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Foreword

Human-computer interaction (HCI) is acquiring an ever-increasing scientific and
industrial importance, as well as having more impact on people’s everyday lives, as
an ever-growing number of human activities are progressively moving from the phys-
ical to the digital world. This process, which has been ongoing for some time now,
was further accelerated during the acute period of the COVID-19 pandemic. The HCI
International (HCII) conference series, held annually, aims to respond to the compelling
need to advance the exchange of knowledge and research and development efforts on
the human aspects of design and use of computing systems.

The 25th International Conference on Human-Computer Interaction, HCI Interna-
tional 2023 (HCII 2023), was held in the emerging post-pandemic era as a ‘hybrid’ event
at the AC Bella Sky Hotel and Bella Center, Copenhagen, Denmark, during July 23–28,
2023. It incorporated the 21 thematic areas and affiliated conferences listed below.

A total of 7472 individuals from academia, research institutes, industry, and
government agencies from 85 countries submitted contributions, and 1578 papers and
396 posters were included in the volumes of the proceedings that were published just
before the start of the conference, these are listed below. The contributions thoroughly
cover the entire field of human-computer interaction, addressing major advances in
knowledge and effective use of computers in a variety of application areas. These papers
provide academics, researchers, engineers, scientists, practitioners and students with
state-of-the-art information on the most recent advances in HCI.

The HCI International (HCII) conference also offers the option of presenting ‘Late
Breaking Work’, and this applies both for papers and posters, with corresponding
volumes of proceedings that will be published after the conference. Full papers will be
included in the ‘HCII 2023 - Late Breaking Work - Papers’ volumes of the proceedings
to be published in the Springer LNCS series, while ‘Poster Extended Abstracts’ will be
included as short research papers in the ‘HCII 2023 - Late Breaking Work - Posters’
volumes to be published in the Springer CCIS series.

I would like to thank the Program Board Chairs and the members of the Program
Boards of all thematic areas and affiliated conferences for their contribution towards
the high scientific quality and overall success of the HCI International 2023 conference.
Their manifold support in terms of paper reviewing (single-blind review process, with a
minimum of two reviews per submission), session organization and their willingness to
act as goodwill ambassadors for the conference is most highly appreciated.

This conference would not have been possible without the continuous and
unwavering support and advice of Gavriel Salvendy, founder, General Chair Emeritus,
and Scientific Advisor. For his outstanding efforts, I would like to express my
sincere appreciation to Abbas Moallem, Communications Chair and Editor of HCI
International News.

July 2023 Constantine Stephanidis
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Preface

The 15th International Conference on Social Computing and SocialMedia (SCSM2023)
was an affiliated conference of the HCI International (HCII) conference. The conference
provided an established international forum for the exchange and dissemination of sci-
entific information related to social computing and social media, addressing a broad
spectrum of issues expanding our understanding of current and future issues in these
areas. The conferencewelcomed qualitative and quantitative research papers on a diverse
range of topics related to the design, development, assessment, use, and impact of social
media.

A considerable number of papers focused on presenting advancements and recent
developments in online communities and social media, discussing machine learning,
artificial intelligence and algorithmic approaches for understanding social interactions,
user behavior, as well as language and communication. Acknowledging and embracing
cultural diversity in the field, several works focused on exploring cultural diversity and
cultural influences in the design of social computing, fostering the design of technologies
that are culturally sensitive and inclusive. Furthermore, a theme that emerged pertains
to digital transformation in business and industry 4.0, highlighting the role and the
importance of social computing to facilitate connectivity, communication, and collabo-
ration, allowing organizations to adapt and remain competitive in the rapidly evolving
digital landscape of Industry 4.0. An additional topic that is addressed this year is the
prominence of SCSM in understanding consumer behavior, allowing businesses to tailor
their marketing strategies, product and service development, and customer experience
to address the needs and preferences of their target audience. Another field that can
be revolutionized by social computing is that of learning and education, with contri-
butions discussing new avenues for collaboration, knowledge sharing, and interactive
learning experiences. Moreover, many papers targeted the topic of social computing for
well-being and inclusion, presenting advancements that promote mental health, sup-
port individuals with developmental and learning disorders, and enhance rehabilitation
efforts. In the health domain, discussions focused on the role of social computing during
the pandemic and post-pandemic era. Finally, a significant number of papers elabo-
rated on innovations in the design and evaluation of social computing platforms to
create user-centric and socially meaningful digital spaces that enhance communication,
collaboration, and information sharing.

Two volumes of the HCII 2023 proceedings are dedicated to this year’s edition of the
SCSM conference. The first volume focuses on topics related to developments in Online
Communities and SocialMedia, SCSM inmulti-cultural contexts, digital transformation
in business and Industry 4.0 through Social Computing, as well as consumer behavior
in SCSM. The second volume focuses on topics related to Social Computing in learning
and education, Social Computing for well-being and inclusion, Social Computing in the
pandemic and post-pandemic era, as well as advancements in the design and evaluation
of Social Computing platforms.



xiv Preface

The papers in these volumes were included for publication after a minimum of two
single-blind reviews from the members of the SCSM Program Board or, in some cases,
from members of the Program Boards of other affiliated conferences. We would like to
thank all of them for their invaluable contribution, support, and efforts.

July 2023 Adela Coman
Simona Vasilache
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HCI International 2024 Conference

The 26th International Conference on Human-Computer Interaction, HCI International
2024, will be held jointly with the affiliated conferences at the Washington Hilton
Hotel, Washington, DC, USA, June 29 – July 4, 2024. It will cover a broad
spectrum of themes related to Human-Computer Interaction, including theoretical
issues, methods, tools, processes, and case studies in HCI design, as well as novel
interaction techniques, interfaces, and applications. The proceedings will be published
by Springer. More information will be made available on the conference website:
http://2024.hci.international/.

General Chair
Prof. Constantine Stephanidis
University of Crete and ICS-FORTH
Heraklion, Crete, Greece
Email: general_chair@hcii2024.org

https://2024.hci.international/

http://2024.hci.international/
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Abstract. Stories are inherently part of human nature. Its one of the most natural
ways inwhichwe communicate and continue to used it in various informal settings.
Unfortunately the use of storytelling does not seem to have made the transition
to contemporary learning and teaching settings, likely due to the massification of
education and familiarity or lack of on the part of the educators.

A novel storytelling assessment was implemented with two higher education
STEM courses at two different universities in Australia. A mix methods case
approach using current and former students’ perceptions about their experiences
was used to evaluate its appropriateness through its influence on student engage,
transferable skills and academic integrity. Teaching staff were also interviewed
about their experiences with this mode of assessment.

Results indicate storytelling implemented through digital technologies is rel-
evant for contemporary education settings and has a positive influence of students
learning experiences. Students indicated that they felt more engaged with their
learning and the teaching staff felt a lot less concerned about academic integrity
issues.

This paper will discuss details about the ‘Digital Storybook’ assessment
including the evaluationmethodology and results. It will be of interest to other edu-
cators interested in diversifying their assessment approaches in higher education
STEM disciplines.

Keywords: Student Engagement · STEM Assessment · Stories

1 Narratives and Storytelling

Stories are inherently part of human nature. For most people it’s how we started out in
our learning journeys as young people. Stories allow shared experiences to be passed
on from generations to generations and therefore is contextualised by the storyteller as
well as the receiver of the stories [1]. While storytelling is recognised as an appropriate
knowledge sharing methodology within informal settings, it has lost its appeal within
more formal settings such as education environments [2]. Questions around validity and
objectivity are often associated with objections towards the use of storytelling within
educational environments [3]. Massification of education, especially higher education
may also attribute towards the use of more standardised and inflexible methodologies of
assessment. This tends to be particularly the case within various Science, Technology,
Engineering andMathematical (STEM) disciplines, where some of the more identifiable
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forms of assessments such as examinations, reports and presentations are common.
Arguments such as ‘anybody can spin a story’ is frequently used to justify not using it
to assess students’ knowledge, skills and attitudes.

Historical and commonly used assessment practices often continue to be accepted
without much validation. Most assessment practices using by higher education aca-
demics are based in the types of assessments they themselves have experienced them-
selves [4]. Noting that, for good or bad, many of these assessments were experienced
by many academics 20 to 30 years prior, and even though many thinking and research
around effective assessment approaches and validity has improved, the assessment prac-
tices tend to persist [5]. Unfortunately when new forms of assessments are introduced,
there is an expectation for these to meet the standards of the old forms of assessments,
even though those may not have gone through relevant validations in the first instance
[6].

While there are pockets of innovations around assessments approaches, these sadly
are few and far between [7, 8]. As an innovative solution, storytelling would be one
of the easiest to implement due to the inherent tendency for most humans towards
storytelling [2, 9, 10]. However, the lack of ability of the educators in using storytelling
for both knowledge sharing aswell as assessment approachesmay also explain its relative
underuse [11].

Whenused appropriately, storytelling canbe averypowerfulmethodology for knowl-
edge sharing, and due to the ‘stories’ being contextualised for the storyteller and the
receiver, is muchmoremeaningful and authentic. Storytelling therefore can help achieve
a lot more than just help students construct knowledge within their disciplines [7, 9, 10].
Attitudes towards work and life more generally, confidence to persevere, and resilience
can often develop effectively through engaging ‘stories’.

2 Digital Storytelling in STEM

A novel assessment using ‘Digital Storybook’ was implement at two different universi-
ties’ programs. Both implementations however were within STEMdisciplines, primarily
around information technologies and computer sciences, disciplines often least likely
to embed storytelling [7]. Both implementations aimed to improve student engagement,
influence short and long term attuites towards students’ studies and work, and ensure
longer term student success.

In the first instance students studying a first-year general introduction to computer
science coursewere required to create a digital storybook to explain the area of work they
wish to pursue, types of technologies and skills needed within that area, and how they
will go about acquiring all those skills. Students were encouraged and allowed to use any
technology tools they wished to use for this this and were also allowed to structure their
digital storybook according to their own inclinations. They were also required to explore
emerging technologies likely to impact their future work and provide arguments about
how they would incorporate these into their work.While many of these were speculative,
students often engaged with this aspect in a very reflexive way.

Similarly for an advanced Master in Robotics course, students were required to
create a ‘Digital Storybook’ to document their reflections on various coding experiments
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they conducted to control their allocated robots. Each student was provided with a
programable robot, and they were required to document ion their ‘Digital Storybook’
their various experiments with different algorithms with these robots. Students also were
able to use any available tools, approaches and methods freely available on the Internet
for their experiments and include these in their ‘Digital Storybooks’.Once again, students
were allowed to apply their own flare to these ‘storybooks’.

3 Methodology

As higher educations institutions come out of the various COVID-19 related emergency
teaching and learning response, there is rightly a renewed focus of student engagement
[12]. While it can be difficult to gain objective data about students engagement and
learning outcomes from learning interventions, students’ perceptions about their learning
can be used to get a good idea about the impact of learning interventions on their learning
[12–15]. Similarly teaching staff who are at the forefront of implementing these learning
interventions can also provide their own experiences and how they felt the students
responded to them, especially in comparisons with any other forms of assessments used
previously. Even though teaching staff, especially the tutors, are at the forefront for the
teaching experiences, they are often ignored in many student engagement and learning
experience studies.

A case study methodology [16], involving mixed method data collection was used to
explore the students and staff experiences with ‘digital storytelling’, as well as short- and
long-term influence on students’ study behaviours and their motivations to learn within
the courses, and beyond. Anonymous online surveys were used while the students were
‘in-flight’ undertaking this assessment task, and again once they had completed the
task. The tutoring staff involved in marking this task provided feedback about their
experiences through a semi-structured focus group interview that explored some of the
themes emerging from the student survey responses. Another anonymous online survey
was again conducted once the students had completed their studies and progressed
towards their careers and/or further studies. The teaching staff involved in teaching
these cohorts of students were also interviewed about their experiences with the ‘digital
storybook’.

4 Results/Discussions

The results from the various data collected were framed within three themes. While
many of these themes may well be further categorised, we felt that for the purposes
of understanding the impact of storytelling on students learning these three themes for
sufficient.

4.1 Student Engagement

Although students engagement can be difficult to define, and then measure, often if
students feel that they enjoyed a learning activities and if they are prepared to recommend
that to other students it is more likely than not that they felt engaged with their learning.
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Despite most students not being familiar with making videos (Fig. 1), majority of
the students that completed the survey indicated that they were satisfied with the final
product (Fig. 2).

Fig. 1. Familiarity with making videos

Fig. 2. Satisfaction with making videos

Similarly, majority of the students indicated that they had an enjoyable experience
creating the videos (Fig. 3) and they were happy with the final mark that they received
for their videos (Fig. 4).
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Fig. 3. Enjoyment making videos

Fig. 4. Happy with the grading

While some students were skeptical about ‘Digital Storybook’ as assessment, almost
all students who participated in the study indicated that they preferred this form of
assessment over others they did as part of their studies. Most students preferred doing a
digital storybook than doing more traditional reports, as indicated in the following chart:

Similarly, the tutoring staff also indicated that they felt that the quality of the work
that was submitted was better than other, particularly written forms, of assessments.
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4.2 Impact on Transferable Skills

Longer term, students who had progressed through their studies, and many who were
now in early career trajectories, commented that they felt more confident to engage in
difficult challenges while they were at university as they could see that all assessments,
regardless of the form, often involved them reflecting on their own learning experiences.
As for this individual assessment item they also commented that they felt this approach
would benefit more students if it was used more widely in higher education. Many
students indicated that they tend to use storytelling approaches within their workplace
settings.

For example some of the comments from students who had completed this task and
are now in workplaces indicate that they felt this had helped them in their studies can
careers.

“It made me think of different aspects of my study field and what digital skills i
require earlier. Later on, i focused to enhance and develop these skills.” Student
feedback

“I still reckon that the digital storybook is a great assessment for students. By
doing this assessment, students can not only treasure their memories in a video,
but also share their stories with others.” Student feedback

“It was the most entertaining task that I have done! I actually enjoyed doing it,
most of the assessments given us at UoW College were reports to write and the
digital story book was a fun way to express what we know and learned.” Student
feedback

4.3 Concerns Around Academic Integrity and Plagiarism

The teaching staff, including the tutors andmarking staff participated in a semi-structured
focus group interview conducted after they had completed all their teaching and finalised
the marks for the semester. Overall, the markers felt that the quality of the work that
the students had submitted was of very high quality. They were very impressed by the
diversity of responses that they received and because of this they found it easier to remain
focused on the task of marking, and further they felt each assessment received their full
attention as opposed to some marker feeling bored marking exactly the same type of
assessment over and over again.

The tutors further noted that they had far less concerns around unethical behaviour
such as plagiarism from students, likely because, as students had commented, it was an
assessment that they “wanted to do” [17, 18] (Fig. 5).
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Fig. 5. Comments from tutors regarding plagiarism

5 Conclusion

Measuring student engagement and motivations to learning can be difficult to measure
objectively [14]. Using students’ perceptions [19] about their learning are a powerful
way to understand the impact of learning interventions on their learning and learning
behaviours. While discussions about how to improve student engagement in higher edu-
cation continues, especially since the downturn of it due to COVID-19 related responses,
storytelling can be a provide the tools for educators to re-engage students in meaningful
ways. Storytelling and digital storytelling are knowledge sharing tools that has existed
for a long time, and as this paper has indicated it is possible to apply them in more
contemporary settings. Since each student composes their ‘stories’ in their own way and
presents it in a way that is authentic to them individually, they tend to be more engaged
with this form of assessment than many other types of assessments [12].

While this study was done prior to the various discussions about the impact of AI
tools such as ChatGPT on higher education and especially assessments, the approaches
used in digital storytelling assessments and the results of this study indicate that this
form of assessment would enable students to continue to use these AI tools within their
learning and get help with their assessment in an ethical way. Many assessment in higher
education often focus on expecting students to write significant pieces of text the is based
on existing ideas and knowledge domains [6]. As we move out of the various COVID-19
related emergency teaching and learning responses, it is clear that there much more of
an appetite to explore more appropriate assessment regimes that prepares students for
the jobs of the future [20]. This will require a shift of expecting students to produce
/versions’ of what is already known, towards suggesting ideas that will be useful in an
evolving world of work.
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Within an immersiveAIworld then, a digital storytelling assessment could, for exam-
ple, expect students to engage with existing literature, explore some future possibilities
using predictive AI tools, conceptualise some of these ideas within immersive virtual
reality platforms, and then suggest an idea based on their experiences, and all these
documented within their personalised, engaging digital stories, sharable not only within
academia but with potential employers as well.

In fact, future implementations of the assessment approach discussed in this paper
will be explicit about students’ need to use available AI tools such as ‘ChatGPT’, and
incorporate them in their digital stories. Similarly there now also exists opportunity to
explore the use of immersive virtual reality platforms for ‘meta’ storytelling, and readers
would be encouraged to explore that within their own settings.
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Abstract. In real-time systems with changes in specifications, resources status,
and ambient conditions, the computational support requires adapting to new con-
ditions to satisfy the goals defined for those applications. Technology-enhanced
learning applications (TEL) can be formalized by Educational Modelling Lan-
guages (EML), which provides a mechanism to design, deploy, and execute learn-
ing activities providing pedagogical flexibility. However, this flexibility is focused
on design time and not in execution. Consequently, compliance satisfaction is
a challenge when flexibility in workflows is provided. In addition, deadlock-
freeness and reachability are critical properties in learning design execution of
applications because learning objectives must be achieved by students without
avoidable impediments provided by the execution of learning applications and
their corresponding technical infrastructure. Currently, to provide flexibility to
learning design scenarios, real-time flexibility and real-time compliance cannot
be balanced since the improvement of flexibility mechanism affects compliance
assessment, and vice-versa. The aim of this work is to explore real-time flexibility
features in a workflow specification, supporting deadlock-freeness and reachabil-
ity as compliance parameters during application in learning design scenarios. An
extension of Petri-Net formalism was developed as a workflow specification. To
validate this approach, a learning scenario with a set of test cases were formulated
to define pedagogical and validation constraints. Results show that a learning sce-
nario involving changes to the run-time can be successfully created, deployed,
and executed. These changes can be based on properties that are intrinsic to the
learning scenario, as well as on others that are related to the proposed workflow
specification base Petri-net.
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1 Introduction

Real-time systems and applications are conditioned to heterogeneous hardware stake-
holders, ambient factors, and subjacent processes. Consequently, these systems may
require adapting to the new working conditions to satisfy, complete or partially, pre-
defined goals [1]. In this line, Technology-enhanced learning (TEL) applications are
real-time applications: they are deployed on portable and interoperable devices; they are
designed for a wide technology-level range of users; they are ambient-pervasive accord-
ing to indoor and/or outdoor settings; and their aim is to facilitate how people learn,
according to pre-defined learning results. This complexity must be tackled by an ade-
quate heterogeneity management to a fulfilment of the expected learning results by the
targeted users, avoiding overloading them. In this line, heterogeneitymanagement can be
supported by formalisms to provide mechanisms of runtime verification and validation.
In TELfield, a relevant and current concept is LearningDesign, as an approach to provide
learning technological applications with a correct pedagogical design [2–4].Currently,
there are several learning design tools focused on content delivery, students’ assessment,
pedagogical planning, and authoring [5, 6] Particularly regarding to pedagogical plan-
ning and authoring, heterogeneity management must be aligned to how Learning Design
is formally represented [7, 8]. EducationalModellingLanguages (EML) [9] provides for-
malisms to Learning Design approach. Any EML implementation must provide not only
formalization, but pedagogical flexibility, personalization, interoperability, sustainabil-
ity, and reusability. Most-known EML implementation is IMS-LD [10], an XML-based
language for TEL applications formalization providing a domain-specific metamodel
with three complexity levels:

• Level A – definition of core entities: pedagogical method, plays, acts, roles, learning
activities, environment setting and status, etc.

• Level B – monitoring over level A status.
• Level C – notifications over level B, related to monitoring process in that level.

As seen, IMS-LD level B This level provides mechanisms to create more heteroge-
nous and complex TEL applications using state variables, pre-defined properties, and
flexibility conditions [11]. Then, TEL applications can be createdwith a flexible learning
flow, i.e., with a sequence of activities and tasks to achieve learning results, introduc-
ing new tasks, rules, or pedagogical resources. Therefore, all possible modifications in
learning flow must be defined as a pool, before runtime execution with students, with-
out real-time interaction by a user (e.g., lecturer or teacher). To solve these issues, [12]
propose an architecture to orchestrate external software components into an IMS-LD
implementation using human or automatic agents (i.e., a virtual teacher), as media-
tors. Other approaches to solve flexibility issues are related to how provide an adequate
learning flow to improve learning [13], how flexibility can be implemented in constraints
and variable geolocations and places (e.g., [14]) and flexibility in authoring when task
of learning flow is designed (e.g., [15]). These approaches extend IMS-LD, providing
events and exception support, creation and insertion of new tasks and distributed data
exchange, but all of them pre-defined. Therefore, an unexplored issue is how an EML
formalism (e.g., IMS-LD) can specify flexible Learning Designs, considering hetero-
geneity management and real-time supporting on pedagogical planning changes [7]. As
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seen, TEL applications are limited to solve issues in a design stage, because flexibility
is provided by a pool of rules described by the corresponding EML implementation.

Related to heterogeneity management, an issue is how variated and spare compo-
nents and data resources support a right learning results achievement by learners. As
seen, [12] focuses on flexible orchestration to satisfying complex requirements in collab-
orative learning, using some distributed components and resources to satisfy pedagogical
requirements. This approach uses IMS-LD as specification formalism, extending it using
service choreography with external resources to provide adaptation in content presenta-
tion to learners. Its aim is to provide robustness features related to group formation and
external resources, but there is not flexibility in task descriptions or exception handling.

1.1 Workflows and EML

TheEML formalismsmaybe considered as an instance ofworkflowconcept.Aworkflow
is composed by a sequence of steps, where certain tasks are carried out using specific
resources, to satisfy pre-defined goals [16] in a wide range of business domains [17].
Workflow executions are supported by its specification (i.e., a formal language), and an
operative infrastructure over workflowmanagement systems (WfMS). Previous research
has looked at introducing changes without having to restart the entire system. These
approaches are called flexible workflows [18]. Flexibility in this type of workflow can
operate in three ways. First, the decision making is delayed when faced with an event
(e.g., specifying a spot in the workflow definition to be filled, marked by a language
sentence). Second, new tasks can be added or changed to build the workflow sequence
immediately, both for current and future executions. Finally, the current model is ignored
by skipping tasks and/or violating restrictions that were in place with the previous tasks
and running sequence [19].

As aforementioned, TEL applications may need flexibility and heterogeneity man-
agement in their operation. Regarding heterogeneity, a TEL application can be deployed
over various kind of systems: cloud servers, mobile devices, and recently, IoT devices
[20]. Another method is to make nodes available for playing the role of both data and
control servers, as well as executors of the workflow. This allows distributed control of
the process, in addition to the migration of the execution of processes between nodes,
enabling runtime flexibility [21]. The advantage of these systems is the autonomy they
can provide each node for decision making. However, this autonomy can result in poten-
tial problems with syncing, reachability of all possible states in workflow, possible locks
in tasks and resources access given the way they are set up as a distributed system, and
temporal availability of resources [22].

1.2 Execution Control and Rules

In any TEL application specification, the mechanism of execution control needs to
be defined. First, transition between tasks must be defined, generally embedded into
a sequence of tasks. Then, traceability between technical requirements and expected
learning results must be defined. This traceability is specified by rules, statements that
define or constrain some aspects of a certain problem. Precisely, it is intended to assert
domain structure to control the behavior of the learning flow. Examples of this kind of
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rules are: “each student must achieve a minimum score in a task to develop a next task”;
“every student must work in a group”. Rules-based approach distinguishes between
definitions, facts, and formal rules, such as constraints, derivation, or reaction rules
[23]. These rules must be associated to expected learning results, because a traceability
between pedagogical and technical requirements it is needed to get success in any TEL
application.An issue in this traceability is how rules are formally described in aworkflow
specification language. If the rules are explicit, then the way the rules are incorporated
in the definition will depend on the language, in which the learning design is defined
if this is modelled by a workflow specification, and how is this specification is adopted
by designers and instructors [5].On the other hand, when rules are implicit, these can
be deduced from other elements in the specification, and it is not explicitly coded in the
specification. This fact can be illustrated using the analogy with the process of putting on
shoes and socks: a first step is to put on the socks, followed by the shoes; then, based on
this sequence, the deduced rule is that the socks must be covered by the shoe. However,
a rules deduction is not useful because it inhibits verification and validation processes
with not clear sequence reference parameters.

1.3 Verification and Validation of Flexibility in Learning Designs

Flexibility enables to add new tasks to workflows, according to the state of resources,
ambient, and other factors. Nonetheless, flexibility may add other issue: every change
within the workflows should be validated against a set of goals and requirements [24].
RegardingTELapplications, compliance in flexibility and goals satisfaction are balanced
depending on the context where the application is deployed and executed. This is needed
to determine whether the learning results can be still fulfilled before making any kind
of modification to guarantee the robustness of the TEL application. Then, specification
flexibility and its verification in real time may not be trivial, depending on how the
learning flow is represented. An issue is how to verify if changes in its specification
are internally consistent with their other element in the same specification [22]. If these
changes are only in the sequence of tasks, this process can be automated. On the other
hand, this activity is manual, if there is a redefinition of tasks which requires time and
effort. Therefore, a manual redefinition decreases performance of workflow execution
[24]. From a technical point of view, for TEL applications verification process is critical
with respect to how non-functional requirements are defined. A right definition has
an impact in the whole performance in execution time and processing when a TEL
application is executed in a real-time context, such as a presential classroom or remote
synchronous activities. On the other hand, from a pedagogical point of view, verification
and validation can be subordinated to how the learning design adapts its specifications
(parameters, resources, state variable), as a medium to satisfy learning results.

Some examples in the literature attempt to incorporate the change within the work-
flow itself. One of the main attempts has been to integrate rules into workflows that
explicitly represent the restrictions of the domain. This is a critical issue in learning
design, because the definition of constraints is important to design flexible systems
supporting unexpected events of the enactment of learning design scripts [14]. A first
approach is to directly incorporate blocks of code that represent the rules in the code
where the workflow is defined. However, this makes changes to the workflow difficult
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and therefore makes it difficult to maintain or to become inflexible [21]. The rules that
can be defined using this approach must be simple (i.e., without using variables that
represent the state of the workflow). These rules must also be local without includ-
ing workflows with distributed elements [21]. One way of solving these problems is to
take full advantage of using service-oriented architecture by explicitly decoupling the
sequence of tasks in the workflow from the rules. For example, the rules are stored and
performed in external rule engines, which are requested by the workflow using web
services [23].This approach allows a posteriori flexibility as it defines spots, where the
rules that are contained in a web service and remain decoupled from the workflow can
be modified. A limitation of this approach is that as it does not allow changes to the
running order when the workflow is being performed because such changes could affect
the rules or require new rules.

Creating a workflow with the characteristics indicated above makes the process of
verifying properties after changes more complex. According to the literature, the ver-
ification of properties in imperative workflows can be achieved independently using
Petri-nets [25]. Petri-nets come from a language for mathematical modelling, which
allows distributed systems to be described using a bipartite graph. Additionally, the
elements of a Petri-net represent the semantics of the modelled process and allow prop-
erties, which are expected to be met during the execution of a workflow to be checked,
such as deadlock-freeness, reachability ofworkflows expected states, safety, and liveness
[16]. One disadvantage of separately verifying the properties of workflows and rules is
that the compliance to these properties cannot be directly assessed. This issue emerges
because there is dependency between workflow tasks and the rules that define the tran-
sition between workflow tasks. This assessment is required when making changes to
the workflow that affect the running order or the definition of the set of rules because
inconsistencies may appear due to the changes.

1.4 Modelling Workflows and Rules Using Petri-Nets

In the literature, an approach for modelling and formally defining workflows has been
performed explicitly using Petri-nets. Nevertheless, there are approaches that consider
the problem of flexible rules, although they do not consider the definition of a workflow.
This problem is partially covered using ontology-based Petri-nets [26], defining an extra
semantic layer, to provide knowledge over the specified Petri-net. In this case, new
rules and axioms can be integrated to the system, with no reprogramming, such as the
OPENETLDapproach [26]. However, this leads to the following problems: (1) Complex
rules (i.e., rules that are made up of other rules through disjunction and conjunction)
can return different results for the same input; and (2) Given that Petri-nets use decision
thresholds to make decisions, calibrating this type of system leads to a high overhead
for incorporating flexibility.
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Consequently, following research questions emerge: (1) Is it possible to incorporate
complex rules into an imperative workflow so as to allow dynamic changes (during run-
time), both to the properties that govern it as well as the order in which the tasks are
defined and performed, guaranteeing the integrity of the rules that govern the problem’s
domain?, and (2) Is it possible to define amethodology for automatic property verification
based on Petri-nets for the workflow proposed in the first research question?. To answer
these research questions, this paper is structured as following: Sect. 2 presents Petri-nets
as a modeling tool; Sect. 3 presents the proposed integration of workflow specification
and rules, Sect. 4 presents the validation of this proposal, and Sect. 5 presents the
conclusions about this work.

2 Petri-Nets as a Formalism for Modelling Workflows and Rules

In the literature, an approach for modelling and formally defining workflows has been
performed explicitly using Petri-nets [25]. Using this concept, the definition of a work-
flow can be directly translated to a representation in Petri-net. The flexibility is incor-
porated by inserting snippets or blocks of code into a workflow specification, such as
BPEL. These snippets can be directly translated to a certain pattern in Petri-net. Although
this allows for some flexibility, it is only to a certain extent. The changes are limited
to adding and modifying tasks, but do not allow rules that establish a transition from
one task to another to be incorporated. Therefore, the validation of the changes is based
on how these matches with the patterns in Petri-net. While the creation of these is well
defined according to the methodology, this is not the case for a change in the rules that
govern the workflow.

Nevertheless, there are approaches that consider the problem of flexible rules,
although they do not consider the definition of a workflow. These allow a world to
be represented where changes can be made to the context of the problem. However, this
leads to the following problems:

• Complex rules (i.e., rules that are made up of other rules through disjunction and
conjunction) can return different results for the same input.

• Given that Petri-nets use decision thresholds to make decisions, calibrating this type
of system leads to a high overhead for incorporating flexibility.

3 Integration of Workflows and Rules

This study proposes the definition of a framework for integrating workflow and rules,
with a methodology for verifying properties. An approach like that described in [27]
is used to develop the integration between workflow and rules. With this approach, the
following elements must be defined separately:
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• The definition of the rules that govern the application’s domain. These rules are
defined as they are logic propositions, programed in a certain language. With this,
two types of rulesmust be distinguished: those which are invariant to the application’s
state (i.e., that must always be met), and those which regulate the change from one
state to another (i.e., those that are used to control the flow of the sequence of tasks).

• The definition of the workflow that represents the temporal sequence of the tasks to
be performed.

3.1 Formalization

This section gives a formal account of workflows integrated with rule. Before defining
our workflows, we define formally what we mean by a variable. We assume that a
variable v is a mathematical object with an associated domain Dom(v). An assignment
is a set of tuples(v,k), where v is a variable and k is a value in Dom(v). Given a set of
variables, a rule is defined inductively as:

• v OP K is a rule when OP is in, v is in V and K is a value in v’s domain.
• OR(R) where R is a finite set of rules. Intuitively OR is the Boolean OR operation.
• AND(R) where R is a finite set of rules. Intuitively AND is the Boolean OR operation.

The truth value of a rule r can be determined given an assignment a that assigns a
value to every variable in V. We say that r evaluates to true in A if r reduces to true given
the assignment A, and we say that r evaluates to false in A if r reduces to false given A.
An inductive definition is straightforward, and we omit it here. For example rule AND
(v = k, u > m) evaluates to true if A assigns k to v and A assigns a value to u that is
greater than m.

A workflow integrated with rules W is defined as a tuple, where:

• is a finite set of variables.
• is an (initial) assignment of values to all of the variables in V.
• is a set of sentences. There are two classes of sentences: (a) assignment of values to

variables, denoted by, where is in the domain of variable and (b), where is a value
and is a distinguished constant which intuitively denotes a procedure call.

• is a set of tuples where are sentences and is a rule.

Intuitively, tuples model transitions of the workflow. Tuple represents the fact that
after finishing the execution of the control will transfer to if takes the value True, and to
otherwise. To model unconditional transitions, which do not involve a rule (i.e., go from
one task to another regardless of the state), we can use an expression that is always true
(e.g.) for, and

• is the initial sentence.
• is the final sentence.
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3.2 Execution

Given a workflow integrated with variables, we now define the semantics of an execu-
tion. To this end, we start off by defining instant descriptions which are mathematical
representations of snapshots of the state of execution. Then we define how execution
can move from one instant description to another.

Formally, an instant description is a tuple, where is a sentence and is an assignment to
all variables in V. In addition, we define the binary relation between two instant descrip-
tions, such that intuitively means that is reachable from in one step of computation.
Formally, if and only if:

1. When then a′ is like a, but with the assignment of variable v replaced with value b.
Thus, a’ assigns all the variables in, in the same way as a, and assigns b as a value of
v.

2. If then is like, with v assigned to some value of the domain of
3. for some and some, belongs to and evaluates to true in or belongs to and evaluates to

false in.

An execution of is a sequence, where, and for all in.
An execution is successful if.

3.3 Formalization of Petri-Nets

A Petri-net P is defined as a tuple where:

• corresponds to the set of places
• corresponds to the set of transitions
• corresponds to a set of tuples of the form, where are places, while corresponds to a

transition, which directly relates two places to each other, from to.
• :initial place.
• :set of final places of the Petri-net

3.4 Translation

Given a workflow integrated with rules,W, we define below a procedure for generating
a Petri-Net

1. For each variable v, we define one place for each value in.
2. For each sentence, we define a place.
3. For each transition

a. If is or, we define two places, and.
b. If it corresponds to the assignment of a value to the variable, a transition, is defined,

where corresponds to the index of the sentence.
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4. Following this, a transformation pattern to Petri-net is applied to each sentence,
resulting in a sub-Petri-net.

5. After this, each resulting sub-Petri-net is added iteratively, depending on the function
of the associated transition. With this and depending on whether or not can be true or
false, the place represented by each value of the evaluated variables is added to the
corresponding entries to the sub-Petri-net that must be executed if is true or false.

An example of some of the transformation patterns are included below.:

• AND: a pattern that represents an AND conjunction is represented as a Petri-net with
as many entry places as there are rules in the conjunction. Each of these points to a
transition, which in turn is directed to an exit place. This also makes it possible to
add other conjunctions and disjunctions as they are also established as rules.

• OR: a pattern that represents an OR disjunction is represented as a Petri-net with as
many entry places and transitions as there are rules in the disjunction. Each entry
place points to a transition, and each transition points to the same exit place. This
also makes it possible to add other conjunctions and disjunctions as they are also
established as rules.

• Comparison = (equality): is represented as a Petri-net that has several entry places:
one that corresponds to the value of the variable that is being evaluated in the com-
parison (i.e., the answer to the rule is True), others that correspond to the values that
do not correspond to those that were evaluated (i.e., the answer to the rule is False),
as well as another place that corresponds to the previous task that comes before the
evaluation of the comparison. There are two exit places. The first is one that connects
the place corresponding to the value of the variable that returns True with the place
of the previous task using an AND. The other connects the places corresponding to
the values of the variable that return False with the place of the previous task using
an AND. Both have an exit place that connects with the sub-Petri-net that represents
the relevant task to be performed once the condition has been evaluated, regardless
of whether it is True or False.

Consequently, this work proposes the definition of a specification for flexible work-
flows, integrating domain rules with a technique for automated compliance assessment,
to satisfy performance, deadlock-freeness, and reachability in workflow execution. In
the field of learning design, rules specify corresponding pedagogical constraints; also,
workflow defines the learning flow proposed by a TEL application as an instance of a
learning design specification. Therefore, these elements must be defined independently
and consequently must be integrated in a common specification:

The definition of the rules that govern the learning design instance. Two types of
rules must be distinguished: those which are invariant to the application’s state (i.e., that
must always be met), and those which regulate the change from one state to another (i.e.,
that are used to control the flow of the sequence of tasks).

The definition of the workflow that represents the temporal sequence of the tasks in
the pedagogical plan.

In Fig. 1 is presented an example of this idea. Using Petri-net notation, a small
learning scenario is presented: an application for English pronunciation learning needs
to evaluate the correction in pronunciation in a certain word and the rightness in the word
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choosing process. These events in learning process, signed as “validatePronunciation”,
and “comparison”, correspond to the combinate use of a consume of an external service
of pronunciation evaluation, called in transition betweenOR andComparison stages, and
an internal decision process implementation (OR, Comparison, & AND stages). In the
first case, a “Decision as-a-service” approach is followed, similar to Hasić, et al. (2020)
work. In the second case, the Petri-net design uses well-known patterns to represent
corresponding explicit and implicit pedagogical constraints. In this example, the changes
are limited to adding and modifying tasks, but do not allow pedagogical constraints to
be incorporated in the workflow as a mechanism to establish a transition from one task
to another. Therefore, the validation of the changes is based on how these constraints
match with the patterns in Petri-net.

Fig. 1. Example of workflow specification translation into a Petri Net.
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Context: A student must correctly pronounce a word. They have three opportunities 
to do so.

Rules (in natural language)
R1: The word must be correct to advance to the next activity
R2: There are three opportunities to correctly pronounce a word
Variables (V) and their initial configuration ()
correctWord = 0, attempts = 0;

Formalized rules
: correctWord = 1
: OR(attempts = 0, attempts = 1, attempts =2)

Tasks
t0: sinit
t1: isCorrect := 0;
t2: isCorrect := validatePronunciation()
t3: attempts = attempts + 1
t4: send

Transition function (T)
<t0, {1=1},t1,t1>
<t1,{1=1}t2,t2>
<t2,r1,t4,t3>
<t3,r2,t2,t4>

Goals (G)
<isCorrect = 1, t4>

3.5 Implementing the Formalization

BPEL is used to define theworkflow to implement themethodology. BPELwas chosen as
the language for representing theworkflowsbecause it is considered the industry standard
and because it fully integrates into a service architecture. Furthermore, there are stan-
dardized methodologies for BPEL, as well as automatic translations to representations
in Petri-nets. More specifically, the following tasks must be carried out:

• Define aWSDL file that represents the rules as a service. In this file, each rule is used
through an entry-point. With this, the coding of the rule remains independent from
the BPEL.

• Define synchronous calls to service in the BPEL that represents the workflow. This
service represents the rules using the invoke and receiveBPEL commands. The invoke
command will reference the corresponding rule (using the name of the corresponding
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entry-point) and the receive command will save the result of the request (true or false)
for use controlling the flow of the application.

The BPEL2oWFN tool is used to translate the workflow to Petri-nets (Lohmann,
2007). This allows the translation to multiple representations of Petri-nets, to which
the formalization presented above adjusts. To integrate the resulting Petri-nets, of both
the workflow and the rules, a semi-automatic methodology was used to recognize the
places and transitions in Petri-nets, based on the patterns used in the translation of
BPEL2oWFN.

With this it is possible to find the points where the requests are made to the service
representing the rules. Here, the initial and final points of the Petri-nets that represent
each rule are inserted.

3.6 Validation and Correction

A model-checker for Petri-nets must be used for verifying the properties. The chosen
model-checker is LoLA2 [28], which allows properties that are intrinsic to the Petri-
nets to be examined, as well as ad-hoc properties that are expected of the domain (i.e.,
adherence to the proposed rules). These properties must be analyzed every time there is
a change to the application, whether it be to the workflow or the rules. The properties
that were analyzed are the following:

• Deadlock-freeness analysis: checks whether there are any possible configurations of
the Petri-net that led to deadlock. It does not require parameterization.

• Reachability analysis: checks that each of the expected states is reached (i.e., the
goals defined in the workflow). It requires the specification of the test input sets.

• Safety-Liveness analysis: Determines the temporal logics according to the sequence
of the workflow. To be evaluated, the valid sequence of steps in the workflow is deter-
mined, before determining whether the rules are adhered to. To follow the indicated
flow, the proposed rules must also be followed. Therefore, the introduction of valid
inputs (i.e., the evaluation of reachability)must be analyzed together. The inputmodel
consists of the following elements:

o Petri-net with model to be tested
o Valid and invalid inputs for each rule
o Expected states (post-conditions or goals)
o Valid sequences within the context, written in Linear Temporary Logic – LTL –.
Themodel-checker generates a combination of possible sequences (not necessarily
feasible and/or consistentwith the rules),with the aimof testing thePetri-net against
boundary conditions.

