

3 Thinking Head Whiteboard

The Social Tutor is composed of two standalone programs,
the virtual human software ‘Head X’ [23] and the lesson inter-
action and display software ‘Thinking Head Whiteboard’.
Three instances of Head X are used, one to display a teacher
character, one to display a peer with strong social skills, and
one to display a peer with developing social skills. The inter-
face was designed to be simple and intuitive so that study
participants could use it without outside assistance. A screen-
shot of the topic selection screen can be seen in Fig. 1.

3.1 System overview

The Thinking Head Whiteboard was developed specifically
for the current research and controls the associated Head X
instances via means of the Synapse interface that accom-
panies Head X. The Whiteboard software also reads in and
interprets XML curriculum files, XML lesson files, and exter-
nal media files in order to display the interactive content, and
then records learner interactions with the system in XML log
files so that user progress can be automatically assessed and
an appropriate lesson sequence dynamically presented.

The Whiteboard contains support for displaying a wide
range of activity types including the previously mentioned
concept maps, along with drag and drop sorting activities,
interactive role-plays performed by the virtual characters,
support for Social Story ™ [14] style activities, and display of
multimedia such as videos. Utilising a wide range of activity
types is intended to increase both user engagement and the
chances of users generalizing the skills learned in the Social
Tutor to novel contexts and real-world situations.

The Whiteboard also performs several other functions
including managing access to lesson content, presentation
of the content quiz used for evaluation of the software, and
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Fig. 1 Screenshot of the social tutor software showing the topic selection screen of the ‘Thinking Head Whiteboard’ on the left and the three ‘Head

X’ instances on the right

supports lesson authoring by teachers and caregivers with
non-technical backgrounds (see [27] for detail), however dis-
cussion of these functions is beyond the scope of this paper.

3.2 Automated assessment and lesson sequencing

The automated assessment functionality of the Thinking
Head Whiteboard is a core feature, however the current
implementation is very basic. As discussed in Sect. 2.2,
BIN and LSA techniques have been found to be effective in
existing tutoring systems, however their reliance on written
answers and the incompatibility of that with the language and
communication difficulties that accompany autism means
that a simple heuristic-based algorithm has been imple-
mented for the current iteration of the Social Tutor.

The XML curriculum file provides a broad guide for les-
son sequencing, detailing which lessons are ‘core’ and to
be completed by all learners, which are ‘extra’ and can be
used for those who need additional practice, and the min-
imum correctness and accuracy learners must achieve for
each lesson to be considered complete. Each XML lesson
file also specifies any prerequisite lessons that must be com-
pleted before the one in question becomes available to the
learner. This structure ensures that appropriate scaffolding
takes place, and that learners are not offered complex con-
tent before sufficient mastery of prerequisite skills has been
reached.

@ Springer

As learners interact with the system their performance on
lesson tasks is continually recorded into an XML summary
file. In conjunction with the XML curriculum file, this is
used to determine which lessons to present to the learner next.
Learners are presented with up to three lessons to choose from
at a time, with tasks designated as ‘core’ given preference
over ‘extra’ tasks, and unseen tasks given preference over
those the learner has attempted before. The system can also
take a step back in the lesson sequence if the user appears
to be struggling, reiterating previous content until sufficient
mastery is achieved to progress. Allowing users a selection
of tasks provides a sense of control over their learning, which
aims to increase learner engagement while still ensuring they
are guided towards choosing activities that are appropriate for
their current needs.

3.3 Feedback, rewards and reinforcement

A review of existing work found that researchers often fail to
explicitly program for generalization and maintenance, and
those that do often employ a “train and hope” approach [29].
The Social Tutor incorporates a number of features aimed
at motivating students to continue to use the software and
to support generalization of skills to novel contexts, with
the simplest being that the virtual characters themselves are
encouraging, providing immediate feedback in the form of
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simple praise or prompts as learners interact with their activ-
ities.

