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The inclusion of autistic people can be augmented by a mobile app that provides information without a human mediator making information perception more

liberating for people in the spectrum. This paper is an overview of a doctoral work dedicated to the development of a web-based mobile tool for supporting

the inclusion of people on the autism spectrum. The work includes UX/UI research conducted with psychiatry experts, web information retrieval study and

neural question-answering research. Currently, the study results comprise several mobile app layouts, a retriever-reader model design and fine-tuned neural

network for extractive question-answering. Source code and other resources are available at https://github.com/vifirsanova/empi 

(https://github.com/vifirsanova/empi).
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1 INTRODUCTION

Diversity refers to how different people are from each other. Inclusion drives the practice of diversity by bringing people
together in a respectful and involving environment [17]. Being a part of a diverse and inclusive community can be beneficial
for developing socialization and empathy skills, however, building an inclusive environment requires a lot of effort, such as
providing community members with information support.

The problem of information support directly affected me when I launched an inclusive discussion club on Natural Language
Processing [23] for students, one of whom had Asperger's Syndrome, which is a form of Autism Spectrum Disorder (ASD). It
took me some time to learn about ASD and inclusion to build a comfortable and psychologically safe environment in the
discussion club. My experience motivated me to start developing a web app for information support for diverse environments.

The purpose of my study is to develop an app for information support for the inclusion of people with ASD. The novelty of
my work is that there is a wide variety of educational apps for children on the spectrum [1, 3, 16] and tools for diagnosing
autism [8] on the web. Most of these apps are not inclusive, i.e. they are designed specifically for people with ASD, which is
beneficial for their goals, but does not support inclusion and diversity. In general, there is a lack of inclusive informational
apps for adults with ASD and their allies. The proposed study aims to fill this gap.

2 PROBLEM

In this study, I focus on the needs of people with High-Functioning Autism and Asperger's Syndrome[14], whose cognitive
abilities and language skills are intact. The research question is how to make the proposed app inclusive, i.e. make it
comfortable and informative for both neurotypical (not characterized by autistic or other neurologically atypical traits [10])
and neurodiverse (characterized by autistic or other neurologically atypical traits [10]) people. The problem is that during the
app development, I should consider the perception of information by people on the spectrum to benefit as many members of
the app's target audience as possible. I have contacted a psychiatrist who specializes in the therapy of autistic people to learn
proper app requirements and conduct UX/UI research among people with High-Functioning Autism and Asperger's Syndrome
to define their needs.

My doctoral work includes two research directions, Natural Language Processing (NLP) study and UX/UI research. My idea
is to observe two dimensions of information presentation, textual and visual. Textual presentation implies building web-based
Information Retrieval Question Answering (IR QA) system, while visual presentation implies mobile app design research,
including studies on app functionality and ways of presenting information of the IR QA model outputs.

I hypothesise that visual adaptation will have a positive effect on the information perception of both neurotypical and
neurodiverse users. My hypothesis is based on the empirical fact that YouTube's interface design is intuitive and beneficial for
both neurotypical and neurodiverse people. According to the psychiatrist consulting me, most autistic people including
children learn to use YouTube's interface easily and become active users because the simple color scheme and minimalist
navigation of YouTube evokes a sense of psychological safety for users on the spectrum. At the same time, YouTube is
popular among neurotypical people, which unexpectedly allows using this app as an example of an inclusive platform.

3 STATE OF THE ART

The proposed study covers different fields of Computer Science, Web Accessibility and Natural Language Processing (NLP),
along with Information Retrieval (IR). Web Accessibility research implies the development of an inclusive mobile app
interface focusing on the needs of people with High-Functioning Autism and Asperger's Syndrome, while a combined NLP
and IR study is conducted to develop a web-based Information Retrieval Question Answering (IR QA) model accessed
through the interface.

In this research, I focus on mobile app development because studies show that many people on the spectrum tend to perceive
information visually finding mobile technologies more attractive [25]. At the same time, mobile apps can be found more
convenient in a real-world inclusive environment, such as a school, providing immediate access to information [11].