Given that the Safety-liveness evaluation includes the other properties, the resulting
output from the verification is the following:

• Safety-liveness evaluation indicates points in the Petri-net where all of the possible
combinations of sequences fail.

• Reachability evaluation: indicates whether all the expected states were reached.
• Deadlock-freeness evaluation: indicating the points in the Petri-net where deadlocks

occur.



24 J. F. Calderon and L. A. Rojas

4 Validating the Proposal

Anextensionof the scenario presentedby [29]was used to validate the proposal presented
in this study. This scenario consists of an application for learning a foreign language,
based on single-display groupware and collaborative learning. In the original application,
three students work in front of a shared screen, interacting with the application using
headsets. The application allows the students to carry out activities which develop their
grammar, vocabulary, listening skills and pronunciation. Automatic feedback is given
by the system using a speech recognition engine and speech synthesizer. Both the use
of multimedia in this scenario (such as the speech engines), as well as the collaborative
learning dynamic, are of interest to this study because, based on these, new requirements
can be developed. With these new requirements it is possible to formulate new task
definitions and make changes to those that already exist. This enables the definition of
a new scenario using a flexible workflow. With this, the original scenario is extended to
include the following features:

• Interconnection between the computers where the activity takes place.
• Unbalanced distribution of resources. E.g., not all the computers necessarily have a

speech-recognition engine available all the time.
• Possibility for the teacher to change the sequence that is followed during an activity:

adding new tasks, modifying tasks, changing certain rules etc.

4.1 Instance for the Integrated Framework for Workflows and Rules

The methodology proposed in this study was followed to develop this scenario. First,
the pedagogical rules that govern the system were clearly defined. In parallel to this,
the sequence of tasks was also defined. Each rule is specified by an ID, with the aim
of categorizing the purpose of each rule and detecting possible dependency between
rules. There are two types of rules: rules that must be followed for there to be a specific
transition between tasks in the workflow (IR), and rules that must always be followed
for there to be any transition between tasks in the workflow (RR). The repetition of a
figure in the ID indicates that there is dependency between rules. For example, rule 05IR
depends on rule 055IR.

4.2 Instance of the Validation Model

To validate the implementation of the proposed methodology, it is necessary to validate
the fulfilment of all the elements that comprise the pedagogical context. In this case, this
corresponds to the pedagogical rules and respective sequence of tasks. The evaluation
criteria used will correspond to properties that can be evaluated in a Petri-nets model
(Table 1).
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Table 1. Elements to evaluate and properties evaluated in the respective elements.

Element to be evaluated Properties of the element evaluated

Adherence to pedagogical rules Reachability, Deadlock-freeness

Adherence to expected sequence Safety-liveness (using LTL), Deadlock-freeness
and Reachability (derived from the adherence
to the pedagogical rules)

4.3 Defining Alternative Situations

One aspect to evaluate is the robustness of the proposal presented in this study when
faced with the incorporation of new tasks and changes to existing tasks. With this, a
set of alternative situations to the existing sequence determined by the workflow and
rules is defined. These are then incorporated into the modelling of the problem. When
incorporating these situations, it must be verified that there are no inconsistencies with
the pre-defined rules. Adherence to the pedagogical rules and expected sequence must
also be evaluated, based on the properties included in Table 1. The definition of the
alternative situations can be found in Appendix I, with the respective rule that triggers
each one. A nomenclature like that used for rules was adopted to identify the alternative
situations, using the keyword RP.

4.4 Test Cases

To carry out the validation, simulations are performed using the Petri-nets that were
generated based on the transformation methodology proposed in Sect. 3.4. Different
models were created based on the definition of the proposed pedagogical scenario:
one that considers the original sequence of tasks, and three others that each separately
incorporate an alternative situation. With this, the robustness of the modelling can be
analyzed separately for each of the proposed alternative situations.

The use of 1, 2, 3, 4 and 5 nodes were considered for evaluating each of thesemodels.
A limited number of nodes were used as it measures the robustness of the modelling
without considering requirements of scalability. According to the definition of the sce-
nario, each node corresponds to a computer shared by 3 students. Each configuration
is tested using both valid and invalid input sets with regards to the specifications of the
scenario. The respective models were coded using LTL to evaluate adherence to both
the expected execution sequence, as well as the execution sequences deriving from the
alternative situations. This code is used by the model-checker to evaluate the validity
of the Petri-net in following the tested sequence. Furthermore, the model-checker also
generates the entire set of combinations for the order of tasks for each of the test cases.

4.5 Results

As described in Sect. 3, the analysis of the results is focused on the behavior of the
Petri-net with regards to the properties that it must fulfil. In the proposed scenario, this
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analysis is performed for the aspects detailed below. Together, these aspects allow the
validity of the modelling to be checked in terms of its translation to Petri-net, as well
as in terms of the properties that must be fulfilled when incorporating changes into the
original formulation, as described in Table 1. The aspects are as follows:

• Appearance of inaccuracies (i.e., violations of the rules) in the model for all the test
cases. This is implicit in the reachability analysis and LTL.

• Detection of deadlock-freeness problems when expected.
• Detection of reachability (i.e., fulfilment of the expected states).
• Detection of problems in LTL (i.e., if an expected sequence is not adhered to).

4.6 Detection of Deadlocks

The appearance and detection of deadlocks was observed when there was no alternative
to the use of the speech recognition engine. No other deadlocks appeared (Table 2).

Table 2. Results of the deadlock-freeness analysis.

Scenario Scenario Scenario Scenario Scenario Scenario

1 node 1 node 1 node 1 node 1 node 1 node

2 nodes 2 nodes 2 nodes 2 nodes 2 nodes 2 nodes

3 nodes 3 nodes 3 nodes 3 nodes 3 nodes 3 nodes

4 nodes 4 nodes 4 nodes 4 nodes 4 nodes 4 nodes

4.7 Reachability Analysis and LTL

Reachability analysis is performed implicitly when evaluating the expected sequence
order using LTL. This is because not adhering to the sequences ensures that not all the
expected states are reached in the Petri-nets. In particular, the following situations are
observed as causing problems with reachability:

• When the order of the tasks in the original sequence is automatically altered by the
model-checker (i.e., models generated by themodel-checker vs. expected sequences).

• When there is incorrect input. With this, not all the expected states are reached.

In the reachability analysis for the cases that were used to test the proposedmodelling
it can be observed that all the expected states are achieved when inserting alternative
situations (Table 3).
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Table 3. Results of reachability and LTL analysis.

Scenario 1 node 2 nodes 3 nodes 4 nodes 5 nodes

Change in order of tasks Fail Fail Fail Fail Fail

Incorrect input Fail Fail Fail Fail Fail

Original Ok Ok Ok Ok Ok

Original + 10RP Ok Ok Ok Ok Ok

Original + 11RP Ok Ok Ok Ok Ok

Original + 12RP Ok Ok Ok Ok Ok

5 Conclusions

The research question “Is it possible to incorporate complex rules into an imperative
workflow so as to allow dynamic changes (during run-time), both to the properties that
govern it as well as the order in which the tasks are defined and performed, guaranteeing
the integrity of the rules that govern the problem’s domain?”,was answeredby creating an
integrated framework when developing an imperative workflow. This framework allows
rules to be explicitly incorporated, as well as offering great flexibility in a distributed
setting. This was achieved by proposing a definition of the workflow using BPEL and
integrating rules using service orientation approach. The changes that were introduced
can be introduced at any point of the workflow and rules. These changes include adding
and eliminating tasks, changing a rule, and changing the order of the tasks, and must be
programed in the same language as the language used to program theworkflow and rules.
Both the workflow and rules are translated to Petri-nets to check that these changes are
consistent. This answers the research question “Is it possible to define a methodology
for automatic property verification based on Petri-nets for the workflow proposed in the
first research question?” To do so, a methodology was proposed in which the workflow
and rules are translated to Petri-nets and then integrated into a single network. This
allows the validity of the changes that were introduced to be evaluated jointly, verifying
intrinsic properties of the Petri-nets and Linear Temporal Logic.

Based on the execution of the example presented in this study, it was seen that the
proposal is robust when incorporating alternative situations into the original sequence of
tasks. Alternative situations were formulated based on the requirements of the problem,
with the observation that the expected results were achieved in terms of the properties
of deadlock-freeness, reachability, and safety-liveness. The latter of these is a critical
property as it considers the adherence to an expected order of the tasks, meaning that the
other properties depend on safety-liveness. In the context of the application presented
in this study, the use of collaborative learning allowed for more complex dynamics to
be developed, including sequences with interdependency between the activity’s par-
ticipants. With this, any change to the order of the tasks has a high incidence in the
non-fulfilment of safety-liveness. This is contrasted with the incorporation of new tasks
within the sequence. In that case, the original sequence ismaintained but newpossibilities
are added to the activity. These can bring with them possible pedagogical requirements,
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or indeed they can correct certain problems that could have otherwise hindered the
fulfilment of the pre-defined requirements.

As shown in Sects. 3 and 4, certain steps of the methodology were done semi-
automatically. This made it difficult to use the methodology transparently in a real
setting. It remains as future work to build a workflow engine that automatically carries
out all the stages in the methodology. Another limitation is related to the reach of the
requirements of the problem that was presented in this study, as is a scalability analysis.
With this, the growing incorporation of more multimedia resources and a larger number
of nodes remains as future work. Finally, another limitation has to do with the generic
nature of the scenario that was presented. Although a pedagogical setting was chosen as
the basis for this study, the reach of the proposed methodology is not restricted just to
this context. However, the chosen scenario must have characteristics, which allow the
requirements relating to flexibility to be formed, as well as the definition of the rules
that govern the domain of the problem, with the aim of satisfying the model presented
in this study.
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Abstract. The use of theYouTube platform as amedium for knowledge transfer is
a phenomenon that has become increasingly popular in recent yearswith the advent
of new online media. The core idea of this study is to convert knowledge content
into motivation for learning, and effectively enhancing learning effectiveness,
so as to nurture innovative and creative design professionals. According to the
results of examining the content and characteristics of knowledge-based YouTube
videos and knowledge transformation techniques, it is clear that the application
and process of the Basic Design course must take into account the following
points on the teaching side. 1)Explicit knowledge transformation which are the
information content, structure and practicality are the key points that teachersmust
consider when preparing lessons. 2)Conversion of tacit knowledge starts with
inspiration and motivation to boost learning achievement.3) Personality affects
the ambience of the classroom and the viewership. 4)Knowledge summation is a
requisite training for the instructor. 5) The ability to narrate is a source of brilliance.

Keywords: YouTube · Tacit knowledge · Explicit knowledge · SECI model of
knowledge dimensions

1 Introduction

The use of the YouTube platform as a medium for knowledge transfer is a phenomenon
that has become increasingly popular in recent years with the advent of new online
media. In the past, conventional methods of teaching confined to the dissemination of
information in classrooms were not conducive to student learning. It is an innovative
teaching model for students’ self-directed learning that incorporates design concepts
into new forms of learning, transforming the role of the teacher into that of an Internet
personality, who imparts knowledge through the charm of the YouTube platform and
the multiple presentation methods of moving images, and advocates the translation of
knowledge, notions or techniques in the field of design into knowledge content with
different expressions, and integrates them into the subject curriculum. The core idea
of this study is to successfully convert knowledge content into motivation for learning.
Through the multi-faceted presentation of moving images and an unconventional style
that suits the learners’ mindset, it aims to create a relaxed and fun learning atmosphere,
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and combine it with the planning of the curriculum, with a view to increasing learning
autonomy and motivation, and effectively enhancing learning effectiveness, so as to
nurture innovative and creative design professionals. The aim of education is to inspire
students to learn. Through a variety of innovative teaching techniques, students are
further prompted to think in different ways and are more likely to be motivated for
learning and to take pleasure in gaining knowledge. Motivating learners is often a major
challenge for teachers in the classroom, and a key to nurturing their independence. With
the evolution of the Internet and the rise of self-media platforms in recent years, teaching
practices need to be constantly updated.Only by keeping pacewith the times and catering
to students’ varied learning needs can teachers create a positive interactive relationship
with students and enhance their enjoyment of learning.

By adopting a qualitative action research approach, this study was conducted
throughout a six-week visual-graphic dimension teaching process in the course "Basic
Design" offered in thefirst year of studyby theDepartment ofCreativeDesign atNational
Yunlin University of Science and Technology (NYUST) to put into practice the learning
process and results of applying the "YouTube influencers teaching method" to moti-
vation and inspiration at the teaching site. According to the results of the researcher’s
on-site teaching and observation, the traditional classroom instruction is no longer able
to satisfy the students’ desire and motivation to learn. The transmission of knowledge is
far-reaching and has led to a shift in learning styles. Previously, the acquisition of knowl-
edge relied on the face-to-face transfer of information from others. In recent years, the
rise of online platforms has allowed learning to break through the constraints of time
and space, and as long as one has access to the Internet, one can open a platform for
information exchange and learning, no matter where one is. YouTube is one of the most
popular online platforms among the students enrolled in the course interviewed by this
research. According to the “Taiwan YouTube User Profiling” conducted by Google and
Ipsos in Taiwan, 49 percent of users in Taiwan learn new knowledge via video and audio
content on the platform, and the total number of views of knowledge-related content in a
single day worldwide can reach 500 million (Google blog 2017), a trend that shows that
YouTube is an emerging medium for learning. YouTube The variety of video genres and
styles on YouTube attracts many viewers, and there is no shortage of knowledge-based
videos. The fun delivery and successful translation of knowledge content allows viewers
to learn independently, acquire knowledge in a short period of time and have fun during
the process.

“Basic Design” is an alternative to the traditional rules of thumb that designers
are accustomed to, using a scientific and rational approach, so that novice designers
can learn the aesthetics of design expression in an effective way. The pedagogy at this
stage is neither innovative nor interesting in terms of teaching techniques, despite its
scientific and rational approach. The traditional mode of instruction leaves students
somewhat drained and unmotivated and uninterested in learning. The course is designed
to transform the knowledge content into a fresh and entertaining new media format by
incorporating the current knowledge transfer mode in the new media and integrating
it with the subject curriculum, which will benefit the students with a different learning
experience and pleasure. It is hoped that the new generation learning approach will boost
the learning effectiveness for “Basic Design” and inspire learning autonomy.
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Through literature review and observation and application on the teaching site, this
study attempts to convert the knowledge content into an Internet influencers format in
order to enhance students’ stickiness to the curriculum, thereby creating a relaxed and
enjoyable learning ambience, which in turn stimulates self-learning and boosts learning
effectiveness. As such, the research topics are set out below:

i. Understanding the learning habits and characteristics of design students
ii. The gap between knowledge transfer in physical courses and on YouTube
iii. Feedback on the application of the knowledge deliverymodel ofYouTube influencers

to design courses.

2 Literature Review

2.1 YouTube for Knowledge Acquisition

With the rise of knowledge-based video and audio content, more and more people are
looking to YouTube as a conduit for knowledge. In 2017, Google released a survey on
“Taiwan YouTube User Profiling” conducted with Ipsos, which found that Taiwanese
users who visited YouTube more than once a month spent 14.6 h a week on the platform.
In particular, apart from killing time, half of the Taiwanese users browse YouTube for
the purpose of “learning,” indicating that YouTube is not only an entertainment for
people’s lives, but also a practical tool for transmitting knowledge (SmartM 2017).
Previously, knowledge could only be acquired in the classroom or through books. If
one was interested in painting, one could only learn through art classes, tutors or art
departments. Nevertheless, with the advent of the YouTube platform, this situation has
been reversed. Anyone with an interest in any field can find videos on YouTube, making
learning resources readily available. In addition, the nature of online video platform
YouTube allows viewers to interact directly with the creators through comments, and
questions from viewers can echo each other’s need for knowledge, so that more people
can benefit from the creators’ responses to their inquiries. According to Alias et al.
(2013), YouTube draws billions of subscribers, including educators and academics, who
use the sharing services on YouTube videos. Ahmad (2016) also suggested that using
YouTube as a “visualized” tool can improve teachers’ teaching efficacy.

In the past, knowledge was mostly gained in the classroom or from books. If one
was interested in painting, one would usually have to sign up for art classes, art schools
or employ tutors, but the emergence of the YouTube platform has changed this situation.
Anyone with an interest in any field can find videos on YouTube, with all the learning
resources at your fingertips. Moreover, the traditional classroom approach to learning,
which restricts the delivery of the same knowledge to the same group of students in
the same classroom, disregarding the differences in backgrounds and learning speeds
of students in the same classes, and limits the instruction to the same venue, the same
time, and the same pace, can pose challenges at the teaching site. However, if teaching
is offered through the YouTube platform, these constraints can be overcome, allowing
for a more diverse range of learning styles to be adapted to individual learning efficiency
(Table 1).
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Table 1. YouTube platform features vs. challenges in the classroom.

Challenges in the Classroom Corresponding Solutions Offered by YouTube

One-way oral instruction tends to wear out
students

YouTube, as a self-media platform, not only
adds to the fun with its moving images, but can
easily incorporates a number of knowledge
transfer techniques to suit the learning habits of
students as the video content can be
self-produced, so that the teaching content can
be adapted to fit the students’ needs. The
platform also enables users to leave comments
and feedback to increase interactivity, and even
has a live streaming service that allows for
real-time interaction and response online

Differences in the background of students in
the same class

Students can skip or re-watch parts of the
content at their own pace, and can preview or
review after classDifferences in the learning speed of students

in the same class

Lessons are restricted to the same location Students can study not only in the classroom,
but also on the Internet whenever they have
access to it, and learning is not confined to the
classroom, but can be done before or after class

Lessons are restricted to the same time frame There is no time limit on the platform, so
students can watch the content anytime and
anywhere

Lessons are restricted to the same pace The speed of learning can be adjusted to suit
your own learning and absorption capacity by
speeding up or slowing down the video

Source: Compiled by this study

2.2 Knowledge Classification and Sharing

Knowledge can be categorized into tacit knowledge and explicit knowledge. Explicit
knowledge is clearly visible, objective, can be coded through spoken language or behav-
ior, or presented in other ways, is derived from tacit knowledge, and ultimately has its
origins in an individual’s mental models and abilities, is static, does not change over time
or due to changes in the external environment, is shareable, and can be transmitted and
shared through spoken language, text, diagrams, etc. (Nonaka and Takeuchi 1995). Tacit
knowledge is knowledge that has not been systematized or expressed in other forms,
such as words (Shen 2006), and is an experience or practice that emerges from a mental
process, often transferred through learning by doing and learning by seeing. Since tacit
knowledge is not easily mobile, cannot be fully imitated and is irreplaceable, it is often
seen as an essential basis for a company’s competitive advantage (Zack 1999; Barney
1991; Grant 1996). Knowledge sharing is an interaction between tacit knowledge and
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explicit knowledge (Nonaka and Takeuchi, 1995). The teacher passes on explicit knowl-
edge in a variety of ways so that the learner can transform the explicit knowledge into
tacit knowledge, which in turn lays the foundation of his or her own scholarship; and the
learner can translate the tacit knowledge into explicit knowledge and share what he or
she has learned with others. Therefore, the role of the teacher and the learner is the result
of the constant interaction, transformation and dialogue between the tacit knowledge
and the explicit knowledge.

Drawing on the arguments made by different academics, it is clear that tacit knowl-
edge is quite distinct from explicit knowledge, both in terms of its characteristics and
the way in which it is transmitted, and it is thus important to understand and categorize
the types of knowledge in the process of transmission. By analyzing the different char-
acteristics of tacit and explicit knowledge, it is possible to develop appropriate ways of
passing on and sharing knowledge for effective knowledge transfer.

The sharing of tacit knowledge is not as easy as the sharing of explicit knowledge.
Therefore, in the process of knowledge transfer, should the methods of transforming and
sharing tacit knowledge be acquired, knowledge in various fields can be disseminated
more extensively and conveniently, making it more widely available and enhancing the
effectiveness of teaching and learning. Table 2 below is a consolidation of the ways of
sharing tacit knowledge proposed by academics, in the hope of pooling their approaches
and getting to grips with the techniques of sharing tacit knowledge, so as to achieve
efficient and effective knowledge exchange. Based on the table, eight main approaches to
transferring tacit knowledge are identified in this study: observation, reflection, dialogue,
communication, interaction, practice, storytelling, and direct contact (Table 3).

2.3 The SECI Model of Knowledge Transfer

For knowledge to be transferred without a hitch, there must be a venue and a target
audience for knowledge sharing, as well as a suitable means of knowledge transforma-
tion. The theory of knowledge creation developed by Nonaka is suited for application
to learners’ learning processes, and this theory can help foster learners’ learning to be
spread across both tacit and explicit knowledge, and through the alternation of tacit
and explicit knowledge, knowledge can be effectively transformed to enable learners
to possess new knowledge. The transformation of knowledge can be divided into four
dimensions, namely socialization, which enhances dialogue and interaction between
people and facilitates the acquisition of knowledge through observation, practice and
communication; externalization, which stimulates individuals to visualize their insights
and experiences so that they can share them; internalization, which accumulates expe-
rience and skills by translating external knowledge into one’s own; and combination,
which combines external knowledge gained to build systematic knowledge or even to
create new knowledge with others. The learning of knowledge hinges on knowledge
sharing, which is a process of communication and an act of transfer. As knowledge
is not material and cannot be directly traded, bought, sold or exchanged, the sharing
of knowledge relies on reconstructed methods and modes of transformation. Hendriks
(1999) suggested that knowledge needs to be shared between two subjects: the first is
the knowledge owner, who needs to voluntarily transform the knowledge and pass it on
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Table 2. Characteristics of explicit and tacit knowledge.

Author Explicit Knowledge Tacit Knowledge

Polanyi (1967) Explicit knowledge is clearly
visible and can be expressed in
written text, diagrams, etc.

Subjective, not expressed in
explicit words and unarticulated
knowledge

Hedlund (1994) Knowledge that can be
described in detail or
represented by text, computer
programs, patents or graphics

Knowledge that is non-verbal,
intuitive and unarticulated and
cannot be expressed explicitly

Nonaka & Takeuchi
(1995)

Can be coded by spoken words
or deeds, or rendered in other
ways
Derived from tacit knowledge
that does not change over time
or in response to changes in
external circumstances
Can be communicated and
shared in the form of spoken
words, texts, diagrams, etc.

Subjective knowledge that
cannot be expressed in words.
Extremely personal, difficult to
systematize or formalize, e.g.
intuition and experience, and
therefore not easily shared with
others. Includes both cognitive
and technical aspects. The
technical side includes skills or
expertise that are difficult to
convey in writing or in speech;
the cognitive side includes
perceptions, mental models,
beliefs, etc.

Edvinsson and Sullivan
(1996)

Can be recorded, transferred and
shared, and protected by
intellectual property rights

Difficult to describe concretely
or to codify; experience and
skills that have been
accumulated over time by an
individual, team, department or
organization and that are
difficult to articulate may also
appear in ways of working, such
as problem solving, process
improvement techniques, a craft
or a specialized skill

Source: Compiled by this study

to others in different ways; and the other is the knowledge receiver, who internalizes or
recombines the knowledge received, thereby accruing experience and skills.

Knowledge sharing is an interaction between tacit knowledge and explicit knowl-
edge. Through various means, educators can pass on explicit knowledge so that learners
can turn what they have learned into tacit knowledge, which forms the foundation of
their scholarship; and learners can also share what they have learned with others by
converting tacit knowledge into explicit knowledge. Thus, the role of the educator and
the learner is the outcome of the ongoing interplay, transformation and dialogue between
tacit knowledge and explicit knowledge.
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Table 3. Tacit knowledge transfer methods.

Author Tacit Knowledge Transfer Methods Approaches

Nonaka and Takeuchi (1995) Through dialogue and collective thinking
processes, tacit knowledge and concepts can
be clarified so that knowledge can be shared
and utilized

Dialogue

Holtshouse (1998) The exchange and sharing of tacit knowledge
take place through direct first-hand
observation, as well as through interaction
with others and body language

Observation

Davenport and Prusak (1998) The transfer of tacit knowledge can be
achieved through interpersonal
communication and interaction, especially
through face-to-face contact, such as
teamwork, mentoring, partnership,
mentorship, chat rooms, in-person
conversations, and the use of information
technology as a tool for knowledge sharing

Communication
Interaction
Direct contact

Zack (1999) Tacit knowledge is embedded in the
subconscious and is difficult to express in
written form, but must be acquired by direct
experience and action, often through
storytelling, interaction, dialogue, or sharing
of experiences

Storytelling
Interaction
Dialogue

Martensson (2000) Transfer of tacit knowledge is developed
through practice and interpersonal interaction

Interaction

Nonaka (1995) Tacit knowledge can be gained by observers
directly watching how experienced educators
teach, or how educators solve problems in
teaching, thereby enhancing their ability to
cope with similar problems

Observation

Hargreaves (2000) In teacher training, special emphasis is placed
on teachers’ professionalism and reflective
skills. Apart from learning systematic
knowledge and pedagogy, teachers are
required to explore the tacit nature of their
experience and knowledge, so that the tacit
knowledge can be made visible and imparted
to students and the professional growth of
teachers can be realized

Reflection

(continued)
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Table 3. (continued)

Author Tacit Knowledge Transfer Methods Approaches

Hashweb (2003) Reflection is one of the learning values that
educators can realize when they become
aware of the significance of tacit knowledge
and bring it to light through methods

Reflection

Gertler (2003) 1. Observation: Pay attention to the behavior
and practices of others
2. Field of Trust: Create an environment of
mutual trust and respect for each other
3. Learning by doing: Acquire knowledge
naturally through behavior and movement
4. Feedback mechanism: Allow sufficient
time for interaction and response during any
exercise

Observation
Practice
Interaction

Source: Compiled by this study

3 Methodology

The first-year undergraduate program in basic design in the Department of Creative
Design at NYUST consists of 7 h per week, divided into a 4-h theme day and a 3-h
practice day. The theme day is devoted to design discussion and creative execution,
while the practice day is dedicated to the impartation of specialist knowledge required
for the main topic. The creative design department offers a 7-h program each semester
from freshman to senior year, collectively known as thematic courses, to consolidate
design-oriented education and training sessions. The department concerned is geared
towards the development of creativity and the integration of the three disciplines of
spatial, product and visual design as its main curriculum structure, with the aim of
nurturing creative design talents with integrated skills. As such, subject teachers are
drawn from the spatial, product and visual disciplines. This study introduced the basic
design program in the second semester of 2020 in YunTech, Taiwan. The number of
students enrolled was about 80, classified into three groups, and the 18-week period
was split into three phases, featuring 6 weeks of basic visual graphic design, 6 weeks
of product design and 6 weeks of spatial field as curriculum planning. In this way, the
teacher of each subject area only taught 6 weeks of the theme days and then rotated
through the three groups of students. The program was structured as a 6-week course
with a 4-h theme day as the researcher is an instructor of visual graphics and rotated
through the three groups of students, which was precisely in alignment with the revised
reflective cycle of teaching action research.

The six-week visual dimension course is divided into three sequential stages: Stage
1 Corporate CIS System, Stage 2 Logo and Standard Characters, Stage 3 Color Schemes
and Symbols, and Stage 4 Text Styling and Composition. This four-stage plan was
structured around the theme of visualization supporting corporate image building as
the teaching content of the YouTube moving images, and then based on the knowledge
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content, reference cases, design concepts, and related symbols and other axial elements
of each stage, the subject knowledge was transformed into motion picture content and
applied to the four phases of teaching and course interaction, so that students could
recognize the process and notions of CIS corporate identity and image building in the
design field by watching knowledge-based YouTube channels. Drawing on the decon-
struction of design knowledge and its corresponding contextual demonstrations, as well
as the translation of knowledge into symbolic imagery, the “YouTube influencer teaching
technique” was integrated into the curriculum planning, providing students with a dual
visual and auditory stimulation mode of learning. The interesting nature of this approach
enables students to internalize the learning by watching videos that are linked to imag-
ination, memory or experiential evocations. In the case of the "Basic Design" program
in the first year of the Department of Creative Design at NYUST, after internalizing the
design knowledge acquired through the “YouTube influencer teaching method,” the first
exercise on the application of the CIS corporate identity system design began, followed
by recognizing the criteria and standards for the application of logos and standard char-
acters, text and styling, and finally integrating the design of the complete identity system
into the complete graphic design product.

4 Research Results

4.1 Learning Habits and Characteristics of Design Students

In this study, classroom observations, questionnaires and interviews were administered
to understand the learning habits and characteristics of the students in the class. It was
found that students’ attentiveness in class was influenced by external conditions such as
the teacher’s reminders and questions, the teacher’s dress, the learning atmosphere and
the excellence in the work of their peers, and internal factors such as “wanting to listen”
and “wanting to solve their own problems.“ Students’ inattention in class was caused
by external factors such as the time slot of the lesson, their connection to the lesson, the
teacher’s PowerPoint presentation, the amount of text in the slides, the number of cases
cited, the duration of the presentation, the speed of the teacher’s speech, the volume
of homework and the pressure of the midterm, etc., and internal causes such as poor
sleep the previous day, feeling that the course was off focus, short attention span, and
wanting to play with their cell phones. This study further outlines the following factors
that affected students’ attention: (1) poorly made slides and toomuch text by the teacher;
(2) the teacher speaking too slow when explaining; (3) the teacher’s redundant words
and unnecessary sharing; (4) the teacher taking too long in giving explanations; (5) the
teacher citing an excessive number of cases; (6) the content of the lesson irrelevant to
the students; (7) the lesson slot set too early in the day; (8) the teacher not dressed well;
(9) the teacher being slack in giving reminders of salient points and posing questions;
(10) the learning atmosphere; and (11) the peers’ performance.

Classroomobservations and interviews also revealed that students felt that systematic
teaching was important, that the practice days on Thursday helped with the assignments
in the basic design course, and that the teacher’s presentations on practice days were now
clear and to the point. And students suggested the following for the basic design course:
(1) videos or animations should be included in the course; (2) the teacher should slow
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down the speed of speechwhenmaking key points; (3) the teachermay speak faster when
talking about easy-to-understand parts; (4) the teacher could give interesting examples
and lead the students in small exercises; (5) the teacher could make a summary of the
salient points in the middle or at the end of the lesson; (6) the teacher could tie in what
he/she has said with the current events or punch lines; (7) the jokes and stories told by the
teacher should be relevant to the theme of the course; and (8) several teachers in charge of
the course should coordinate on and communicate over the teaching progress. In addition,
students prefer short, intensive learning sessions, indulgence, seeing great pieces of work
being shared, teachers not interrupting or interfering when showing videos, videos not
running too long or being boring, teachers putting leading questions before playing
videos, and a variety of course content. In terms of teacher attributes, students prefer
teacherswho are distinctive in their personalities, speak logically and coherently,manage
their time well, create a learning atmosphere, and do not dismiss students’ answers. To
sum up, students’ learning preferences are as follows: (1) the lessons are tightly timed
without delays; (2) the teacher does not interrupt or interfere when screening a film; (3)
the teacher putting leading questions in advance will make students more attentive when
watching a video; (4) the choice of films should be entertaining and not too long; (5) the
teacher’s distinctive personality will attract the students’ attention; (6) it is important that
the teacher speaks logically and coherently; (7) the teacher contributing to the learning
atmosphere will make the students more willing to share and be involved in the class;
and (8) negating the students’ responses to questions put by the teacher will be offensive
to them.

4.2 Differences in Knowledge Transfer Between Physical Courses and YouTube

This study, by drawing on the pedagogical practices of knowledge transformation by
teachers in the delivery of basic design courses, further probes the knowledge transfor-
mation practices in the videos of channel “Ray Du English,” which has over a million
subscribers in Taiwan. It is hoped that by consulting the knowledge teaching practices
on site and the knowledge translation modes on the popular YouTube channel “Ray
Du English,” a "YouTube influencer knowledge transfer model" can be constructed to
attract students to watch and to convey the form of aesthetic principles of basic design
knowledge smoothly.

Knowledge Conversion Techniques by Teachers in Delivering the Basic Design
Courses on Site
At present, teachers put questions, cite cases and use visualized images and text, and
utilized PowerPoint slides as the main teaching aids for the externalization of knowl-
edge in the Basic Design course; regarding the combination of knowledge, teachers ask
open-ended questions, give oral presentations and engage in discussions and dialogues;
in respect of the internalization of knowledge, teachers give assignments to students
to reflect on and internalize knowledge through practical exercises; and in terms of the
socialization of knowledge, teachers share personal experiences and stories, and students
discover the connections between knowledge and life through observation. Thus, if this
study is to construct a “YouTube influencer delivery model” for designing basic knowl-
edge to be transmitted after class to aid student learning, it will make reference to the
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knowledge conversion model used by teachers on site and improve on the inadequacies
of the tools used in their instruction (Table 4).

Table 4. Knowledge conversion practices of teachers in delivering basic design courses on site

The SECI model of
knowledge conversion

Teaching methods Aids

Externalization 1.Teacher puts questions to
students
2.Teacher asks students to work
in groups and communicate with
teams
3.Teacher cites examples,
metaphors, hypotheses or
analogies to illustrate knowledge
content
4.Teacher uses visualized text,
images or diagrams to teach

1.PowerPoint slides (with text,
diagrams, pictures, etc.)
2. Pictures of cases or other
graphics
3. Video clips

Combination 1. Open questions put by teacher
2. Teacher conveys knowledge by
oral presentation
3. Teacher discusses with
students

Nil (primarily delivered orally)

Internalization Teacher asks students to do
exercises for homework
(e.g. bionics)

Nil (mainly based on students’
hands-on work)

Socialization 1. Teacher shares their personal
experiences and stories with
students
2. Students discover the
connection between knowledge
and life through observation

Nil (mainly based on teachers’
experience sharing and
students’ observations)

Source: Compiled by this study

YouTube Influencers’ Video Content Features
Based on the analysis and collation of literature, this study has identified the content,
management, interaction and marketing dimensions as the key factors influencing the
viewing of YouTube videos. Among which, the content aspect includes topic setting,
presentation style, information conversion, and character traits; the management aspect
covers video releasing frequency, video quality, channel optimization, user satisfaction,
and optimal search; the interaction aspect contains dialogue with viewers, rating mecha-
nism, and message interaction; and the marketing aspect comprises website promotion,
charity marketing, and mutually beneficial cooperation. In this study, three educational
YouTube channels with more than one million subscribers each were selected for exam-
ination, and the case study method and content analysis were applied to summarize the
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success factors of these educational channels in terms of video content. Table 5 below
gives the list of study subjects (data as of December 14, 2021), as well as individual
information and introductions.

Table 5. List of study subjects

Informative YouTube
channel

Ray Du English Mr. & Mrs. Gao ChuChuShoe

Created by Ray Du Mr. Gao Jen-chieh Hsieh

Date of creation 2015.01.11 2014.11.17 2013.07.31

Content English language
teaching

Science fiction,
suspense, technology,
history

Technology, chemistry,
trivia, book reviews

Subscriptions 2,690,000 3,910,000 1,500,000

No. of videos uploaded 546 213 573

Total channel views 276 million 1,063 million 232 million

Source: NoxInfluencer data analysis report. https://reurl.cc/L1vEgX. Compiled by this study

Case study Findings of Three Informative YouTube Channels
These three channels - RayDuEnglish,Mr.&Mrs.Gao andChuChuShoe - have their

own characteristics in topic setting, presentation style, information conversion and per-
sonality traits on the “content” side. The following is a compilation of the characteristics
of the three channels (Tables 6, 7 and 8):

Table 6. Ray Du English

Topic Setting Topicality Moderate-This channel is centered on
English teaching, sometimes combined
with current events, songs, or other
interesting topics

Relevance High-for channel viewers

Value High-for the acquisition of knowledge in
the field

Presentation Style Open Caption Large, clear, lovely font types, multiple
colors

Background Simple graphics, lovely style, colorful

Background Bright and clean study

Information Conversion Information Content Medium-by the length of episodes

(continued)

https://reurl.cc/L1vEgX
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Table 6. (continued)

Delivery Mainly oral, with small graphics and
enlarged text. Backgrounds change
according to the subject matter, or another
person showing up for a dialogue or a skit

Personality Traits Speaking Characteristics Clear and articulate, appropriate speed of
speech, with marked fluctuations in tone

Body Movements Speech often accompanied by hand
gestures, and key words emphasized by
hand movements when mentioned

Narrative Style Coherent, focused, sincere and steady

Table 7. Mr. & Mrs. Gao

Topic Setting Topicality Very high-The choice of topics is highly
interesting, including science fiction and
suspense stories, knowledge about the
universe, or unexplained mysteries that
have not been solved in the past, arousing
the audience’s curiosity and desire to
know more

Relevance Low-for channel viewers

Value High - for the acquisition of knowledge in
the field

Presentation Style Open Caption Large, clear, mainly white on black

Background Multiple images appear with high
frequency and clarity

Background Bright and clean living room

Information Conversion Information Content High (judged by the length of episodes)

Delivery Oral narrative accompanied by
high-definition animations and clear
photographs, with a good mix of
illustrations and text, just like watching a
story

Personality Traits Speaking Characteristics Clear and articulate, soft-spoken,
appropriate speed of speech, steady
volume of speech

Body Movements Not many body movements

Narrative Style Coherent, sincere, honest and steady
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Table 8. ChuChuShoe

Topic Setting Topicality Moderate The topics are primarily
science-related, and sometimes integrated
with current events or the background of
the times to share knowledge or
marvelous tales that are not well known to
the public, so as to resonate with the
audience and make it more entertaining

Relevance Low (for channel viewers)

Value High (for the acquisition of knowledge in
the field)

Presentation Style Open Caption Large, clear, mainly white on black

Background Multiple images appear with high
frequency and clarity

Background White backdrop

Information Conversion Information Content Medium (by the length of episodes)

Delivery Oral narrative accompanied by
high-definition animations and clear
images, with a good mix of illustrations
and text

Personality Traits Speaking Characteristics Clear and articulate, appropriate speed of
speech, steady volume of speech

Body Movements Hand gestures in conjunction with spoken
words, but not many body movements

Narrative Style Coherent, relaxed, natural, sincere and
steady

Based on the results of the above analysis, this study further summarizes the com-
mon features of the three channels with regard to their content, including the setting of
topics: high value in the field and rich knowledge content. Presentation style: The open
caption font size is large, clear and highly visible. Images, graphics or high-resolution
photographs are used frequently in conjunction with the video content. The background
is bright and clean. Information conversion: The films are medium or high in informa-
tion content and range in length from six to 15 min on average. Information conveyance:
mainly verbal, with images, photos and animations depending on the subject matter and
narrative text. Personal traits: They are articulate and speak at an appropriate speed. Their
body movements are kept to a reasonable level, accompanying the spoken narration at
the right time. They are well-organized, sincere and steady in their narrative.

These three channels -Ray Du English, Mr. & Mrs. Gao and ChuChuShoe - share a
common characteristic in terms of “content.”Compared to other types of channels, theses
knowledge-based channels are more prominent with respect to the value of the topics
set, the associative approach to knowledge transfer, and the well-structured narrative,
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which makes viewers willing to watch informative content without feeling rejected or
bored by the dissemination of knowledge.

4.3 Feedback on the Application of the Knowledge Transfer Model of YouTube
Influencers to Design Courses

The form of aesthetic principles constitutes the most crucial training method for basic
design courses. As such, this study adopted the results of literature review and the
analysis of Internet celebrities’ informative channels as a way to design the curriculum
on the transfer of the form of aesthetic principles and run the courses. The table below
shows the types of knowledge and the corresponding contents summarized for the form
of aesthetic principles. By means of knowledge simplification and clarification, the
knowledge content conveyed by instructors is optimized and the complex information
transmission by the recipient is thus alleviated (Table 9).