Research shows that providing praise, reward, or pun-
ishment alone only has a small influence on educational
outcomes [15], however feedback with helpful suggestions
can be very beneficial for learners. In the Social Tutor, if
students make a mistake while working through a task, the
teacher character provides them with immediate constructive
feedback. Where possible, if the student continues to make
mistakes the hints become more detailed. Finally, the virtual
teacher typically provides a short ‘recap’ at the completion
of each activity so that the key steps of the target skill are
continually reinforced.

To provide extrinsic reinforcement the Social Tutor also
incorporates a three tiered rewards system. In the first tier,
students gain a gold star for each completed lesson. This
step is primarily intended to provide learners with a sense of
progress. In the second tier, students can trade five gold stars
in for a virtual ‘sticker’ and work towards completing their
sticker collection. This is intended to act as a simple reward,
while not detracting too much time from core learning activ-
ities. The third stage involves reward activities, where games
reinforcing the curriculum content are unlocked at 50% and
100% completion of each topic. This tier is intended to be
a more substantial reward, reflective of the effort and perse-
verance learners will have put in to reach this point.

A homework system encouraging students to practice their
skills outside of the software has also been implemented.
Homework activities become unlocked once students com-
plete prerequisite activities within the software that introduce
the steps of the target skill. Existing research suggests that
opportunities to practice new social skills with neurotypical
peers outside of the intervention context can be very benefi-
cial for facilitating generalization of theoretical knowledge
to real-world scenarios [33].

4 Method

Recent reviews of the methodologies commonly used when
evaluating social skills interventions for children with autism
have led to the identification of some recurring issues in exist-
ing research [29,33]. Wherever possible, our study aimed
to meet the recommendations resulting from the identified
reviews.

4.1 Experimental design

Key issues identified in existing research include a lack of
studies using a control group, few studies involving more than
ten participants, and alack of blinded observer ratings [33]. In
response to these issues, our study included an experimental
group where participants were explicitly taught social skills,

and a control group where participants received no social
content. We aimed to recruit sixteen participants to each of
these groups for a total cohort of thirty two participants, and
caregivers were not provided with details of the differences
in the two groups or informed which group their child had
been assigned to until after all data completion was complete.

Despite generalization and maintenance being two widely
acknowledged issues for individuals with autism in relation
to interventions of any kind, at the time of the reviews many
existing studies were still failing to explicitly address either of
these. It was found that few studies measured for maintenance
effects at all post-intervention, and those that did only did
so once, and then rarely beyond 3 months post-intervention
[29,33]. To address this, our study explicitly measured gener-
alization of skills to real-world contexts using the Vineland
Adaptive Behaviour Scales (Vineland-II) [39], and did so
not only before and immediately after the active software
use period, but also at both 2 and 4 months post-intervention.

4.2 Inclusion criteria

All participants had an existing diagnosis of autism spec-
trum disorder, were aged 6—12 years old, and were attending
a mainstream school at the time of the study. These inclusion
criteria ensured that the participant group was sufficiently
homogeneous for the data to be informative, that the content
presented was both age and context appropriate for all par-
ticipants, and allowed a minimum level of communication
skill and general functioning to be assumed when selecting
target topics and designing lesson activities. The software
was aimed at individuals considered to have ‘high function-
ing autism’ or ‘Asperger Syndrome’ under the DSM-IV [2].
Families also had to have access to a suitable computer for
the duration of the study, with all families opting to use their
personal home computers.

4.3 Group allocation

A matched pairs approach was taken when allocating par-
ticipants to the experimental or control group. Participants
were matched on age according to three ‘buckets’—6 to 8
years olds, 9 and 10 years olds, and 11 and 12 years olds.
For consistency and to ensure unbiased assignment, group
allocation was conducted when the participant’s caregiver
confirmed their appointment for the researcher to visit their
home. The first participant was placed into the experimental
group, then the next participant, if their age fell into the same
bucket as the first participant, was matched with them and
placed in the control group. If the second participant’s age
did not fall into the same bucket, they were instead allocated
into the experimental group.