Web Accessibility is a part of the World Wide Web Consortium (W3C) mission. The W3C Web Accessibility Initiative (WAI)
develops standards and provides guidelines, such as the Web Content Accessibility Guidelines (WCAG), to implement more
accessible web products for people with disabilities. WCAG 2.0, the current version of WCAG, provides certain design
accessibility criteria admitting that there are no universal solutions [19]. Thus, while developing an accessible web tool, it is
essential to focus on the needs of the target audience, which, in this study, is presented by people with High-Functioning
Autism and Asperger's Syndrome.

The accessible interface is needed to provide users with an IR QA model that uses the closed-domain knowledge base and
web access to answer questions about ASD and inclusion. QA systems are conversational agents that address a knowledge
base (Knowledge Base QA, or KB-QA) or a document collection (text-QA) to answer questions from the user's query [13]. In
this study, I focus on applying text-QA to IR QA because KB-QA needs knowledge bases with graph-like structure, such as
DBPedia [2], while the system proposed in my research uses data from certain web resources containing unstructured textual
information. Using unstructured data to build a text-QA model is more straightforward than building a closed-domain
knowledge base for KB-QA from scratch.

Machine Reading Comprehension (MRC), or answer extraction from a text passage, is a core task of text-QA  [13]. For
example, SQuAD [26, 27] is an open-domain MRC dataset containing more than 100K questions posed to Wikipedia articles
by crowdworkers that is used to train and evaluate text-QA models. The SQuAD leaderboard [31] shows that Transformer-
based encoder models similar to BERT  [9], such as ALBERT  [18], RoBERTa  [20] or ELECTRA  [6], outperform many
competitive solutions.

The latest generative conversational agents, such as InstructGPT [24] and ChatGPT [5], can recognize implicit queries and
instructions and have impressive QA performance. Nevertheless, large-scale generative conversational agents tend to blend
facts with generic misleading information. Consequently, such models can produce harmful content [22]. They are not bias-
resistant, which makes their use in inclusive environments risky. Thus, I abandoned the pure NLP study of generative
approaches to QA and focused on IR-based text-QA models.

4 PROPOSED APPROACH

In this research, I conduct two studies in parallel by learning the needs of the app's target audience and developing an IR QA
model. The first study is based on interviews and consultations with psychiatrists who are experts on ASD. To define
functions and how to present the information to the app's target audience, I am conducting UX/UI survey under the
supervision of a psychiatry expert. The survey aims to discover what language style should have a QA agent built into the
app, which topics it should cover, which functions apart from the QA agent should have the app, and how it should be
presented visually. The novelty of the approach is that I focus on safety and inclusion in the UX/UI survey, i.e. the survey is
conducted among neurotypical and neurodiverse people of different ages, and its design is preliminary consulted with the
psychiatrist and people with High-Functioning Autism or Asperger's Syndrome.

The second study is a machine learning research based on the domain adaptation and cross-lingual learning techniques [28,
29]. Transfer learning implies transferring knowledge gained by a machine learning model from one task or data to another.
Domain adaptation allows transferring knowledge between domains, while cross-lingual learning allows transferring
knowledge between languages. Usually, the knowledge is transferred from an open or broad domain to a narrow one and from
a high-resourced language to a low or less-resourced one, respectively.

Transfer learning techniques are widely used with Transformer-based [32] models. The transfer is often called fine-tuning and
implies retraining pre-trainined Transformer-based models with custom data. In this study, I collect a custom SQuAD 2.0 [26]
inspired dataset with the help of crowdworkers, fine-tune several Transformer-based encoder models, analyze the model
outputs considering the needs of people with ASD and repeat the procedure by adapting the dataset and fine-tuning models
until I get better performance scores. The novelty of this approach is that I propose a new QA dataset about ASD for a non-
English language with several fine-tuned Transformer-based models and provide ideas on how to adapt an MRC-based IR QA
model to build a Retriever-Reader QA system that can be safe and informative enough to base a mobile app for supporting the
inclusion of people with ASD.

(http://www.acm.org)
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5 METHODOLOGY

The first part of the proposed study includes consultation with a psychiatrist who is an expert on ASD, and a UX/UI survey
conducted among neurotypical and neurodiverse potential users of the app. I started the work with an interview with the
psychiatrist who is a university professor and medical practitioner of a non-profit organization that helps people with mental
disabilities and their families. During the interview, I learned about features of a mobile app that may help people with ASD,
as well as preferable app design features, for example, how should a text be presented to keep a person's attention and be
perceived comfortably. I used the recommendations gained during the interview to design a primary layout for the app.