Table 9. Types of knowledge and corresponding content for the form of aesthetic principles

Form of Aesthetic Principles Type of Knowledge Content

Repetition Explicit A regular or irregular arrangement of the
same or similar shapes, colors, notes, etc.
in a repetitive manner

Tacit A visually vibrant or fresh look

Gradation Explicit The arrangement of identical shapes,
colors and other unit forms in order of
size or strength, resulting in a gradual
change by order

Tacit An aesthetic sense of order

Symmetry Explicit One or more hypothetical axes, with
opposing form elements arranged on
either side of the axis to achieve a
symmetrical expression of lines and
points

Tacit A sense of calmness, poise and solemnity

Balance Explicit A symmetrical form on the left and right
of one or more axes, where the visual
senses do not favor one side over the
other

Tacit A sense of mental stability and beauty

Harmony Explicit The placement of unit forms of the same
or similar nature together in an orderly or
non-orderly manner in the picture, with
elements varying

(continued)
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Table 9. (continued)

Form of Aesthetic Principles Type of Knowledge Content

Tacit A harmonious sense of integration and
visual beauty

Proportion Explicit The numerical variation in the size or
form of a unit form, which was applied to
ancient Greek architecture and sculpture

Tacit Aesthetically pleasing visual proportions

Contrast Explicit The juxtaposition of two or two sets of
opposing unit forms, in contrast to each
other, bringing out their individuality

Tacit A strong visual impression

Rhythm Explicit The composition of the layers of the unit
forms of shape, sound and color, and
repetition, overlap and intricate
arrangement, which can produce a
continuous dynamic visual aesthetic
without losing a sense of unity

Tacit A sense of lightness, slowness,
exhilaration, and depression

Unity Explicit An orderly and non-fragmented
organization of similar or identical forms,
colors and other elements, which are
linked by their common characteristics

Tacit A sense of visual calmness and harmony

Order Explicit The orderly and regular arrangement of
elements such as shapes, forms and
colors

Tacit A sense of visual stability or comfort

Based on literature review, design curriculumobservation, and analysis of knowledge
conversion techniques in Internet celebrities’ informative videos to be transformed into a
module on the “formof aesthetic principles” in the basic design curriculum for recording,
with cognition, discovery, practice and reflection forming the pedagogical process, each
episode invited a guest to join the host in a dialogue to transfer knowledge in an interactive
and sharing mode. The primary approaches to knowledge transformation in the three
videos were externalization and combination. Externalization was achieved through
text captions, graphic insertions, hands-on demonstrations of AI software by guests,
and examples of real-life situations. Combination was based on interaction and spoken
conversations between guests and the host, open-ended questions posed to guests by the
host, and the sharing of documents and personal design pieces by guests. Following the
course, questionnaires, post-class focus groups and presentations were administered to



From Internet Celebrity to Teacher 47

analyze the YouTube influencer knowledge transfer model in terms of its appeal and
knowledge reception benefits for design students, which is described as follows:

• Knowledge transfer is more readily accepted when done primarily with pictures.
Whether delivered live or in a post-class video, students’ reactions to the use of
images instead of texts indicate that they comprehend the former better.

• “Form of Aesthetic Principles - Repetition and Rhythm” is a transfer of tacit knowl-
edge, but the externalization, combination and socialization strategies in the film are
effective in enhancing the receptivity of learners.

• The host at the beginning of the film gives a separate outline of the form of aesthetic
principles, which helps in making sense of what is to follow.

• Examples from everyday life can easily lead to contextual applications and are
effective in increasing stickiness.

• The film “AI Demonstration: Creating Beauty in Small Materials” provides a
hands-on demonstration that facilitates comprehension of the aesthetic and practical
applications.

5 Results and Discussion

From examining the content and characteristics of knowledge-based YouTube videos
and knowledge transformation techniques, it is clear that the application and process
of the Basic Design course must take into account the following points on the teaching
side:

• Explicit knowledge transformation - the information content, structure and practical-
ity are the key points that teachers must consider when preparing lessons.

• Conversion of tacit knowledge starts with inspiration andmotivation to boost learning
achievement.

• Personality affects the ambience of the classroom and the viewership.
• Knowledge summation is a requisite training for the instructor.
• The ability to narrate is a source of brilliance.
• Each class is preceded by a recap of the prior lesson and followed by a mini-review

to enhance the learner’s personal knowledge base.
• The teacher is not an Internet celebrity, but he/she can imitate their traits.
• The topics introduced in each lesson, if so well handled in terms of their topicality,

relevance and value, can really catch the students’ eyes.
• It is better to try to share the context in which information is transformed into

knowledge than to forcefully promote the content of that knowledge.
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Abstract. The focus of this studywas to exploreways of developing critical think-
ing in multicultural undergraduate students in the digital learning platform (DLP).
Two different classes participated in the study, and they were both taught by the
same lecturer. The lecturer utilised topics related to culture and identity to encour-
age students’ active involvement in online forums and breakout sessions. Students
were placed in groups of four and were asked to research their own culture and the
culture of another groupmember. Students researched cultures and discussed their
viewpoints during the breakout sessions and discussion forums. The process aimed
to stimulate the multicultural students’ desire to explore, research, challenge their
worldviews, and most importantly, reflect on their accumulated information about
their group members, and describe the academic and social experience. A sample
size of 30 multicultural undergraduate students was selected during the spring
semester to collect data. The progression of ideas, vocabulary, and negotiation of
thoughts was analysed at the start and the end of the semester. The purpose was to
analyse the development of critical thinking. Finally, the findings were described
and recommendations for future research were presented.

Keywords: DLP · Critical Thinking · Online Learning · Reflective Learning ·
Multiculturalism

1 Introduction

Our traditional or virtual classrooms create natural teaching and learning contexts on
a daily basis. These contexts vary based on the topics being taught, the demographics
of the cohorts of students, the multiculturalism they present, and of course, the edu-
cators’ desire and hard work to explain concepts appropriately and enable students’
understanding [30, 37]. Many factors are involved in the students’ desire to learn, under-
stand, and, more importantly, connect with the material taught in person or in the digital
learning platform (DLP) [6, 42]. These aspects are unique to each individual based
on their personal and social environments. Although it seems extremely challenging
to create an appropriate context of learning in a class of students from a multicultural

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
A. Coman and S. Vasilache (Eds.): HCII 2023, LNCS 14026, pp. 49–57, 2023.
https://doi.org/10.1007/978-3-031-35927-9_4

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-35927-9_4&domain=pdf
http://orcid.org/0000-0002-3367-4648
http://orcid.org/0000-0003-4663-5493
https://doi.org/10.1007/978-3-031-35927-9_4


50 A. Hysaj and D. Hamam

and multilingual corpus, it is always worth trying. This should be done while consid-
ering the possible variations that multiculturalism brings along and looking to create
an inclusive environment for all students, irrespective of their culture, race, or mother
tongue [17]. According to references [12, 28], critical thinking as a metacognitive pro-
cess is developed through purpose-driven activities, self-reflective perceptions, creation
of inferences, evaluation of facts, and, most importantly, a genuine disposition to utilise
thinking, aiming at understanding problems to find solutions. From this array of pro-
cesses involved in the critical thinking process, the majority are individual self-driven [9,
10], and if they are not present in all students, they need to be created by the utilisation of
external sources that educators’ involvement provides [40]. The development of critical
thinking in our classrooms serves the purpose of students’ academic and individual satis-
faction, improvement of inclusiveness, and creates citizenswho aim for a logical purpose
when approaching issues and challenges [41, 44]. The presence of critical thinking in
the curriculums allows the prevalence of critical thinkers, which adds to educational
institutes’ cultural perspectives and creates open-minded citizens who tend to include
analytical and critical thinking in their decision process [38]. This opens the path to
superior maturity levels of judgment and improved confidence in reasoning that result
in mature and well-thought decisions taken in complex and challenging circumstances
[10] require social and interpersonal levels daily [12].

2 Literature Review

2.1 Defining Critical Thinking in Academic Writing Classes

Critical thinking is one of the factors that influences our decisions in how we see the
world and the people around us [18, 31]. We are always required to make well-informed
decisions on a daily basis, these decisions may impact our lives and the lives of others
[43]. While considering the purpose and the consequences of our choices, we unknow-
ingly connect our present to our past, create inferences between circumstances and
situations that help us connect with our new present, and create mental maps of our past
and future. The variations of our thoughts facilitate the diversity developed within us
[10], and this display of variety is highly vulnerable and considerate of our emotions.
In other words, we are trying to understand our present and connect it to our past, so
we do not get disappointed by the outcome of our decisions, their implementation, and
subsequent consequences [38]. In creating a bond with the matter we are analysing, we
utilise our critical thinking ability and diversify it depending on the circumstances [16].
Critical thinking allows us not only to connect to what we need to, but it also enables us
to think about the solutions in various ways, which, most of the time, are different from
those of others [43]. Diversification of ideas comes from implementing critical thinking
and is valuable to us as individuals and others around us in private, social or business
environments [16, 38].

According to references [8, 15, 50], critical thinking is a combination of our desire
to achieve something or find a solution to a problem. Usually, the self-confidence that
what we are trying to reach is worth of our attention and it becomes achievable under
our circumstances. Understandably, external sources such as family, work, and society
impact our individual belief that something ismanageable andworth trying. Furthermore,
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as curious creatures, humans need to have the desire to find solutions to problems and,
as brave creatures, have the courage to voice our opinions despite the antagonism they
might employ [51]. Noticeably, critical thinking allows the people who aim to develop
it, to understand concepts and try to find solutions which are not necessarily understood
by everyone [34]. In other words, critical thinking separates people’s thoughts and the
ways they see the world [49], and it offers people and the society as a whole endless
possibilities for diversification, innovation and, most importantly, growth.

2.2 Exploring the Diversity of Worldviews Through the Use of Online Discussion
Boards

Critical thinking is not considered an inner characteristic of humans; therefore, it requires
nourishment through thoughtful enrichment and continuous development of its compo-
nents [37]. Academic settings have to nurture the development of critical thinking by
creating adequate conditions for students to develop this indispensable higher-order
thinking skill [9]. Since critical thinking requires constant challenges, academic settings
can offer this through a continuous and purposeful approach to develop it, and allow
students to progress in their chosen fields and careers [27]. According to reference [12],
critical thinking can be developed once educators are aware of developing critical think-
ing as a higher-order thinking skill while creating curriculums, activities and assessments
that encourage, but not challenge it. It is valuable to mention that aspects of developing
critical thinking should take into consideration our globalised world and globalised edu-
cation systems. Reflective learning is now used by an increasing number of educators as
a very practical approach to teaching, contemplating learning and events and most con-
stantly on individual challenges, disadvantages and growth [21, 30]. A very important
factor of reflective learning is the possibility of being individualised and internalised.
According to reference [39], subjects and assessments that encourage internalisation
and personalisation allow students to explore their beings from academic, personal and
social perspectives [2, 50]. Such personalisation will enable students to consider the
rapport they may or may not have with a piece of writing, an assessment, a group they
are working with, the subject they are studying and most importantly, themselves [49].
Generally, students’ academic growth is associated with individual self-satisfaction and
higher retention rates [36, 46]. This empowers higher education with individuals who
are ambitious to succeed and yet brave enough to accept their failures and look for ways
to overcome their challenges [33].

2.3 Development of Critical Thinking Through Discussion Forums

Opponents of debates believe that participation in a debate neither challenges students’
existing beliefs nor promotes an objective analysis of an issue [29]. Nevertheless, ref-
erence [48] asserts that such development can occur as a result of participating in role-
playing or debate. Another common issue prevalent in class debates is the limited number
of students who participate actively throughout the debate or even those who do not even
participate at all. This leaves the rest of the class in an atmosphere of passive learning.
Very often, themost fluent students tend to be themost persuasive [22, 53]. However, this
does not account for their self-organisation, the proper flow of thoughts, backed up by
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adequate and recent research sources and eventually presentation of argument through
a series of verbally appropriate actions, e.g., appropriate eye contact with the audience,
adequate responses to all of the opponent’s pointswith reasonable and thought-provoking
arguments [22, 53]. Moreover, as debates are held in real-time, the possibility for errors
in the delivery or the evaluation methods is relatively high; and it could only be tackled
by fostering active learning, understanding of the topic, and proper application of skills
learned in class [47].

Another platform for developing critical and analytical thinking in undergraduate
students is online discussion forums. Some of the instructional design techniques com-
monly used in online discussions are based on triangulation, they do not only support
the development of critical and analytical thinking, but they also encourage undergrad-
uates to actively engage in the discussion forums since the methods of getting involved
are inclusive of their preferred styles of argumentation. Another crucial component of
learning through discussion forums is inquiry-based learning, which applies to almost all
learners, age groups, and education systems. The adaptation of technological advances,
tools [20], and inquiry skills are inextricably intertwined [13] and hence encourage an
integrated understanding of concepts and solutions. Therefore, if they are used actively
during the discussion sessions, they may encourage the development of critical thinking.
Furthermore, critical thinking as a metacognitive process involves purposeful and reflec-
tive judgment, which has the potential to develop the ability to find logical solutions to
problems [11]. Therefore, according to reference [32], the instructional design of online
discussions requires a combination of inquiry-based-learning and integration of online
tools, e.g., asynchronous and synchronous discussion forums, resource sharing, and web
search engines to name a few.

Moreover, the exceeding importance of critical thinking correlates with the utilisa-
tion of the latter in understanding information, advancement in sound decision-making,
and problem-solving of real-world applications [13, 14, 21]. For instance, online discus-
sions allow students to negotiate inquiry-based learning if they offer practical solutions to
existing problems. Also, students should be informed about the expectations of inquiry-
based learning and instructed to respond to a minimum of three of their friends’ posts.
In this case, naturally, they will try to use their judgment in inquiring about the topic and
responding to their peers’ posts in a formal and academic way. When inquiring about a
topic and responding to the peers’ comments, students will develop a sense of curios-
ity, raise awareness of their critical thinking, engage actively in reflection, and develop
higher-order thinking skills [5, 22]. Reference [19] emphasises that the development of
critical thinking through the online format differs from the face-to-face counterpart in
many aspects. Finally, the importance of discussions over its development remains the
same. Therefore, the provision of various methods and applications that encourage the
utilisation of undergraduates’ intellectual capacity while setting continuous higher stan-
dards of critical and analysis not only allows students to recognise their true potentials,
but also empowers themwith the skills of understanding and appreciating other students’
potentials. Therefore, this creates an atmosphere of improved and purposeful engage-
ment in the DLP, which allows the prevalence of effective critical thinking development
through the digital learning platform [23, 24].
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3 Methodology

The present study contributes to the research on developing critical thinking in mul-
ticultural undergraduate students in the DLP during the COVID-19 pandemic. The
researchers used Bloom’s taxonomy of the hierarchy of educational goals categories
to analyse the work of undergraduates. According to Bloom’s taxonomy, the ways of
measuring the outcomes of students’ goals start from lower-order learning goals of “re-
membering” and “understanding”, to the mid-level uses of knowledge as evidenced in
“applying” and “analysing”, with “evaluation” and “creation” that indicate the achieve-
ment of deeper understanding [7]. The target population for the study were multicultural
undergraduate students enrolled in different majors in an international university in the
United Arab Emirates. Two different classes participated in the study and were taught by
the same lecturer. The lecturer utilised topics related to culture and identity to encourage
students’ active involvement in online forums and breakout sessions. A sample size of 30
multicultural undergraduate students enrolled in the spring semester was used to collect
data. Students were enrolled in two different classes andwere taught by the same instruc-
tor. As for the procedures, students were placed in groups of four, and asked to research
their own culture and the culture of another groupmember. The study involved designing
and structuring questions to cover various aspects of culture and identity. Students con-
ducted the research process as homework while the discussions were done in breakout
sessions and in the discussion forums. The DLP was used in the study, and students used
applications like miro-map for brainstorming ideas on cultures and breakout sessions to
discuss cultures. The students were encouraged to explore, research, present, challenge
their worldviews and, most importantly, reflect on their accumulated information about
the cutlures of their peers. Discussion forums were analysed using Bloom’s Taxonomy
of educational goals outcomes, aiming to develop critical thinking skills through the
time spent in higher-order thinking activities like oral and written discussion forums.

4 Results

Data was collected from students’ written tasks in the discussion forums and then organ-
ised and tabulatedwithin the contingency tables. The datawas analysed using descriptive
methods where necessary, and the undergraduates differed based on the development of
critical thinking and content description. The progression of ideas, the vocabulary used,
and the negotiation of thoughts was analysed at the start of the semester and at the end
to analyse the development of critical thinking. The overall results of undergraduates’
experience of working in groups and discussing about cultures and identities were highly
positive. 70% of multicultural students expressed that they enjoyed spending time being
actively engaged in group discussions. Around 68% of students enjoyed being involved
in higher-order thinking activities that required problem-solving skills. Over 80% of
students were satisfied with increased opportunities for interacting with other students.
Moreover, 75% of students saw an improvement in their level of thought negotiation,
and 60% of students witnessed an increased interest in researching cultures and identity.
The majority of students with over 80% enjoyed collaborating with their classmates and
felt comfortable discussing concepts of culture and identity in the DLP. Furthermore,
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76% of students presented their findings efficiently during the breakout sessions and
66% clearly negotiated their worldviews in discussion forums. 70% of students enjoyed
collaborating in the DLP, and over 78% did not find it difficult to communicate with their
group members despite not being physically present with them. Although most students
felt that the thoughts of culture and identity challenged them, over 67% of them believed
that their communication with their group members was efficiently done through the
breakout sessions and discussion forums. Two of the most challenging items for most
students were the need to explore cultures to understand other students’ viewpoints and
the development of open-mindedness through challenging biased opinions.Respectively,
over 67% of students saw the need to collaborate continuously with students of other
cultures in group work, and more than 63% found it easy to find similarities and differ-
ences among cultures. 82% of students believed that their desire to explore cultures and
individual identity was increased due to group work. Furthermore, 67% expressed an
interest in presenting their findings to the group members and answering their questions
about culture and identity. Around 76% of students expressed interest in reflecting on
their accumulated information and academic and social experience. Finally, over 70%
of students expressed the development of ideas through a progressive curve and used
improved vocabulary and grammatical forms.

5 Discussion

The study led to certain significant findings. The first finding is that the undergraduates
found the online group discussion experience very positive. This finding is similar to the
previous findings of [25, 35, 52]. The students enjoyed interacting with others, and they
also liked the involvement in higher-order thinking activities and the development of
problem-solving skills, and this finding also concurs with the findings of references [22,
26]. The students also showed a lot of interest in conducting research and collaborating
with their peers, which agrees with the findings of reference [45]. Moreover, the students
described the communication process as easy and smooth despite the fact it was done
online and not face-to-face. This finding disagrees with the findings of reference [3] who
mentioned that there was no significant difference between the level of communication
skills in the live classes and the face-to-face classes. Another interesting finding was that
the majority of students were challenged by two aspects, the first was the need to explore
cultures to understand others’ points of view and they also found the need to collaborate
with students from other cultures in group work. The students reported that their desire
to explore culture and identity was increased after doing the group work which agrees
with the findings of references [1] and [4].

6 Conclusion and Recommendations

The study concludes that online discussions on culture and identity positively impacted
the students’ critical thinking abilities. Most students reported that they enjoyed working
in the DLP and researching topics related to culture and identity. Furthermore, students
preferred discussion forums as an alternative form of assessment. Furthermore, online
discussions also made it possible for multicultural students to interact with each other
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and learn about cultures and identities. Therefore, based on empirical evidence from
the existing literature and the findings of this study, it is recommended to incorporate
online discussions into the curriculum to ensure the development of the students’ critical
thinking skills, their active engagement in the learning process as well as the degree of
interaction with their peers. In conclusion, group work increases the interest of mul-
ticultural undergraduate students to research culture and negotiate the thought with
their group members. However, it is worth considering exploring the growth of critical
thinking in other discipline-related subjects aiming to improve students’ cognitive and
analytical skills. To sum up, the students accepted and enjoyed the online discussions
and described a positive experience learning through the DLP.

References

1. Abrams, Z.I.: Surfing to cross-cultural awareness: using internet-mediated projects to explore
cultural stereotypes. Foreign Lang. Ann. 35(2), 141–160 (2002)

2. Akpur,U.:Critical, reflective, creative thinking and their reflections on academic achievement.
Think. Skills Creat. 37 (2020)

3. Aslan, A.: Problem-based learning in live online classes: learning achievement, problem-
solving skill, communication skill, and interaction. Comput. Educ. 171, 104237 (2021)

4. Baker, W., Fang, F.: ‘So maybe I’m a global citizen’: developing intercultural citizenship in
English medium education. Lang. Cult. Curric. 34(1), 1–17 (2021)

5. Bai, H.: Facilitating students’ critical thinking in online discussion: an instructor’s experience.
J. Interact. Online Learn. 8(2) (2009)

6. Benzie, H.J., Harper, R.: Developing student writing in higher education: digital third-party
products in distributed learning environments. Teach. High. Educ. 25(5), 633–647 (2020)

7. Bloom, B.: Bloom’s taxonomy (1956)
8. Bowman, R.F.: A new story about teaching and learning. Clearing House 92(3), 112–117

(2019)
9. Chaisuwan, C., Kelly, K., Kelman, G.B., Continelli, T.: Relationship between cultural value

and critical thinking dispositions and their difference among nursing students in Thailand and
United States. Pac. Rim Int. J. Nurs. Res. 25(2), 199–212 (2021)

10. Cleary,M., Lees, D., Sayers, J.: Leadership, thought diversity, and the influence of groupthink.
Issues Ment. Health Nurs. 40(8), 731–733 (2019)

11. Dwyer, C.P., Hogan, M.J., Stewart, I.: An integrated critical thinking framework for the 21st
century. Think. Skills Create. 12, 43–52 (2014)

12. Dwyer, C.P., Walsh, A.: An exploratory quantitative case study of critical thinking develop-
ment through adult distance learning. Educ. Tech. Res. Dev. 68(1), 17–35 (2019). https://doi.
org/10.1007/s11423-019-09659-2

13. Edelson, D.C., Gordin, D.N., Pea, R.D.: Addressing the challenges of inquiry-based learning
through technology and curriculum design. J. Learn. Sci. 8(3–4), 391–450 (1999)

14. Farouqa, G., Hysaj, A.: Active learning in the lenses of faculty: a qualitative study in univer-
sities in the United Arab Emirates. In: Meiselwitz, G. (ed.) HCII 2022. LNCS, vol. 13316,
pp. 77–90. Springer, Cham (2022). https://doi.org/10.1007/978-3-031-05064-0_6

15. Genç,G.:The relationship between academic achievement, readinghabits and critical thinking
dispositions of Turkish tertiary level EFL learners. Educ. Res. Q. 41(2), 43–73 (2017)

16. Giannouli, V., Giannoulis, K.: Critical thinking and leadership: can we escape modern Circe’s
spells in nursing? Nurs. Leadersh. (1910–622X) 34(1), 38–44 (2021)

https://doi.org/10.1007/s11423-019-09659-2
https://doi.org/10.1007/978-3-031-05064-0_6


56 A. Hysaj and D. Hamam

17. Grice, K.M., Rebellino, R.L.R., Stamper, C.N.: Connecting across borders by reading without
walls: using non-prose narratives to multiply multicultural class content. Engl. J. 107(1),
48–53 (2017)

18. Halpern, D.F.: Whither psychology. Perspect. Psychol. Sci. 12(4), 665–668 (2017)
19. Hall, R.A.: Critical thinking in online discussion boards: transforming an anomaly. Delta

Kappa Gamma Bull. 81(3) (2015)
20. Hamam, D., Hysaj, A.: Technological pedagogical and content knowledge (TPACK): higher

education teachers’ perspectives on the use of TPACK in online academic writing classes. In:
Stephanidis, C., Antona, M., Ntoa, S. (eds.) HCII 2021. CCIS, vol. 1421, pp. 51–58. Springer,
Cham (2021). https://doi.org/10.1007/978-3-030-78645-8_7

21. Hoffmann, M.H.G.: Stimulating reflection and self-correcting reasoning through argument
mapping: three approaches. Int. Rev. Philos. 37(1), 185–199 (2018)

22. Hysaj, A., Hamam, D.: Understanding the development of critical thinking through classroom
debates and online discussion forums: a case of higher education in the UAE. J. Asia TEFL
18(1), 373–379 (2021)

23. Hysaj, A., Hamam, D.: Academic writing skills in the online platform-a success, a failure or
something in between? A study on perceptions of higher education students and teachers in
the UAE. In: 2020 IEEE International Conference on Teaching, Assessment, and Learning
for Engineering (TALE), pp. 668–673. IEEE (2020)

24. Hysaj, A., Suleymanova, S.: The analysis of developing the application of critical thinking
in oral and written discussions: the case of Emirati students in the United Arab Emirates. In:
2020 IEEE International Conference on Teaching, Assessment, and Learning for Engineering
(TALE), pp. 819–824. IEEE (2020)

25. Hysaj, A., Hamam, D., Baroudi, S.: Efficacy of group work in the online platform: an
exploration of multicultural undergraduates’ attitudes in online academic writing classes.
In: Meiselwitz, G. (ed.) HCII 2021. LNCS, vol. 12775, pp. 246–256. Springer, Cham (2021).
https://doi.org/10.1007/978-3-030-77685-5_20

26. Jaenudin, R., Chotimah, U., Farida, F., Syarifuddin, S.: Student development zone: higher
order thinking skills (hots) in critical thinking orientation. Int. J. Multicult. Multireligious
Underst. 7(9), 11–19 (2020)

27. Kabwete, C.M.,Kambanda, S.,Kagwesage,A.M.,Murenzi, J.: Fighting intellectualmarginal-
isation through critical thinking: a glimpse at mature women’s tertiary education in Rwanda.
Res. Post-Compulsory Educ. 25(1), 68–90 (2020)
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Abstract. The theory of planned behaviour (TPB) is explored in relation to the
different aspect of education. However, little work has been undertaken to explore
the impact of TPB in the field of English language teaching. The aim of this
paper is to understand the possible ways of utilising TPB in English as second
language (ESL) classes. This study took place in a variety of private and federal
universities in the United Arab Emirates, Malaysia and Japan and it evaluated
the perceptions of undergraduate students about concepts related to TPB like
intention, attitude, subjective norms, social desirability bias, academic writing and
the tendency to plagiarise. The study was concerned with the concept of cheating
amongst undergraduate students. The approach used for this study was a survey
that contained questions about plagiarism, academic writing and the notions of
TPB. The sample size was 336 multicultural undergraduate students enrolled in a
variety of majors belonging to a variety of ethnic and linguistic background. The
quantitative findings of this study indicate that there is a correlation between the
intention to cheat and plagiarism instances. Nevertheless, this study highlights the
need to further explore TPB in the context of English teaching to ESL students.
Finally, this study discusses the necessity to consider the continuous adaptations
of teaching and learning environments to create inclusiveness for students and
teachers based on the concepts of TPB.

Keywords: TPB · Academic Writing · ESL Students · Plagiarism · Active
Participation

1 Introduction

The theory of planned behaviour (TPB) first introduced by Ajzen [1] and later extended
by Ajzen [2], Ajzen, Brown and Carvajal [3–5], Ajzen and Fishbein [6] and finally
Ajzen [7]. In the field of education TPB can be utilized to explore, understand and
predict behaviour which could involve any of the stakeholders of the education field.
Furthermore, TPB can be utilized to assess the system of ideas present in learners, peers,
families and other significant ones to ensure inclusive and proactive education [34]. The
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system of ideas and moral values present in students and exhibited under specific cir-
cumstances can be utilized to predict the desired behaviour and the possible outcomes in
relation to all aspects of teaching and learning [10, 13, 34], including classroom partic-
ipation, teacher-student interaction, student-student interaction, as well as instructional
design that includes stages involved in teaching, learning, assessing and reflecting on
teaching and learning [3–5]. Teaching and learning processes are highly correlated and
require equal and appropriate attention for the benefit of all the stakeholders. Since TPB
encourages us to look into the behaviour of all parties involved, it as well facilitates our
consideration for the respective needs, aiming to achieve the common goal of education
which is teaching and learning.

The widespread use of technology has facilitated learning in all corners of the world
and has created the possibility of a more inclusive education arena. Due to the extensive
use of ICT, the humanity has seen a continuous increase in the degree, width and spread
of theories and practices involving education in general andmore specifically higher edu-
cation. Furthermore, since TPB considers the psychological aspects of human behaviour
as the driving force behind their actions, it makes it valuable to correlate it with the use of
technological advances utilized in higher education. The perceptions of undergraduate
students about technology have changed through the years based on the advancement of
technology and its spread worldwide. For instance, a study by Siragusa and Dixon [37]
that analysed the likelihood of undergraduate students to use ICT through a quantitative
and qualitative approach found that although students considered ICT as helpful and
easy to manage, they tended to experience anxiety and intimidation when using it. This
experience then guided their decision to use ICT with caution and understandably opens
the path for investigating the relationship between TPB and the many uses of ICT in a
teaching and learning environment [16, 24, 27, 31, 37].

Exploration of ways that facilitate students learning and support their academic
achievement require adequate consideration and represent the focal point of a success-
ful education system [24, 27, 31]. Furthermore, it is valuable to explore the underlying
processes that may have an impact on a successful university experience for the uni-
versity students. Moreover, TPB allows the exploration of educators’ behaviour and
their perception with regard to teaching and learning processes while bridging the gap
between students and educators’ measures of past behaviour and actual behaviour in the
context of higher education [33, 34]. A very interesting and valuable aspect of TPB is
its consideration for the development of cognitive skills in both students and educators,
as well the prediction of current behaviour of both parties based on previous exhibited
behaviour [31, 34]. Understanding previous displayed behaviour can influence current
realization of possible actions and guide an expected behaviour which is recognized and
acknowledged by teachers and students. Likewise, this can be influencing the perceived
behavioural control (PBC) as well as subjective norms(SN) resulting in being signifi-
cant predictors of yet to be explored students’ future actions and most importantly the
prediction of their academic success[42, 40]. TPB can be utilized to explore teachers’
behaviour with respect to the prediction of future actions addressing issues pertaining
the design of curriculum, classroom management and most importantly creation of an
inclusive environment for all students [22].
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2 Literature Review

2.1 Exploring ESL Learning and Teaching Based on the Theory of Planned
Behaviour (TPB)

The valuable individual beliefs like attitudes, intentions, subjective norms and perceived
behavioural control, are acknowledged to act as guided influencers of people’ s future
actions [15]. Therefore, it is worth to consider the application of TPB to all aspects of
teaching and learning process aiming to predict students and teachers’ intentions towards
an improved teaching and learning environment [31]. Since TPB guides many aspects
of human activity, it influences teachers and students’ intentions to perform a given
behaviour and can simultaneously be adopted as a given framework that encourages
the implementation of an inclusive education [32, 33]. Such initiatives require careful
consideration of previous research that has tapped into the explored trends of TPB
and its research gaps [33]. Furthermore, according to a study by Gatfield and Chen
[16], the differences in motivations in undergraduates guide their academic perspectives
and subsequent choices starting from the choice of the study degree to the choice of
elective subjects, and finally the choice of internships and consideration of suitable job
opportunities [16, 21].

Despite being widely explored and utilized in many aspects of education, the theory
of planned behaviour is yet to experience a deeper utilization in the field of English lan-
guage teaching and specifically with regard to curriculum design and student- teacher
interaction [36–39]). One way that TPB can be utilized in English language classrooms
is by analyzing the different ways that support students learning of grammar and vocab-
ulary. For instance, a study by Tight [39] found that students who are concerned about
high-stake examinations may opt in unfavourable attitudes towards studying for those
tests and fail therefore to meet expectations of parents, teachers and more importantly
themselves [17, 21]). The attitudes of learners of English languagemay support of hinder
their learning process bymeans belonging to any of the constructs of TPB or its extended
models explored by many researchers. Study by Girardelli, Patel and Martins-Shannon
[18], that aimed at exploring the in-class participation of a group of Chinese students
in an English class, found that the core TPB constructs such as intention, subjective
norms and perceived behavioural control or in other words self-efficacy were seen by
students equally important to other additional constructs, unique to Chinese students
and their culture, which were face-saving and anxiety induced due to foreign language
learning. Constructs of face-saving and foreign language anxiety in Chinese students
are commonly discussed in English as a foreign language with the aim of supporting the
learning process of Chinese students [17, 18, 43].

Another aspect of English teaching worth exploring is the use of Information and
Communication Technology (ICT) and the tendency of EFL students to adopt it in their
learning. According to a study by Wang, Zhao and Cheng [40] that surveyed 409 Chi-
nese students indicated that individuals who are genuinely interested in utilization of
technology tend to not suffer from the stress induced as a result of the use of technology.
Based on TPB, the determinants of ESL learners’ technology adaptation require explo-
ration since they are used in combination with the other aspects of foreign language
learning [40]. Furthermore, the influences of ‘techno stress’ and the desire to adopt
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technology implies the tendency of students to engage in English learning online and
offline more often and for longer period of time. Understandably the effects of adoption
intention in the context of English language learning resulted in increased frequency of
studying English and improved duration of the study period [21]. Additionally, the suc-
cessful integration of ICT enables flexible teaching and learning approaches and creates
an inclusive environment that permits educators and learners to continuously progress
in ESL teaching and learning. Consequently, it is important for the educators to con-
sider the positive and drawback aspects of using ICT in relation the TPB so they can
match students’ expectations and their patterns of behaviour towards learning and more
specifically learning with ICT. The careful consideration of students’ needs should be
regarded as substantial to improve students’ learning environment, their retention and
subsequently improve their academic outcomes.

2.2 Exploring Angles of ESL Student Active Participation Based on the Theory
of Planned Behaviour (TPB)

Teaching and learning processes are highly correlated; hence, the alignment of cur-
riculum design is as important to the learning and teaching process as it is the active
participation of students. The attitude of students towards ESL learning with regard to
perceived behavioural control and subjective norms influences their levels of active par-
ticipation in learning activities online and offline [41–43]. Compatibility of these aspects
of TPB can be a strong predictor of their active participation in the learning process [9,
11]. Research on students’ retention first appeared into radar screen back in the 1960s
[36] and continued with the works of Dewberry and Jackson [12] and Tight [39] and
many others, who looked at the retention process of undergraduate students from the
perspective of TPB. The underlying assumptions of what translates into higher students’
retention degrees has changed continuously during the years. Nevertheless, back then
and now, a considerable number of researchers view the issue using lens of psychology
since it is closely related to the individual attributes of learners as well as their unique
sets of skills, motivation and importantly intention as much as it is related to the society
and the environment where education takes place [12, 39].

One of aspects seen as crucial in improving students’ retention levels is students’
engagement [14, 25]. Expected active students’ participation seen during the classroom
activities is often interpreted in improved students’ academic satisfaction and subse-
quently greater students’ retention. According to the works by Call [9] and Girardelli
and Patel [17] the predictors of students’ self- efficacy and self-esteem were correlated
with the intention of students to participate in classroom activities and to complete
assessment tasks on-time. These findings agree with the findings of Wolf-Wendel, Ward
and Kinzie [41] which connected the notions of engagement with the learning process
with those of involvement and integration. Nonetheless, it is quite important to point out
that students’ engagement cannot and it is not expected to occur without the efforts made
by the teachers. Therefore, it can be said that the engagement levels of undergraduate
students in the ESL classrooms, present multifaceted issues that are related to the many
aspects of teaching and learning [12, 39, 41].

Individual involvement of undergraduate students in classroom activities in ESL
classrooms depends on factors that are related to students and teachers’ individual
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behaviours, choices, perceptions and beliefs [40, 42, 43]. For example, when ESL teach-
ers integrate teaching of communication of English language in the many aspects of
classroom teaching because they believe that students’ intention to learn the spoken
English exceeds their desire to study grammatical forms in isolation, students tend to
focus for an extended period of time and with higher degree of concentration [8, 13, 32].
Furthermore, when ESL students consider academic writing as boring but do not view
as such debates used to brainstorm ideas and generate thoughts, hence, their subjective
norms and the tendency to plagiarise decrease because their intellectual being is seen
as valuable and students’ self- esteem and self-efficacy is improved [10, 34]. Another
important factor of ESL teaching and learning is the level of difficulty and application of
the assessment tasks [24, 28]. According to Conner and Armitage [11], Li [32], Benesch
[8, 13] and Scales et al. [35] with respect to the prediction of actual received grades
based on genuine work and not plagiarized work, it was found that active classroom
engagement tends to instil in students the sense of responsibility and improve their set of
moral obligation. Furthermore, as highlighted in the works of Dörnyei [13], Girardelli
and Patel [16]; Girardelli, Patel and Martins-Shannon [17] and Hysaj [26, 27] active
participation in a face-to-face classroom or in the online platform supports learners’
development of critical thinking and it encourages them to explore the different aspects
of learning process.

3 Research Methodology

3.1 Description of the Instrument

The research instrument used for this study was a survey questionnaire consisting of
eleven questions. The first three questions sought to ascertain demographical information
like gender, faculty and first language used in prior schooling system. The second section
of the questionnaire, adapted from Ajzen [3], aimed at gauging undergraduate students’
perception of cheating as a phenomenon. These questionswere a set of five and theywere
divided in pairs. Each pair had opposing beliefs about cheating such as: I believe cheating
is good, I believe cheating is bad, I believe cheating is pleasant, I believe cheating is
unpleasant, I believe cheating is wise, I believe cheating is foolish, I believe cheating if
useful, I believe cheating is useless, I believe cheating is profitable, I believe cheating is
unprofitable, I believe cheating is useful, I believe cheating is useless.

The study employed a mixed approach; a descriptive approach on explaining the
sample and a quantitative approach with the intention of exploring the understanding
of undergraduate students’ attitudes towards subjective norms, moral obligation,
and intention to cheat. Furthermore, the study aimed at exploring the perceptions of
undergraduate students pertaining to issues like the difficulty to write academically.
Finally, the study aimed at exploring the perceptions of undergraduates about cheating
with questions related to concepts of good and bad, useful and useless, profitable and
unprofitable, pleasant and unpleasant, foolish and wise. The sample for this study was
comprisedof 336 students enrolled in a variety ofmajorswithin the spectrumof computer
science, engineering, humanities and health sciences. Students were all undergraduates
enrolled in academic study skills classes at the time when this study took place.
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3.2 Measures

The questionnaire was constructed to assess the components of the modified theory of
planned behaviour (attitudes, subjective norms, perceived behavioural control, moral
obligation, intentions) with regards to academic dishonesty, as adapted from Beck and
Ajzen [1–3]. The components were chosen to assess negatively and positively assigned
variables aiming to assess the perceptions of undergraduate students about plagiarism.
All constructs were measured using a 5-point Likert type scale. The scale that measured
attitudes towards cheating utilized the scale created by Ajzen [3] and utilised five evalu-
ative semantic differential: good-bad, wise-foolish, useful-useless, pleasant-unpleasant
and attractive-unattractive.High scores indicate unfavourable attitudes towards academic
misconduct while low scores indicate favourable attitudes towards academic miscon-
duct. All items for each scale were summed using SPSS software to form composite
scores for attitudes, subjective norms, perceived behavioural control, moral obligation
and intentions.

3.3 Data Collection Procedures

The data collection process spanned over three months and it was administered to under-
graduate students enrolled in academic writing classes at the time of the study. Individual
items on this scale were summed to form a composite measure for measuring students’
attitudes towards cheating. The survey was administered online and all the students were
informedof thepurposeandnatureof the study.Thestudywasanonymous toensureconfi-
dentialityandstudentswere informed that theirparticipationwasvoluntaryand theycould
withdraw from the study at any time they felt uncomfortable, without any prejudice. The
studywas first pilot testedwith two randomly selected undergraduate studentswhose first
language was not English to ensure that adjustments were made accordingly in case stu-
dents had any concerns with regards to the grasp of English language. Another purpose
of the pilot study was to explore participants willingness to disclose information regard-
ing to cheating. Students were a male and a female. They were both from the Faculty of
Computer and Information Sciences. The questionnaires were completed manually and
returned within 20 min. This helped the researchers to establish a level of confidence in
proceeding with the main questionnaire as the participants showed a good grasp of the
questionnaire and had nomajor issues in completing it.

4 Results

4.1 Characteristics of the Sample

Table 1 shows that slightly over 51% of the participants were females while 48.7%
were males. Since all the students were enrolled in undergraduate classes, it is fair to
assume that they were a relatively young age sample. Furthermore, the distribution of
the participants shows that a considerably higher number of students were enrolled in
Computer and Information Sciences and Engineering majors compared to the students
that were enrolled in Social Sciences and Humanities degrees.
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Table 1. Demographics of the sample

Characteristics of the Frequency (N) Percent (%)

Gender:

Male 167 48.7

Female 169 51.3

Total 336 100.0

Faculty:

Social Sciences 60 16.5

Humanities 48 13.2

Computer and Information Sciences 155 42.6

Engineering 100 27.5

Total 336 100.0

4.2 Descriptive Statistics

Table 1 presents the descriptive statistics (means and standard deviations) regarding the
key variables in the current study. It was found that students to a larger extent held
unfavourable the desire to cheat and considered it unfair. Nevertheless, their intention
to indulge in cheating behaviour was on the opposite spectrum of their moral values.
This table also shows the Pearson’s bivariate correlations among the key variables in the
study.