Siblings were kept in the same group as each other to
avoid caregivers guessing which group their children had
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been assigned to, and to avoid issues relating to fairness
and jealousy between siblings. Three pairs of siblings were
involved in the study, with two sets allocated to the experi-
mental group and one to the control group.

4.4 Experimental and control software

The software used by participants in both the experimen-
tal and control groups was identical, and consisted of three
instances of the virtual character software Head X and one
instance of the Thinking Head Whiteboard software run
simultaneously. Only the specific lesson content presented
to the groups was different. This was to ensure that the expe-
rience of both groups was as similar as possible.

Participants allocated to the experimental group were pre-
sented with short lessons that explicitly taught conversational
social skills. These skills included greeting others, listening
and taking turns, and beginning, ending and maintaining con-
versations. In order to provide sufficient depth and breadth
of content to learners it was determined that a combination
of learning materials were required, and three curricula were
selected for this purpose.

The ‘Playing and Learning to Socialise’ (PALS) cur-
riculum [11] is aimed at kindergarten aged children and
provides fundamental skills, while the ‘Skillstreaming’
[25] and ‘Social Decision Making/Social Problem Solving’
(SDM/SPS) curricula [12] build on the foundation PALS pro-
vides and extend it with more advanced instruction. All three
curricula have been empirically evaluated, including having
demonstrated efficacy for children on the autism spectrum or
with related special needs.

Participants allocated to the control group received no
explicit social skills training and were instead presented with
a series of mazes to complete which increased in length and
difficulty as the participant progressed, ranging from easy
single page mazes such as that shown in Fig. 2, through to
medium, hard and extra hard mazes where the mazes have
more obstacles, multiple pages, or require more than one item
per obstacle to pass through.

Inboth the experimental and control conditions the lessons
were grouped into themed topics which the participant could
select from, and the rewards system functioned identically
with a virtual gold star being collected for each lesson that
the participant completed. Reward games in the experimental
condition aimed to reinforce lesson content, including turn-
taking games such as ‘Go Fish’ and ‘Guess My Number’ and
games that require the user to interact with cartoon characters
in pro-social ways, while reward games in the control condi-
tion contained no social content, instead offering retro-style
games such as ‘Tetris’ and ‘Snake’.

Similarly, both groups were offered homework activities
to complete outside of their software use time, with the exper-
imental group being asked to practice the skills they were
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Fig.2 Example of a control group maze activity

learning within the software such as greeting someone new
or asking someone their name, while the control group were
asked to complete tasks such as reading, drawing, or design-
ing their own maze.

4.5 Data collection tools

Considerable effort was made to minimise the burden on
families participating in the study, therefore the selection of
measurement tools favoured those that could be completed
electronically and independently by the participant and care-
giver. To ensure the impact of the Social Tutor software
was accurately reflected in the data collected, a multifaceted
approach was taken.

As previously discussed, generalization to novel con-
texts is a known difficulty for individuals with autism, with
children often learning how to ‘do the intervention’ with-
out applying what they are learning to situations outside
of the intervention context. Thus, assessing both theoret-
ical level understanding and real-world skill performance
is critical. Given this, theoretical knowledge was measured
using the bespoke in-software content quiz, which consisted
of activities similar in structure to those given throughout the
3 weeks of software use but with novel content, and applica-
tion of skills to real-world situations was measured using the
Vineland-II [39], which was presented as a Google Form.