In the primary layout, I proposed to present the information on a light blue background because, according to the psychiatrist,
this color contributes to a better perception of information. Important textual information was supposed to be structured by
lists and highlighting in bold, bright colors, bigger font size or underlining. Frames could be used to highlight facts. The
provided information could be supplied with audio, video data or images. Before using this layout in the UX/UI survey, I
showed it to the psychiatrist and received detailed feedback.

The psychiatrist noted excessive colors in the primary layout; the background in light blue was accompanied by colorful
pictograms indicating functional elements of the app, such as access to audio and video data. She explained that a multitude
of elements in one layout and a varied color palette can be destructive for people with ASD. It can make them anxious by
arousing their uncontrollable interest leading to a prolonged layout analysis in an attempt to understand it as best as possible.

I changed the layout color scheme to grayscale, as the least distracting, and reduced the number of bright colors to two,
yellow and purple. The color yellow is beneficial for visually impaired people [34], while purple contrasts with yellow, which
is beneficial for accessibility [4]. I also split the primary layouts into several pages, each showing a certain function of the
app. Fig.  1 shows one of the layout pages. For all the layout pages see the  layouts folder at
https://github.com/vifirsanova/empi (https://github.com/vifirsanova/empi).

The app functionality comprises a collection of Social Stories, a Planning Calendar and a QA agent. The Social Stories [15] is
a concept by Carol Gray. It is a tool that in a form of story-telling, singing, written texts, etc. helps people with ASD to get a
better understanding of social communication. I plan to provide the app with a feed of Social Stories with options for adding
Stories to Favorites and making Notes. Although the Social Stories are designed to improve the social skills of autistic people
exclusively, the Planning Calendar is an inclusive tool helping to plan a day or another period of time. Planning is essential
for people in the spectrum because it is a simple tool for setting a structured routine, which gives them a sense of security.
The QA agent is an interface for the IR QA system.

I used the formed layouts to create a UX/UI survey form. The survey asks informants to evaluate the layouts and share their
ideas on the app based on their needs. The survey form was also changed after the consultation with the psychiatrist; I
simplified the wording, removed, if possible, introductory constructions and got rid of ambiguities and figurative phrases to
make the survey description more straightforward and precise. See the survey folder at https://github.com/vifirsanova/empi 
(https://github.com/vifirsanova/empi) to find some survey questionnaire examples.

The target audience of the survey is divided into three groups: people with High-Functioning Autism or Asperger's Syndrome,
parents of people with ASD, and others. The survey has the following structure:

The second part of the study is Machine Learning (ML) research on domain adaptation and cross-lingual learning for IR QA.
I use a data-centric approach by fine-tuning Transformer-based models on a specific dataset. I used Python to collect the
articles from a non-English information source that proved its reliability according to experts and people with ASD. I split the
articles into passages 512 characters long because my study uses BERT-based systems, and BERT [9] processes sequences
with 512 tokens maximum length. I used the passages to collect the SQuAD 2.0  [26] inspired dataset with the help of
crowdworkers. The crowdworkers were to pose questions about ASD to the given passages and come up with examples of
nonsensical questions that the QA agent should learn to ignore. The data was converted into JSON format forming the dataset
containing 4,138 QA pairs and 577 reading passages, while 5% of questions are nonsensical. See the  dataset folder at
https://github.com/vifirsanova/empi (https://github.com/vifirsanova/empi) to find the Python code for getting articles
from the web, the whole dataset, and images presenting the dataset structure and examples of tasks for crowdworkers.

I used the formed dataset to fine-tune Transformer-based encoder models for the MRC task with the HuggingFace [33] library
and GPUs provided by the Google Colab environment. See the  fine-tuning folder at https://github.com/vifirsanova/empi 
(https://github.com/vifirsanova/empi) to find Jupiter notebooks with the code for the data pre-processing and model fine-
tuning. In the next Section, I will observe the results of the fine-tuning.

6 RESULTS

Table  1 shows some preliminary results of my fine-tuning experiments. In the HuggingFace repository, I found several
Transformer-based encoder models that use the Masked Language Modeling (fill-in-the-gap) task for training, like BERT. At
the same time, I focused on multi- or cross-lingual models because my dataset is not in English. I chose the multilingual
version of the original BERT  [9], the lightweight distilled version of BERT  [30], and the cross-lingual model XLM-
RoBERTa [7] trained on 100 different languages simultaneously.