The results reveal that modest to strong correlations exist between the indepen-
dent variables (attitudes, subjective norms, perceived behavioural control and moral
obligation) and the dependent variables (intentions to cheat and lie).

Table 2. Correlations among positively and negatively assigned variables

Correlations

Attitude Intention Social
Desirability
Bias

Subjective
Norms

Moral
Obligation

Pearson
Correlation

Attitude 1.000 .071 .245 −.029 .074

Intention .071 1.000 .038 .498 .739

Social
Desirability
Bias

.245 .038 1.000 −.041 .039

Subjective
Norms

−.029 .498 −.041 1.000 .651

Moral
Obligation

.074 .739 .039 .651 1.000

Sig. (1-tailed) Attitude .097 .000 .296 .088

(continued)
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Table 2. (continued)

Correlations

Attitude Intention Social
Desirability
Bias

Subjective
Norms

Moral
Obligation

Intention .097 .243 .000 .000

Social
Desirability
Bias

.000 .243 .227 .237

Subjective
Norms

.296 .000 .227 .000

Moral
Obligation

.088 .000 .237 .000

N Attitude 337 337 337 337 337

Intention 337 337 337 337 337

Social
Desirability
Bias

337 337 337 337 337

Subjective
Norms

337 337 337 337 337

Moral
Obligation

337 337 337 337 337

Table 2 shows the 10 Likert scale items and the percentage of each response. The
options for the Likert-scale items were: 1- Strongly Agree, 2 = Agree, 3 = Neither
agree nor disagree, 4 = Disagree, and 5 = Strongly disagree. For this study, the coding
used for the quantitative analysis was: Strongly Agree/ Agree = 1, Strongly Disagree/
Disagree = 2 and Neither Agree nor Disagree = 3. The descriptive analysis of each
Table 3 follows the same order to ensure consistency and credibility.

Table 3. Correlation between approved and disapproved behavioral beliefs on cheating

Correlations

BAD.CHEAT GOOD.CHEAT

BAD.CHEAT Pearson Correlation 1 −.063

Sig. (2-tailed) .255

Sum of Squares and Cross-products 256.943 −32.423

Covariance .769 −.098

N 335 333

GOOD.CHEAT Pearson Correlation −.063 1

Sig. (2-tailed) .255

Sum of Squares and Cross-products -32.423 1047.833

Covariance -.098 3.137

N 333 335

**. Correlation is significant at the 0.01 level (2-tailed)
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The value −0.063 shows that the correlation between good cheat and bad cheat
is negative, which means that if one of them changes, the other one inversely changes.
However, this is too close to 0whichmakes it less reliable to be used for future predictions
or for other populations.

Table 4. Correlation between pleasant and unpleasant behavioral beliefs

Pleasant Unpleasant

Pleasant Pearson Correlation 1 −.386**

Sig. (2-tailed) .000

Sum of Squares and Cross-products 223.426 −78.119

Covariance .667 −.234

N 336 335

Unpleasant Pearson Correlation −.386** 1

Sig. (2-tailed) .000

Sum of Squares and Cross-products −78.119 183.988

Covariance −.234 .549

N 335 336

**. Correlation is significant at the 0.01 level (2-tailed)

The value−0.386 shows that the correlation between pleasant cheat and unpleasant
cheat is negative, which means that if one of them changes, the other one inversely
changes too. The Table 4 shows that the correlation is significant at 0.01 level of signif-
icance, and the value is big enough to be considered as a reliable prediction value to be
used for future or for other populations.

Table 5. Correlation between wise and foolish behavioral beliefs on cheating

Correlations

Wise Foolish

Wise Pearson Correlation 1 −.513**

Sig. (2-tailed) .000

Sum of Squares and Cross-products 193.214 −109.976

Covariance .584 −.336

N 332 328

Foolish Pearson Correlation −.513** 1

Sig. (2-tailed) .000

Sum of Squares and Cross-products −109.976 244.703

Covariance −.336 .737

N 328 333

**. Correlation is significant at the 0.01 level (2-tailed)

The value -0.513 shows that the correlation between wise cheat and foolish cheat is
negative, which means that if one of them changes even the other one inversely changes.
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The Table 5 shows that the correlation is significant at 0.01 level of significance, and the
value is big enough to be considered as a reliable prediction value to be used for future
or for other populations.

Table 6. Correlation between useful and useless behavioral beliefs on cheating

Correlations

Useful Useless

Useful Pearson Correlation 1 −.574**

Sig. (2-tailed) .000

Sum of Squares and Cross-products 227.234 −140.158

Covariance .682 −.427

N 334 329

Useless Pearson Correlation −.574** 1

Sig. (2-tailed) .000

Sum of Squares and Cross-products −140.158 267.952

Covariance −.427 .810

N 329 332

The value−0.513 shows that the correlation between useful cheat and useless cheat
is negative, which means that if one of them changes, the other one inversely changes.
The Table 6 shows that the correlation is significant at 0.01 level of significance, and the
value is big enough to be considered as a reliable prediction value to be used for future
or for other populations.

Table 7. Correlation between useful and useless behavioral beliefs on cheating

Correlations

Useful Useless

Useful Pearson Correlation 1 −.574**

Sig. (2-tailed) .000

Sum of Squares and Cross-products 227.234 −140.158

Covariance .682 −.427

N 334 329

Useless Pearson Correlation −.574** 1

Sig. (2-tailed) .000

Sum of Squares and Cross-products −140.158 267.952

Covariance −.427 .810

N 329 332

**. Correlation is significant at the 0.01 level (2-tailed)

The value −0.513 shows that the correlation between profitable cheat and unprof-
itable cheat is negative, which means that if one of them changes, the other one inversely
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changes. The Table 7 shows that the correlation is significant at 0.01 level of signifi-
cance, and the value is big enough to be considered as a reliable prediction value to be
used for future or for other populations. Finally, the correlation analysis, ascertain that
positively and negatively correlated values were significant for the case of profitable and
unprofitable, useful and useless, wise and foolish, pleasant and unpleasant. The only
two variables that did not display a significant correlation were the good and bad cheat.
Therefore, the result from correlating these two variables cannot be considered as a
reliable prediction value to be utilized for future or for other populations.

5 Discussion

This study revealed that while it should be notified that while a vast majority of partic-
ipants in the study were against the notion of cheating, yet they responded that would
possibly cheat if necessarily. Moreover, the respondents considered the correlated values
as significant for the case of profitable and unprofitable, useful and useless, wise and
foolish, pleasant and unpleasant. The only two variables that did not display a significant
correlation were the good and bad cheat. Therefore, the result from correlating these two
variables is interconnected with the ethical values that undergraduates hold. Therefore,
emphasis should be given to ways of tackling the issue of plagiarism in higher education
and most importantly understanding reasons why undergraduate students may exhibit
behavioural intentions to engage in such practices. Undergraduate students are the next
batch of professionals, therefore the values that they hold and exhibit are highly likely
to be carried forward and guide their work life [8, 14, 19]. Furthermore, exploration of
perceptions about cheating may stimulate undergraduates to discuss the issue among the
relevant parties and eventually facilitate the creation of an improved ethical climate in
higher education [30, 37, 38]. Another valuable fact that need to be taken into consider-
ation is the consideration of cheating and the negative effects that it carries for learners
beginning from primary school level [23, 34, 37]. Procedures and policies that may act
as preventive measures against academic dishonestly may start from an early age and
be intensified in higher education, however, it is equally valuable to understand that
great emphasis should be also placed on the skills sets of students since it was seen that
ethical conduct was not necessarily related to the moral values of undergraduates. This
study recognized the need to improve undergraduates academic writing skills especially
when considering that English is not their mother tongue. This finding concurs with
the findings of Huisman et al. [23] and Khan et al. [29] who found that undergraduates
benefit from understanding their errors and supporting their learning through proactive
measures which can potentially make editing of pieces of academic writing simpler and
subsequently having a positive impact on reducing instances of plagiarism. Finally, as
this study has shown as students were opposed to the idea of cheating their intentions to
act in opposition with their beliefs can potentially be reduced. To conclude the findings
of this study, provide empirical support to the study by beck andAjzen [3] that concluded
that planned behaviour theory is very effective in predicting cheating behaviour.
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6 Concluding Remarks

To conclude, this study stressed the importance of exploring the perceptions of under-
graduate students with regards to planned behaviour theory and academic misconduct.
Furthermore, it highlighted the need to have more courses that address the ethical con-
tent of plagiarism so students can be actively, creatively and critically involved in issues
pertaining ethical conduct. Moreover, this study has opened the path to exploring ESL
undergraduates’ behaviour in academic writing skills classes and it has highlighted the
need to have open discussions about the tendency of cheating and ethical aspects of it.
Adding new strategies to teaching academic writing skills in a proactive way is not an
innovation but instead a necessity guided by the need to support our students learning
process. The thorough analysis of the descriptive and quantitative data showed that the
theory of planned behaviour proved to support the exploration of undergraduates’ atti-
tudes about cheating. In conclusion, the theory of planned behaviour provides a wealth
of possibilities of exploring human behaviour and understanding the factors that influ-
ence ethical and unethical behaviour. Future research could include exploration of ways
of determining whether undergraduates are aware of how their academic experience can
impact their employment prospects and work experience, especially for students who
seek to be employed in positions that require higher levels of integrity like accounting,
finance, computer sciences and engineering.
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Abstract. Recent technological and societal changes have heightened
the uptake of mobile educational games across all subjects and levels of
education. Nevertheless, developing mobile games with a set of design
guidelines in mind, does not necessarily imply they will naturally engage
learners and improve the learning experience. Building on this tenet, this
study aims to explore how higher education students experience learning
programming principles by playing a maze-solving mobile educational
game; evaluate how effective the game’s features are in terms of engag-
ing students; and inquire how effective mobile devices are as a learn-
ing platform for teaching programming and algorithmic thinking. The
overarching theme that emerged by analysing the gathered data is the
need to promote ‘engagement by design’, indicating that subtle synergies
are required between the technological qualities and design features of a
mobile educational game, the pedagogical context, and human factors,
towards achieving the desired level of learner engagement.

Keywords: Educational Games · Mobile Learning · Mobile
Game-Based Learning · Learner Engagement · Higher Education

1 Introduction

The ongoing advances in mobile digital technology and the widespread avail-
ability and flexibility of mobile devices have increased the application of mobile
learning [5,58] and educational games [7,27] across all levels of education. The
utilisation of mobile devices for teaching and learning was further accelerated
during Covid-19 pandemic, revealing their wide-ranging capabilities as learn-
ing devices [48]. Mobile learning and Game-Based Learning (GBL) approaches
have the potential to provoke learner autonomy [3], positive learning outcomes,
and experiential learning [7,26]. Nevertheless, the exploitation and evaluation of
mobile educational games for learning programming and algorithmic thinking
is limited. The importance of developing problem-solving, critical thinking, and
coding skills in higher education is well documented in the literature [6,63]. Sev-
eral initiatives are launched towards promoting coding skills, such as hackathons
and coding competitions (e.g., Code Week [39] and Hour of Code [62]), and using
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computer games as learning activities [7,11,18,26,33]. Computer games, includ-
ing Massively Multiplayer Online Games (MMOGs), are increasingly employed
as agents of motivation in higher education [7]. Even though GBL and educa-
tional gamification approaches are popular in the context of STEAM (Science,
Technology, Engineering, Arts, and Mathematics) subjects, including program-
ming and algorithmic thinking [23,30,37], such endeavors focus predominantly
on desktop and laptop computer games (such as the Code Combat educational
game [30]), while only a few games target mobile devices (like the Lightbot [23]
and Run Marco [37] mobile games). Furthermore, there is a limited number
of studies evaluating the user experience and effectiveness of mobile games for
learning programming in higher education. In this paper, we aim to fill these
gaps by conducting an empirical study to explore the learner experience with a
mobile educational game, namely aMazeChallenge, and evaluate how effective it
is in terms of learning and engagement. aMazeChallenge [27,43] is an interac-
tive, multiplayer, mobile educational game developed to introduce learners to the
fundamental principles of programming and algorithmic thinking. The following
research questions are addressed:

1. How do higher education students experience learning programming through
a mobile game-based educational activity?

2. Which aspects and game features affect engagement with mobile game-based
learning?

3. How effective are mobile devices as a platform for learning programming and
algorithmic thinking?

2 Related Work

2.1 Game-Based Learning

Amongst prevalent innovating pedagogies, playful learning emerges first in terms
of immediacy and timescale to widespread implementation, compared to other
technology-mediated pedagogical methods, such as learning with robots, drone-
based learning, and virtual environments [18]. Educational or serious games,
game thinking, and GBL approaches are widely employed in learning and skills
development initiatives [8,11,20,34,59]. GBL is commonly associated with pos-
itive outcomes including increased learner engagement with learning content;
active participation in educational activities; enhanced understanding, knowl-
edge acquisition, skills development [52]; and improved emotional and motiva-
tional outcomes [7,11,20,26,33]. GBL triggers learners’ interest and leverages
curiosity-driven learning [1,7,18,20,59], hence offering an alternative to the con-
ventional focus on memorisation, assessment, and performance traits in educa-
tion, which often counteract active exploration, collaboration, and understand-
ing [18]. Through GBL activities, learners are engaged in playful quests which
present genuine opportunities for developing critical thinking, problem-solving,
analytical and communication skills [18]. By blending entertainment and learning
elements, serious games constitute a powerful educational medium. Games like
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virtual environments and educational escape rooms [31,34,51] activate learning,
intensify learner involvement and blend formal and informal learning experiences
through dynamic, seamless, and multimodal interactions [56].

2.2 Mobile Game-Based Learning

Mobile Game-Based Learning (mGBL) fuses the unique and distinguishing fea-
tures of mobile devices (such as portability, social interactivity, context sensitiv-
ity, ubiquity, autonomy, and flexibility) [3,58] with the captivating and engag-
ing nature of games [7,11,20,59] transforming mobile devices into an appeal-
ing learning medium. Contemporary research has shown that the ubiquity of
mobile devices and the seamless integration of mobile technology in both for-
mal and informal learning contexts is conducive to learner engagement [3,24,53].
Nevertheless, formulating an effective mGBL approach is not straightforward.
Introducing ‘any’ mobile game or gamified application as a supplementary tool
for enriching the instructional process will not automatically engage students
[49]. Even if the game initially captures students’ attention, there are several
factors which need to be considered for the successful design, development, and
deployment of mobile educational games [50]. These are discussed next.

2.3 Challenges and Gaps in Game-Based Learning

While the benefits associated with educational games are evident, recent research
findings highlight several challenges in designing, developing, evaluating, and
using educational games [18,20,27]. The following paragraphs discuss key peda-
gogical and technological considerations.

Pedagogical Considerations. Firstly, although GBL is entwined with
increased motivation and engagement, very few studies have examined the
influence of gamification on the varied dimensions of engagement [1]. Learner
engagement is a complex concept that dynamically transpires through the inter-
actions of the learner with a technology-mediated learning activity [45,46].
Recent literature suggests that despite innovative applications and technological
advancements, situations like student disengagement, rising levels of dropouts
[8], course withdrawals, surface learning, and students’ decreasing motivation
to learn are still present and peaked following the intricate effects of Covid-19
pandemic [36,47].

Secondly, educational games need to establish a symbiotic relationship
between educational and entertainment requirements [35] which are not always
aligned [27]. Furthermore, entertainment is not always prioritised in traditional
instructional approaches which are guided by strict curricula, fixed timelines,
and formal teaching and assessment methods, which constitutes some of the key
reasons why the use of games has not yet had a profound influence on educa-
tion [18]. Therefore, new modes of assessment and delivery need to be developed
which are more relevant and aligned to today’s needs [44].
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Another challenge lies in the fact that, despite the increasing utilisation of
GBL approaches and the rising number of educational games available, no com-
prehensive policy exists for the use of games in education [60]. Furthermore, the
connection between gamification and actual learning still appears to be vague
[20]. This can be attributed to the complexity inherent in measuring the benefits
of GBL compared to traditional learning approaches [18], and the increased time
and effort required for assessing learners’ performance, which may inevitably
affect educators’ willingness to incorporate technology in education [44]. More-
over, educators may need to be trained in devising efficient monitoring, feedback,
and assessment strategies appropriate for mGBL [18,28,31,44,49,60], while also
contemplating the mobile technologies at hand and their inherent constraints
[50]. Thus, beyond the pedagogical challenges, manifold technological consider-
ations emerge for the successful deployment of mGBL.

Technological Considerations. Students tend to find mobile learning less
convenient and more frustrating [21], compared to learning using a personal
computer [15], for several technology-oriented reasons, including: small screen
size constraining the text and controls that can be displayed [2,4,55]; poor
user interface (UI) design hindering information transfer and making learning
more cognitively demanding [2]; operating system compatibility [41]; variability
in Internet speed [34,50]; and short battery life affecting resource-demanding
games, all of which are crucial for the successful deployment of mGBL. Ensur-
ing high UI design quality [2,16] and creating mobile-friendly content [28] are
important aspects to consider when promoting mobile learning. These aspects
also bring forward various human factors. The effects of mobile learning on low-
ering the learners’ cognitive load and increasing their achievement depend heav-
ily on the quality of the mobile learning design [2,9,57]. The design itself can
influence user acceptance, adoption, and use of a mobile learning application.
Hence, usability and user experience (UX) goals must be thoughtfully considered
along with pedagogical objectives [42,49]. Despite recent developments, and the
fact that most higher education students describe themselves as technologically
savvy and active on social media mobile apps, many students still lack essential
digital literacy skills to embark on playing a new game [41] or participate online
[21]. Developing digital skills can reduce negative experiences, such as frustration
while trying to understand how the game works [27], or disappointment while
attempting to complete advanced tasks through the game [29].

There is also a paradox regarding whether mobile learning enables or hin-
ders learning and engagement. On one hand, the literature shows that well-
designed mobile apps featuring multimedia or gamified elements can increase
learner participation, contextualise learning, promote inquiry-based learning,
and improve learners’ achievements compared to traditional, formal learning
approaches [17,32,57]. On the other hand, when mobile apps are not developed
with learning objectives and learner engagement in mind, this may act as a bar-
rier to learning [49]. For certain learning tasks, presenting dense information with
small fonts on a single screen [2,13], or displaying redundant information and
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animations [32], may be perceived as a distraction by students, hence inhibiting
their concentration and learning [28], increasing their cognitive load [2,13,32]
and creating mental overheads, which may negatively impact learners’ affective
and cognitive involvement [16] and the learning outcomes altogether [8]. These
findings suggest that further research is needed on the learning benefits of mobile
apps, including competitive and collaborative games for learning programming
[38,43].

3 Mobile Game-Based Learning with aMazeChallenge

To address the research questions, we utilise aMazeChallenge1 - an interactive,
multiplayer, mobile game developed for teaching programming and algorithmic
thinking to higher education students. This section describes the key learning
objectives, features, game rules and components of aMazeChallenge.

3.1 Learning Objectives

The learning objectives of aMazeChallenge focus on the skills that higher educa-
tion students must acquire on their journey to become successful programmers.

(i) Read and understand existing code. Before writing their own code,
students need to understand the concept of programming statements and be
capable of reading and interpreting code. This objective is achieved via a tutorial
environment in aMazeChallenge, which links the actions of an avatar (such as
moving and turning) to programming commands or statements.

(ii) Improve or fix existing code. Students must be able to identify
syntactic and semantic errors in pre-written code and fix them. To achieve this,
aMazeChallenge provides players with a set of incrementally harder challenges
for training, enabling them to develop their skills and confidence.

(iii) Write code from scratch. When students feel confident in reading,
understanding, and improving the existing code, aMazeChallenge reinforces code
writing by allowing students to easily form their code by dragging blocks in the
workspace while minimising syntactic errors by accepting only valid connections
between the blocks.

(iv) Write clean and efficient code. This slightly more advanced pro-
gramming skill is a significant aspect of software development. aMazeChallenge
rewards players who create more efficient code, as these players may generally
exit the maze faster and thus score more points than other players.

The above skills enable students to develop problem-solving, algorithmic,
and critical thinking skills, which are not limited to Computer Science, but are
transferable to multiple domains. Through the use of graphics, sound effects,
interactive gameplay, learn by try-and-fail, playful learning, unlimited attempts,
competition, and other game-like elements, aMazeChallenge aims to engage stu-
dents with the learning process and achieve these objectives.
1 aMazeChallenge can be downloaded from the Google Play Store: https://play.google.

com/store/apps/details?id=org.inspirecenter.amazechallenge.

https://play.google.com/store/apps/details?id=org.inspirecenter.amazechallenge
https://play.google.com/store/apps/details?id=org.inspirecenter.amazechallenge
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3.2 Features

aMazeChallenge is introduced to the players through the Learning section
(Fig. 1(a)) featuring a text-based tutorial enhanced with screenshots of each
game feature along with explanations on how it works. Players can optionally
personalise their character by selecting an avatar icon and color. To play online,
players must also set their name and email address, through the Personalization
screen, which serves as an engagement medium. They are then directed to create
the first version of their code by using the workspace found in the Code Editor
screen (Fig. 1(b)). In this screen, players drag blocks to create their code, or
load pre-defined samples of maze-solving algorithms. When ready, players can
see how their code affects the behavior of an in-game avatar by visiting the
Training section. This section includes a set of challenges that are initially very
simple but get progressively more difficult, aiming to challenge players to produce
more complex code by making incremental changes to adjust to the requirements
of each challenge. When the players advance sufficiently through the tutorials,
they may opt to compete against others in the Online mode. This mode makes
a set of challenges available online, which players can join in and play against
each other in real-time. Alternatively, players can also form teams and cooperate
to create code for an online challenge, competing against other teams. Finally,
aMazeChallenge also includes a Maze Designer, which allows players to create
their own mazes choosing from a diverse set of settings such as the maze type,
size, background image and audio, and wall color. These custom mazes can be
added to the training mode, allowing players to practice in their own mazes to
improve their code, while also aiming to increase learner engagement.

3.3 Game Rules and Components

aMazeChallenge features highly dynamic maze arenas (Fig. 2), presenting a grid
that is divided into cells representing the valid positions within the maze. Player
avatars are positioned in these cells and can move to adjacent cells using com-
mands issued by the players before the start of the game, using Google’s block-
based graphical language Blockly [22,54]. Players program their avatar to escape
the maze by moving from the start to the finish cell. These cells are often located
at opposite ends of the grid to allow for more challenging gameplay and are
colour-coded to distinguish them from the rest (red for start and green for fin-
ish). The cells also have walls that prohibit the players from arbitrarily moving
from one cell to another. The gameplay is based on commands the players have
previously specified in their code for their avatar to execute. Once their code is
compiled, each player can either choose to train solo or participate in an online
challenge. In either case, players joining a challenge will play in turns with the
game executing a single iteration of their instructions in each turn. The outcome
of the player’s code in each turn needs to result in a valid move (i.e., moving
forward or turning toward a specified direction).

Moving through and interacting with the maze can be achieved by using
game-specific functions such as moveForward, turnClockwise, look, and so on.
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Fig. 1. (a) aMazeChallenge Main menu (b) Code Editor (Color figure online)

The maze includes objects that are randomly spawned inside the game arena,
allowing a more dynamic and interactive experience, and also complicating the
task of exiting the maze. For instance, objects like coins and fruits are beneficial
to the players allowing them to gather points and increase their health when
collected. On the other hand, objects such as traps and bombs have a negative
effect, slowing players down or causing them to lose health. Players lose when
their health falls to 0, but they can always start over. Such objects add an element
of randomness and luck, aiming to make the game more interesting by allowing
the players to find ways to either pursue or avoid objects. From an educational
perspective, they encourage the use of decision-making programming constructs
which can be used to decide whether an encountered object is beneficial or not.
The winner of a challenge is the player who manages to exit the maze in the
shortest time. Various maze-solving algorithms may have similar performance,
and players may also utilise identical algorithms causing them to exit the maze
within the same turn. To differentiate among the players who have exited the
maze within the same turn, points are used as a secondary criterion, with those
having more points being ranked higher [19].

3.4 Programming and Code Execution

The players can program their avatars using specific block-based instructions.
Block-based languages have been successfully utilised in many educational
games, especially at an introductory level [10]. To leverage Blockly assets, we
created a specialised Blockly library that contains specific commands related to
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Fig. 2. Three different aMazeChallenge arenas, containing player avatars (colored tri-
angles) and various types of interactive objects, during a multiplayer competition.
(Color figure online)

aMazeChallenge. Coupled with existing Blockly commands for basic program-
ming constructs like expressions, variables, math, and logic, this enables players
to create a diverse set of programs. The custom-defined library includes blocks for
moving, turning, navigation and directionality, and logical functions to retrieve
the state of adjacent cells. For instance, the Direction class enumerates the
possible directions an avatar could be facing. Similarly, the Item type enumer-
ates the possible types of items a player’s avatar could be facing (i.e., a penalty
item, a reward item, or no item). This is typically utilised in the look command,
which allows players to determine if one of such items is in their way and decide
if they want to avoid or attempt to retrieve it.

The code structure is guided by the need to first initialise several values
and then run a set of commands continuously at each turn until the exit is
reached. To allow players to define these two distinct parts in their programs,
we introduce two special functions: Initialize and Run. These functions are
then called at specific points during the game to implement the functionality
defined by the players. The Initialize function is executed only once, right
before the gameplay starts. Conversely, the Run function is executed at each
turn of the game by their avatar. This code is executed continuously until the
player either loses, exits the maze, or the game is stopped. This function must
return a single valid move to be performed at each turn by the player’s avatar.
If players place any blocks outside these two functions those blocks are ignored.

Players can create their code using Blockly’s workspace, which provides an
environment to edit code blocks by dragging them on the screen and joining
them to form meaningful programming instructions. To make it easier for users
to interact with this workspace, Blockly organises blocks into different panels
containing sets of blocks based on their functionality. This also enables users
to view only a certain number of blocks at a time, which is useful, especially
when working with the limited screen size of a mobile device. In addition, blocks
are colour-coded and have a specific shape based on their functionality, which
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makes it easier for players to choose an appropriate block. For instance, expres-
sion blocks only fit within the context of an expression (e.g., using them as the
condition in an if statement). Using the metaphor of puzzle pieces, this lim-
its the scope in which they can be used, and therefore prevents a wide set of
errors that would occur during the code writing process. Hence, this satisfies the
principle of error prevention. Furthermore, Blockly’s workspace allows users to
adjust the zoom level to accommodate different screen sizes and orientations.
This makes the process of editing code significantly easier and more flexible as
users can select to zoom out when reading code. On the contrary, users can
zoom in when editing specific parts of the code. In addition to these, Blockly
also allows users to delete blocks by dragging them toward a delete icon.

The default Blockly workspace is enhanced with additional features adding
the capability of saving and loading code, as well as loading several sample
algorithms (i.e., pre-written pieces of code that can be loaded by players, allowing
them to see full solutions of specific maze problems, and inspiring them to write
their own code). The aMazeChallenge code editor (Fig. 1), includes the default
Blockly workspace coupled with customised navigation and buttons that enable
players to use these functionalities. Additionally, it includes options that allow
the players to go back to the main menu or proceed through in-app controls.

When players finish their code, the next step is to convert it into a high-level
language that can be executed by an interpreter. This process triggers a static
checker which analyses statements in the program, detects errors (i.e., empty
statements, run function returning an invalid move, cases where the code may
execute indefinitely, etc.), and warns players to fix them before the code can
be compiled. When such issues are detected, the code editor’s interface displays
colour-coded dialogs (red for errors and gold for warnings) containing relevant
information and potential solutions. This approach improves the user experience
by catching problematic circumstances and handling them, before causing any
catastrophic situations such as the entire server crashing. Most importantly, code
checking is part of the learning process, helping novice programmers understand
different types of errors, how these are communicated, and how to fix them, all
of which are crucial skills in the field of software development. Once the static
checks have passed, a confirmation message is shown indicating that the code has
been successfully compiled. The player is then automatically transferred back to
the main menu and can opt to either train or play online.

4 Research Methodology

To explore the students’ experiences with learning programming through a
mobile educational game, and evaluate its effectiveness, we conducted an empir-
ical study utilising mixed methods.

4.1 Study Context and Participants

The study involved the planning and execution of two data gathering phases
during the first semester of the academic years 2021–22 and 2022–23. A total of
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112 first-year undergraduate students were involved in the study, including both
female and male students studying Computing, Electrical engineering, and Com-
puter engineering. The students had varying backgrounds and prior experiences
with programming, but they were all enrolled on the same introductory pro-
gramming module and hence exposed to basic programming constructs in Java
before participating in the study. User feedback was gathered through obser-
vation of live play sessions during which students competed online using their
personal mobile devices, as well as through two questionnaires. Both phases were
performed during the same period (respective teaching weeks) in each academic
year, following an identical process to ensure that the study design remained as
consistent as possible and that the presented results are comparable. The UI and
features of aMazeChallenge, the content presented during the demonstrations,
the difficulty of the maze challenges, and the conditions under which students
engaged with the game also remained unchanged.

4.2 Data Gathering

Prior to their participation in the study, students were asked to provide their
consent by carefully reading and signing an informed consent form. In both
phases of the study, data collection took place during class time. The first part
of the study involved asking students to provide their responses to a background
questionnaire including basic demographics, academic background, familiarity
with programming, and opinion about programming. A 20-min session was then
delivered introducing aMazeChallenge to students in which the game’s objectives
and mechanics were discussed, and the students were encouraged to download
the game during their own time to try it out. Predictably, only a small number
of students downloaded the app and interacted with it outside class time.

A second session took place a week later as a physical event and involved
a live demo of aMazeChallenge, during which the game was presented to the
students, illustrating how to use the various features of the game, including
the code editing workspace, personalisation options, executing code in training
mode, and joining and playing in online challenges. Students were then given
time to interact and familiarise themselves with the game UI and engage with
various game features (e.g., read the tutorial, personalise their avatar, create
code, load code samples, and test them in training mode). After letting students
become acquainted with the game, the first online challenge was published and
students were asked to join in. Students participated in a total of three online
challenges with varying difficulty (easy, moderate, difficult). To further moti-
vate students to participate in this event, multiple winners (such as the first
to exit the maze, or the one to exit with the most points) were rewarded with
coupons for the university’s cafeteria. While the students interacted with the
online challenges, we took screenshots during the live online gameplay (through
the app), photographs in the classroom space (with participants’ consent), and
field notes based on observed behaviour. Participant observations took place in
a real-life classroom setting placing emphasis on students’ feelings and mood
(such as frustration, boredom, joy, or excitement), level of involvement in the
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activity, performance in the game (through the shared leaderboard displayed on
the projector screen), winners’ responses after successfully exiting the maze, and
other noteworthy facts. This data highlighted key issues pertinent to learning
and engagement which constitute the focus of inquiry, and further contributed to
our understanding of user experience, feelings, and actions during data collection
and analysis [12,25].

Following the experimental session, participants were asked to fill out a post-
event questionnaire, focusing on their experience with aMazeChallenge in both
training and online modes, their opinion about programming following this expe-
rience, their perception regarding the game’s effectiveness, and the features they
liked and disliked the most. Furthermore, the questionnaire included two open-
ended questions, the first asking students to indicate any problems they faced,
and the second inviting students to provide their recommendations for poten-
tial improvements. The background and post-event questionnaires included the
name of the students in order to relate their responses to their academic perfor-
mance. After the data was collected and linked to overall academic performance,
responses were anonymised. Following a data cleaning process, out of 112 regis-
tered students, a total of 81 background and 68 post-event questionnaires (across
both phases) were used for further data analysis.

4.3 Study Results

Background Questionnaire. The majority of participating students were
male (79%). While this confirms that Computer Science constitutes a male-
dominated field [61], the results appear promising as the female students
increased from only 4 in 2021, to 12 in 2022. The overwhelming majority (94%)
of participants use a smartphone, with the most popular being Android (51%)
and iOS devices (44%). This was a barrier for our study since aMazeChallenge is
available only for Android-enabled devices. To circumvent this, and in an effort
to engage all students, we asked students with iOS devices to pair with one of
their peers so they could participate as a team.

In terms of their prior experience in programming, approximately half of the
students (52%) responded that they had previously attended a programming
course, while the rest (48%) had no programming experience before joining the
University. Amongst those with previous experience, the results show that C++
is by far the most popular language, followed by Python and Java. Further-
more, students were asked to self-assess their programming level. Data from
both groups yielded similar results. The majority of students considered them-
selves to be Beginners (57%), followed by Intermediate (20%) and Confident
(11%), while some students reported that they were not sure (12%). The latter
is not surprising given that almost half of the students were just starting to famil-
iarise with core programming concepts as part of their degree. When asked to
report on their perception of programming, the vast majority of students (83%)
reported they consider it an ‘Interesting’ or ‘Very interesting’ activity, with the
remaining students (17%) were neutral. None of the participants reported finding
programming either ‘Boring’ or ‘Very boring’.
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Regarding their favourite methods for learning programming, the most pop-
ular responses were ‘Learning and practicing on my own’ (89%), ‘Watching
instructional videos’ (72%), and ‘Attending lectures’ (65%). Alternative learning
methods, including ‘Playing educational games on the web’ or ‘Playing educa-
tional games on a mobile device’ were less frequent, but still relatively popular
(37% and 31%, respectively). When asked whether they have previously used an
app to learn a new skill, only 32% of students responded ‘Yes’, 53% responded
‘No’, and 15% were ‘Not sure’. When asked to rate how good a competitive
environment is for learning programming, most students responded either ‘Def-
initely good’ or ‘Good’ (56%), many responded they are ‘Neutral’ (41%), and a
few found it either ‘Bad’ or ‘Definitely bad’. In addition, participants were asked
to indicate their opinion on how helpful games are for learning programming.
As shown in Fig. 3, the majority of participants believe that games are either
‘Very helpful’ or ‘Helpful’ for learning programming (79%), while only a few
believe that they are either ‘Not helpful’ or ‘Completely ineffective’ (5%). 16%
of students indicated that they are ‘Not sure’.

Fig. 3. Perceived usefulness of games (left) and competitive environments (right)
toward learning programming.

Students were also asked to report which features of an educational game
they consider as important. According to the responses, Performance is the
most important feature in an educational game (72%), followed by User Inter-
face (68%), Graphics (61%), and Multiplayer mode (58%). Other features, like
Rewards and Battery-friendliness, were also recorded. These results are aligned
with key considerations reported in recent literature, in relation to mobile learn-
ing [2,28] and mGBL [50]. The background questionnaire also included an open-
ended question asking students to report the expectations from playing the
aMazeChallenge mobile educational game. Students responses related to gaining
experience in programming (58%), entertainment (18%), and improving critical
thinking (10%), while 14% reported that they did not have any expectations.

Observation in the Field. Observing students provided additional insights
into their experiences with aMazeChallenge. Common observations across both
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phases included frustration, especially at the beginning when they were trying
to figure out how to play the game, and a positive response to the competi-
tions and the prizes for winners. Typical questions posed by students focused
on whether their participation counts towards their marks for the module and
whether it is compulsory to participate (neither of which was the case). Over-
all, students spent less time than expected on the learning and training mode,
and were more eager to proceed to the live online competitions. Although over-
all the findings were similar across the two phases of the study, in the second
phase students demonstrated more enthusiasm, their actions and reactions were
more energetic, and they appeared to be more engaged during gameplay. These
observations provided evidence that they also exerted themselves to try and win
the challenges; they appeared more concentrated, they were asking more specific
questions or requested hints more often compared to students in the first phase,
indicating their eagerness to play ‘for the win’ and their willingness towards
making a mental effort. A parallel observation is the fact that in the second
group most students participated as teams rather than individually, which made
competitive play more thrilling and fun. In addition to questionnaire data, these
observations enriched our understanding of how students experienced learning
programming through this mGBL activity.

Post-event Questionnaire. After their experience with aMazeChallenge, stu-
dents were asked to provide their responses to the post-event questionnaire. The
questionnaire items were aligned to our research questions. Participants were first
asked to rate their experience with aMazeChallenge indicating their satisfaction
with the game. The majority of participants (64%) reported that their experience
was either ‘Good’ or ‘Excellent’, 29% reported having a ‘Neutral’ experience,
while 6% of the participants reported having a ‘Bad’ experience. Students were
also asked to rate their experience in the single-player and multi-player modes of
the game, which yielded analogous results. When asked to rate their perceived
level of programming experience after engaging with aMazeChallenge, 41% of
participants reported feeling ‘Confident’, 32% ranked themselves as ‘Intermedi-
ate’, and 12% as ‘Beginner’. Furthermore, the vast majority of students (79%)
responded that programming is either ‘Very interesting’ or ‘Interesting’, with
19% responding with ‘Neutral’, and 1% finding this activity ‘Very boring’.

The post-event questionnaire also asked students to report how difficult they
found aMazeChallenge to be. As shown in Fig. 4, 43% of participants found
aMazeChallenge either ‘Very easy’ or ‘Easy’, and 40% found it either ‘Very dif-
ficult’ or ‘Difficult’. The remaining 18% reported that they were not sure. In
addition, when asked about how helpful aMazeChallenge is when learning pro-
gramming, most participants responded with ‘Neutral’ (49%), while 37% found
it ‘Helpful’, and 15% found it either ‘Not helpful’ or ‘Completely ineffective’.
None of the participants found aMazeChallenge ‘Extremely helpful’. Similarly,
most participants (62%) indicated that their skills were unchanged after playing
aMazeChallenge, 34% reported an improvement, and 5% reported a reduction.
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Fig. 4. Perceived difficulty when playing aMazeChallenge (left) and its helpfulness in
terms of learning programming (right).

When asked to rate the usefulness of a competitive environment, 66% of
students reported that such environments are conducive toward learning pro-
gramming, 30% were neutral, and 5% said that they did not help the learning
process. Asked whether they are likely to play aMazeChallenge again in the
future, most participants (48%) responded with either ‘Very likely’ or ‘Likely’,
31% responded with ‘Unlikely’ and ‘Very unlikely’, whereas 22% were not sure.
Finally, the most liked feature of aMazeChallenge was Personalization, followed
by Code editing and Multiplayer mode. Paradoxically, the code editor was both
a liked and disliked feature for different student groups. In total, 7 participants
reported several issues involving app crashes, among other features that were
disliked.

5 Discussion of the Findings

The analysis of questionnaire responses, observational data, and field notes were
used to extract useful insights about user experience with aMazeChallenge,
explore how and whether students’ perceptions about programming were affected
after their experience, as well as to evaluate the effectiveness and usability of
aMazeChallenge (and to an extent of mGBL), in terms of engaging learners.

5.1 User Experience with mGBL

The first objective of this study is to explore learners’ experiences and percep-
tions on learning programming through a mGBL activity. Prior to interacting
with aMazeChallenge, the majority of the students (56%) considered themselves
as beginners in programming, while after the intervention only 11% of the stu-
dents considered themselves beginners, and the proportion of students who felt
confident or at an intermediate level increased to 74%. There was also a slight
increase (+3%) in the number of participants who found programming to be
an interesting activity after their mGBL experience. A controversial finding was
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that while most students’ satisfaction was ‘Good’ or ‘Excellent’ and their self-
perceived confidence levels increased, the majority of the students also reported
that their skills were unchanged after playing aMazeChallenge and provided low
rating in terms of how helpful it is. This may relate to the fact that students did
not engage with the game outside the class time, which also brings forward the
need to consider engagement from a wider socio-techno-pedagogical perspective.

Additionally, the results confirm the notion that most students consider pro-
gramming to be a difficult task. Interestingly, a higher percentage of female
participants (29%) consider programming to be easy, compared to male partic-
ipants (21%). This also emerged during the observation of the live gameplay
session, especially in the second phase, where female students appeared more
intrigued and involved. In contrast with their responses about programming in
general, a significantly lower percentage found aMazeChallenge to be difficult.
Based on these results, it is evident that the learners’ perspectives on learning
programming were affected by introducing the game-based learning activity with
aMazeChallenge. The vast majority of participants (79%) consider games to be
helpful toward learning programming, which provides additional motivation for
exploring GBL. The results indicate that students felt more confident in their
abilities as programmers, which may suggest that aMazeChallenge, and to a cer-
tain extent mGBL, can serve as an alternative method to engage students with
programming concepts in higher education.