The Vineland-II is flexible in delivery, with only the
sections most relevant to the current study needing to be
administered, which assisted in reducing unnecessary burden
on caregivers. The standardisation process also specifically
targeted several clinical populations, and thus it has been val-
idated for use with children on the autism spectrum [8,30,38].
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Table 1 Overview of evaluation schedule

Pre-test Software use Immediate post-test 2 months follow up 4 months follow up
post-test post-test
Timeline Day 1 Ongoing for 3 weeks ~ The day after 2 months after 2 months after
software use post-test second post-test
ends
Researcher visit Yes No On request On request On request

Caregiver actions Vineland-II Support child to use

software if required

Software use:
10-15min a day,
3-5 times a week

Participant actions ~ Content quiz and

questionnaire

Researcher actions  Install software and sup-
port participant and care-
giver to complete their

tasks

Vineland-II and
questionnaire
Content quiz and
questionnaire

Remind caregiver
to complete
assessments

Vineland-II

Content quiz

Remind caregiver
to complete
assessments

Vineland-II

Content quiz

Remind caregiver
to complete
assessments.

When all data
received, provide
unlock instructions
and payment.

To provide better insight into how participants interacted
with the software, how much content they were able to cover
in their active software use period, and the profile of this
interaction, the software itself also continually recorded log
data reflecting participant interactions and performance.

In addition to these measures, participants completed a
pre-test questionnaire to provide an indication of their expec-
tations and computing expertise prior to using the software,
and both participants and caregivers were asked to complete
post-test questionnaires reflecting on their experience with
the software and what they would like to see changed, added
or removed in future iterations of the Social Tutor. The ques-
tionnaires were designed to provide insight into what aspects
were bestreceived and where difficulties arose, as well as pro-
viding direction for future development. All questionnaires
were delivered using Google Forms.

4.6 Evaluation procedure

The evaluation was designed so that only a single initial visit
by the researcher to the participants’ home was necessary,
with all data collection performed electronically either via
the Social Tutor software itself or Google Forms. During
the researcher’s visit, a discussion of the study process took
place and informed consent was obtained, then the researcher
installed and tested the software on the family computer. The
participant and caregiver completed their pre-test data collec-
tion tasks while the researcher was present to ensure that any
difficulties or misunderstandings could be addressed imme-
diately.

Following this visit, participants were asked to use the
software for one 10-15min session per day, 3—5days per

week, for 3 weeks. The Social Tutor software was designed
to automatically control activities so that participants could
access their lessons only for the designated 3 weeks period,
and would be automatically presented with the content quiz
at the appropriate intervals.

Further, the software incorporated a timer to alert partic-
ipants when their minimum 10min of software use for the
day was up, and automatically exited once the maximum
of 15 min was reached, allowing participants to self-manage
their time with the software and reducing the burden on
caregivers. It should be noted that the software would only
auto-exit once the user moved away from their current lesson
activity and back to the lesson selection screen, ensuring that
participants were not abruptly cut off mid-task.

As discussed previously, generalization and maintenance
of skills from the intervention to the real world must
be explicitly addressed and measured in any intervention
aimed at individuals with autism. To allow maintenance to
be measured across time, data was collected immediately
prior to software use, at the end of the 3 week software
use period, and at both 2 and 4 months post-intervention.
A summary of the evaluation schedule can be seen in
Table 1.

To ensure that all data collection tasks were completed
on time, the researcher contacted families with an email
reminder a few days before each set was due, including
links to the appropriate set of Google Forms along with
reminders of participant IDs and other details necessary
for performing the data collection. On completion of the
final content quiz the software automatically unlocked the
user’s account and their lesson activities became accessi-
ble again. Once all data was complete and received by
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the researcher, the family were given a small payment for
their participation and were provided with the necessary
instructions for them to access the version of the software
that they were not initially assigned to. Families were able
to keep the software at the conclusion of the evaluation
period.

5 Results and discussion

Results from the software evaluation indicated that the Social
Tutor was well received overall by both participants and
caregivers, and was generally used in the manner intended,
with software log data and participant and caregiver post-test
questionnaire responses indicating that it was used pro-
ductively by participants and that the intended amount of
time was spent on both individual lessons and on the soft-
ware as a whole, both per session and over the intervention
period.