I used F1-Score (F1) and Exact Match (EM) metrics to get the performance scores. According to the SQuAD evaluation
script [31], True Positives are tokens shared between the gold and predicted sets, False Positives are tokens from the predicted
set that did not appear in the True Positives, and False Negatives are tokens from the gold set that did not appear in the True
Positives. Exact Match is a percentage of all correctly guessed answers.

The results open up opportunities for further work. The performance of the Transformer-based models becomes significantly
lower on non-English data, which is shown by the comparison of the performance obtained on the multilingual MKQA [21]
dataset in Table 1. The performance obtained on the closed-domain BioASQ [12] dataset shows that adopting the model to a
certain domain might be even more challenging than the cross-lingual adaptation. This fact motivates me to continue
researching the influence of the dataset volume, content and other properties in my further journey.

Table 1: Results of the fine-tuning of BERT-based models obtained on a custom non-English dataset about ASD described in
this paper in comparison with other datasets: the original SQuAD, the multilingual MKQA and the medical BioASQ, as

reported in papers and leaderboards

Model Dataset F1 EM

mBERT or BERT base Custom 0.31 0.29

SQuAD 2.0 0.76 0.73

MKQA 0.43 0.39

BioASQ 7b 0.11 no data

mDBERT or DBERT Custom 0.33 0.31

SQuAD 2.0 0.68 0.65

MKQA 0.44 no data

XLM-R Custom 0.37 0.36

Figure 1: Layout 2 from the layouts folder at https://github.com/vifirsanova/empi 
(https://github.com/vifirsanova/empi) showing some functions of the QA agent.

• user's information: age and user experience with digital dialogue systems;

• topics of user's interest, e.g. relationship or legal issues;

• preferable language style of a QA agent;

• layouts evaluation;

• thoughts on the QA agent character.
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Model Dataset F1 EM

SQuAD 2.0 0.77 0.74

MKQA 0.35 0.34

7 CONCLUSIONS AND FUTURE WORK

The study presents an overview of a doctoral work aimed to develop a mobile app for supporting the inclusion of people with
Autism Spectrum Disorder (ASD). The work consists of two large research blocks, the UX/UI study and the development of
an Information Retrieval (IR) Question Answering (QA) agent. The paper presents my approach to solving this problem and
some early results.

The UX/UI study consists of an inclusive survey aiming to learn the needs of neurotypical and neurodiverse people who
might form the target audience of the mobile app, and the mobile interface development based on the survey results. I have
already designed several preliminary layouts available at the project GitHub repository and created a survey form. The survey
will be conducted among people with High-Functioning Autism and Asperger's Syndrome, their parents and other
neurotypical people who might be interested or involved in the inclusion. The survey results will be used as a foundation for
mobile app development as the user's needs are prioritized.

The IR QA model development implies building a system consisting of a Retriever and a Reader. The Retriever takes a user
query to find articles on the web that potentially contain the answer to a user's question. The Reader uses extracted articles as
input for Machine Reading Comprehension (MRC) system, which uses Natural Language Processing (NLP) algorithm, such
as a Transformer encoder model, to extract the answer to the user's question. The study describes the process of fine-tuning
several Transformer-based models on a custom non-English dataset compiled for this research and some preliminary results.
In the future, I will continue exploring the methods of MRC system improvement. Building the Retriever system is yet a
perspective for this study, although I have designed the Retriever-Reader module presented in the retriever_reader folder in
the project repository.

The results of the study comprise findings on the functional and design properties of a mobile app adapted for people with
High-Functioning Autism and Asperger's Syndrome, as well as a report on collecting the dataset containing the information
on ASD with the help of crowdworkers, and results of experiments on domain adaptation and cross-lingual transfer learning.
The study shows that the app adapted for people with ASD should imply a minimalist textual interface, reducing the number
of colors and getting rid of elements not carrying a semantic load. The experiments on domain adaptation and cross-lingual
learning show that the performance of state-of-the-art models reduces significantly on less-resourced data tasks. That causes
the need for additional experiments on algorithms in addition to changing and expanding the dataset and fine-tuning initial
model settings.
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