5.2 Engagement Effectiveness

The second objective of the study was to explore which aspects affect learner
engagement with mGBL and how effective the game’s features are in terms
of engaging students. Even though more students found programming with
aMazeChallenge easier than those who found it difficult, conversely, only 41%
found aMazeChallenge to be helpful, and many students (46%) reported feeling
neutral. The latter finding potentially uncovers limitations in terms of engage-
ment effectiveness. Observational data also highlight the multiplicity of aspects
that affect learner engagement in mGBL, many of which go beyond the inherent
technical or design characteristics of the game. Aspects such as the overall user
experience, intrinsic and extrinsic motivation, assessment methods, and feedback
strategies highly impact learning experiences and learner engagement. Although
further research is needed to explore this in the context of learning programming,
the findings confirm that learning engagement is a complex construct that may
be affected by a multitude of factors [45,46]

The results of the final questionnaire also revealed that the most liked features
of aMazeChallenge among the participants were personalisation, code editor, and
multiplayer gameplay. However, the code editor appears to be both disliked and
loved by different groups of participants. During observation it was evident that
some students were frustrated with the drag-and-drop mode used in the Blockly
workspace. Such languages may appear to be less direct, with more advanced
students considering them as less powerful tools of expression. Notably, several
participants also reported app crashes during the online gameplay. Such issues
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must be avoided altogether so that user experience and learner engagement are
not negatively impacted.

Another aspect related to engagement has to do with collaborative and com-
petitive game elements. Most students (56%) seem to believe that competitive
game environments can be beneficial to the learning process. The responses of the
students to the same question after playing aMazeChallenge reveal an increase
(+14%) in the number of students who considered competitive environments
advantageous toward the learning process. Therefore, incorporating such envi-
ronments in interactive multiplayer games may intrigue and engage students to
get involved in the learning process. Finally, the game also seems to have rela-
tively high long-term engagement, as about half of the students said that they
are likely to play aMazeChallenge again in the future. Other studies also support
the claim that MMOGs can be employed as agents of motivation enhancing the
learning experience due to the manifestation of collaborative and competitive
gameplay, rendering them a promising game genre for university students [7].

5.3 Technological Readiness

The results also provide insights into the technological effectiveness of
aMazeChallenge and can help explore how effective mobile devices are as a
learning platform specifically for learning programming and algorithmic think-
ing. Firstly, mobile operating system usage trends indicate that future mobile
educational games may benefit by being developed as cross-platform apps that
can be deployed on a variety of operating systems [40]. This may increase their
uptake and effectiveness alike, as more students will be able to interact with
the game on their own mobile devices. Secondly, technological features (namely,
game performance, UI, and quality of graphics) prevail in what students con-
sider as the most important features when playing an educational game. These
results highlight the importance of human-factors, game design, usability and
UX goals, as all of the top features selected by the participants relate to UX.
Performance and UI design are widely regarded are the most critical factors
affecting the user’s experience in an online game [14]. Similarly, graphics and
game mechanics play a significant role in player immersion and contribute to
the player’s overall experience in games [54]. These results are also supported
by relevant literature [4,34,41,50,55] and therefore indicate the potential areas
where developers may need to focus on in the future to create an enhanced user
experience and more effective mobile educational games.

6 Conclusion

The outcomes of the evaluation illustrate that aMazeChallenge has the engage-
ment efficacy and technological capability to induce university students into basic
programming concepts, yet highlight the multiplicity of aspects that affect learn-
ing and learner engagement in game-based learning, many of which go beyond
the inherent technical characteristics of the game. Students felt significantly more
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confident with their programming skills after playing aMazeChallenge; enjoyed
the competitive gameplay; but also voiced their frustrations, and assessment-
related concerns, and indicated aspects they considered significant, such as per-
formance, user interface, graphics, online gameplay, and personalisation. The
findings re-emphasise that aspects such as the overall user experience, intrinsic
and extrinsic motivation, assessment methods, and feedback strategies employed,
highly impact learning experiences and learner engagement, in addition to the
design features of the game. The overarching theme that emerged by collectively
addressing the research objectives is what we refer to as ’engagement by design’,
that is, engagement must be treated as the fusion of pedagogical design, tech-
nological design, and game design rather than an external student trait. This
theme emphasises the genuine need to achieve a constructive alignment between
the inherent technological qualities and design features of a mobile educational
game, the broader pedagogical context, and human-centered factors, in order to
achieve the desired learner engagement and learning outcomes. The study find-
ings can inform the development of heuristic or theoretical frameworks that can
guide the design, development, and evaluation of interactive education mobile
games in higher education.
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Abstract. The present study consists ofmonitoring the creation of a photographic
game plan as an approach to further strengthen the brand strategies for social net-
works of the Universidad Tecnológica del Usumacinta (UTU) in Mexico. As a
framework for action, the vision of Taller Cinco was applied, which consists of
connecting the areas of knowledge in the applied arts through the Agile Design
Thinking methodology, which allows the visual communicator to recognize that
an important part of the communication that uses in social networks obeys a visual
language; granting at the same time the tools for the creation of a photographic
strategy thatevokes the meaning of a product of ideological knowledge and tech-
nique that allows to adequately express the identities of the brand, in this case the
exhibition scenario of the UTU. This approach acknowledges the development of
visual concepts as a way of projecting the university philosophy to its commu-
nity and society in general. It is intended that the photographs achieve three main
objectives for UTU: visual identity, a sense of belonging among the student com-
munity and a brand communication strategy that influences the decision-making
of the applicants and their family context. Applying the agile methodology Design
Thinking process has nurtured the design of a visual concept, allowing the cre-
ation of an empathic and decisive visual communication strategy that centers the
user experience enabling optimal brand development in UTU’s social networks.
These methodologies opened new paths and ideas in the development of projects
through creativity, building innovative solutions that positively impacted UTU’s
brand development. It is important to recognize that this project would not have
been possible without the application of new technologies and trends that arise
every day in social networks.

Keywords: Agile methodology · Digital platforms · social networks · Higher
Education Institutions

1 Introduction

Social networks have transformed the world and the way we interact [1]. Through them,
it is possible to communicate with other people in amatter of seconds; share experiences,
ways of thinking and perceptions. Social networks allowus to learn about places, cultures
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and traditions from anywhere in the world [2], making it possible to promote, buy or
sell a variety of products and services from any corner of our planet [3].

This is the main reason why more organizations and institutions are making use of
social networks as a means to strengthen their strategy and brand development. In fact,
using social networks as a means of attracting potential customers is an increasingly
common practice within new business structures. Both individuals and companies are
aware of the value that social networks bring to the market [4].

In this sense, Higher Education Institutions (HEIs) are no strangers to the boom in
social networks; They have recognized its impact on their communication and the role
in their corporate interests such as attracting students, transmitting their values in virtual
ecosystems, key factors that affect their viability and sustainability [5]. However, the
challenge faced by many HEIs is to guarantee that what they share on social networks is
effectively what is best for them, that is, to ensure that the published content generates
positive interaction in the internal and external community of the institution [6].

To answer this question and achieve the best results, it is necessary to implement
strategies and methods to set a course to follow that ensures competitiveness and innova-
tion while creating brand value. This is where a methodology that has been successful in
the global business environment, but has not been widely explored in the Latin American
educational environment, comes into play: the agile methodology Design Thinking [7,
8]. The following figure shows the Design Thinking process (Fig. 1):

Fig. 1. Design Thinking phases.

To test the usefulness of this method in the educational field, each of the phases
of the agile methodology Design Thinking are applied at the Technological University
of Usumacinta (UTU), in order to design a photographic strategy on social networks
headed to solve the problems from the UTU, valuing the needs of the brand and creating
a greater impact and interaction within its community.



94 A. Martinez-Duran et al.

2 Materials and Methods

The project is developed through a qualitative approach using field experimentation and
a descriptive research design. For this, interviews were applied to students and teachers
who are active in the research institution. The guidelines of each of the interviews were
marked by the six phases of the design thinkingmethodology: Empathize, Define, Ideate,
Prototype, Test and Implement [9].

For the focus group carried out with the students, 3 sessions were applied. Each
session had the participation of 15 to 20 students from different careers, posing pre-
questions related to the content that has been previously shared on social networks: Do
you currently use social networks? How do you like the content that is shared through the
networks?Whatwould you like to see on socialmedia?Howdoyou rate the photographic
content that is shared on social networks?

On the other hand, the second focus groupwas heldwith the professional community.
Three meetings were held with an attendance of five to seven participants. The following
questions were asked: What are the sciences preferred by the students? What are the
most requested equipment by students? What do you hear from students about content
shared on social media? What content do you think could create a sense of belonging
in students? The complete methodology allows a 360º study resulting in successful
solutions.

3 Results

Focus groups with students and teachers were held behind closed doors to create a circle
of trust and allow them to freely express their ideas. The intention of the focus group
was made known and the importance of its transparency when participating was raised.
Initially, it was a process that required a lot of patience; However, after about 15–20
min, participation was spontaneous and unanimous. Each focus group took place for an
hour and a half.

3.1 Student Outcome Stage

The students stated that they did not feel identified with the photographic content that
was shared on the UTU social networks; They mentioned that they would like to see
photographs of themselves and the spaces of their institution, while they showed interest
in sharing the activities they carry out during their practical classes. They also commented
that they do not get involved in the digital language they use through social networks.
This is observed in the following figures related to the collection of information with
students (Fig. 2).
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Fig. 2. Use of social networks.

The previous figure represents the networks used by the students who participated
in this case study. The results showed the following interaction: Facebook with 100%,
being the most used by the sample; followed by TikTok with 94%, Instagram with 60%,
YouTube with 50%, Snapchat with 24% and LinkedIn and Twitter with 8% and 6%,
consecutively (Fig. 3).

Fig. 3. Type of post on Facebook.
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The figure above shows that the most common type of use within the social network
Facebook contains interdisciplinary visual communication between the areas of photog-
raphy and graphic design, with a participation of 70%; followed by photographic images,
with 18% and videos, with 6%. This demonstrates the impact that visual communication
causes in the interaction between the user and social networks (Fig. 4).

Fig. 4. Type of post on Instagram

What is shown in the previous figure shows the most common type of publications
by those surveyed on the Instagram social network, observing the videos as the most

Fig. 5. Type of publication on TikTok - YouTube
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representative with 52%, images with 40% and photos with 8% of the whole sample
value (Fig. 5).

Regarding the type of content generated on the social networks TikTok andYouTube,
humor was the best positioned with 42%, followed by Sports with 20%, Science and
Technology and Politics with 16% each, and Entertainment with 6%. This demonstrates
how humor and sports are the type of advertising most valued by the group of students
at the institution.

3.2 Professors Results Phase

This focus group showed the professional interest and projection that students have
shown during their training through social networks. In addition, the professors men-
tioned that most of the students are distant from the institution’s social networks, because
there is no spontaneity, the visual language is not youthful at all, and they do not feel
listened to.

3.3 Strategy Development

Following the process of creating the strategy through agile methodologies, the Empathy
phase allowed the institution not only to listen to the students, but also to put themselves
in their place, see what they see and speak as they do, bringing an understanding of their
perspective.

This phase allowed the team and its process to be brought closer to the students, this
approach provided a better understanding of their behaviors, tastes and thoughts in rela-
tion to the content of social networks. It should be noted that in this phase, students and
teachers were interviewed so that they could express their opinions freely and honestly,
providing a more complete detail of their opinion towards the brand. Subsequently, with
the UTU communication team applying an empathy mapping process with the aim of
helping the creative team gain a real understanding of their potential audience, recogniz-
ing where they came from andwhat they want, and therefore, creating key information to
work towards a 360º strategy to impact students, graduates and applicants, while allow-
ing the creative team to deliver a more effective solution in its communication strategy
that focused its focus on client expectations (Fig. 6).
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Fig. 6. Empathy map

In the definition phase, joint work was carried out with the communication team
of the UTU. In this coworking, the data collected in the Empathy phase was analyzed
and the team started working on creating a strategy, using Simon Siner’s Golden Cir-
cle methodology, defining the problem and focusing ideas to build a clear and focused
insight. of the existing problem. The purpose of this phase was to communicate attrac-
tively to young applicants, active students, and graduates, making them feel an important
part of the institution and, finally, making them fall in love to create brand loyalty.

Therefore, when a creative team is required to solve problems/opportunities, it is
important to show the greatness and solutions that creative thinking can bring to the
business world, especially by properly communicating brand value. Subsequently, once
the team defines how to define the client, it can structure the strategy to work on the
brand from a cultural aspect, then develop strategies in each of the areas that we deem
appropriate and, in the end, offer each of the actions that we deem opportune to solve
each of the interests that they have towards the products (Fig. 7).
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Fig. 7. The Golden Circle

Taking these facts, the strategy takes into account the Definition and Ideation phases;
attending to each suggestion by students and professors. From this information arose
several ideas that involve the institutional identity and the economic context of the
institution. Among this ideas, came the realization of showing the students in different
activities on social networks, promoting the programs showcasing the students’ academic
work and not so much from a formal perspective; In addition, showing the facilities and
equipment of the UTU, publicizing what the graduates do, illustrated the educational
method taught by the UTU (70% practical and 30% theoretical), present the scholarships
that offer by the institution to further its social protection, among others. Most of the
ideas that came out of this phase were of high interest to the community.

Before finalizing the plan of actions, it was imperative to create a prototype (Phase
3) that can be tested (Phase 4) to validate or foresee further problems to allow for
adjustments to ensure that the implementation results will enhance communicational
innovation to the brand and its value.

4 Conclusions and Discussions

The use of agile methodologies such as Design Thinking has attracted the attention of
researchers around the world to provide solutions to various problems, especially those
that aim to address problems associated with communication and innovation at different
levels. Certainly, technologies show important powers for the generation of solutions
within the educational field [10].

For example, Montserrat Magro Gutierrez and Silvia Carrascal Dominguez used the
Design Thinking tool as a resource and methodology for visual literacy and learning
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in preschools in multi-grade schools in Mexico (schools where a single teacher teaches
students from different grades). The results obtained were that innovation can be intro-
duced in these classrooms through co-communication and visual language, increasing
the probability of success and without the need to increase the number of resources or
improve their infrastructures [11].

In Spain, Alicia Jordán-Fisas and Graciela Esperanza Diestra-Espino applied the
Design Thinking methodology at UIC Barcelona with the aim of allowing students to
approach the world of work and the current affairs of companies through challenges
and case studies presented by various companies. As a result, they found that, through
the use of agile methodology, students proposed better solutions to challenges and more
efficient, innovative and dynamic ideas compared to other types of methodologies [12].

Another example is presented in Colombia, where the researcher Jonathan Velasco
applied the agile methodology Design Thinking in his project Design and Creation of
Graphic Captions for Communication and Dissemination in Social Networks of the
Creation Workshops of the Territory Dialogues Project between Boyacá and Santander.
The objective of the project was to devise a strategy that would allow them to design
graphic pieces to effectively communicate the outcome of the workshops, avoiding
monotony and repetition of graphic pieces. Through the application of the five phases of
Design Thinking, the objective of designing and creating effective graphic pieces, with
adequate and accurate information to convey key concepts of the creative workshops,
was achieved [13].

In turn, continuing in the Colombian context, Alvarez and Varela developed the
Sinergy Flow methodology for the optimization of business agility as part of a strategy
of brand intervention and sales at fairs; seeking and achieving the generation of value
and increased profits of the actors involved in the research process [14].

This process map articulates the constructivist and constructionist fundamentals of
Taller Cinco’s university base essence and pedagogical model which adopts the agile and
disruptive methodologies that empower endogenous and exogenous teams to adapt to
collaborative and co-crehation environments that achieve the necessary competitiveness.
Based on the humanistic environment that puts the end user at the center. This is achieved
by creating an iterative circuit of research, trial and error that helps to formulate and test
these business models and the visual and communication strategies in advance for their
target markets, creating an environment of competitiveness and assertiveness where user
needs take precedence.

The success of Sinergy Flow T5 is based on permanent feedback aimed at oriented
learning that consolidates a culture based on results, continuous and systemic improve-
ments that incorporate tactical and strategic exercises that result in productivity as a
permanent policy propelling innovation.

As it has become evident, the agileDesignThinkingmethodology is extremely useful
for the resolution of current problems that require innovative solutions. In this sense, it
was considered that, for the realization of this project, given its characteristics, the use of
the Design Thinking methodology was the most pertinent, taking into account that the
aim was to create visual material for UTU that would influence the student community
and the social environment.
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Thus, from the information obtained, it is possible to conclude some important things.
First, it is essential to have a profile of the audience you want to reach, through a deep
and empathetic knowledge that includes their social, economic, cultural, aspirational
context, tastes, skills, weaknesses, opportunities, threats, among other things. Much of
the failure in social networks is a consequence of the lack of knowledge of those you
want to influence.

Second, to know and define which aspects of communication fail and need to be
improved. In the particular case of UTU, one of the main problems is the lack of a
sense of belonging to the university by both the student community and the social
environment. Neither the students nor the general population feel totally part of the
institution; there is no sense of ownership or institutional pride. This problem creates a
separation between the operational side of UTU and its student enrollment, applicants
and community. Therefore, the strategy in social networks implies the elimination of
this barrier, creating a sense of belonging and institutional pride.

Third, to raise all possible ideas that provide a solution to the problem, approached
from the collective, that is, including representatives from various areas of the institution.

The next step is prototyping, which implies the materialization of the ideas. In our
specific case, it implies the presentation of photographic material made under the ideas
and concepts proposed in the previous step. Last but not least, the validation of the
prototypes where they are subjected to evaluation, in order to determine if the material is
in line with the chosen strategy and if they are suitable for publication in the institution’s
social networks, or if they need to be improved, redesigned or discarded.

In this project, and under the application of the agile methodology Design Thinking,
it was possible to publish photographic material according to the needs of the UTU
and that empathizes with all the fields of influence of the institution, students, students,
students, community.
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Abstract. Student eXperience (SX) is a particular case of Customer eXperience
(CX). SX refers to experiences, interactions, and reactions of students of a Higher
Education Institution (HEI) when interacting with services, products and systems
that are provided to them. Proper SX management increases student satisfaction,
which is directly related to the perceived quality of HEIs. Among the most notable
attributes that influence SX are the cultural aspects of the student and his/her envi-
ronment. Considering the importance of proper management of SX and cultural
aspects to increase student satisfaction, we propose a preliminary methodology of
SX evaluation, which considers cultural aspects of students and their environment.
An evaluation methodology allows detecting weaknesses and strengths of a given
HEI, generating a diagnosis that takes into account the opinion of its customers.
Themethodology is organized in a 5-stage process that involves a transversal work
with the students and with the psycho-pedagogical and administrative staff of the
HEIs. The process is interdisciplinary and flexible, allowing the methodology to
be easily adopted by any HEI and adapted to its strategic objectives.

Keywords: Student eXperience · Evaluation Methodology · Customer
eXperience · HCI · Culture · Cultural Aspects · Higher Education · Higher
Education Quality

1 Introduction

Student eXperience (SX) concept is gaining relevance nowadays. SX, understood as a
particular case of Customer eXperience (CX), allows studying the reactions and per-
ceptions of students when interacting with products, systems and services provided by
Higher Education Institutions (HEIs) throughout their total consumption cycle. Student
interactions take place both inside and outside of strictly academic spaces. In addi-
tion, students’ perceptions can be affected by environmental factors and determined by
aspects of their private lives, such as sex, gender, socioeconomic level, culture, disabil-
ities, medical conditions, personality, among others. In previous studies [1] we realized
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that cultural aspects have a special relevance regarding students’ interactions and per-
ceptions. For this reason, we think that it is necessary to include cultural factors in the
development of tools that allow the SX to be analyzed and managed.

The subjectivity and diversity of student’s experiences make SX analysis and admin-
istration a complex process, which requires a multidisciplinary approach and systemic
work. The importance of proper SX management lies mainly in 2 key aspects. Firstly,
this will make it possible to increase student satisfaction and well-being. Second, as with
the CX, since the SX is a particular case of it, its effective administration can lead to
differential advantages for service organizations [2], as can be the case of HEIs.

We propose as a solution to the SX management problems the development of an
evaluation methodology. This will make it possible to detect the strengths and weak-
nesses of the products, systems, services, and environment provided by the HEIs to the
students. Considering the relevance of cultural aspects in students’ experiences, we have
incorporated this element into our solution, guided by the six national culture dimensions
proposed by Hofstede [3, 4]. The proposal consists of 5 stages that go from pre-planning
data collection to a stage of modeling and interpretation of results.

This paper is organized as follows. Section 2 introduces the theoretical background
and the key concepts of our proposal. Section 3 presents the proposal of the preliminary
SX evaluation methodology, the limitations of our proposal, and the model and methods
used for its development. Finally, in Sect. 4 conclusions and future work are presented.

2 Theoretical Background

2.1 Customer eXperience (CX)

CX is an important discipline to increase the satisfaction of a company’s customers.
Increasing customer satisfaction when using certain products and services is increasing
the success of a brand. For this reason, companies are investing more and more in
CX research. The CX concept is considered a theoretical extension of the UX concept
because instead of analyzing the interaction with a single service or product, CX focuses
on multiple products and services during the total consumption cycle. Hill et al. (2007)
consider that CX refers to “the physical and emotional experiences occurring through
the interactions with the product and/or service offering of a brand from the point of first
direct, conscious contact, through the total journey to the post-consumption stage.” [5].
Lemon andVerhoef (2016) consider CX to be “amultidimensional construct focusing on
a customer’s cognitive, emotional, behavioral, sensory, and social responses to a firm’s
offerings during the customer’s entire purchase journey” [6].

Some authors consider that the CX consists of six dimensions: emotional, sensory,
cognitive, pragmatic, lifestyle and relational [7]. Thus, regarding the impact, scope, and
dimensionality of customer interaction with certain systems, products, or services. In
the case of students this becomes evident. The interaction of students with the HEIs
frequently occurs outside the classroom and in areas other than merely educational. To
apply CX solutions and improve student satisfaction, it is necessary to understand their
characteristics, needs, expectations and interactions. It is important to mention that all
these elements are related to the student’s cultural background, since it is in the people’s
cultural environment where group behaviors and society moral norms are manifested
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[3]. To a large extent, what we consider good/desirable/acceptable can be transgressed,
affecting our perception of a certain topic. This, along with expectations, is directly
related to people’s satisfaction [8].

2.2 Student eXperience (SX)

The Student eXperience or SX is a concept that has gained popularity in recent years.
This is a particular case of CX where the students of an HEI are consumers of systems,
products, or services in the field of their higher education. The SX was defined as “all
the physical and emotional perceptions and reactions that a student or future student
experiences in response to interaction with products, systems or services provided by
a HEI, and interactions with people related to the academic field, both inside and out-
side of academic space” [1, 9]. As can be seen in Fig. 1, the SX consists of 3 clearly
defined dimensions: i) Social Dimension, ii) Educational Dimension, and iii) Personal
Dimension. The 3 dimensions are defined below.

Fig. 1. Student eXperience Dimensions.

1. Social Dimension: This dimension is related to student’s community relationship
and institutional engagement. This dimension focuses on interpersonal relationships
within HEIs (student-student) and especially with interactions with staff (e.g. student-
administrative, student-psychologist or student-educator). Along with the interac-
tions, this dimension analyzes the students’ feeling of institutional belonging or
engagement, due in part to activities organized in the university spaces or the inspira-
tion of belonging feelings regarding ideological reasons or perceived quality. Factors
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that make up this dimension include: i) Community Relationship, ii) Institutional
Engagement.

2. Educational Dimension: This dimension encompasses any aspect that focuses on
promoting an adequate educational environment, maximizing the educational out-
comes of students, or increasing HEI perceived quality (teaching methodologies,
technological infrastructure, educational support networks). These aspects directly
affect the perceived satisfaction of students. Factors that make up this dimen-
sion include: i) Learning Engagement, ii) Higher Education Quality, iii) Learning
Resources/Learning Environment, and iv) Educational/Support Services.

3. Personal Dimension: This dimension is related to students’ life personal aspects
that may influence interactions and perceptions with HEI services and products. This
dimension encompasses a wide range of aspects related to culture, socioeconomic
level, financial dynamics, physical or mental disabilities, personal aspirations, family
structure, position towards leisure in society, student feelings, among others. Fac-
tors that make up this dimension include: i) Student Development and Outcomes,
ii) Student Feelings and Emotions, iii) Environment Relationship, and iv) Student
Thoughts, Identity and Background.

It is important to highlight that cultural factors have influence on all the dimensions
of the SX in terms of the perceptions and expectations that the student has regarding
their environment, their contacts, and the products and services they use. Even so, since
the culture of a student is an intimate and personal element, it is included within the
factors of the personal dimension of the SX.

2.3 Culture

Culture is the main element of our proposal. Hofstede has defined it as “the collective
programming of the mind that distinguishes the members of one group or category of
people fromanother” [3]. There is awide variety ofmodels that define the dimensions and
factors that influence national culture [10–12]. In our proposal we have used as a guide
the six national culture dimensions proposed by Hofstede [4]. This is not inconvenient,
since Hofstede’s model has been validated for years and the cultural dimensions of other
models are usually statistically related to those proposed by Hofstede. This without
mentioning that theoretically most cultural models refer to the same defining elements
[13]. Table 1 indicates the six national culture dimensions proposed by Hofstede with
their respective definitions.
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Table 1. Hofstede’s national culture dimensions.

Hofstede’s National Culture Dimension Description

Power Distance Power Distance (PD) dimension refers to the level
of acceptance shown by the subjects of a society
in relation to a hierarchical structure. This applies
in family, society, and institutions

Individualism vs. Collectivism Individualism vs. Collectivism (IDV) dimension
refers to the individuals’ predisposition to
integrate into primary groups in society. In this
dimension problems such as group vs. individual
thinking, competitiveness vs. cooperation, and
sense of group identity are analyzed

Masculinity vs. Femininity Masculinity vs. Femininity (MAS) dimension
refers to aspects traditionally associated with men
or women roles in society, institutions, and
family. This element is related to individuals’
assertiveness and caregiving, apart from his
sexuality

Uncertainty Avoidance Uncertainty Avoidance (UA) dimension refers to
the stress perceived by individuals because of an
uncertain future. This element determines the
degree of risk that individuals are willing to
accept in family, society, and institutions

Long-Term Orientation vs. Short-Term
Orientation

Long-Term Orientation vs. Short-Term
Orientation (LTO) dimension refers to people’s
efforts and goals. In LTO dimensions we observe
if people are focused on the past, the present, or
the future, and if they seek rewards in the short,
medium, or long term. This in the family, society,
and institutional context

Indulgence vs. Restraint Indulgence vs. Restraint (IVR) dimension refers
to the relationship between people’s
control-gratification and their desires. This
element is related to enjoying life and the moral
perception of leisure in family, society, and
institutions

A previous study showed the relationship of communicative aspects regarding the
individual’s culture. This is relevant considering that communication is a common ele-
ment in the 3 SX dimensions. Additionally, the relationship of cultural aspects regarding
the use of technological devices was observed. The use of technological devices is today
an important element for communication and support for learning and is mainly included
in the SX educational dimension as “learning resources” [14].
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3 Student eXperience Evaluation Methodology

3.1 Study Limitations

Our proposed methodology is preliminary. We plan that the methodology will be refined
after each practical application. Thus, the main limitation of our proposal is that the
number of test subjects selected to apply the evaluation methods must be varied. This
implies that it must be tested on students from different cultures to corroborate the
efficiency of the selected evaluation methods.

3.2 Student eXperience Model

Prior to proposing our SX evaluation methodology, it was necessary to develop an SX
model that incorporates cultural aspects. In this way it is possible to analyze the various
problems related to a specific SX dimension separately. In addition, by identifyingwhich
SX dimensions are affected by the students’ opinions it is possible to knowwhat cultural
factors are involved and could cause discomfort or satisfaction in students (Fig. 2).

Fig. 2. SX-Culture Matrix.

The three SX dimensions indicate the factors that make up the holistic students expe-
rience throughout the cycles of pre-consumption, consumption, and post-consumption,
both inside and outside the spaces provided by the HEIs [1]. Meanwhile, the national
culture dimensions proposed by Hofstede [3, 4] indicate the elements that make up the
cultural experiences of an individual within a society/nation. In this way, when detect-
ing a problem in the students’ experience, before proposing a solution from the SX
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perspective it is necessary to consider the cultural aspects that could be affected by these
changes. For example, when proposing a solution that is related to the HEI perceived
quality, it must be considered that this dimension is related to the PD dimension (Fig. 2).
That is, the perceived quality by students can be affected by modifying the hierarchical
structures within the classroom or the university depending on the students’ culture.

3.3 Preliminary SX Evaluation Methodology

Our SX evaluation methodology proposal consists of a series of methods and techniques
to be applied sequentially. The main objective is to detect the SX strengths and weak-
nesses from the students’ perception considering cultural aspects of their experience.
The first two stages (Fig. 3) focus on gathering information and planning the methods to
be executed. Stages two and three respectively focus on the execution of the evaluation
methods and on the analysis and integration of data. Finally, in stage five the results are
modeled graphically to present them clearly and simply.

Fig. 3. SX Evaluation Methodology Stages.

The stages are detailed below:

1. Pre-Panning: In the pre-planning stage, the information that the HEI already has
about the students is collected. This includes elements such as market studies, teacher
evaluations, satisfaction surveys, among others. The objective of this stage is to have
a starting point to contrast the information collected in later stages, in addition to
ruling out possible evaluation methods that could provide information that is already
available. This stage consists of the following three tasks:
a) Data Collection: This task consists of collecting information that allows guiding

the execution of evaluationmethods and serving both as a starting point and to con-
trast the results obtained later. The previous information includes market studies,
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teacher evaluations, satisfaction surveys, customer journey maps, financial studies
on students, psycho-educational studies on students, and demographic studies on
students.

b) Student Journey Map [15, 16]: The student journey map is a case of customer
journey map (CJM) where the consumer is the student. In a CJM, the interactions
(touchpoints) of a consumer with the services, products and systems provided by a
brand are graphed throughout their consumption cycle (pre-consumer, consump-
tion, and post-consumer). It is necessary to create a CJM per detected student pro-
file (based on their own needs and characteristics) and incorporate the fluctuation
of their emotions and channels used in each interaction.

c) Method Selection: In this task, the necessary methods are selected to evaluate
the SX. The selection of methods must be made considering the time necessary
to carry them out, the financial resources available, the personnel necessary to
execute the methods, and the already available SX information.

2. Planning: In the planning stage, the participants, the evaluators/experts, and the
methods to be executed of the methodology are defined according to the information
collected in the previous stage, as well as external factors (time and financing). This
stage consists of the following three tasks:
a) Participants Selection: This task consists of choosing the group of students and

psychoeducational personnel with whom we will work to evaluate the SX. This
should be determined based on the information collected in the pre-planning stage.
For particular purposes, you can work with a limited group of subjects, e.g. seek
to improve the experience of a specific group of students with a certain cultural
background.

b) Evaluators Selection: This task consists of choosing the group of experts in
charge of evaluating the feasibility of execution and carrying out the methods
proposed in the methodology. Considering that educational solutions must have a
multidisciplinary approach, we recommend working with experts from areas such
as education, psychology, usability, User eXperience (UX), and CX. This also
helps to give technical feasibility to the solutions of the problems detected.

c) Method Execution Planning: This task consists of planning which methods will
be executed and in what way. This must be agreed based on the information
collected in the pre-planning stage and must be validated by the group of experts
from the previous task (b).

3. Execution: In the execution stage, the methods are applied to the subjects defined
in the planning stage based on the requirements from the pre-planning stage. The
methodology includes three methods to apply to psychoeducational and support staff
to evaluate the usability not necessarily of software products, and three methods to
mainly apply to students. The application of interviews with educational personnel is
recommended to obtain second feedback on the problems reported by the students.
Additionally, we included the heuristic evaluation method to evaluate the usability of
educational platforms and applications provided by theHEI. The inclusion ofmethods
for both staff and students is due to the need to include technical and procedural
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feasibility in the solutions proposed to the students’ suggested problems. The seven
methods of our methodology are detailed below:
a) PropertyChecklists [17]:Property checklistmethod consists of applying a check-

list associatedwith design properties. The objective is to see if the design objectives
of a certain product are satisfied. In this method, an expert UX evaluator verifies
that the elements associated with the checklist, such as low- and high-level prop-
erties, are met. The selection of this method lies in the possibility of associating
certain items in the checklist with design objectives focused on student users with
a specific cultural background. This considers design aspects whose interpretation
varies from culture to culture such as colors, fonts, currency, number of people in
the illustrations, among others.

b) HeuristicEvaluation [18]:Heuristic evaluation is a type of inspectionmethod that
allows evaluating software products through direct observation based on a series
of usability principles called heuristics. It is done by groups of 3 to 5 evaluators
who are supposed to detect, classify, and qualify usability problems. We find it
important to utilize this method due to the existence of heuristics sets based on
cultural factors which may yield results of interest [19]. It is important to mention
that currently there are specialized heuristics sets for educational solutions related
to the SX educational dimension [20].

c) Group-Based Expert Walkthrough [21]: Group-based expert walkthrough is a
usability inspection method. This is done by expert evaluators in a specific domain
area. In our proposal these experts must be related to the education sector (e.g.,
Teachers, psychologists, administrators). This inspection is supervised by one or
more usability experts. The method consists of fulfilling predefined tasks assigned
to evaluators who are under the usability experts’ supervision. It is preferable that
test subjects may not have previous experience performing usability inspections
before. The obtained results in a primary phase of the walkthrough are noted
down and subsequently discussed as a group. This method was included because
it is important to have the opinions expressed in a group by people linked to the
educational context.

d) Perspective-Based Inspection [22]: Perspective-based inspection method allows
an evaluator to perform usability inspections from different perspectives. In this
way, usability issues are addressed by grouping them into one of several usability
perspectives. The perspectives addressedmust bemutually exclusive of each other.
This inspection is carried out in several sessions. We incorporate this method into
our evaluation methodology proposal because of the large number of “student
types” with different expectations and needs. Potential usability issues need to be
addressed from the perspective of several types of students.

e) Interviews [23]: The interview is a conversation between 2 subjects (interviewer
and interviewee) in which it is intended to obtain information on a specific topic.
The interviews can be structured, non-structured, or semi-structured depending
on the questions and the freedom to ask that the interviewee has. The structured
interviews consist of concise questions, the non-structured interview is an almost
not guided conversation, and the semi-structured interview addresses concise top-
ics to be discussed but with a certain freedom degree for the interviewee. We
recommend, as far as possible, the application of one (or more) semi-structured
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interviews, since the data analysis is not too complex or expensive, and the inter-
viewee could provide valuable information. We find it prudent to apply interviews
to educational personnel to corroborate the information provided by the students
in the surveys.

f) Surveys [24]: Survey is a statistical method of data collecting from individuals.
Surveys aremade up of physical or digital formswith questions limited to a specific
number of predefined answers (closed question survey), questions with answers
to the free choice of the respondent (open question survey) or mixed-response
questions (closed and open questions). Researchers perform statistical surveys in
order to make statistical inferences about a population under analysis.

g) Focus Group [25, 26]: Focus group is a qualitative technique used to study the
opinions and attitudes of a specific group of people regarding a product, system or
service. This consists of organizing a discussion group session with a moderator
in charge of guiding the correct course of the session. The sessions address topics
related to the expectations, opinions and needs of the participants with respect to
the topic of interest.

4. Result Analysis: In this stage, the results obtained from the methods executed in the
previous stages are analyzed and the data obtained is contrasted with those consol-
idated in the pre-planning stage. The result analysis contemplates the integration of
quantitative and qualitative data preceded by a separate analysis. This stage consists
of the following three tasks:
a) Quantitative Analysis: The quantitative analysis includes the statistical analysis

of the quantitative data of the heuristic evaluation, survey, and demographic data
of the students under analysis.

b) Qualitative Analysis: The qualitative analysis includes the results of the prop-
erty checklist, the qualitative data of the heuristic evaluation, the opinions and
perceptions of the group-based expert walkthrough, perspective-based inspection,
interviews, surveys, and focus group. Open-ended responses should be allowed
only based on time and personnel available to process and interpret the data. We
recommend analyzing the quantitative data with Natural Language Processing
(NLP) techniques such as text emotion analysis and collecting the most common
keywords. In this way trends can be observed, and it is easier to integrate the
qualitative and quantitative data.

c) Data Integration:Data integration consists of associating and grouping the results
of the statistical analysis of the quantitative data (e.g., correlations, covariances,
mean, and mode) with the general opinions and perceptions coming from the
qualitative data.

5. Result Interpretation: In the Result Interpretation stage, the results obtained in
previous stages are graphically consolidated to present the information clearly and
simply. This stage contemplates the execution of two graphic methods:
a) Student Journey Map [15, 16]: This method is a particular case of CJM where

student interactions with the services, products and systems provided by HEIs
are graphed. A CJM must be considered for each student profile detected. The
profiling of the students must consider the national culture of the students.
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b) Student Emotional Journey [15]: This graphic method allows to complement
the CJM incorporating the mood and feelings of the students throughout their
consumption cycle, when interacting with the different touchpoints. The emo-
tional aspect is important not only for students, but also for all consumers since it
influences the perceptions and expectations of a product or service [27].

As already mentioned, method execution may not be rigid. The application of the
methodology is subject to the information available to the HEI, the time available to
evaluate the SX, the availability of experts for evaluations, and financial resources. The
methodology should ideally be adapted to the needs of each academic unit or HEI.

Considering the importance that we have given to cultural aspects in our proposal,
we recommend the inclusion of sufficient cultural representatives in the test subjects.
By contrasting quantitative and qualitative data, and national culture indices by country,
significant differences due to cultural reasons can be detected [4]. The solutions proposed
later should consider the three dimensions of the SX [1] and their relationship with the
six national culture dimensions proposed by Hofstede (Fig. 2). Finally, we recommend
the inclusion of professionals and experts from multiple disciplines to approach the
proposed solutions in a holistic way and contemplate technically feasible solutions.

4 Conclusions and Future Work

Considering the importance of quality assurance in higher education and student welfare
we have proposed a methodology for evaluating SX that includes cultural factors. Our
methodology contemplates working with students, educators, and educational support
personnel. We do this to have a holistic approach to the problems raised by students and
not allow solutions without technical feasibility.

Ourmodel consists of 5 stageswhich address i) the collection of prior information, ii)
the planning of themethods to be executed, iii) the sequenced execution of the evaluation
methods, iv) the analysis of the results, and v) the interpretation and modeling of the
results. The execution of the methodology could not be strictly guided step-by-step by
the proposed workflow and methods, which can be adapted to the specific needs of
each HEI. The proposal is flexible in terms of its application, which allows it to be
complemented with more models to diagnose and address the problems.

We plan to apply our evaluation methodology to the student and educational per-
sonnel of different nationalities and cultures. In this way we intend to obtain contrasted
data on perceptions, expectations and procedures that may be influenced by cultural
differences. The first implementation will be carried out with students and educational
personnel from different careers in Chile and Spain. Among the validation mechanisms
of our proposal, we contemplate the judgment of experts in the CX area corresponding
to multiple nationalities and HEIs.
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Abstract. Alongside the prolonged social and economic instability and the esca-
lating demands for upskilling, Covid-19 pandemic had a detrimental impact on
students’ and academics’ mental health and wellbeing. Social isolation and the
emergency transition to remote education caused high levels of psychological dis-
tress, hindering students’ self-efficacy and academic performance. The pandemic
also induced sudden changes affecting academics’ personal and professional lives,
leading to mental disorders and risk of burnout. While recent research focuses on
addressing the effects of the pandemic on either students or academics, this paper
presents a collective analysis. The key themes that emerged by examining the
experiences of both students and academics in higher education are framed in
a multi-layered support system embracing qualities such as: self-efficacy, well-
being, equality, diversity, and inclusion, social interactions, human-centred tech-
nologies, and authentic pedagogical methods. The findings are discussed with the
aim to extract informed recommendations for enhancing teaching and learning
experiences in the post-pandemic era.