Post-test questionnaire responses also indicated that par-
ticipants felt the virtual characters were friendly, the software
was beneficial to their learning, and that it was overall easy to
use, meeting the goal of providing a non-judgemental learn-
ing environment, although more game-like elements and
personalisation capabilities were requested for future iter-
ations of the software.

Recruited participants Only participants who completed at
a minimum both the pre-test and post-test content quiz or
both the pre-test and post-test Vineland-II were included in
the final cohort. This resulted in thirty one children being
included, with sixteen in the experimental group (M =
8.81 years, SD = 1.83) and fifteen in the control group
(M = 9.20 years, SD = 2.08). An independent samples
t-test found no significant difference in mean age between
the two groups (p = 0.497, r = 0.10). Participant gender
was not specifically controlled for, however a 2-sample t-
test for equality of proportions was carried out and found
no significant difference in ratio between the two groups,
x2(1, N = 31) = 0.51, p = 0.47. This confirms that the
experimental group and control group were sufficiently sim-
ilar for meaningful comparisons to be made.

5.1 Whole-system outcomes

The total percentage correctness was taken from the pre-test
and post-test content quiz data and the difference between
them calculated. The results for the control group showed
only a very small mean change from pre-test to post-test
M = 1.14%, SD = 7.16,95% CI [—3.41, 5.69]), with
paired t-test showing this to be statistically insignificant;
t(11) = 0.56, p = 0.587, d = 0.16. In contrast, analysis of
data from the experimental group resulted in a larger mean
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change from pre-test to post-test (M = 7.36%, SD = 9.05,
95% CI [2.54, 12.19]), with paired t-test indicating statisti-
cal significance; #(15) = 3.25, p = 0.005, d = 0.81. This
suggests that use of the Social Tutor software directly led to
gains in social skills knowledge, a very encouraging finding.

It should be noted that due to the small sample sizes, t-tests
were determined to be the appropriate analysis tool, how-
ever for completeness a repeated measures two-way ANOVA
was also conducted. This indicated a significant interaction
in correctness scores between group and test period (i.e.
pre-test, post-test, 2 months post-test or 4 months post-test)
F(3,30) = 3.421, p = 0.03, however simple main effects
analysis found no significant differences between the con-
trol and experimental groups or between test periods. This is
likely due to the small sample sizes and supports the use of
t-tests for analysis of this data.

While not initially anticipated, post-hoc analysis of con-
tent quiz data also led to the discovery of response subgroups,
where it was found that a quarter of experimental group par-
ticipants (n = 4) responded particularly well to the Social
Tutor software, markedly improving their correctness scores
from pre-test to post-test while on average completing fewer
lessons and spending less time in total using the software. In
contrast, half of the experimental group (» = 8) made modest
improvements in their correctness scores while on average
completing more lessons, and the remainder (n = 4) fell into
a low responding subgroup who made negligible improve-
ments in correctness scores despite spending the most time
on the software of all subgroups.

5.2 Assessment and reinforcement systems

The assessment and reinforcement systems were designed
to increase participant motivation and engagement, support
learners to improve their theoretical social understanding
at their own pace, and to facilitate participants to convert
this new knowledge into real-world behavioural changes. As
discussed in Sect. 5.1 above, analysis of the content quiz
data indicates that improvements in theoretical understand-
ing were successfully achieved.

Analysis of the post-test questionnaire data indicated that
overall participants and caregivers responded positively to
the Social Tutor, with the average response for most Likert-
style questionnaire items falling between the neutral to
strongly agree range, as can be seen in Fig. 3. Interestingly,
for items concerning enjoyment and ease of use, control
group participants and caregivers rated the Social Tutor more
positively than experimental group participants. For enjoy-
ment items this is to be expected given that control group
participants received game-like maze activities instead of
targeted social skills lessons, and for usability questions the
responses are likely a reflection of the more complex nature
of the experimental group lesson content, which would make
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Fig.3 Mean responses to Likert-style post-test questionnaire items

any shortcomings of the software more apparent. For exam-
ple, due to the nature of the activities being explained, the
spoken dialogue of the virtual humans was shorter and more
repetitive in the control group than the experimental group. If
participants found the synthetic voices difficult to understand
or unpleasant to listen to, this would have impacted more on
the experimental group than the control group, despite the
fact that the same voices were used in both cases.