Keywords: Higher Education · Emergency Remote Teaching ·Wellbeing
Education · Inclusive Education · Learner Engagement · Upskilling

1 Introduction

The unstable social situation and the unpredictable consequences of Covid-19 pandemic
have challenged students, academics, and the broader higher education ecosystem (Al
Miskryet al. 2021;Halabiehet al. 2022).Recent literatureaddresses academics’ readiness
(Yiapanas et al. 2022) and students’ preparedness (Meletiou-Mavrotheris et al. 2022; Piki
2022) to respond to theemergencyshift toonlineeducation.As the impactof thepandemic
continues tounfold, governments, policymakers, andhigher education institutions (HEIs)
strive toreframetheeducationsystemandre-establisheffectiveandengagingteachingand
learningenvironments (Hodgesetal.2020;Marinoniandvan’tLand2020;Pikietal.2022;
Piki 2022), while also attending to the increasing demands for reskilling and upskilling.
Various initiativeshavebeenrecently launched leveragingdigital andmobile technologies
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(Abu Elnasr et al. 2020; Engelbrecht et al. 2020; Marinoni and van’t Land 2020; Muñoz-
Carril et al. 2021; Piki 2020; Vlachopoulos 2020) and innovating pedagogies (Kukulska-
Hulme et al. 2022) towards alleviating the consequences of the pandemic and responding
to emerging needs. Despite these efforts, reimagining education in the new normal con-
stitutes an ongoing challenge (Piki 2022; Brzezinska 2022), which needs to be addressed
across institutional, technological, pedagogical, psychological, emotional, and social lay-
ers.Variousproblemshavebeenidentifiedinrecent literature(Halabiehetal.2022) includ-
ing institutional challenges (such as low student retention, increased number of dropouts,
inclusion issues, and inequitable access to higher education), technological limitations
(including theneed forupgrading the technological infrastructure and leveraging state-of-
the-art systems in education), career-oriented and digital skills gaps and growing training
needs, and innerandmoresevereconsequencesonstudents’ andacademics’mentalhealth
andwellbeing (BrzezinskaandCromarty2022;Dinuet al. 2021;Halabiehet al. 2022;Kita
et al. 2022; Urbina-Garcia 2020;Wray andKinman 2021).

Recent research has explored the effects of the pandemic on students (Aucejo et al.
2020; Meletiou-Mavrotheris et al. 2022; Piki 2020; Piki et al. 2022; Piki 2022;) as well
as academics (Al-Taweel et al. 2020; Brzezinska and Cromarty 2022; Dinu et al. 2021;
McGaughey et al. 2021; Yiapanas et al. 2022; Watermeyer et al. 2021), although the
former group has attracted more attention in the literature than the latter one (Dinu et al.
2021). On one hand, during emergency remote teaching (ERT) students have experi-
enced high levels of psychological distress and mental disorders (Halabieh et al. 2022),
hindering their self-efficacy and academic performance (Piki et al. 2022; Piki 2020),
while the enduring social instability caused high levels of uncertainty, estranging and
demotivating students (Piki 2022) and further increasing the number of dropouts (Hala-
bieh et al. 2022). On the other hand, sudden and profound changes affected academics’
personal and professional lives and resulted in escalating mental health disorders and
risk of burnout, since many academics had to manage family obligations, teaching, and
research duties alongside their increased workload (Dinu et al., 2021; Brzezinska and
Cromarty 2022; Kita et al. 2022; McGaughey et al. 2021; Watermeyer et al. 2021).

Although the number of articles exploring the impact of Covid-19 pandemic on
education has increased since its outbreak, most studies present either academics’ or
students’ perspectives, with only a few addressing both (e.g., Al Miskry et al. 2021).
To fill this gap, this paper takes a holistic and systemic approach, drawing on empir-
ical insights, personal experiences, and recent literature, with a twofold aim: firstly,
to collectively explore academics’ and students’ perspectives, and secondly, to extract
informed recommendations highlighting the key qualities that forward-looking pedago-
gies should aspire to accommodate.Thepaper is structured as follows: Sect. 2 portrays the
research background and a review of related studies exploring academics’ and students’
experiences and captures the juxtapositions between their views. Section 3 synthesises
the findings and provides recommendations that can inform pedagogical approaches in
higher education. Finally, conclusions are presented in Sect. 4.
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2 Research Background and Related Work

Recent literature portrays abundant insights on the intricate impact of the pandemic, the
impromptu coping strategies devised, and the role of social technologies. The paragraphs
below discuss both academics’ and students’ perspectives, experiences, and visions
indicating the inextricable connection among their worldviews.

2.1 Academics’ Perspectives and Experiences

The negative effects of the pandemic were evident across various disciplines, career
stages, and geographic locations (Al-Taweel et al., 2020; Brzezinska and Cromarty
2022; Dinu et al. 2021; McGaughey et al. 2021; Watermeyer et al. 2021; Yiapanas et al.
2022). These included the academics’ technological (un)readiness, varying degrees (or
lack) of support, increased workload and difficulty to maintain work-life balance, which
altogether impacted academics’ mental health and wellbeing. Some positive aspects
attached to technology-mediated remote teaching were also identified, including flexible
working hours, less commuting, and establishing stronger bondswith colleagues, helping
each other to endure the challenges.

Techno-Pedagogical Challenges, Technological Readiness, and Skills Gaps. During
the pandemic, various technological barriers hindered academics’ experiences, includ-
ing poor or unstable Internet connection; limited remote accessibility to software, hard-
ware, and data resources; outdated personal computers; shortage of peripheral devices
including headsets and web cameras; compatibility issues; and deficient home-working
ergonomics (Dinu et al. 2021; Halabieh et al. 2022). Nevertheless, in a recent study, 91%
of instructors reported that it was not technology that posed the biggest problem for them
during ERT (Leone and Brzezinska 2021). Rather, key challenges included having to
cope with poor student participation, low student engagement, ineffective interactions,
increased distractions, and student interruptions (Bożykowski et al. 2021; Halabieh et al.
2022;McKenzie 2021; Piki 2020). Hence,most academics expressed their preference for
traditional, classroom-based teachingwhere learning outcomes can bemetmore straight-
forwardly (Bożykowski et al. 2021). Besides techno-pedagogical factors, digital skills
gaps, and the lack of familiarity with social technologies also affected academics’ expe-
riences.While some academics evaluated their technological readiness as relatively high
(Bożykowski et al. 2021; Leone and Brzezinska 2021), for others, the demands to utilise
new or unfamiliar technologies for teaching and interacting with students constituted a
source of considerable anxiety (Dinu et al. 2021). Even in cases where the motivation to
develop digital competencies was high, many academics reported insufficient time for
adequate preparation and training (Killen et al. 2021).

Alongside the challenges, social benefits of technology were valued during remote
education. A significant observation was that academics who were involved in collabo-
rative activities, as well as those who had a strong social identity and high technological
competencies, were more likely to report high mental wellbeing (Dinu et al. 2021).
Online social interactions with colleagues were crucial for remaining connected with
the academic community, reducing feelings of loneliness and isolation, and maintaining
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strong bonds amongst colleagues. These social aspects acted as key enablers contribut-
ing positively to academics’ wellbeing. Flexible working hours and reduced commuting,
online office hours and consultations with students (Bożykowski et al. 2021), fewer dis-
tractions (compared toworking in a shared office at theUniversity), increased attendance
in researchmeetings, andwidening access to conferences offering reduced fees for virtual
participants were also some of the advantages reported during the pandemic. For some
academics, homeworking was considered more flexible, effective, and efficient, hence
contributing positively to professional development, productivity, and mental wellbeing
(Dinu et al. 2021). Evidently, technology played a multifaceted role during the pan-
demic. On one hand, technical issues and prolonged exposure unfavourably impacted
self-confidence and wellbeing, while on the other, social technologies played a crucial
role in maintaining interactions and reactivating faculty motivation.

Disrupted Academic Responsibilities, Work-Life Balance, and Wellbeing. Unlike
distance education, which is especially designed for remote delivery, ERT engendered
many challenges due to rapid and unplanned changes (Brzezinska 2022; Brzezinska and
Cromarty 2022; Halabieh, et al. 2022; Piki 2020). An eminent challenge was the addi-
tional time and effort required for managing remote interactions with students, redesign-
ing educational activities, and adjusting learning content, assessments, and feedback
strategies (Yiapanas et al. 2022). The unfolding economic and social consequences, the
anxiety related to the negative health situation worldwide (Brzezinska and Cromarty
2022), the unmanageable workload and difficulty to find work-life balance (Dinu et al.
2021), the implicit assumption that academics should be available 24/7, limited resources
and poor connectivity, digital skills gaps and the necessity to abruptly adapt to the new
teaching environment constituted aspects which further hindered academics’ experi-
ences. Mental, physical, and emotional deficits academics had suffered were evidenced
across continents (Brzezinska and Cromarty 2022; McGaughey et al. 2021; Kita et al.
2022). In certain contexts, more than half of the faculty members experienced mild psy-
chiatric problems, high levels of worry, or work-related stress (Al Miskry et al. 2021),
one in three academics admitted they neglected their personal needs due to the demands
of their work (Wray and Kinman 2021), or considered leaving their jobs because of
chronic pandemic stress (Flaherty 2020).

A key source of distress was the additional responsibilities academics had to assume,
both towards the HEI and their students (e.g., offering additional feedback and support),
while at the same time maintaining a research-active profile. As a result, poignant prob-
lems included work-related stress, ‘digital fatigue’, work-life imbalance, and signifi-
cant concerns over potential longer-term changes to academia because of the pandemic
(McGaughey et al. 2021). A common obstacle seemed to be unrealistic time pressures
enforced to alleviate the eminent crisis (Wray and Kinman 2021). Senior academic
staff members were more likely to be overburdened with increased time pressures and
additional duties, such as academic and advisory support provision for students, dissem-
ination, and administration of official policies to ensure they are properly applied by all
faculty members. Although the number of teaching hours per academic semester was not
generally affected during the pandemic, in many cases academics reported a substantial
increase in their working hours and overall workload (Dinu et al. 2021; Wray and Kin-
man 2021). Migrating online engendered significant dysfunctionality and disturbance to
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academics’ professional roles and personal lives (Watermeyer et al. 2021).Many felt that
revising teaching material for online delivery, learning how to use new technologies, and
devising new ways to keep students engaged at a distance required considerably more
effort compared to face-to-face teaching (Wray and Kinman 2021). Almost every aca-
demic felt they devoted far more time for class preparation during ERT than had been
the case for on-site classes (Czaja et al. 2020). On one hand, the increased workload
made many academics more vulnerable to burnout, anxiety, and stress (Watchorn et al.
2020; Gewin 2021). On the other, some felt that it was not the increased workload or
the lack of digital abilities and confidence in teaching online that negatively impacted
their wellbeing; rather, factors such as rapid and enduring changes and the broader social
instability were identified as deterrents to good mental health (Brzezinska and Cromarty
2022; Gewin, 2021; Watchorn et al. 2020). Furthermore, a lack of recreational activities,
prolonged social isolation, and mobility restrictions inflicted several negative experi-
ences including a sense of monotony (Dinu et al., 2021), overwhelming exposure to
technology, lack of motivation, and fatigue, especially after spending long hours in front
of a screen (Brzezinska and Cromarty 2022; McGaughey et al. 2021; Watermeyer et al.
2021).

The level of motivation and distractions fluctuated across different phases of the
pandemic, affecting academics’ performance and productivity in varying degrees. The
reduction or loss of research funding, the interruption of research experiments and data-
gathering activities, and the postponement of promotional procedures constituted addi-
tional factors which impacted academics’ sense of belonging and, in turn, their mental
health and wellbeing (Dinu et al. 2021). Many academics mentioned that they had to
re-establish their work-life balance while working from home (McGaughey et al., 2021;
Watermeyer et al. 2021). Distractions increased especially for academics with parental
responsibilities, forcing them to balance full-time work and family caring responsibil-
ities, which often negatively impacted their work performance and productivity (Dinu
et al. 2021). Furthermore, during the lockdowns, many academics felt that teaching
turned impersonal and distant (Dinu et al. 2021), both metaphorically and in practice.

It is also likely that students’ anxiety and distress during ERT and subsequent lock-
downs and social isolation periods may have had a knock-on effect on the workload and
emotional strain of academic staff (Dinu et al. 2021). Students’ increased demands for
instructor time and assistance, which often meant one-to-one virtual meetings, further
increased academics’ already high levels of stress. Strong negative emotions and anxiety
expressed by some students, who may have had no other vent, overburdened faculty, and
often enhanced the feeling of helplessness (Wray and Kinman 2021). Thus, a significant
downside to remote instruction, in addition to invading academics’ privacy and blurring
the borderline between professional and family life, was the prevalence of psychosocial
hazards such as loneliness, alienation, isolation, and being overwhelmed (McGaughey
et al. 2021).

Recent research re-emphasises the complex role that educators need to perform, not
only in motivating and supporting their students during the lockdowns (Piki 2020; Piki
et al. 2022; Piki 2022; Watermeyer et al. 2021), but also in responding to students’
mental health concerns (Hughes and Byrom 2019; Dinu et al. 2021), which incurs an
additional mental burden on academics. Moreover, the fact that the overheads incurred
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for adjusting materials for online teaching or the emotional investment and the time
academics eagerly devoted to supporting their students were not adequately recognised
by the University further impacted faculty’s own mental health and wellbeing (Urbina-
Garcia 2020). In many cases, academics felt that the time and effort spent in supporting
students during ERT was unaccounted for, and often came at a cost to other academic
and research responsibilities assessed in performance reviews and counting towards aca-
demic promotion (Dinu et al. 2021). These factors highlight the inextricable connection
between students’ and academics’ wellbeing and put forward the need for adopting a
systemic approach when formulating innovating educational practices. This observation
emphasises the need to collectively explore and analyse their experiences, worldviews,
and visions for the future – a need addressed in this paper.

Level, Type, andSource of Support. The provision of technological and psychological
support was not consistent across HEIs with regards to the level and type of support
academics felt they received from their colleagues, the University, and governmental or
policy making bodies (e.g., Higher Education Quality Assurance Agency or Ministry of
Education).

Regarding psychological support from the University, academics reported frag-
mented connection with University services and felt that support was either unavail-
able or scarce. This increased academics’ stress and spawned feelings of anxiety (Dinu
et al. 2021; Wray and Kinman 2021). Many academics would have truly appreciated
psychological support from their institution, yet most did not receive the expected car-
ing response. Frequently, academics felt that their changing responsibilities were too
demanding, making them feel anxious and lonely rather than supported, encouraged,
and understood (Leone and Brzezinska 2021). Findings also revealed that communica-
tion with the leadership and professional support from the human resources department
could have been improved (Dinu et al. 2021). A few HEIs attempted to respond to
psychological needs by forming mentoring schemes and organising virtual drop-in ses-
sions. These were positively received and helped involved academics navigate the abrupt
changes (Dinu et al. 2021), yet the challenge was to get academics to participate in such
endeavours (Wray and Kinman 2021).

Other actions of support included technological assistance, providing equipment
such as tablets or laptops, and basic digital training. Nevertheless, the one-off and rapid
nature of the training offered was often insufficient. Hence, many academics started
looking for external resources, which further contributed to the information overload
they were experiencing during the pandemic. Furthermore, the fact that ERT was imple-
mented swiftly, with no transitional period, meant that training had to be prepared and
delivered immediately. Thus, it was not feasible to tailor it to specific needs. Even in
cases where academic faculty was provided with an in-depth, half-day training, this
often addressed only the basic functionalities of a selected videoconferencing platform.
Academics who wanted to further develop their skills had to pursue external training.
Such training sessions covered a broad range of skills and knowledge areas including
successful online teaching methodologies; effective strategies for transferring teaching
skills and learning content from the classroom to the digital environment; converting
classroom activities to engaging virtual activities; techniques for adjusting and person-
alising learning content; approaches for engaging students online; the use of specific
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applications for enhancing student-student and teacher-student connections; and meth-
ods for fostering student mental wellbeing, amongst other relevant topics. Drawing
on the authors’ experiences, while attending additional training was informative and
instrumental for acquiring and further developing the desired skills and competencies, it
required time-consuming online research, and often, the content was not relevant to the
particular educational context. Thus, the invested time and effort did not always translate
to substantial gains in personal or professional development. Such efforts often gener-
ated additional overheads and led to varied impromptu approaches. This, in turn, had an
impact on students who found this diversity of approaches confusing (Piki, 2020).

During subsequent phases, the level of support and quality of training offered inter-
nally by HEIs were refined. In some cases, wellbeing questionnaires were administered
amongst academics to gather their insights. Still, active psychological or wellbeing-
oriented support was not always provided as a follow up. Many academics characterised
their institution’s approach as superficial and ‘empty’ gestures rather than an active
response to the feedback from staff surveys, commenting that although HEIs had offi-
cial policies on work-life balance, equality, and mental health awareness, the actual
working culture was not aligned with them (Wray and Kinman 2021). Even in cases
where the University employed strategies to address academics’ mental health and well-
being disorders, many academics emphasised that no intervention (including relaxation,
mindfulness, or building resilience) could, in fact, substitute for a crucial reduction of
workload, stating that the demands of the job absorbed their time, making it impossible
even to make use of the solutions provided by the University (Wray and Kinman 2021).

In addition to the internal procedures adopted at eachHEI, the respective governmen-
tal body (i.e., Ministry of Education or Higher Education Quality Assurance Agency)
published official recommendations including the rights and responsibilities of aca-
demics while teaching remotely under lockdown, whichwere later revisited and adjusted
for hybrid and blended teaching modes. These policies covered a range of guidelines
and recommendations covering various aspects of teaching delivery, the compulsory
recording of lectures, the provision of synchronous lectures and virtual office hours, as
well as regulations regarding GDPR, for example ensuring that all learning materials
are available on the University’s Learning Management System (LMS) or communica-
tion platform, students’ learning process is documented and monitored, and attendance
records are kept to confirm the regularity of contact and interactions with students.
Faculty may have been required to schedule online consultations for students and pro-
vide regular feedback on their learning progress. Evidently, the list of responsibilities
was quite extensive, and in some contexts the only faculty rights were autonomy in the
selection of tools to support distance learning and the right to receive support regarding
distance learningmethods, instruments, and techniques. Nevertheless, inmany cases, the
published policies were not accompanied by clear explanations of how the requirements
were to be met nor by specific procedures to follow, which lead to diverse interpretations
and ad hoc solutions.

A profound observation was that genuine support amongst colleagues was highly
valued and appreciated at all stages of the pandemic. Social interactions amongst col-
leagues were crucial for reducing the consequences of isolation. The overall inference
from published findings is that, in general, academics would have appreciated support
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at different levels: better technological assistance; improved access to necessary hard-
ware, software and data resources; customisable resources and materials adapted for
remote instruction; personalised training on online teaching and assessment methods;
specific training and best practices on retaining students and reactivating learner engage-
ment; and more time to adapt to the new teaching environment; psychological support
from colleagues and the University; and wellbeing education to help faculty handle the
complexities they were experiencing. All the above indicate the prominent need for
teacher training, upskilling in technology-mediated teaching, and multi-layered support
responding to multi-faceted needs.

2.2 Students’ Perspectives and Experiences

Understanding what affects students’ engagement and how they respond to various
educational technologies and social interactions can make a valuable contribution and
inform pedagogical design, theory, and practice (Aucejo et al. 2020; Muñoz-Carril et al.
2021; Meletiou-Mavrotheris et al. 2022; Piki 2020; Piki 2022). Prominent themes in
recent literature include the impact of the pandemic on learning approaches and learner
engagement, the ambivalent role of social technology and social media, and students’
self-reports on how they envision the future of learning in the post pandemic era.

Learning and Learner Engagement Amidst the Pandemic. Learner engagement has
become more fragmented and distributed than ever before due to the abrupt changes
and enduring consequences of the pandemic (Piki 2020; Piki 2022). During ERT, stu-
dents were compelled to continue their university studies at a distance. This brought
several challenges to young adults’ lives and degree of engagement (Kara 2021). First,
for most students, remote education was an unfamiliar situation, and many had never
attended classes online before, hence they lacked important digital skills. Naturally, the
way students engage, learn, and interact in online education differs compared to attend-
ing a conventional classroom (Ma et al. 2020; Wang et al. 2022). Secondly, pedagogi-
cal procedures inevitably changed: lectures were often recorded impeding spontaneous
student participation; assessments were an additional burden, even though the process
for requesting extensions became more lenient; communications with lecturers became
fragmented; while social, informal interactions during online lectures disappeared (Piki
2020). Thirdly, students were undergoing a fusion of swift and imposed changes beyond
their control, including restrictedmobility, social isolation, and reduced flexibility, which
was contrary to their pre-pandemic lives. The severe health-related consequences of the
pandemic globally further challenged students, similar to academics, and elevated stu-
dent uncertainty and distress (Kara 2021; Vijayan 2021; Wang et al. 2022), especially
for those in vulnerable groups of the population or whose family members were at risk
(Brzezinska and Cromarty 2022). Due to the novelty of the situation, students frequently
exhibited frustration and anxiety, which was sometimes manifested during ERT classes
and one-to-one meetings with instructors.
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Information overload or inadequate information further overwhelmed students.
Learner engagement was more affected in practical modules, such as accounting and
mathematics,where students found itmore difficult to follow the lecturer’s line of thought
(Cassibba et al. 2020; Engelbrecht et al. 2020; Piki et al. 2022). Over time, these expe-
riences made students feel detached from reality and disengaged from their normal
routine, which inevitably had a negative impact on their learning, level of concentra-
tion and degree of participation (Piki 2020). This was evident during initial national
lockdowns, which enforced ERT (Kara 2021), but also in subsequent lockdowns and
self-isolation periods (Piki 2022).

Various technological adaptations (Veluvali and Surisetti 2022) and innovating ped-
agogies (Kukulska-Hulme et al. 2022) have been recently proposed emphasising the
need to explore the role of individual learner characteristics (Kara 2021), to attend to
diverse learners and learner abilities, and to promote learner engagement in higher edu-
cation (Piki 2020; Piki 2022; Veluvali and Surisetti 2022). Despite efforts to understand
the factors that impacted learner engagement during the pandemic, counter-engaging
expressions such as boredom, fatigue, anxiety, stress, and poor mental health are com-
monly reported in the literature (Kara 2021; Vijayan 2021; Wang et al. 2022; Ma et al.
2020; Muñoz-Carril et al. 2021). This means that efforts need to be intensified to bet-
ter understand the personal, pedagogical, technological, and social factors influencing
student engagement (Piki 2022) and to move forward, towards actioning on these promi-
nent findings and designing experiences, with engagement andwellbeing inmind (Peters
et al. 2018).

Inequalities in access and accessibility were heightened during the pandemic, stress-
ing the need for refocusing on human-centred design accounting for wellbeing needs
(France 2020; McKenzie 2021) and on learning environments that afford quality and
inclusive learning for all learners (Meletiou-Mavrotheris et al. 2022). On the contrary,
during the pandemic, training and support offered to students was limited, inequitable, or
completely non-existent. Hence, developing new learning strategies was largely oppor-
tunistic and most students had to become accustomed with new technological platforms
on the fly. Furthermore, the variability in the approaches employed by different aca-
demics was confusing for students (Piki 2020). The unfolding crisis, coupled with the
lack of appropriate training, and the unstable social situation inevitably affected students’
engagement and motivation (Kara 2021; Piki 2022).

Multifaceted Role of Social Technology and Social Media. The multifaceted role of
social technology and social media and the impact they have had on learner engage-
ment and students’ academic performance became evident during the ERT (Brzezinska
and Cromarty 2022; Hodges et al. 2020; Kara 2021; Piki 2020). Familiarity with social
and mobile applications led students to using various mobile applications intuitively,
for learning, studying, and interacting with their peers and lecturers (Piki 2022). In fact,
under lockdown, socialmedia interactionwas the onlyway students could stay connected
with their peers, lectures, and the rest of the world (Piki et al. 2022). Unsurprisingly,
the pandemic accelerated the uptake and utilisation of social, collaborative, and mobile
game-based technologies (Abu Elnasr et al. 2020; Piki 2020; Piki 2022). In many cases,
using those technologieswas notmerely an alternative or supplementary option for teach-
ing and learning; rather, it became a necessity (Hodges et al. 2020). Still, the utilisation
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of those technologies has not been systematically considered in subsequent policies and
official recommendations for teaching and learning in ‘the new normal’. Furthermore,
recent results underline that students’ familiarity with social technologies (Piki, 2022),
or students’ self-efficacy in using e-learning tools does not directly equate to their pre-
paredness to cope with the abrupt challenges brought by ERT (Meletiou-Mavrotheris
et al. 2022).With the consequences of the pandemic still unfolding, it is imperative to
leverage the unique characteristics and educational capabilities of mobile, collaborative,
and social technologies towards reactivating learner engagement (Piki 2022), helping
students to acquire the necessary skills, and improving the learning outcomes. Such
technologies need to be seamlessly and systematically fused in the pedagogical process
(Piki 2020).

Paradoxically, while students reported that social mobile technology was often the
only channel for staying connected and supporting each other, they also admitted that the
same technology constituted a major source of distraction and learning demotivation,
both during live online lectures and while studying on their own (Piki, 2020; Piki, 2022).
Coupled with technical problems, such as poor Internet connections and compatibility
issues (McKenzie 2021), social media apps distracted students and negatively affected
their engagement, concentration, and level of participation, which, in turn, impacted
their overall academic performance (Piki 2020). A reason which elevated the adverse
impact that social technology had on students’ concentration was a lack of strict online
participation requirements. In most cases, students preferred to keep their web cameras
off, which also coincided with official recommendations in some countries. Therefore,
it was impossible for lecturers to monitor how concentrated students were, whether they
looked puzzled or had any questions, or even whether they were present at all (Piki
et al. 2022). This made instructors feel like they were talking to the screen (Brzezinska
and Cromarty 2022). Students could easily get away with joining the session simply to
get their attendance recorded, yet without really engaging throughout the lecture (Piki
2020). Over time, this caused a cycle of negative emotions for both academics (who felt
they could not connect with their students like they did in the classroom) and students
(who felt they could not stay focused during online lectures and thus eventually lost
interest).

Another intriguing finding was that students would behave differently in modules
where they felt their lecturer was socially active, interacting with them and replying to
their messages on social networking apps. This responsiveness and openness of some
academics was highly appreciated by students; they considered it as a gesture of empa-
thy and caring, which affected their decision to attend live online lectures. Many stu-
dents admitted they consciously chose which lectures they would join based on their
instructor’s approach (Piki 2020; Piki 2022). All these observations re-emphasise the
inextricable connection between the ways students and academics experienced ERT and
how their actions affected each other.
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Another important aspect from the technological point of view is the need to take
a more human-centred approach in the utilisation of technologies. Technologies should
not be seen merely as a tool for teaching and learning, but rather, as a means of estab-
lishing quality interactions. Such interactions need to be carefully designed, seamlessly
incorporated in teaching and learning, and properly monitored to ensure they are ethical,
inclusive, responsible, and sustainable, respect participants’ privacy, and enhance human
wellbeing (Darby and Lang 2019; France 2020).

Visions of Students for Learning in the New Normal. Recent studies show that most
students are still in favour of traditional, face-to-face, classroom-based instruction over
distance education (Gierdowski 2019; Piki 2022). The former is associated with an
effortless and natural learning process, which students consider as ideal, particularly
for practical subjects such as mathematics (Piki et al. 2022). This gives rise to several
human-centred attributes of educational technology. Firstly, any online, virtual, or intel-
ligent educational environment should offer a seamless fusion of multiple affordances,
such as a simulation of the whiteboard to allow students to synchronously follow their
lecturer’s writing, natural representation of the lecturer’s facial expressions and body
gestures, and any additional learning materials, such as lecture slides. This portrays the
need for multimodal and natural learning environments. Secondly, successful remote
lectures are those that ‘simply work’, with no Internet connectivity hassles or compati-
bility issues. Thirdly, unsurprisingly, breaks are important. Both students and academics
highlighted the need to recreate casual discussions, and ‘social breaks’ in online and
virtual environments. This re-emphasises the notion that learning is inherently a social
activity. Furthermore,many students stated they value aspects such as psychological sup-
port, empathy, and mutual understanding from their families, lecturers, and peers alike
(Piki 2020). These findings indicate there is still a lot to explore about the affordances
of emerging technologies for wellbeing-oriented, social and community-based learn-
ing. Such an exploration entails designing for motivation, engagement, and wellbeing
in digital experiences (Peters et al. 2018).

2.3 Juxtapositions in Academics’ and Students’ Experiences and Perspectives

This paper undertakes to collectively investigate and analyse academics’ and students’
experiences and perspectives to inform pedagogical recommendations for teaching and
learning in the new normal. Table 1 presents juxtapositions between key themes across
multiple layers: self-efficacy, emotional and psychological, social, technological, peda-
gogical, institutional, and the broader educational ecosystem.Weoutline the key enablers
(sources of support) and barriers (challenges) evident in each layer. The list is not
intended to be exhaustive; rather, the goal is to highlight shared themes and constructs
across academics’ and students’ experiences and perspectives.
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Table 1. Barriers (challenges) and Enablers (sources of support) evident at different layers.

Layers Academics’ experiences &
perspectives

Students’ experiences & perspectives

Self-efficacy, personal capacity, level
of confidence, readiness, preparedness,
individual skills and competencies

Barriers:
- Unfamiliar remote education
- Gaps in social digital skills,
impacting social identity
- Insufficient time for upskilling
- Extra time and effort for adjusting
activities, teaching content, feedback,
and assessments
- Unmanageable workload and
difficulty to maintain work-life balance
Enablers:
- Motivation to use technology for
teaching and keeping in touch with
students
- Most academics were comfortable
with technology

Barriers:
- Unfamiliar remote education
- Digital skills gaps, insufficient time
for adjusting and upskilling
- Practical modules challenging to
follow online
- Opportunistic, on-the-fly learning
- Fragmented and distributed learner
engagement and motivation
- Rapid changes affecting self-efficacy,
concentration, participation, and
engagement and academic
performance
Enablers:
- Familiarity with social media
- Inner drive to show appreciation to
lecturers

Psychological and emotional support,
mental health, wellbeing

Barriers:
- Health and social impact, unrealistic
time pressures, digital fatigue,
increased workload and distractions,
work-life imbalance along with lack of
recreational activities, prolonged social
isolation and mobility restrictions
causing work-related stress, anxiety,
burnout, and poor mental health
- Active psychological or
wellbeing-oriented support unavailable
or limited
- Students’ distress had a knock-on
effect on workload and emotional
strain
Enablers:
- Where available, mentoring schemes
and virtual drop-in sessions
- Inner drive to help and support
students

Barriers:
- Health and social impact, lack of
concentration, reduced motivation,
increased distractions, elevated
anxiety, uncertainty, anger, distress,
boredom, fatigue, poor mental health
- Inconsistent or unavailable support
from academics and University
Enablers:
- Emotional intelligence, empathy,
caring approach of some academics
- Ongoing feedback from some
lecturers
- Interactions with peers through social
media
- Family bonds and social interactions,
playing a key role in maintaining
motivation and hope

Social and peer-to-peer support Barriers:
- Difficulty in managing social breaks
or encouraging informal discussions
with students, particularly during
online recorded lectures
Enablers:
- Support amongst colleagues
- Social interactions, crucial for
reducing the consequences of isolation

Barriers:
- Social breaks (during lectures) and
informal discussions were not
recreated during remote education
Enablers:
- Peer groups contributing to stronger
bonding and wellbeing
- Social interactions with friends,
family, and lecturers, which alleviated
feelings of isolation

(continued)
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Table 1. (continued)

Layers Academics’ experiences &
perspectives

Students’ experiences & perspectives

Technological support and
effectiveness of technological
interventions

Barriers:
- More time-consuming and
demanding remote teaching and
assessment
- Working from home, associated with
increased interruptions
- Deficient homeworking ergonomics
- Limited access to hardware, software,
and data resources, poor Internet
connection, outdated systems,
compatibility issues
- Digital skills gaps in utilising the
available technologies to engage
learners
- Prolonged online interactions
resulting in digital fatigue
- Utilising new or unfamiliar
technologies for teaching, assessment,
providing feedback, and interacting
with students, which caused
considerable stress and anxiety
Enablers:
- Technology allowing academics to
continue providing education
- Social technology enabled stronger
bonds during lockdowns and remote
teaching, facilitating mental wellbeing
- Flexible working hours, reduced
commuting, increased access to
conferences conducted as virtual
events
- Technological support and occasional
provision of hardware and software

Barriers:
- Online lectures were cognitively
demanding and negatively impacted
concentration, motivation,
participation, and academic
performance
- Social technology may have been a
source of distraction that inhibited
learning
- Technological limitations, such as
poor Internet connection and
compatibility issues
- Impromptu and inconsistent,
confusing approaches adopted by
academics
- Digital skills gaps in knowledge
management and utilising the
affordances of the available
technologies for learning
Enablers:
- Technology allowed students to
continue their studies in Higher
Education
- Social media helped students remain
connected with peers
- Social media apps and mobile
technologies enabled students
interactions with academics as well as
receiving feedback, support, and
motivation to continue education

University-level support schemes Barriers:
- Lack of support, encouragement, and
understanding towards academic
- Increased workload, time, and effort
- Fragmented connection with the
University services and poor
communication with leadership and
the human resources department
- Limited, inconsistent, or non-existent
digital training and wellbeing support
- Limited attention to academics’
readiness and level of confidence with
remote education
- Increased demands for upskilling
- Changing responsibilities, viewed as
demanding, raising anxiety and
loneliness
Enablers:
- Mentoring schemes, virtual drop-in
sessions

Barriers:
- Limited, inequitable, or non-existent
technological training and wellbeing
support offered to students
- Limited attention to students’
preparedness, level of confidence with
remote education, and digital skills
gaps
- Inequalities in accessibility, diversity,
and inclusivity
- Information overload or insufficient
information during ERT
- Fragmented connection with
University services
Enablers:
- More lenient procedures to request
extensions to summative assessments

(continued)
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Table 1. (continued)

Layers Academics’ experiences &
perspectives

Students’ experiences & perspectives

Broader educational ecosystem,
government, policy makers

Barriers:
- An extensive list of responsibilities,
while the rights, academic freedom,
and flexibility were frequently
constrained
- Published policies and
recommendations were often unclear,
leading to diverse interpretations and
ad hoc solutions
Enablers:
- Flexibility with remote work in
higher education

Barriers:
- Students’ indirect interaction with the
broader educational ecosystem
- Policies and recommendations
communicated to students during
lectures and through announcements
published in the LMS
Enablers:
- Flexibility with remote attendance or
recorded lectures

3 Synthesis of Findings and Recommendations

A collective analysis and exploration of how academics and students experienced teach-
ing and learning during various phases of the pandemic illuminates certain gaps, eminent
challenges, and complex needs that need to be attended to. These are discussed below,
in the form of recommendation bands, with the aim to inform pedagogical design and
educational decision making. Essentially, we argue that an ‘onion structure of support’
should be formulated (Fig. 1).

Fig. 1. Onion-structure capturing multifaced needs and respective layers of support.

3.1 Mental and Emotional Support and Wellbeing Education

In a world of crisis, educational efforts should focus on empathy (Rifkin, 2009), strive to
restore humanity and equity and promotewellbeing (France 2020; France 2021;Raygoza
et al. 2020). Put differently, educators ought to “Maslow before Bloom” (Berger, 2020).
Wellbeing should be attended to, both in terms of provision of mental and emotional
health support and in terms of wellbeing education. Regarding the provision of support,
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it is obvious that “No education system is effective unless it promotes the health and
well-being of its students, staff, and community. These strong links have never been more
visible and compelling than in the context of the COVID-19 pandemic” (WHO/UNESCO
2021). Therefore, this type of assistance should be abundant for students and academics
alike. It needs to be emphasised that in crisis, when large numbers of people, including
academics and students, experience sudden distress, fatigue, and depression, it is instru-
mental for HEIs to develop proactive mechanisms for recognising specific needs. It is
vital that universities focus on truly customized, thought-out solutions fitting a particular
context (Wray and Kinman 2021). This requires motivated and orchestrated efforts to
identify what ought to be done at each level, how it should be done, and who should be
involved in providing high quality specialist support (WHO/UNESCO 2021).

Educating students and academics about wellbeing and mindfulness is also a step
forward. This can include alerting them about mental health conditions, how to recog-
nise signs and symptoms of such conditions, and what the role of emotional intelligence
is. Strategies for managing stress should also be provided. Wellbeing education can
promote welfare across all aspects of teaching and learning and have a positive impact
on academic attainment as well as such learning outcomes as self-efficacy, self-esteem,
motivation, and decreased dropouts. Wellbeing education, which recently re-emerged as
an innovating pedagogy, nurtures values like compassion and empathy in the learning
process, supporting teachers’ and learners’ wellbeing (Dinu et al. 2021; France 2020;
Kukulska-Hulme et al. 2022). While the concept or the need is not new, the vision of
developing a sustainable wellbeing education system has not yet been met (Kukulska-
Hulme et al. 2022). Such a system needs to be based on the premise that “mental health
[is] foundational to all aspects of university life, for all students and all staff ” (UUK
2021) – from curriculum design to university-level support services, promoting a healthy
workplace culture attending to academics’ workload demands (Wray andKinman 2021),
involving students and enabling them to play an active role in the development of inter-
ventions (Kukulska-Hulme et al. 2022), to the impact of technology onwellbeing.Hence,
rather than focusing merely on assessments and academic performance, the emphasis
in future pedagogical models, both remote and in person ones, should be on wellbeing
support and coping strategies, which will, in turn, activate engagement and help attain
the desirable learning outcomes.

3.2 Embracing Equality, Diversity, and Inclusion in Education

A university class, whether on-site or virtual, should be a safe, inclusive, culturally
responsive space. All races, genders, ethnicities, cultural identities, and socioeconomic
statuses should be embraced and cherished by the instructor, who also needs to scaffold
such patterns among the students (France 2021). To foster equitable participation and
personal connections, instructors ought to check in on student access, reduce/manage
the length of online lectures and embed social breaks (Piki 2020; Piki 2022), share
troubleshooting resources, enable a transcription service, make sure that the topics they
discuss are not sensitive, invite students who have not yet spoken to share and contribute,
allow students to alternate group roles, ask students what they learned or appreciated
from a peer, or chat informally with the students a fewminutes before the class (Raygoza
et al. 2020). Other effective strategies of making teaching culturally responsive include
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using native languages and featuring traditions and customs in the class (Brzezinska and
Cromarty 2022). To enable inclusivity, it is also important to closely attend to learning
(dis)abilities and special needs and ensure that learning content is accessible, inclusive,
engaging, and interactive, for the benefit of all learners.

3.3 Upskilling for Addressing Multifaceted Needs

The findings emerging from the preceding analysis provide support for the concept
of ‘systemic pedagogies,’ which strategically follow a ‘whole university approach,’
focusing on increasing both academics’ and students’ motivation and resilience. Such
a systemic or holistic approach needs to address a wide range of skillsets for both
students and academics, including: (a) social competences (e.g., social resilience, empa-
thy, social identity management, social presence, peer support and bonding strategies,
collaboration and teamwork, and enhanced social interactions between students and aca-
demics), (b) individual aptitudes (e.g., self-efficacy, self-confidence, emotional intelli-
gence, mental strength and wellbeing, and intrinsic motivation), (c) digital and techno-
logical skills (e.g., familiarity with computer-supported collaborative learning and work,
computer-mediated interactions, social media, smart and intelligent emerging technolo-
gies), and (d)digital literacy (e.g., awareness of ethical, social, legal, privacy, and security
considerations embedded in emerging technologies).

Given the inextricable connection between the ways students and academics expe-
rienced technology-enhanced education, a plausible way for motivating students while
balancing the instructors’ responsibilities and workload includes the promotion of peer
learning, student autonomy (France, 2020), and agency (Darby andLang2019). Enabling
students to feel responsible for their own learning and to develop a sense of control
in a technology-rich society is amongst the responsibilities of every educator (Bates
2019). Promoting autonomy helps students become active agents and perceive their
learning as a meaningful and fulfilling activity. Thus, assisting students in becoming
more autonomous, instructors help them develop lifelong learning skills, which has
powerful implications for students’ future success.

Higher education should be relevant and closely connected to the real world and job
market to prepare self-motivated graduates ready to join the workforce as autonomous
agents (Bates 2019; Darby and Lang 2019) while, obviously, nurturing their engagement
andproviding themwith direction, assistance, feedback, andhigh-quality education. This
emphasises the important role educators play in creating a space for learners to develop
the desirable global skills and become engaged and active citizens. At the same time, to
better support students, academics should also develop self-care strategies (i.e., set clear
boundaries between work and life, minimise exposure to technology to avoid feeling
overwhelmed, embrace peer support, and celebrate goodwill), in addition to increasing
their competences with technology-enhanced education and learning to use online tools
skillfully and effectively. Strategic training and continuous professional development
plans need to be established to cater for these needs.