Data from the post-test questionnaire indicated that some
participants found certain learning tasks to be too hard or
confusing, with a few participants experiencing this with
the concept map style activities. This may be because tuto-
rial lessons explaining how to do concept maps and other
activity types were optional, and while explanations were
available on the page of the activity itself, participants may
not have realised how to access them or may have found the
instructions insufficient. This suggests that further refine-
ment of activities and more supportive hints when users
are experiencing difficulties are needed. Related to this, a
caregiver also suggested more feedback be included. Sev-
eral mechanisms are in place with the aim of providing this
kind of information to participants, however there is scope
for more in-depth and targeted feedback to be incorporated.
For example, the virtual teacher currently praises the partic-
ipant for correct answers and provides a short recap at the
end of each activity, but the interaction could be made more
meaningful by having the virtual tutor detect when the user
is getting frustrated or displaying misunderstandings, and
stepping in with additional hints or information at critical
points.

M Experimental Participants

@ Experimental Caregivers

In contrast to reports of tasks being too difficult in the open
ended survery responses, in the related rating scale item par-
ticipants and caregivers in the experimental group reported
activities to be between ‘just right’ (a rating of 3) and “‘a lit-
tle too easy’ (a rating of 2) (M = 2.38, SD = 1.12 and
M = 2.85, SD = 0.90 respectively). These seemingly con-
tradictory responses suggest that both of these states may
have been true at various times throughout the evaluation, or
may simply be reflective of the heterogeneity of individuals
on the autism spectrum.

From the log data that was automatically collected by the
Social Tutor software, it was observed that the third core topic
of ‘Beginning, Ending and Maintaining Conversations’ was
not attempted by any of the participants. This topic required
completion of the ‘Listening and Turn Taking’ topic before it
was unlocked and made available, and from inspection of the
data it appears that this did not occur for any participant. This
provides further evidence that the 3 week period of active
software use was too short, and that a richer analysis may
result from a longer evaluation.

Asdiscussed in Sect. 5.1, response subgroups were identi-
fied within the experimental group data. Particularly relevant
here is the low responding subgroup. These participants
started with higher pre-test scores than other participants
and displayed negligible changes to their results at post-
test. From observation of the log data, it was found that
these participants also displayed more erratic patterns of
topic and lesson selection. One possible explanation for
these patterns is that the Social Tutor may not have been
offering these participants suitably advanced or challenging
content.
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Pairing the observation of low responding subgroup
behaviour with the fact that during the 3 weeks intervention
period no participant managed to complete enough prerequi-
site activities to unlock the third and final topic of ‘Beginning,
Ending and Maintaining Conversations’ indicates that the
current implementation of the automated assessment and
dynamic lesson sequencing system is insufficient to meet
user needs in all cases. Improving the system to ensure that
participants with higher pre-existing knowledge can move
more quickly through the content and skip activities that are
too basic for them has the potential to improve educational
outcomes and engagement levels.

At the post-test survey, six participants and one care-
giver noted that they felt that the sticker and rewards system
was a particular highlight of the software, making this the
most highly repeated positive comment across all categories.
This supports the inclusion of an extrinsic rewards system
to encourage users to persevere with their lessons. While the
themes of the virtual sticker sets on offer were chosen to
reflect common interests of children within the target age
range, one caregiver suggested making the sticker sets cus-
tomisable. This could also be done with the ‘gold star’, and
in both cases would help to ensure the items on offer are as
motivating as possible for the learner.

Related to this, the user log data that was automatically
collected by the Social Tutor revealed that only a few partic-
ipants managed to unlock any of the reward games during
the 3week active software use period. These games cur-
rently unlock at 50% and 100% topic completion, however
adding additional reward games and lowering the amount
of completed content required to access them, for example
unlocking games at approximately 30% intervals, is likely to
be more motivating for learners.

As previously discussed, optional homework lessons were
incorporated to reinforce lesson content and encourage
participants to generalize their knowledge to real-world con-
texts. Questionnaire responses indicated that these lessons
were viewed neutrally overall by the experimental group,
with one caregiver citing them as a strength of the sys-
tem, and one caregiver and one participant citing them as a
challenge. From anecdotal conversations and observations it
appears that this feature has the potential to become a power-
ful tool for connection between the software and real-world
experience, but requires further refinement to achieve this
potential.

Particularly noteworthy was the participant who suc-
cessfully performed their homework task once, but when
prompted by their caregiver to repeat the skill on a differ-
ent occasion, did not understand why they should since their
homework was already done. This highlights that homework
tasks as standalone, one-off activities are not sufficient, but by
instead approaching homework as an ongoing activity, possi-
bly earning a reward each time a target behaviour is enacted,
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it may have the potential to turn newly learned behaviours
into beneficial, ongoing habits.

Together the Likert-style and open ended questionnaire
results indicate that, while the Social Tutor was well received
overall, the user experience for experimental group partici-
pants could still be improved. Along with suggestions for
more gamification of lesson content, the automated assess-
ment and lesson sequencing system appears to be a prime
candidate for further refinement.

6 Future development

Following the results of the software evaluation, it is recom-
mended that the lesson sequencing algorithm be updated to
be more adaptive and to draw from a student model, rather
than simply being based on a set of heuristics and static rules
as it currently is. This could enable it to adapt to individual
learning styles, do a better job at determining when a stu-
dent is ready to progress to the next complexity level, and
potentially be more targeted when a student is struggling,
for example by giving them content that addresses their spe-
cific difficulty rather than just generically back-tracking them
and repeating content they have already progressed through.
Related to this, the virtual teacher behaviour could also be
modified to have it provide more targeted feedback during
activities, which may help avoid the need for back-tracking
altogether in some cases.

In the current implementation of the Social Tutor all
learners begin at the same point, and this results in higher
achieving learners having to complete a substantial amount
of basic content before they can unlock the advanced lessons
that are more likely to suit their needs. An approach that may
assist students to reach the appropriate point within the Social
Tutor content more quickly may be to feed the results of the
initial content quiz directly into the assessment system.

Each question within the initial quiz has been designed to
directly assess a particular skill or concept, and each aligns
with a specific topic within the curriculum. Therefore, if a
student achieves 100% correctness on a quiz question this
could be used to mark the associated lessons as complete,
effectively fast-tracking the student through the Social Tutor
content. In addition to this, short ‘pop quizzes’ could also be
used for the same purpose, possibly offered when the system
detects that a student is performing particularly well or set at
specific intervals.

To support inclusion of a rich student model, continuous
assessment would be required. This is already built into the
Social Tutor to an extent, with log data being recorded for
every interaction a student has with the software. In addi-
tion to this log data, both reflective and affective information
could be gathered and incorporated into the student model.
One simple way to gather reflective data could be to periodi-
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cally prompt users to complete quick self-assessments rating
how they feel they are progressing. While this is not a reli-
able measure of social skill competency, self-reflection is a
valuable skill in itself, and has been shown to support deep
learning and long-term retention of skills [15].