An important step for preparing students better for a transition online would be
to educate them on the technological capabilities of available educational platforms
and technological tools; to familiarise them with netiquette, social rules, and online
communication protocols; and to inform themabout privacy, security, and data protection
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regulations. Such an approach, while initially possibly time and energy-consuming on
the part of the instructor, brings significant benefits to academics, too. It is likely to result
in greater student autonomy, which ultimately translates to the desired reduction in the
overload experienced by faculty.

3.4 Microlearning, Actionable Feedback, and Authentic Assessment

Thefindings suggest that teaching and learning in the newnormal requires re-establishing
core pedagogical pillars. First, planning for a blended future requires setting clear learn-
ing objectives and reducing complexity. This can be achieved by chunking courses into
manageable units with consistent organisation and temporal cadence (Joosten et al.,
2021). Students should be aware of the what, why, and how of the course, the con-
tent should be released strategically, and complex tasks should be broken down (Darby
and Lang 2019). The pedagogical approach which saw renewed focus as a means of
maintaining student engagement and motivation during ERT and subsequent blended
teaching and learning is microlearning or atomic learning (Leong et al. 2020; McKee
and Ntokos, 2022; Stefan et al. 2022), founded on the philosophy of learning in small
chunks (Kukulska-Hulme et al. 2022). Common features of such approaches include
short duration, fast learning pace, and bite-sized chunks of learning content focusing on
a single topic (Leong et al., 2020; McKee and Ntokos, 2022). Second, formative, action-
able feedback should be frequently provided (Darby and Lang 2019) to enable reflection
and revision. Comprehension is only achieved when students constantly reflect on what
they study (Dewey 1933; Kumar et al. 2019). In addition to general feedback during the
lecture or one posted on the LMS, social technology can be leveraged to provide timely
and personalised feedback, guidance, and support (Piki 2022). Third, assessments and
learning materials should be relevant and authentic. Learning content and assignments
should have a practical relevance, feature real-life problems, and be authentic (Brzezin-
ska 2022; Darby and Lang, 2019; Kumar et al. 2019; Shaw 2020). Virtual project-based
learning can be employed to engage learners in authentic learning and foster student
independence (Bates 2019; France 2021; Whitman and Kelleher 2020;). Finally, assess-
ment should be forward-looking. Formative and summative assignments should evaluate
the skills students will need in their future career and life-long learning (Shaw 2020).

3.5 Digital Transformation in Education

Besides techno-pedagogical considerations, several other aspects constitute vital drivers
of digital transformation in education, such as strategic educational leadership, availabil-
ity of resources to support staff to develop pedagogically informed digital practices, and
further investment in improving the digital environment, technological platforms, and
infrastructures (Killen et al. 2021). These upgrades are a necessity for providing a seam-
less integration of multiple affordances to support both students and academics. The role
of social and mobile technologies should also be further explored, given the central role
they played during the pandemic (Piki 2020; Piki 2022). These findings call for improve-
ments of technological provisions in higher education (Halabieh et al. 2022), while also
attending to academics’ technological readiness (Yiapanas et al. 2022) and training
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needs to activate their engagement with social and emerging technologies – changes
long overdue.

4 Conclusion

Within higher education, the persistence and extent of the consequences of the Covid-19
pandemic have compelled both students and academics to re-establish their discontin-
uous social interactions, fill the gaps caused by fragmented learning experiences, and
reflect on personal and social values. Following a methodical examination of both sides,
we extracted common threads and perspectives between academics and students, high-
lighting the key qualities that such novel pedagogies need to attend to as we enter a new
normal in education.

Recent results demonstrate that students’ familiaritywith social technologies and stu-
dents’ self-efficacy in using e-learning tools do not directly equate to their preparedness
to cope with the abrupt challenges brought by the pandemic. Upskilling-oriented ped-
agogical strategies, human-centred technologies, authentic assessments, and wellbeing
support are indispensable for ensuring that students are promoted to competent digital
learners equipped with the necessary skills and aptitudes, such as self-regulation and
autonomy, to fully benefit from the application of emerging technologies in education.

The key themes emerging from synthesising both perspectives can inform forward-
looking pedagogical approaches framed in a multi-layered support system focused on
mental and emotional support; wellbeing education; upskilling for addressing multi-
faceted needs; microlearning; actionable feedback and authentic assessment; equal-
ity, diversity, and inclusivity; and seamless integration of human-centred technology
enabling enhanced interactions. These eminent qualities are discussed through the expe-
riences, perspectives, and visions of both students and academics in higher education,
with the view to extract useful recommendations for improving teaching and learning
in the post-pandemic era.

Focusing equally on both perspectives, important findings emerged suggesting that
HEIs and policymakers should carefully consider how to support academic staff post-
pandemic. While many of these challenges are enduring, as we emerge out of the pan-
demic, it is imperative to reflect on the lessons learnt and on the social, emotional,
psychological, technological, and training needs of both students and academics.
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Abstract. The Virtual Clinic is an artificial intelligence-based software that pro-
vides a safe environment for medical students and young doctors to simulate
medical interviews and treatment. What sets the Virtual Clinic apart is its high
degree of case realism. Users can ask patients any questions (including spoken
language) and order various tests (objective and physical). The user trains their
ability to think independently, combine facts, diagnose, and treat. After complet-
ing work with the case, the user receives detailed feedback, learning what they did
well, and where they made mistakes or missed important information. The system
tracks the user’s (the person using the system) progress, informs them of the time
and cost of the tests, offers suggestions, and finally informs the patient (the person
receiving treatment) how they (the patient) feel after receiving treatment. This
brings significant benefits and improvement of the quality of medical services.

Keywords: Artificial Intelligence ·Machine Learning · Human-computer
interfaces · Natural language processing · Chatbots · Chatbots in education ·
Benefits of chatbots · Challenges of chatbots

1 Introduction

Chatbots can be used to improve human-centered computing by making it easier for
people to interact with technology. Chatbots are computer programs that use natural
language processing (NLP) to understand and conversationally respond to user input
[1, 2]. By using chatbots, people can interact with technology using simple and intu-
itive conversational commands, rather than having to navigate complex menus or learn
specialized software [3, 4]. For example, a chatbot could be used to provide customer
service on a website, allowing users to ask questions and get answers quickly and eas-
ily. Chatbots can also be used to provide information and support in a variety of other
contexts, such as education, healthcare, and financial services [5–7]. Some of the key
ways in which chatbots are being used in medicine include:

Virtual triage: Chatbots can be used to help patients determine their symptoms
and provide guidance on the next steps, such as whether to visit a doctor or go to
the emergency room.
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Medication reminders: Chatbots can remind patients to take their medication at
the appropriate time, helping to improve adherence to treatment regimens.

Medical education: Chatbots can be used to teach medical students about different
medical conditions and procedures, helping them to better understand the material
and prepare for exams.

Communicationwith patients: Chatbots can be used to communicate with patients,
providing them with information about their conditions, treatment plans, and
upcoming appointments.

Remote monitoring of patients: Chatbots can be used to monitor patients remotely,
helping to identify early signs of deterioration and prevent hospital readmissions.

Helping patients with mental health conditions: Chatbots can be used to help
patients with mental health conditions such as depression and anxiety, providing
them with support and guidance.

2 Virtual Clinic

The Virtual Clinic allows for a comprehensive simulation of a doctor-patient inter-
action (gathering medical history, physical examination, ordering diagnostic tests and
consultations, medical procedures, and therapy).

The Virtual Clinic system is being built by BD Poland in collaboration with Polish
medical universities, including the University of Warsaw, the Silesian University of
Medicine, and the University of Medicine in Poznań. The National Center for Research
and Development (NCBR) supports the project under the rapid track, project number
POIR.01.01.01-00-0526/19.

In addition to its commercial aspect, the software brings significant social benefits.
the main goal of the Virtual Clinic is to better prepare doctors to practice medicine. In the
Virtual Clinic, users can ask patients questions (including spoken language) and order
tests (objective and physical). The clinic visit forces the user to think independently,
combine facts, and formulate a diagnosis and treatment proposal. After completing
work with the case, the user receives detailed feedback, learning what they did well
and where they made mistakes or missed important information. The system tracks the
user’s progress, informs them of the time and cost of the tests, offers suggestions, and
finally informs the patient (the person receiving treatment) how (the patient) feels after
receiving treatment. The virtual clinic fits into new trends in medical education: case-
based teaching, problem-solving exercises, gamification, and evidence-based teaching.

There have been several studies that have provided research-based evidence of the
effectiveness of chatbots in the field of medical education:

A study published in the Journal of Medical Internet Research found that a
chatbot-based educational intervention was effective in improving medical stu-
dents’ knowledge and understanding of hypertension. The study showed that stu-
dents who interacted with the chatbot scored significantly higher on a knowledge
test than those who did not [8].



Virtual Clinic – AI Used in the Teaching of Medical Interviews 139

Another study published in the Journal ofMedical Education andCurricularDevel-
opment found that a chatbot-based virtual patient case simulation improved medi-
cal students’ diagnostic reasoning skills. The study found that students who inter-
acted with the chatbot performed better on a diagnostic reasoning test than those
who did not[9].

The heart of the solution is a knowledge base containing over 12million clinical case
records. This allows the application to present realistic information, including the symp-
toms of the disease, test results, and treatment effects. The use of large data sets allows
for realistic simulations of complex cases, such as multi-disease patients or scenarios of
multiple meetings with the same patient.

The program has a modular architecture that clearly expresses and efficiently
manages complex dependencies between classes and components:

Users interact with a chatbot (a client module) by initiating activities in turns, where
activities refer to events such as a user joining a conversation or sending a message. The
messages can take various forms, including text, speech, or visual interface elements
like cards or buttons.

Each user message is analyzed by the natural language processor module, which
provides the intelligence to understand the input text for the client module. The goal is to
predict the overall intention of an incoming utterance and extract important information
from it. The utterances and predictions are logged so the NLP module can actively learn
from user input.

Based on predictions the query is sent to the knowledge base. The knowledge base
contains detailed, multidimensional representations of patient cases, including symp-
toms, medical examination results, and treatment procedures. The query result is used
to formulate a virtual patient response.

2.1 Patient Zone

In the patient zone, the user, a medical student or young doctor, can safely diagnose and
treat patients in various locations, such as an ambulance, a health protection point, a
specialist clinic, or a hospital ward.

• The medical interview carried out in the patient zone as realistically as possible
reflects the nature of the visit. The user asks any questions, and the “patient” gives
answers that potentially allow for a correct diagnosis to be made (see Fig. 1).

• In the “hint” mode, the system can guide the user to ask questions about certain
characteristics and inform them of the need to order additional tests.

• After each completed “visit,” the user has access to feedback with comments and
recommendations regarding the scope and manner of conducting the interview and
the correctness of the prescribed treatment.
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Fig. 1. Talking with the virtual patients without an imposed scenario. It means that the chatbot
or system is not limited to a specific set of responses or outcomes, and instead can adapt to the
user’s input and provide a more personalized or dynamic experience



Virtual Clinic – AI Used in the Teaching of Medical Interviews 141

• The patient zone includes the possibility of conducting an medical examination and
automatically checking its results.

The exam not only allows for insight into the student’s way of thinking but also
enables the determination of learning outcomes that the student has achieved and those
that require further work.

2.2 Disease Unit Wizard

The Disease Unit Wizard allows advanced users, such as medical university professors,
to prepare any disease unit, which will then be available in the student module. The main
features of the creator include (see Fig. 2):

• Determining the characteristics of the future patient, such as gender, place of patient
admission, and others.

• Choosing characteristics for the subjective interview.
• Choosing characteristics for the objective interview.
• Choosing characteristics for laboratory, imaging, and additional tests.
• Labeling the created disease unit.
• Defining correct treatment protocols.

Fig. 2. Users can realistically simulate patients with internal or surgical problems, heart or lung
diseases or infectious diseases, cancers at any stage,multi-diseaseswomen in pregnancy (a separate
category), and others.

2.3 Physical Examination Module

The student may examine different parts of the patient’s body. Virtual Clinic supports
different activities (see Fig. 3):
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• Observation
• Percussion and tapping
• Auscultation
• Palpation
• Neurological examination

Fig. 3. Physical examinations are key to a proper patient assessment.

In addition, users can order any type of medical examination, including:

• Laboratory tests (blood, urine, stool, …),
• Microbiology,
• Diagnostic imaging (USG, EKG, XRAY, PET, MRI, TK, …) (See Fig. 4),
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Fig. 4. Photographs, video, and audio files are a valuable supplement to physical examinations.

• Audio and video recordings,
• Specialist consultations.

Thanks to intelligent algorithms, the results of laboratory tests are always unique and
realistic. Authors of medical cases can define any disease they want. Non-pathological
features are drawn from the normative range.

2.4 Examination Module

In the Virtual Clinic you will quickly prepare and conduct a medical examination that
allows checking both theoretical knowledge and practical skills:

• Assign unique patients to students according to the subject and level of difficulty of
the exam,

• Evaluate the accuracy of interview and physical examinations, additional tests, and
treatment,

• Verify students’ skills in the following areas: medical documentation, diagnosis, and
optimal treatment.

The system records all actions and provides feedback for users. That includes the
student’s progress, recording the history of student interaction with the patient, and
verifyingwhether the student asked required questions or ordered an appropriatemedical
examination.
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3 Research and Development

The research and development work are being carried out by BD Poland as part of a
project funded by theNCBR. Thework began inMarch 2020 and is ongoing. Thework is
being carried out by BD employees with the support of a subcontractor: SilesianMedical
University inKatowice and in collaborationwith theWarsawMedical University. As part
of the project, innovative functionality has been built that does not currently exist in the
domestic and global markets. The main research problems and technological challenges
being addressed in the project include:

• Building an effective natural language processing algorithm (spoken Polish),
• Designing a system that allows for conversational interaction with a virtual assistant

(patient) without a predetermined script,
• Developing a self-learning mechanism that allows for continuous improvement in

the precision of the dialogue, naturalness, and diverse nature of the conversations
(medical interviews),

• Incorporating expert and domain knowledge into an ontological knowledge base that
allows for the preparation of a universal description of many medical conditions,

• Building a creator that allows for the creation of any medical condition based on the
knowledge base,

• Developing a method for analyzing student interactions with the virtual assistant and
formulating suggestions and recommendations for users.

4 Novelty

The solution is innovative both from the perspective of the Polish market and the global
market. The system is an intelligent assistant (patient) with whom the student has a
conversation (in text or spoken language). The student can ask any questions and receive
answers. Based on these answers, the student orders tests and then, based on the obtained
information, makes a diagnosis and proposes treatment. In contrast to most existing
solutions, the student communicates with the simulated patient using natural language,
which increases the realism of the simulation. At the same time, the program does not
require a specific order of questions, which allows for the development of a branching,
complex narrative.

Virtual Clinic continuously analyzes and evaluates whether, while collecting infor-
mation, the student asks about matters relevant to the diagnosis and orders the required
tests, and whether the diagnosis allows for the exclusion of other, similar conditions.
In this, the system analyzes the scope and amount of unnecessary or unnecessarily
burdensome tests.

Similarly, in the therapeutic process, the system checks if the correct medical pro-
cedures and prescribed medications are ordered, according to the standard of care. This
approach allows the student to optimize the diagnostic process and shorten the time
needed to make a diagnosis, while at the same time forcing the execution of all neces-
sary tests and procedures to confirm the suspected medical condition and exclude other
diseases (i.e., differential diagnosis), which is important for ensuring the safety of the
diagnosed patient.
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5 Benefits

Virtual Clinic brings many benefits to users:
Cost reduction is one of the key benefits of using chatbots in medical education. The

cost of learning is independent of the number of hours and is significantly lower than the
cost of hiring professors, assistants, or actors. According to a study by SUM, the cost of
teaching in the field of diagnostics per student will drop by 50%.

Increased flexibility is another key benefit of using chatbots in medical education.
The system ismore universal than a scenario prepared by lecturers, currently, it is difficult
to go beyond the prepared scheme during classes.

The system allows for building new or modifying existing disease units. According
to SUM, the cost of building disease units in a virtual clinic is 50% lower. This is a key
benefit of using chatbots in medical education.

Providing constant access to cases is also a key benefit of using chatbots in medical
education. A student can train at any time in 24/7/365 mode, not only at the university
during classes but at any time and location.

Ensuring diversity is another key benefit of using chatbots in medical education. A
specific simulation can be practiced multiple times, and artificial intelligence algorithms
will ensure the variability of simulated cases, making them not perceived by the student
as boring and stereotypical.

Introducing a wide range of functionality is also a key benefit of using chatbots
in medical education. The software not only allows for learning how to ask the right
questions and interpret the obtained answers but also how to carry out a correct diagnostic
process, as well as a therapeutic one, while it is possible to test false hypotheses and
methods of action.

Allowing for a personalized assessment of the student is also a key benefit of using
chatbots in medical education. The system assesses the amount of time the student has
spent on learning, the time and cost of the interview, and the relevance of questions
(e.g., the assessment of the costs of commissioned tests in the context of the obtained
results). According to SUM, the systemwill provide at least a 30% reduction in the costs
associated with assessing the student’s progress.

Provides automatic assessment of the student is also a key benefit of using chatbots
in medical education. The system, based on the interaction with the patient, supports a
selection of the appropriate educational path which is tailored to the needs of the virtual
patient.

6 Summary

To summarize, Virtual Clinic has unique features that do not currently exist in the Polish
and global markets.

The use of artificial intelligence algorithms to conduct a doctor-patient dialogue is
one of the key features of the Virtual Clinic. The Virtual Clinic allows open communi-
cation with the patient, where the student can ask any questions to obtain the necessary
information for further diagnostic steps. With the implemented “self-learning” mech-
anism, the algorithm increasingly simulates the student’s interactions with the patient,
which facilitates the elimination of the barrier between humans and bots.
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The virtual patient responds to any question, even if the question is unclear or not
covered by the simulation. The algorithm generalizes and provides a “sensible” answer
based on the data from other conversations or cases in the database. This is a ground-
breaking solution not found in other programs of this type. Simulation programs are
unable to continue a logical narrative when they encounter the problem of creating a
situation not covered by the case scenario. Typically, the program’s reaction to such sit-
uations is to report the problem (e.g., “I do not understand the question”). The solution
used in competing applications is to create a narrative based on a limited set of options,
which prevents asking questions not covered by the case scenario. In this opinion, this is
a significant limitation of existing simulation programs, and it introduces some unnatu-
ralness. It is particularly difficult to predict all questions or situations in the diagnostic
process, which requires the creation of very elaborate scenarios that require a lot of time
and financial resources.

The system is open, meaning it does not require a predefined course of action.
The student determines the path. Existing solutions usually require a specific order of
procedures, imposed for example by a quizzing form of questions. A more natural and
interesting form is one in which the learner, through the freedom of interaction with the
virtual patient, creates their own diagnostic and therapeutic path. In this way, the student
can acquire knowledge about the diagnostic process as a whole rather than just about
the predefined steps. This feature of the Virtual Clinic allows for a more personalized
and dynamic learning experience, which can be more engaging and effective.

The Virtual Clinic constantly analyzes and assesses whether the student is asking
relevant questions for the diagnosis, whether the required tests are ordered, and whether
the diagnosis allows for an exclusion of other, similar diseases. In this way, the sys-
tem analyzes the range and amount of unnecessary or unnecessarily burdensome tests.
Similarly, in the therapeutic process, the system checks whether the correct medical
procedures, assigned drugs, and standard procedures have been ordered. This approach
allows the student to optimize the diagnostic process and shorten the time needed to
make a diagnosis, while at the same time forcing the completion of all necessary tests
and procedures to confirm the suspected disease and exclude other diseases (differential
diagnosis), which is essential for ensuring the safety of the diagnosed patient.

Awizard that allows for the automatic generation of new (random) patients is another
feature of the Virtual Clinic. This feature allows for modification of test results within
established norms for psychiatry and pathology, and selection of test results from a
database to create a new case. The unique feature of the proposed solution is the ability
to generate patients based on a knowledge base and descriptions of individual diseases.
This allows the author to input information about the simulated disease, the variability of
symptoms, and test results, while the specific simulated case is generated automatically
each time. As a result, a set of cases matching the given description is created. The
generated cases can vary in difficulty. Due to the automatic generation of the simulated
patient’s characteristics, a relatively small number of entered disease descriptions can
correspond to hundreds of specific clinical cases that are equivalent to cases in other
programs of this type. This feature of the solution increases the diversity and improves
the attractiveness of the software – the learner can practice simulated cases multiple
times.
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Assessment of a student’s empathy in a conversation with a patient, regardless of the
assessment of their medical knowledge and problem-solving skills is another feature of
the Virtual Clinic. The assessment of the form of questions asked is another innovative
feature of theVirtualClinic that is not available in other solutions. The assessment of form
is adapted to the language in which communication with the program takes place. This
function allows for the assessment of soft skills, in terms of interpersonal relationships
and the form of conveying information.Modification of the difficulty of a given case (the
occurrence of only some abnormalities and characteristics of the disease, availability of
all or only part of the test results, co-occurring diseases) is also possible with the Virtual
Clinic. Due to the algorithms used to build the knowledge base, unlike similar programs,
the designed software will allow for easy modification of the difficulty of the simulated
case. In competing applications, such a change in difficulty is not possible and requires
a creation of a new, separate case.

The ability to define success criteria is an important feature of the Virtual Clinic. It
allows for better evaluation of the student or provide themwith hints, for example, for the
diagnostic part or even for a selected set of tests. Since people with different educational
experiences use the software, the systemallows for the simulation to be narrowed down to
selected aspects, such as ones related to the interview, physical examination, or ordering
all or selected diagnostic tests; for example, narrowing down the simulation to laboratory
or imaging tests.

Testing of false hypotheses and methods of action is another feature of the Virtual
Clinic. Non-linear narration and access to a database of clinical cases and definitions of
healthy people allow for learning through testing of falsemethods of action. The software
does not limit the possibilities of simulation exclusively to the paths determined by the
person who created a given simulation. The ability to assess the cost-effectiveness of a
given diagnostic and therapeutic path is also possible with the Virtual Clinic. It allows
for the assessment of cost-effectiveness of actions taken by the learner. This allows
for the optimization of costs by finding alternative schemes of action or tests that are
characterized by the same diagnostic usefulness in a specific case.

The ability to easily add new and modify the existing clinical cases by a person
without technical education is another key feature of the Virtual Clinic. Most of the
available software, with very few exceptions, does not allow for an easy addition of
new cases or a modification of the existing ones. As a result, any modification requires
contact with the software creators, who are also responsible for expanding the base of
existing clinical cases. This is a significant limitation for the end user, who cannot create
new scenarios independently. The result is the forced use of the existing database of
diseases, which, due to limited representativeness, often does not include cases tailored
to the needs or requirements of the user. With the Virtual Clinic, it allows for an easy
creation of new cases or a modification of the existing ones by a medical expert who
does not have specialist IT knowledge.
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Abstract. In this study, we propose a system that encourages users
to generate ideas using information about tweets they are reading as
hints and creates opportunities for users to generate various ideas. By
intervening during Twitter browsing, the proposed system aims to use
time-consuming Twitter browsing as an opportunity for casual idea gen-
eration. To encourage users to come up with a variety of ideas, the pro-
posed system presents a tweet with low similarity to existing ideas as a
hint for generating ideas while the user is browsing Twitter. To evaluate
the effectiveness of the proposed system, we asked participants to use it
in our user study.

Keywords: UI/UX · User assistance · Creativity support

1 Introduction

The automation and streamlining of routine tasks have accelerated the com-
moditization of technologies and services. Moreover, technological progress and
social environment changes are diversifying values. Under these circumstances,
companies seek innovation to distinguish their technologies and products [6].
Therefore, exercising creativity, and generating various ideas at work is becom-
ing increasingly important.

People use Brainstorming [16] and MindMap [3] to generate ideas. Brain-
storming is an idea-generation method that emphasizes quantity rather than
quality by generating ideas in a group, combining and improving them, and
diverging ideas [16]. Brainstorming is demanding because it requires several peo-
ple to gather at the same place and time. For this reason, only a few people
frequently use Brainstorming in their daily lives.

In our daily lives, we have free time for traveling, waiting, and so on. However,
only some people use such free time for productive activities; many spend it
on unproductive activities such as social media browsing [13]. In recent years,
studies have been conducted to embed microtasks, such as writing, into such
free time to promote effective use of free times [5,10]. Nevertheless, to the best
of our knowledge, there is no study on the implementation of creative tasks such
as idea generation as microtasks.
c© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
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Effective ideation is to generate a large number of candidates with valuable
ideas. For this purpose, it is practical to incorporate various concepts into idea
generation [15,20]. Brainstorming is a method of diversifying ideas by sharing
people’s ideas as hints to come up with ideas. However, although other peo-
ple’s ideas can be a valuable source of inspiration for idea generation, constant
Brainstorming on the same theme will make it difficult to generate ideas over
time. It becomes challenging to keep coming up with various ideas because the
perspectives become fixed on the theme of the idea-generation effort [15].

In this study, we propose a Twitter excursion system that encourages users
to generate ideas daily by embedding opportunities for idea generation in their
Twitter browsing. In Japan, 45 million people use Twitter monthly, with 68.9%
of users in their teens to 40s using it for 20 min or more per day, citing “killing
time/leisure” as the purpose of use1.

The proposed system is designed as a Chrome extension and supports idea
generation on multiple themes predefined by the user. Figure 1 shows an overview
of the proposed system’s operation. The system analyzes the user’s Twitter time-
line and the relationship between the predefined themes and the user’s existing
ideas related to them. When the system detects a tweet that may stimulate an
idea, it prompts the user to generate an idea using the information in the tweet
as a hint. When a user comes up with an idea, the user records the idea on
the site, as shown in Figure 2. The proposed system will create opportunities
for users to generate ideas effectively in their free time, such as when browsing
Twitter.

2 Related Works

2.1 Idea-Generation Support

In cognitive psychology and human-computer interaction, there are studies on
idea-generation methods and idea-generation support tools [7,8]. Paulus et al.
found that mental ease and associations are essential for effective idea generation
[14]. Wang et al. also stated that it is essential to incorporate various concepts for
high-quality idea generation [20]. Hariharan et al. proposed affinity lens, which
supports idea generation by analyzing and classifying information written on
Post-its and visualizing the results in real-time using a computer [19]. A support
for recommending a variety of images that contain concepts that are the basis of
design ideas has been proposed to incorporate multiple concepts when generating
ideas [15]. In this study, we support idea generation from various perspectives
by making sentences computable using natural language processing as well as
selecting and presenting tweets containing various concepts for users’ existing
ideas. Brainstorming is a typical idea-generation method aiming to efficiently
generate diverse ideas by multiple people. Gallupe et al. proposed an online
brainstorming system and solved interpersonal communication problems that
inhibited idea generation [9]. As an advanced online method, crowdsourcing has

1 https://service.aainc.co.jp/product/echoes/voices/0014#blogSec11.

https://service.aainc.co.jp/product/echoes/voices/0014#blogSec11
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Fig. 1. Example of a link embedded in Twitter by the system

been used to collaborate on ideas with an unspecified number of collaborators
[18]. It is demanding to gather participants for these brainstorming methods,
and the quality of the results varies because of the variation in participants’
abilities and skills [17].

2.2 Support for Effective Use of Unproductive Time in Daily Life

There are several studies on the effective use of unproductive time in daily life.
Belakova et al. proposed SonAmi, which creates an opportunity to reflect on writ-
ing by reading out the written text when the user lifts his/her mug while taking a
break from writing a task that has been postponed [2]. Inie et al. proposed Aiki,
which creates learning opportunities by redirecting users to a site where they can
perform simple learning tasks, such as learning English words when they access
a website where they are wasting time [12]. Hahn et al. proposed incorporat-
ing writing microtasks into Facebook timelines to leverage unproductive time in
daily life to achieve meaningful goals [10]. The above systems all have one thing
in common: they encourage productive activities by using time that has a low
cognitive load in daily life and is available for use. Our proposed system focuses
on Twitter browsing as an opportunity to embed an idea-generation task.
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Fig. 2. Example of a web app for brainstorming tasks

3 Approach

In this study, we propose a system called Twitter Excursion. It creates valuable
idea-generation opportunities by encouraging users browsing Twitter to generate
ideas inspired by their read tweets. First, it creates informal idea-generation
opportunities using the time spent on Twitter, which tends to be time-wasting.
Second, it encourages diverse idea generation without being limited by existing
ideas. We developed this system based on Hahn et al.’s [10] concept of casual
microtasks. The proposed system comprises a Chrome extension that embeds an
idea-generation task in Twitter and a web application (web app) that performs
the idea-generation task. The Chrome extension selects tweets from the user’s
Twitter timeline that can be used as hints and embeds the theme and a link
to the web app. The web app presents the tweet to be embedded as a hint
and records the idea entered by the user. The details of each function and its
implementation are as follows.
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3.1 Embedding Ideation Tasks on Twitter

Figure 1.1 shows how the Chrome extension embeds a link to the ideation task
in a tweet on a Twitter timeline. The light orange area is the embedded part. It
contains a button with a user-defined idea-generation theme and a link to a web
application for idea entry. When a user comes up with an idea, he/she presses
the “Enter Idea” button to go to the web application. The Chrome extension
sends the Tweet ID to the web app. The web app uses that ID to display the
tweets. The tweets to be selected are those useful as hints for generating ideas.
Section 3.2 describes the details of the tweet selection method. The proposed
system selects one optimal tweet to embed for every ten tweets the user reads
from the top timelines. As a specific scenario, assume that a user is thinking of
an idea for a “new orientation to befriend newcomers.” The user enters “new
orientation to get along with newcomers” as the theme of the idea generation
into the system and then enters as many ideas as he/she can think of, as shown in
Fig. 1.2. When the user cannot generate more ideas, he/she stops idea generation
and browses Twitter. The system selects tweets suitable for hints and inserts a
theme and the “Enter Idea” button into a tweet with a picture of a person and
a dog walking, as shown in Fig. 1.1. The user comes up with the idea of a “self-
introduction walk” inspired by this tweet, goes to the web application shown in
Fig. 1.2, enters the “self-introduction walk,” and enters other ideas.

3.2 How to Select Tweets to Embed Tasks

The proposed system selects tweets that embed opportunities for idea generation
by considering similarity with existing ideas. The proposed strategy aims to
increase the diversity of users’ ideas by encouraging them to generate ideas
different from existing ideas. In this study, we focus on excursions. Excursions are
used to increase the number of ideas and diversify perspectives in idea generation
[1,11]. Word lists unrelated to the theme are used to generate new ideas. In this
study, among the tweets on a user’s Twitter timeline, the tweet with the lowest
similarity to the user’s previous idea is presented as an unexpected hint. We aim
to achieve an excursion effect by doing so.

To calculate the similarity between tweets and existing ideas, the proposed
system converts candidate tweets and existing ideas into a multidimensional
vector. For vectorization, we use a pretrained universal sentence encoder (USE)
[4]. A USE embeds a sentence into a multidimensional vector space. It calculates
the vector of the entire sentence by vectorizing each word, considering its context.
A USE can embed different languages, such as English and Japanese, into the
same vector space. We adopted a USE for vectorization because many tweets are
in Japanese and English and tweets are often sentences, so the semantic similarity
can be calculated accurately by considering the context. Let S = {s1, s2, . . . , sl}
be the set of topics from which the user wants to get ideas, the set of tweets
on the user’s Twitter timeline T = {t1, t2, . . . tm}, the set of ideas previously
generated by the user for theme s by Is = {i1, i2, . . . in}. Let simcos(vx, vy)
be the cosine similarity of the vectors vx and vy of x and y, respectively. The
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following equation defines the unexpectedness of a tweet t ∈ T for a theme s.

U(t, Is) =

∑
i∈Is

−simcos(vt ,vi)
|Is|

Based on the above formula, the proposed system calculates the unexpect-
edness of each tweet on the timeline for all themes in the theme set S. Then, as
shown in Fig. 1, the system embeds the most unexpected tweets for each theme
as idea-generating opportunities (themes).

3.3 Web Application for Idea Input

As shown in Fig. 2, the user interface of the web app of the proposed system
(referred to as “proposal UI”) comprises a theme, an idea input form, tweets,
and a list of ideas. This web app refers to tweets based on the tweet ID received
from the Chrome extension and presents them to the user. The entered ideas
are saved and added to the “List of Past Ideas” when the “Enter Idea” button
is pressed.

4 Experiment

4.1 Participants

We asked college students who visit Twitter at least once a day daily to cooperate
in the experiment. We recruited a total of 20 participants. We experimented over
seven days and paid participants 2,500 yen at the end of the experiment. The
data of three participants were excluded from the analysis because they did not
complete the task or the data were not collected correctly.

4.2 Idea-Generation Task

On the first day of the experiment, we gathered the participants in the laboratory
and explained the experiment to them. After the explanation, the participants
performed a 15-minute time-limited idea-generation task. From the second day
of the experiment, the participants were notified by email at noon each day. They
performed the idea-generation task according to the instructions in the email.
Section 4.3 provides details on the emails. From the second day, each user entered
as many ideas as possible on the same theme as the first day on the website shown
in Fig. 2. We instructed the participants to terminate their idea-generation task
for the day if they ran out of ideas. We administered a daily questionnaire at
the end of each day. The designated theme was “A new orientation to get along
with newcomers.” The theme was the same from the first day to the last day.

This theme has numerous possible ideas, and anyone can think about it
regardless of knowledge.
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Fig. 3. Experimental Flow

4.3 Experimental Design

In this study, we employed a one-factor between-subjects design of experiment
in which the presence or absence of a hint was a factor. The hint factor had the
following two levels.

– Experimental Group: presenting users with tweets that have low cosine sim-
ilarity to the user’s existing ideas

– Control group: no hints displayed

Figure 3 shows the experimental flow. On the first day, after confirming the
participants’ consent to participate in the experiment, each participant was given
a 15-minute pretask to generate ideas. After completing the pretask, we assigned
participants to the experimental and control groups. To minimize differences in
individual ability to generate ideas between groups, we assigned participants
to groups based on the number of ideas they generated on the first day. The
procedure is to arrange all participants in descending order of the number of ideas
they entered in the pretask and assign them alternately to the experimental and
control groups, starting with the one with the most ideas. For example, consider
the case where the number of ideas entered by eight participants in the pretask
is [1,1,3,3,3,3,3,5,5]. If we group the participants so that the number of ideas
is [3,3,3,3] and [1,1,5,5], we would expect the mean number of ideas to be the
same but with individual differences in results. Therefore, in this example, we
divide the number of ideas into groups of [1,3,3,5] and [1,3,3,3,5]. Table 1 shows
the assignment of participants.

The second through fourth days of the experiment is Phase 1. In Phase 1, all
participants generated ideas with no hints. The three days following Phase 1 are
Phase 2. In Phase 2, the experimental, and control groups generated ideas in dif-
ferent environments. Participants in the experimental group were presented with
hints from the proposed system and performed the idea-generation task based on
the hints. Participants in the control group performed the idea-generation task
without hints, as in Phase 1. The purpose of the proposed system is to encourage
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Table 1. Number of ideas and grouping of participants in the experiment

Participant ID Group Quantity of ideas

1 Experimental 47

3 Experimental 23

5 Experimental 17

7 Experimental 14

9 Experimental 11

11 Experimental 10

13 Experimental 10

15 Experimental 9

17 Experimental 7

19 Experimental 7

2 Control 27

4 Control 18

6 Control 15

8 Control 13

10 Control 10

12 Control 10

14 Control 10

16 Control 7

18 Control 7

20 Control 6

participants to come up with new perspectives by presenting ideas that are less
similar to their existing ideas as hints. The effectiveness of the proposed system
was verified by comparing the results with and without hints, with participants
having generated all ideas they could generate. In Phase 1, both groups had no
hints, so the experiment was designed to lose ideas gradually.

Participants completed questionnaires after each day’s task and on the last
day of the experiment. Each questionnaire includes items for all groups and the
experimental group only. Tables 2 and 3 show the content of the daily question-
naire and the questionnaire given on the last day of the experiment, respectively.
Response options for all questions are on a 5-point Likert scale (from 1: strongly
disagree to 5: strongly agree). The daily questionnaire asked for a subjective
evaluation of a day’s task comprises two questions, as follows.

– Did you generate many ideas?
– Did you come up with different ideas compared with your existing ideas?

The last day’s questionnaire investigated subjective resistance to and effec-
tiveness of the proposed system’s idea-generation method. This questionnaire
assesses the extent to which users felt comfortable with the idea-generation
opportunities created by the proposed system.
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Table 2. Daily Questionnaire

Target Question

Q1 Experimental Group Were the tweets presented helpful in generating a lot of ideas?

Q2 Experimental Group Were the tweets you were presented with helpful in coming up

with ideas for a different perspective?

Q3 All Do you think you were able to come up with a lot of ideas?

Q4 All Were you able to come up with a different point of view?

Table 3. Post Questionnaire

Target Question

Qpost1 Experimental Group Do you think there is resistance to being interrupted with

idea-generation tasks like this one when you are on Twitter in

your free time?

Qpost2 Experimental Group Do you think it is useful to be interrupted with an ideation task

like this one when you are on Twitter in your free time?

Qpost3 All How resistant do you think you would be to being forced to come

up with ideas like this one at the appropriate time?

Qpost4 All Do you think it is effective to be interrupted with an

idea-generation task like this one at an appropriate time?

5 Result

We collected data on 544 ideas from 17 participants. We analyzed the data to
determine the impact of the proposed system on the diversity of ideas gener-
ated by the participants. We also analyzed whether the proposed system cre-
ates opportunities for participants to generate new ideas by analyzing the ques-
tionnaire results. Because of the non-normality of the collected data, we per-
formed the nonparametric Mann-Whitney U test. The significance level was set
at p < 0.05. We used the SciPy statistical package2 to analyze the results.

5.1 Daily Questionnaire

We analyzed the participants’ responses to the questionnaires given after each
day’s task as subjective data. The purpose of the proposed system is to help users
generate more ideas or consider ideas from different perspectives. The answer
choices for Q1 and Q2, which are questions about tweets, are 1 to 5, with 1 and
2 indicating that the tweets were not helpful, 4 and 5 indicating that the tweets
were helpful, and 3 indicating neither, so we expected the average value to be
higher than 3. However, as shown in Table 4, the mean values of Q1 and Q2
are below 3. The proposed system aims to make the participants feel that they
could generate more ideas and a variety of ideas by presenting tweets as hints.
Therefore, we expected that participants would feel they could generate more
diverse ideas in Phase 2 than in Phase 1. To verify this expectation, we analyzed

2 https://scipy.org/.

https://scipy.org/
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Table 4. Result Daily questionnaire

Control Group Experimental Group p-value

Mean Standard deviation Mean Standard deviation

Q1 – – 2.19 0.80 –

Q2 – – 2.33 0.75 –

Q3 0.99 0.26 1.06 0.63 0.47

Q4 1.07 0.29 1.02 0.27 0.47

Table 5. Result Post Questionnaire

Control Group Experimental Group p-value

Mean Standard deviation Mean Standard deviation

Qpost1 – – 3.44 1.30 –

Qpost2 – – 3.00 1.41 –

Qpost3 3.50 1.20 2.88 1.05 0.29

Qpost4 2.87 0.99 3.33 1.12 0.56

the mean value of the sum of the responses in Phase 2 divided by the sum of the
responses in Phase 1 for each of Q3 and Q4. If the mean value of Q4 is higher in
the experimental group than in the control group, then the participants felt that
the proposed system allowed them to generate more ideas. However, as Table 4
shows, there was no statistically significant difference between the experimental
and control groups in both Q3 and Q4.