From the post-test questionnaire, it was identified that the
existing dynamic lesson sequencing algorithm can actually
be a cause of user frustration. The algorithm prioritises new,
previously unseen activities and, if available, offers them
before re-offering activities the user has tried before. For
some participants this is frustrating, as they may feel ready
to retry a particular activity they have seen before, but which
is not currently offered to them due to this lesson sequencing
algorithm, for example in the case where the software has
three or more ‘new’ activities to present to the user instead.
Modifying the way this works to have two lists of activities,
one being the three ‘suggested’ activities the current algo-
rithm identifies, and a second easily accessible but perhaps
less prominent list of ‘previously attempted’ activities may
be a possible solution.

The behaviour of this ‘previously attempted’ list would
need to be managed strategically to ensure it did not sim-
ply contain lessons that have been accessed recently, and
thus result in learners continually repeating their favourite
tasks and not progressing through the broader content. For
example, lessons already completed to a sufficient level of
mastery could be displayed in a less prominent manner,
such as being grayed out or shown further down the list,
and mechanisms could be put in place so that learners are
only able to access each lesson once or twice a session, or
are blocked from repeating the same lesson twice in a row,
forcing them to alternate their favourite activities with other
tasks.

Also from the post-test questionnaire, caregivers have
indicated that they would appreciate more targeted feed-
back, specifically suggesting that a summary of the skill
steps at the end of each lesson would be beneficial. While
this is already provided in many instances, it clearly needs
to be implemented more widely and explicitly throughout
the system. In addition to this worthwhile suggestion, ensur-
ing that feedback is provided not only at task-level but also
process-level is recommended to give users a chance to con-
solidate their learning more effectively, and combining this
with self-assessment and reflection as discussed above may
assist to further develop learners’ reasoning and problem
solving skills.

7 Conclusion
A major motivator for the use of autonomous tutoring sys-

tems is the capacity to present content and lesson sequences
tailored to individual learners’ needs. However, care must

be taken to ensure that the assessment techniques used in
this process are appropriate to the target population and the
skills being taught. Common approaches such as Bayesian
inference networks and latent semantic analysis are gen-
erally not suitable for use with learners on the autism
spectrum as they rely on the generation of large blocks
of text, and individuals with autism commonly experience
severe difficulties with communication and language skills.
In developing the Social Tutor described here, it therefore
became necessary to implement alternative approaches, thus
automatically assessed concepts maps and simple heuristics
were employed.

While the dynamic lesson sequencing system imple-
mented in the Social Tutor functioned sufficiently for many
participants as reflected in positive post-test questionnaire
results, log data and user feedback indicate that there is still
room for improvement. In particular, a mechanism should be
implemented to ensure participants are quickly placed at a
difficulty level appropriate to their needs. This is especially
important for users with stronger pre-existing skills, who in
the current Social Tutor implementation must still complete a
substantial amount of ‘basic’ content before they can proceed
to the more ‘advanced’ content. Possibilities here include
feeding the results of the initial content quiz directly into the
system rather than having all users begin at the same point,
and periodically offering short ‘pop quizzes’ to fast-track
learners if the system detects they are performing well.

In developing any autonomous tutoring system it is also
necessary to understand the broader needs and challenges of
the target population. For individuals with autism, general-
ization to novel contexts is a core challenge that has been
observed across numerous intervention types. The Social
Tutor implemented a number of techniques to facilitate this
process, however more still needs to be done to ensure
that changes in social skill knowledge gained from the
Social Tutor translate into observable changes in their social
behaviour. One feature of the Social Tutor that appears very
promising but was under utilised in the current implementa-
tion is that of homework. Providing more extrinsic rewards
to encourage users to engage with homework tasks, and hav-
ing these as repeated activities rather than one-off tasks may
encourage learners to apply their newly learned theoretical
knowledge to real-world situations more reliably.

Overall the software developed here was successful in
increasing users’ theoretical knowledge of social skills and
was perceived positively by participants and caregivers alike.
With further refinement to the dynamic lesson sequencing
system and implementation of additional support for general-
ization, it is hoped that the Social Tutor can offer an engaging
and powerful means for improving the social skills of chil-
dren on the autism spectrum.
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