5.2 Post Questionnaire

We analyzed the responses to the questionnaire about the resistance and effec-
tiveness of embedding idea-generation opportunities in Twitter timelines. Qpost1
and Qpost2 in Table 4 show the subjective evaluation values of the resistance and
effectiveness of embedding idea-generation opportunities in Twitter timelines.
We expected the mean value to be lower than 3 because 1 and 2 indicate no
resistance, 4 and 5 indicate resistance, and 3 indicates neither. However, the
result was that the mean value was not less than 3. Because the responses of
Qpost2 were 1–5, 1 and 2 indicating inadequate, 4 and 5 indicating effective,
and 3 indicating neither, we expected the mean value to be higher than 3. How-
ever, the results showed that the mean did not exceed 3. Qpost3 and Qpost4 in
Table 4 show the resistance to being asked to perform the idea-generation task
at the appropriate time and the subjective rating of the effectiveness of the idea
generation. For Qpost3, the experimental group had a lower mean value, but
the difference was not statistically significant (3.50 and 2.88 for the control and
experimental groups, respectively; p = 0.29). For Qpost4, the experimental group
had a higher mean, but the difference was not statistically significant (2.87 and
3.33 for the control and experimental groups, respectively) (Table 5).
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6 Discussion

We analyzed the results of the daily post-task questionnaires and the ques-
tionnaire after completing all tasks. With the data from the daily post-task
questionnaires, we analyzed the participants’ subjective evaluation of idea gen-
eration. The analysis results indicated that the participants did not feel that
the hints in the tweets helped them generate more or new ideas. There was no
statistically significant difference between the experimental and control groups
regarding whether the participants could generate more ideas or diverse perspec-
tives. From the data of the questionnaire after completing all tasks, we analyzed
the subjective evaluation of the resistance and effectiveness of the proposed idea-
generation system. The analysis results did not support the predictions of the
resistance and effectiveness felt by the participants to being interrupted in the
idea-generation task while browsing Twitter. There was no statistically signif-
icant difference between the responses of the experimental and control groups
concerning the resistance and effectiveness of idea generation. Therefore, the
experimental results did not support that users would find it easy to generate
ideas using the proposed system (Sects. 5.1, 5.2).

However, the hint tweet may have influenced the content of the idea. The
free comments in the last questionnaire were as follows.

While the hints from Twitter helped me generate ideas I did not
have, the hints bound me.

This response suggests that hints by the proposed system may encourage the
development of ideas from new perspectives. However, it can be challenging to
understand the perspectives of the hints; some participants felt that the per-
spectives of the hints restricted them, and this inhibited their free conception of
ideas.

The last questionnaire evaluation results did not suggest that users found
it easy to generate ideas when the proposed system created opportunities for
idea generation. Moreover, the participants who did not feel much resistance to
embedding idea-generation opportunities in their Twitter timeline and answered
that it was highly effective responded as follows in the free-response section of
the last questionnaire regarding the use of the proposed system: “It is hard to
do it every day in a row.” “It is not easy to keep coming up with ideas every
day, but I found it very interesting if I did it in my spare time and thought it
would be a good use of my time on Twitter.”

7 Conclusion

In this study, we proposed a system that encourages users browsing Twitter
to generate ideas using information from tweets they read as hints and creates
opportunities for users to generate various ideas. The purpose of the proposed
system is twofold: to make effective use of Twitter, which tends to be time-
wasting, as an opportunity to generate ideas to encourage the creation of ideas
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dissimilar to existing ideas. The proposed system creates a vector of previously
generated ideas and selects tweets with low similarity to them as hints from the
user’s timeline. This strategy increases the diversity of the set of user-initiated
ideas by providing users with various hints for existing ideas. The experimental
results did not show significant results that the proposed system effectively uses
Twitter as an opportunity for idea generation or that it encourages diverse idea
generation. However, we found that the tweets we presented as hints could induce
ideas generated by users. In the future, it is necessary to perform long-term
intervention experiments to verify the effectiveness of the proposed system.
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Abstract. As more education systems integrate mandatory computational think-
ing (CT) classes into their curricula, understanding how the public perceives this
issue is an important step in making educational policies and implementing edu-
cational reform. In this paper, we retrieved all accessible texts related to K-12 CT
education on theQuora platform. The textual data obtained ranged from June 2010
to September 2022. We then performed topic modeling analysis to identify major
topics and uncover meaningful themes of the public responses to CT education
initiatives. In general, people expressed positive comments about CT education.
However, they were still concerned about the difficulties in learning and education
equality for disadvantaged groups. In addition, since CT practices develop stu-
dents’ essential skills in the job market, people may overestimate the outcomes of
CT education. Our findings provide insights into public perceptions of children’s
CT education. The results of this study can facilitate education policymaking,
curriculum design, and further research directions.

Keywords: computational thinking · coding · education · topic modeling · Quora

1 Introduction

In the 1980s, Papert [1] introduced the term “computational thinking” (CT) with the
Logo programming project. He demonstrated that children were able to develop pro-
cedural thinking through programming. This idea was then popularized by Wing [2],
who elucidated CT as the thought processes of problem-solving, systems designing,
and understanding human behaviors. The International Society for Technology in Edu-
cation and the Computer Science Teachers Association [3] then expanded this idea by
highlighting the importance of learning programming to develop problem-solving and
critical thinking for K-12 students. Since then, an increasing number of K-12 schools
have initiated curriculum revisions that integrated compulsory CT courses or combined
them with mathematics and science classes.
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As more education systems integrate mandatory CT classes into their curricula, it
is critical to understand how the public responds to such initiatives. Public discussions
and opinions provide valuable information for researchers and policymakers to under-
stand perceptions of CT education implementations. Although prior studies investigated
stakeholders’ perceptions of CT education, they primarily relied on questionnaires and
interviews with none of them collecting data from social media platforms [4–6]. Social
media plays an important role in empowering parents, students, and teachers to share
information, exchange ideas, and build an educational community [7, 8]. Therefore, this
is an important gap to address since social media is an alternative vehicle to reflect public
responses to specific education policies, practices, and ideologies [9]. This will, in turn,
shape future education policies [10].

In this paper, we aimed to answer the following question: How does the public
perceive K-12 CT education on Quora platform? To address this question, we conducted
a topic modeling analysis of user posts on Quora (www.quora.com). This helped us
identify the major topics andmeaningful themes of the public responses to CT education
initiatives during the past decade. Through analysis, we gained a better understanding
of the public perceptions, concerns, and attitudes toward K-12 CT education.

2 Related Work

2.1 CT, Computer Science, Coding, and Programming

Wing [2] defined CT as “thinking like a computer scientist,” which indicated that CT is
a characteristic of computer scientists. In contrast, several researchers argued that CT
should not be only applied to the computer science discipline. They advanced the notion
that “The ultimate goal should not be to teach everyone to think like a computer scientist,
but rather to teach them to apply these common elements to solve problems and discover
new questions that can be explored within and across all disciplines” [11]. Since then,
a growing number of schools have modified their curricula to promote CT skills to all
students, not just computer science majors [12]. Further, educators and professionals
have made progress in teaching CT at the K-12 levels [13].

Coding and programming are sub-fields of computer science. These two terms are
often used interchangeably. Coding is a part of programming that deals strictly with con-
verting the language we understand into binary commands for the computing machine,
while programming ismore advanced knowledge that consists of a set of instructions that
a computer can understand and execute, as well as debugging, organizing, and applying
to solving problems [14]. CT, on the other hand, overlapping with computer science,
coding and programming, is considered a much broader concept and an interrelated set
of skills (i.e., creativity, algorithmic thinking, critical thinking, problem-solving, and
cooperation) [15].

In the past decade, research has demonstrated that programming education was an
ideal medium for the development of CT [13, 16, 17]. Empirical evidence has shown
that the inclusion of coding or programming in the school curriculum provides a range
of positive learning outcomes [17, 18]. Through the process of designing and debugging
program artifacts, children are able to develop not only programming skills but also

http://www.quora.com
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metacognitive approaches to problem-solving, critical thinking, and creative thinking
[19].

2.2 Stakeholders’ Perspectives on CT Education

In the last decade, numerous studies investigated stakeholders’ perspectives on CT edu-
cation in K-12. Generally, parents perceive the benefits of CT activities, and they hope
children could have fun and enjoy the learning process [4]. For example, a survey result
showed that parents identified a range of positive outcomes of CT practices, including
creativity, problem-solving, planning, and collaboration skills [5, 20]. In addition, most
parents expressed relatively high expectations of CT education. They anticipated that CT
education can equip their children with essential skills for career success in the future [5,
6]. However, they were concerned about inadequate professional teaching and learning
resources provided by schools [20].

Although academics and IT professionals believed that anybody could learn to code
with sufficient resources, effort, and learning motivation [21], schools and teachers iden-
tified significant challenges in teaching activities, such as insufficient teacher training and
no unified curriculum [22, 23]. For example, although teachers expected that integrat-
ing programming into mathematics classes would be fun and engaging, many teachers
reported a lack of training and guidance in the teaching material. Particularly, they strug-
gled with choosing tools or approaches to teaching CT skills [24]. Besides, while teach-
ers perceived the value of introducing CT to primary students, they expected additional
support in tool evaluation and CT assessment [25].

Given thatmost previous research relied on questionnaires and interviews as research
methods, there are several limitations. First, the questionnaire is viewed as a cost-efficient
approach to collecting quantitative data from a large-scale group on specific topics. How-
ever, this method is focused to test hypotheses and results in statistical generalizations.
It is hard to generate in-depth data or “stories” from respondents [26]. Second, although
the interview method allows for collecting a large amount of information about the
behavior, attitude, and perception of the interviewees, it is considered time-consuming
and labor-intensive with restricted numbers of participants [27]. Therefore, we propose a
computational method to quantify public perceptions. As a means of triangulation, this
approach can compensate for the limitations of questionnaire and interview methods
undertaken in many prior studies.

2.3 Quora Analysis

There are two reasons for choosing Quora in our research. First, Quora is one of the
largest and most popular community-driven Q&A sites with diverse user communities
[28]. Second, its extensive, modern interactive interface and well-organized sections
on the education sector enabled both depth and breadth of relevant data for collection.
On this platform, individuals are able to post either questions or answers, as well as
vote for preferences. The voting mechanism provides the potential to measure public
preferences on particular opinions. Another important feature of Quora is that it requires
users to provide personal identities in registration which increases the representativeness
of Quora’s data to reflect public opinions to some extent.
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Prior research focused on a few topics, such as climate change [29], linguistic struc-
ture [30, 31], and autism-related questions [32]. In the education context, Le et al. [33]
analyzed data from actual conversations on Quora and identified key factors attributed to
students selecting a university. Nevertheless, the content analysis of educational issues
onQuora is limited. Therefore, this study intends to uncover hidden patterns surrounding
public discussions of recent education initiatives.

3 Methodology

3.1 Data Collection

We used Python to collect data from the Quora website. As shown in Fig. 1, several
types of data were collected in this study: questions, answers, author information, and
the number of upvotes.

Fig. 1. Snapshot of Quora

The data collection process started with searching all questions associated with K-12
CT education, including but not limited to:

1. (children or kids) AND (code OR coding OR programming OR robotics OR
“computer science”) AND (study OR learn)

2. (children or kids) AND (code OR coding OR programming OR robotics OR
“computer science”) AND (teach OR instruct OR curriculum OR syllabus OR class)

3. (children or kids) AND “computational thinking”

The data ranged from June 2010 to September 2022 since Quora was first available
to the public on June 21, 2010. A question may receive several answers, questions thus
serve as guides to retrieve corresponding answers. In total, 2,269 questions and 43,839
answers related to K-12 CT education were collected.
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3.2 Data Analysis

After eliminating duplications, 1,369 questions and 23,124 answers remained in the
dataset. We then manually screened questions and deleted all irrelevant items which did
not contain keywords such as “children,” “kids,” “coding” and “programming.” Finally,
1,174 questions and their associated answers remained. We noticed that Quora catego-
rized answers into three types and labeled them normal, related, and promoted. Specifi-
cally, normal answers are the replies posted for the given questions, related answers are
similar posts recommended by the system, and promoted answers contain advertising
content. As shown in Fig. 2, among 23,124 answers associated with the 1,174 ques-
tions, there were only 7,951(34%) answers are posted by users for the given questions,
compared to over 60% of the system-recommended answers. To reduce algorithm bias
and maximize the authenticity of public perceptions, we removed promoted answers
and excluded answers without keywords such as “children,” “kids,” “coding” and “pro-
gramming.” Finally, 7,543 answers were prepared for topic modeling analysis (6,064
(80.39%) normal answers and 1,479 (19.61%) related answers).

Fig. 2. Types of answers

Next, we preprocessed the answer data by removing emojis, URLs, punctuations,
numbers, and special tokens (e.g.,&nbsp,&amp).We then converted the terms into single
words and lowercase. Further, we removed standard stopwords and additional custom
stopwords, including “don’t,” “’ll,” and “’ve” in answer texts. Finally, we conducted
a lemmatizing process to enhance interpretability. After preprocessing, 18,004 valid
English terms were prepared for Latent Dirichlet allocation (LDA) analysis.

LDA is a popular and widely used machine learning method for text analysis. It is an
unsupervised clustering technique to identify latent topics from a given corpus and then
calculate topic distributions [34]. In our study, we aim to map all the documents to the
classified topics and calculate the representatives of each topic. To make each document
and each word as monochromatic as possible, we used the Gibbs sampling algorithm
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to increase the statistical inference [34]. Next, we apply Cao et al.’s [35] and Deveaud
et al.’s [36] metrics to determine the optimal number of topics of collected data. Figure 3
illustrates the perplexity of the topic model. Since the best number of topics shows low
values for Cao et al. [35] and high values for Deveaud et al. [36], we need to find the
point that best fits the criteria.

According to Fig. 3, the optimal number of topics appeared at 10-topic model, 14-
topic model, and 16-topic model. To compare the quality and interpretability of these
three models, we calculated the coherence score of each model. A higher score indicates
a better topic model. After calculation, the coherence scores are 0.46, 0.48, and 0.47,
respectively. We thus decided to generate 14 topics in this study.

Fig. 3. The perplexity of the topic model

4 Findings

Among 1,174 questions, there are three types of questions that people are most con-
cerned with. The first type is related to the benefits of learning CT skills. People were
curious about “What are the benefits of learning programming?” The second type is
surrounded with learning resources. For example, people ask “What are the resources
you recommend learning to program at an early age?” and “Are there any recommended
online platforms that help kids to learn to code?” The last type is focused on the school
curriculum and CT framework. People ask for details about the CT curriculum. How-
ever, they also express feelings of uncertainty about the relation between CT education
and children’s future development. They question that “How important or unimportant
do you think computer science is to your kids’ education and their future careers?”.
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Fig. 4. The intertopic distance map of the answer dataset

Figure 4 shows an intertopic distance map of the answer dataset. We obtained this
2-D representations by computing the distance between topics and applyingmultidimen-
sional scaling. Each bubble represents a topic whose size correlates to the prevalence of
its topic within the text document. An ideal topic model is represented by large, non-
overlapping bubbles that are scattered throughout the chart. However, we observed a
slight overlap on edges between Topic 2 and Topic 13. It is because these two topics
share a part of common words. If we looked at them closely, we found that Topic 2
and Topic 13 share common words on positive attitudes toward CT education. However,
Topic 2 is focused on the education inequity of the poor while Topic 13 is concentrated
on the general attitude toward CT education. Despite the minimum overlap, the majority
of topics are of similar sizes and non-overlapping spread across the chart. This indicates
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that the 14-topic model is a good fit model. In addition, the topics are spread across the
four quadrants and automatically filled into four themes.

The bar chart in Fig. 5 lists the top 30 most salient terms. The blue bars depict the
total frequency of each term across the entire corpus. A higher saliency value indicates
that a word is more useful for identifying a specific topic.

Fig. 5. The top 30 most salient terms of the answer dataset

As shown in Table 1, the 14 topics are classified into four themes according to the
four quadrants.

Theme 1 consists of public attitudes and concerns with CT education. In general,
people held positive views on CT learning, such as “happy,” “interest,” and “joy.” (Topic
13). CT activities were considered valuable opportunities for children to develop friend-
ships. Interestingly, although people expressed positive comments about CT education,
they were still concerned about the difficulties in the learning process (Topic 3) (e.g., “A
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lot of the basic CS concepts can be very abstract and hence difficult to comprehend, even
for grownups.“) It is noteworthy that people also shared doubts and uncertainty with the
implementation of CT education in different places. In Topic 2, people delivered their
opinions on the pros and cons of CT education to disadvantaged groups. They believed
that poor people equipped with CT skills can get out of poverty and live better lives with
their families. However, others argued that even as technology becomes more affordable
and internet access seems increasingly ubiquitous, poor people still faced a lot of barriers
to learning. For example, one mentioned that “children from low-income families may
have inadequate access to technology and teaching resources, which can hinder them
from learning the CT skills that are crucial to success in the future.”

Theme 2 presents people’s understanding of different types of CT knowledge. Since
CT education has now gained increasing popularity, people have become more familiar
with this subject and are sharing extensive information on CT concepts and learning
content. Our results revealed that five out of fourteen topics focus on programming
and robotics (Topic 4), CT concepts (Topic 5), programming languages and advanced
programming skills (Topic 6 and Topic 11), and learning strategies (Topic 10). People
acknowledged that CT education starts from introducing basic CT concepts. Followed
by variable hands-on activities, students then learn to use computers or other technology
devices (i.e., robotics) as useful tools in problem-solving. People believed that the CT
learning experience will further lead students to advanced programming knowledge and
skills.

In Theme 3, discussions are centered on the school curriculum and CT framework.
Since more schools have integrated CT classes into mandatory curricula, people gradu-
ally recognized the critical role ofCTeducation in developing creative thinking, problem-
solving, and logic skills (Topic 1). As well, people exchange ideas on school curriculum
(Topic 7) and instructional designs (Topic 12) to understand how schools facilitate chil-
dren’s learning. People not only talked about in-school curriculum and extracurricular
workshops for CT skills development, many of them also discussed course designs of
online platforms.

Theme 4 focuses on career development. People showed high expectations on CT
education and believed that CT skillswould be fundamental skills for career development
(Topic 14). For example, people valued CT skills as a “basic requirement for jobs in all
fields.” and “Coding skills can have a profound impact on their future career path.” It is
hence unsurprising that people naturally assume that CT skills are likely to bring more
monetary rewards and help find a decent job in the future (Topic 8 and Topic 9).

5 Discussion

This study demonstrates the utility of the data collected fromQuora for investigating pub-
lic perceptions of children’s CT education. Based on the answers posted by community
users, we identified the major topics and meaningful themes of the public responses to
CT education during the past decade. Several interesting findings were revealed through
analysis.

First, the majority of people have positive attitude toward CT education (Theme 1:
Topic 13). In line with previous studies [4–6], people perceived that CT classes provide
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Table 1. 14 topics generated through LDA topic modeling.

Topic label Top 10 words Topic rate
%

Document
counts %

Example

Theme 1: Attitude and concerns with CT education

Topic 2: Difficulties
in implementation

reason; day;
access; poor;
country; demand;
education; world;
social; low

7.20% 523
(6.93%)

“Programming has a
serious diversity
problem, and the
ceiling for poor people
can be as hard as
concrete. “

Topic 3: Difficulties
in learning

understand; hard;
difficult; question;
find; answer;
command; error;
memory; age;

7.10% 186
(2.46%)

“…kids should not be
oriented to learn the
difficult concepts of
coding from a very
early age, as it will
only increase the
burden on their little
shoulders.“

Topic 13: Positive
attitude

enjoy; pretty;
friend; happy; age;
thing; interest;
love; joy; life

7.50% 639
(8.47%)

“It teaches a child’s
fundamental skills in
coding and translates
them into a real-world
experience that is
engaging, enjoyable,
and fun! “

Theme 2: Types of CT knowledge

Topic 4:
Programming and
robotics

robot; drive;
function; line; step;
object; move;
sensor; command;
control

6.90% 423
(5.61%)

“You can start with
robotic classes… is a
great way to
concretize your basics
and skills over time.“

Topic 5:
CT concepts

code; write; line;
type; logic;
number; memory;
function; read;
assemble

6.80% 495
(6.56%)

“Programming
concepts such as data
type and loops or
some statements etc.“

Topic 6:
Programming
languages

language; python;
java;
programming;
basic; JavaScript;
web; book; project;
recommend

7.50% 558
(7.39%)

“…once your skills
progress, work your
way up to JavaScript,
SQL, and other more
complex coding
languages.“

(continued)
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Table 1. (continued)

Topic label Top 10 words Topic rate
%

Document
counts %

Example

Topic 10: Learning
strategies

book; solve;
practice; logic;
structure; base;
follow; beginner;
solution; web

7.30% 381
(5.05%)

“…follow a 2:1 ratio
between conceptual
learning and applied
learning to
practices…”

Topic 11: Advanced
knowledge of
programming

machine; learning;
data; human;
algorithm; model;
intelligence;
process; deep; train

7.80% 346
(4.58%)

“Your kids will start
with core
programming
concepts, and they
will have an excellent
understanding of
artificial intelligence,
machine learning…”

Theme 3: School curriculum and CT education framework

Topic 1: Future skills
(e.g., creative
thinking, problem
solving, etc.)

skill; technology;
future; develop;
world; creative;
think; solve; math;
logic;

6.70% 837
(11.09%)

“Learning to code will
improve a child’s
abstract thinking,
logic, problem-solving
skills but also
increases creativity
and concentration.“

Topic 7:
CT curriculum

class, online,
platform, teacher,
provide, offer,
curriculum, age,
live, session

7.00% 821
(10.88%)

“…as a part of the
existing classroom
curriculum or as an
extracurricular
assignment…parents
are also increasingly
turning to online
coding programs for
their kids.“

Topic 12:
Game-based learning

game; basic;
create; interest;
fun; play; easy;
scratch; tutorial;
block

6.90% 675
(8.94%)

“Your kids can use
code to build their own
games, animation, and
apps, fundamentally
changing their
relationship to
technology from
consumer to creator.“

(continued)
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Table 1. (continued)

Topic label Top 10 words Topic rate
%

Document
counts %

Example

Theme 4: Career development

Topic 8:
Major choices

math; engineering;
degree; field; job;
college; school;
education; major;
university

6.70% 559
(7.41%)

“I want to be an
engineer and I was
one of the top
programmers in high
school, I chose CS for
my university major,
and it helps a lot.“

Topic 9: Money
reward

company; job;
money;
competition;
market; google;
pay; top; hire;
industry;

7.20% 446
(5.91%)

“Working in IT is
usually paid pretty
well.“

Topic 14:
Job requirement

developer;
software; career;
engineer;
application;
system; database;
industry; field;
programmer

7.40% 658
(8.72%)

“This has become a
basic requirement for
jobs in all fields.“

children with fun and engaging learning experiences through hands-on activities. More-
over, CT education supports children’s problem-solving skills, creativity, and logical
thinking. For example, people commented that “CT practices help kids to think logi-
cally and enhance their creativity.” and “From designing games and apps to writing code
and completing projects, it takes a child’s fundamental skills in coding and translates
them into a real-world experience that is engaging, enjoyable, and fun!” Surprisingly,
there are 228 out of 639 answers (35.68%) in Topic 13 highlight the collaboration and
communication skills in CT activities. There is little doubt that people supposed that CT
education has effectively improved children’s social and communication skills through
collaborative learning activities. For instance, “As children create [projects]with Scratch,
they learn to think creatively, work collaboratively, and reason systematically.”, “Coding
brings collaboration, communication, problem-solving, and other skills for kids.” and
“They make friends who share a common interest.”

Second, people are concerned with the difficulties and challenges in teaching and
learning CT skills (Theme 1: Topic 3). People expressed worries about challenges chil-
dren might encounter in the learning process, such as difficulties in understanding CT
concepts, lack of interest, and practice time. Some negative views on children’s learning
experience have been found in our analysis, such as “A lot of the basic CS concepts
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can be very abstract and hence difficult to comprehend, even for grown-ups.” and “It is
really difficult to retain their attention and interest in something like coding which can
be a bit challenging in the beginning phase.” Apart from that, our findings complement
previous studies by presenting more insights into learning difficulties in CT learning.
People identified several factors that contribute to learning difficulties. For example,
one wrote, “There are many reasons [for difficulties in learning] such as financial con-
ditions, lack of motivation and support from family/friends, etc., but most important is
lack of interest.” Since parents’ perceptions play a pivotal role in children’s learning,
their positive attitude toward CT education considerably influences children’s learning
motivation. In contrast, parents’ misconceptions and anxiety could become obstacles to
children’s engagement in learning [37]. Therefore, many researchers encourage parental
involvement in children’s learning [38–40]. Parental involvement could help gain a bet-
ter understanding of their children and develop a closer parent-child relationship [41].
It could also improve children’s engagement and academic performance [39, 40].

Third, the implementation of CT education is confronted with many doubts, partic-
ularly in less developed areas (Theme 1: Topic 2). Some people worried that the imple-
mentation would be delayed due to the fact that “not enough teachers are trained to teach
coding in schools across the country, and resources are lacking as well (not all schools
have a functional computer lab).” These comments are similar with previous findings
that teachers perceived a lack of training and guidance when integrating CT activities
into math classes [23, 25]. However, most previous research was conducted in schools
with abundant educational resources, such as computer labs, ubiquitous networks, and
qualified teachers. Teachers and students in these schools have advantages with inter-
net access and computer use, compared with schools serving low-income households.
These poor districts’ schools usually have a greater number of students per class and less
spending per student [42]. In a recent survey, among those with incomes below the fed-
eral poverty level, 65 percent of participants reported that lacking access to a computer
or the internet had prevented their children from participating in class and completing
their schoolwork [43]. We got similar results in our study, some people wrote, “In some
countries access to computers is dramatically lower than the worst we find in America,
such as 400 students per computer. I believe in most places where there is income dis-
parity, there will also be a disparity in access to technology and computer education.”
and “Internet access, in many cases, is limited to their pay-as-you-go phones. No money
this week? No phone, no Internet. There are no computers, laptops, or tablets in the
classroom, nor are there any available for loan. These kids, living in the deepest poverty,
don’t have the basic education to learn to code.” Therefore, we realized that the partici-
pants in previous studies did not cover the gamut of social groups, such as marginalized
or underprivileged groups.

Fourth, the amount and complexity of information content bring a certain degree of
confusion to identifying and extracting credible information (Theme 2). Community-
driven platforms such as Quora create and maintain a space for productive discussion
where users can freely share their thoughts, ideas, and concerns. However, the explosion
of information may leave people feeling frustrated and confused. Eventually, the gap
between the information that is presented and perceived can result in anxiety and stress
which lead to poorer decision-making capacity and memory loss [44]. In this study, over
60% of answers labeled with related are system-recommended answers. These answers
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contribute part of the irrelevant content and advertising information that people may
encounter. For example, when we looked through the answers to “How can parents learn
to codewith their kids?”,we found 32 related answers.One of themdevoted considerable
space to describing the benefits of using one of the learning platforms and at the end of the
answer, the author introduced a product as “The most dynamic and remarkable platform
for the kids to learn coding is www.whitehatjr.com.” Such information may mislead
community participants in decision-making and judgment. Parents or teachers may be
influenced by advertising information and choose inappropriate learning resources for
children or even misunderstand the content and purpose of CT education. Therefore,
people should be more diligent when they consume information online and be aware
that not all information is accurate or genuine.

Besides, an array of choices of online resources was found to cause anxiety among
parents. For example, some answers in Theme 2 wrote, “Among so many available
options, choosing the right coding course for kids is challenging. There are multiple
factors to consider before choosing a platform. An updated curriculum, expert teachers,
hands-on-practice, and enjoyable learning.” “If a kid is just starting out in coding then
proper guidance will play a crucial role, because guidance can either build interest
in coding or ruin it. Pre-recorded tutorials are great but they are not interactive.” Even
though some experts answered that “There is no one-size-fits-all answer to this question,
as the best site to learn how to code will vary depending on your level of experience
and expertise,” they rarely gave specific guidance on how to select reliable resources for
specific age groups.

Fifth, as more schools have initiated curriculum revisions to introduce K-12 students
with CT skills [12], people shared divergent views on school curriculum and instruc-
tional design (Theme 3). Many people acknowledged that integrating CT classes into the
mandatory curriculum is an inevitable trend. We found several positive comments that
supported this argument, such as, “I support the initiative that students will be taught
coding in the National Education Policy. It aligns with what these children will face in
the future.” and “Coding is a part of fundamental education. Moreover, with the launch
of the National education policy, more and more parents have realized the importance
of getting their young kids into coding.” Nevertheless, people held controversial per-
spectives on the current school curriculum. A part of them had great expectations on the
school curriculum. They looked forward “Schools have good faculties, great curriculum,
and those faculties whowould completely focus on kid’s development.” In addition, they
hoped that “The curriculum is designed to make children learn real-world tech problems
and tackle their solutions. The classes are interactive and interesting so that the child
can learn in a fun way.” In contrast, Pessimists argued that school curriculum is boring
and outdated. For example, “Boring and tiring school curriculum are forcing kids and
parents to look out for some better options which are practical, informative, interactive,
full of fun and improve logical and critical thinking amongst kids.”, “School Curriculum
should now be customized according to the change.” and “[online platforms’] course
structure is the different-from-school curriculum. They are enough interesting for the
kids to take up the coding concepts enjoyably.” Further, some opponents doubted that
the current school curriculum is incompetent and hardly covers creative and problem-
solving skills. They thought “Creativity and problem-solving skills are tough to teach

http://www.whitehatjr.com
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and learn, especially embedded with coding. It requires lots of planning, research, and
engineering.”

Lastly, the public seemed to overestimate expectations of CT skills. A large portion
of answers revealed that people expect children who learn programming could find a
decent job and get paid well (Theme 4). Furthermore, some even believed computer
engineering jobs are much better than others. For example, “Professional programmers
are in great demand, and they are generally paid well (relative to all other careers).”
and “A computer science degree also lets you get into a field where (if you’re either
hard-working or extremely gifted) you are highly desired by many companies, paid
well, and allowed to work with an exceptional amount of freedom.” This overestimated
expectation may become a burden for children if their parents place too much emphasis
on outcome importance. Prior research indicated that when children are overstressed
with expectations, they may become frustrated and feel depressed [45, 46]. As a result,
children are less likely to enjoy learning for their own sake. In contrast, students who are
less influenced by parents’ over-expectations could enjoy and concentrate more on the
learning process. Therefore, parents should be aware of the potential negative impact of
high parental expectations on children’s emotional well-being and learning.

6 Conclusion

This study analyzed posted answers on the Quora platform to gain a better understand-
ing of public perceptions, concerns, and attitudes toward CT education. Through topic
modeling, we identified 14 topics surrounding people’s discussions of CT education.
The findings have the following theoretical and practical implications.

Theoretical implications of this study are two-fold. First, the use of social media
data and topic modeling could be applied as a complementary research method to inves-
tigate public perceptions of educational issues. The results of this study qualitatively
and quantitatively reflect public responses to specific education policies, practices, and
ideologies, which compensates for the limitations of the survey and interview methods
undertaken in many prior studies. Future studies could attempt to combine the social
media-based text analysis method with other research methods to gain a comprehensive
understanding of stakeholders’ views on particular educational issues.

Second, education inequality in the CT domain is an emerging issue. There thus
should be further work done with disadvantaged and vulnerable groups to better under-
stand CT education implementations in this context. For example, whether social-
economic backgrounds impact students’ CT education, and how the different social
groups of people perceive CT education. What are the difficulties students face in CT
learning, andwhat factors are attributed to the differences?We look forward to educators,
policymakers, and developers aligning together to create diversity, equity, inclusion, and
belonging CT education community for all children.

This study also provides practical implications for schools and instructors. First,
schools provide adequate guidance and training for teachers. Asmore EdTech companies
develop learning tools to facilitateCTeducation, teachers face an ever-increasing number
of tools and resources on the internet to spice up their classes and keep their students
engaged.However, a lack of professional training and guidance on integrating tools inCT
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classes may negatively impact effective teaching. This, in turn, will affect students’ CT
development. Therefore, schools should pay attention to providing pedagogical training
for teachers.Weexpectmore effective andhigh-quality teaching strategies and evaluation
methods in CT education. On the other hand, teachers should upgrade themselves and
be competent to deliver qualified CT education to students.

Second, another practical implication for schools is to provide collaborative learning
opportunities to ease parents’ anxiety, broaden their programming knowledge and gain
first-hand experience in learning programming with their children. For example, we
advocate schools to organize parent-childCTworkshops and summer camps. Such events
provide opportunities for developing a closer parent-child relationship. It could also
improve children’s engagement and CT performance. Further, technology companies
could develop more interactive and user-friendly CT tools that parents could easily use
to support their children in learning.

A few limitations should be noted. First, data collection was limited to a single Q&A
site Quora. Other social media platforms may yield different sets of topics. Hence, it
would be worthwhile to analyze other sources to ascertain the stability of our topics.
Second, the geographical distribution of Quora users is mainly located in America and
India. Therefore, our results may not be generalizable to all populations. Future studies
could include other social media sources to validate our topics and gain a comprehensive
understanding of public views on CT education.
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Abstract. In this study is presented a model to design affective conversation
interfaces. Therefore, it is necessary to understand some concepts related with
emotions and conversational interfaces. Studies reviewed are more related to UI
recommendations for chatbots but not for mental health. In addition, that a con-
versational interface can be voice or text or both. Also, studies reviewed does not
specify a structure of conversation that the dialogue should follow.

In this study is proposed a simple model following the approach of User-
Centered Design to design an affective conversation interface for mental health.
However, different mental health issues and types of therapy for anxiety and
depression were not explored in depth in this study, as this involves a person’s
state of mind.

Keywords: Mental health · Affective computing · Emotions

1 Introduction

Nowadays, problems with mental health in Chile has increased. Studies show high a
highest rate with anxiety and depression [1]. In 2022World Health Organization (WHO)
launched a report [2], which mentions that determinant of mental health are emotions.
Negative emotions like anger, fear, disgust and sad can have an impact on the mental
health, more when they become frequent and intense, can affect the quality of life of a
person inducing depression and anxiety [3]. Therefore, negative emotions are regarded
as one of the key risk factors in mental illness. Emotions as fear, anger, sad, disgust are
considered as basic emotions.

Affective Computing (AC) studies the development of systems and devices that can
recognize, interpret, and simulate emotions [4]. Emotions can be quantified; machines
can understand it. Therefore, the recognition of negative emotions could help for the
mental health care. AC is an interdisciplinary field spanning computer science, cognitive
science, and psychology. Emotions can be manifested through physiological signals,
gestures (facial and body) and verbal expressions (speech or voice).

Embodied conversational agents (ECAs) can be defined as “more or less autonomous
and intelligent software entities with an embodiment used to communicate with the
user” [5]. Therefore, theses interfaces can be to stablish a communication verbal or
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nonverbal, where embodiments can be virtual characters, robots, or bots (i.e. chatbots),
and communication from text messages to human communication using modalities as
speech, gestures, and facial expressions.

Conversational interfaces have increased due to advances in natural language pro-
cessing and artificial intelligence. Designing an interaction through a conversation
between the user and a bot requires interaction mechanisms through a visual inter-
face. However, studies found are centered in how design conversational interfaces than
affective conversational interfaces [6], which is the capacity to recognize, adapt to and
render emotion. There are some questions: how could be expressed an emotion through
a conversation or how could be adapted a conversation when the bot (agent) detects a
negative emotion? Which could be the best option to recognize emotions in real-time?.

Studies reviewed, were not found recommendations or guidelines about how design
affective conversational interfaces. From the covid pandemic, these affective conver-
sational interfaces have become of interest to researchers related with mental health
such as: Woebot [7], an automated conversational agent to support anxiety and depres-
sion. KokoBot [8], is a conversational agent designed to express empathy, which is a
mobile application to promote emotional resilience [9]. Kokobot employs a text-based
user interface and is available to be used on various messaging platforms (Facebook
and Twitter), also employs an unsupervised learning method to automatically retrieve
responses. Users can evaluate the quality of each response in a three-pint Likert scale
(good, ok, bad). Some conversational interfaces areWysa [10], an AI-based emotionally
intelligent mobile chatbot to promote mental well-being using text-based conversational
interface.Wysa responds to emotions that a user expresses through a conversation, which
integrates some theories as CBT (Cognitive Behavioral Therapy), dialectical behav-
ior therapy, motivational interviewing and positive behavior support, mindfulness and
guided micro-actions and tools to encourage user to build emotional resilience skills.
ViviBot [11], is a chatbot designed for young adult cancer than can improve the mental
well-being of users. Finally, Tess [12], is an artificial intelligence chatbot for depression,
which is based on coping strategies on the emotional needs of the users.

2 Background

2.1 Conversational UX Designing

From the field Human-Computer Interaction (HCI), User eXperience (UX) is used to
measure conversational user experiences when interacting with conversational agents.
Therefore, designing conversational interfaces require a user-centered design approach
[13], which insure that be end product takes user’s needs. From UX some studies pre-
sented as the book conversational design by Erika Hall [14], which mentions that a
conversation includes the selection of the medium of interaction, the visuals and inter-
actions. A study by [15] mention that individuals feel attraction in similarity for the
design of conversational interfaces, where they found three issues (1) personification,
where bot can express and mange different personas; (2) user modeling, or how to make
that bot understand people and recognize their key human characteristics, and (3) per-
sonalization, how the bot can choose the right persona according to the user and task, for
example extroverted people like more and react better to extroverted interfaces [16]. In
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addition, in the study presented by [15] mention that the design of conversational inter-
faces must be considered gender identify, therefore the bot should start with an unusual
question in interface design such as: should the computer agent be perceived as male or
a female? It is because in a conversational interface based on text men and women tend
to write in different ways [17].

A book titled Conversational UX design wrote by Moore and Arar [19], which
describes how to model natural conversation. Authors mention: modeling simple
question-answer interactions may be easy but modeling natural conversation activi-
ties is more challenging. The book provides a conceptual framework for designing the
UX with conversation user interfaces. Authors focused to understand the principles
and patterns must be considered on conversational interfaces. They mention that con-
versational interfaces are different from graphical user interfaces (GUI), because on a
conversational interface, the graphical elements are minimal, and the words are the main
interaction with the user. However, questions and answers are simple, so how should the
bot respond if the user says “okay” or “oh” or “what do you mean?” or include words
culture-specific idioms.

Therefore, theUXdesigner is related in howdesign a dialogue betweenuser-machine
(computer, tablet, or smartphone) must be organized. A study presented byGudmundsen
et al.[20] explored how to design a mental health chatbot for youths. Therefore, authors
applied a user-centered design process following the phases such as: (1) understand the
context of use and to detail user needs and requirements, (2) chatbots concepts were
explored through sketching and user feedback, (3) a simple prototype chatbot and (4)
evaluation of the simple prototype. The UX methods applied were such as interviews
with experts (nurses and youths), focus group and user testing. A study by [21] use the
Wizard of Oz technique to identify conversation flow stoppers and recommendations for
prototype design. This technique allows designers to test a concept on the user without
needing to build a high fidelity, expensive prototype on focuses the test on the general
idea.

Studies presented can help to design a conversational interface. However, a conversa-
tional interface centered formental health should include emotions. A study presented by
Fadhil and Schiavo [22] made a systematic literature review of research works designing
for health chatbots. They categorized themes found in four main groups such as: bot-user
interaction, bot response, bot development and user experience. The category user expe-
rience found features such as: empathy & emotional state, prediction & personalization,
user engagement, security & privacy and user demographics. However, in this category
studies are few. A study by [23] describe best practices for designing chatbots, where
authors created iHelpr a guide self-assessment on the following topics: stress, anxiety &
depression, trauma, sleep, and alcohol. Authors mention that there are psychometrically
validated instruments used for each topic, which using a chatbot can reduce the amount
of time spent answering these questions and the score can be calculated automatically.
Authors stablished a list of usability best practices such as: analyze the complexity of
language, appropriate delays and typing feedback/indicators need to be in place for each
bot utterance, inclusion of humour, use of the user’s name, include variance in content as
multimedia text, use context awareness, finally it is important to be mindful of culture,
are words and humour may mean different things to different cultures.
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Therefore, a strong characteristic of conversational interface based on mental health
is the ability to detect emotions, some ways could be (1) sentiment analysis (analysis of
text), (2) biometric sensors (camera, microphone o physiologic responses).

2.2 Affective Conversational Interfaces (ACI)

In a conversational interface, the flow is not linear. Therefore, the conversation takes
different courses according to the answers that influence dialogue. Affective conversa-
tional interfaces display behavior that are credible and expressive [6]. So, an ACI must
recognize, adapt to, and render emotion. In [6] discuss how can be incorporated into con-
versational interfaces to make more believable and more expressive, where they mention
a recommendation of theW3C for annotating features of emotion. The EmotionMarkup
Language (EmotionML) can be used to represent emotions, which may contain different
< emotion > elements that represent the annotated emotions, and element may include
attributes such as: dimension, category, or appraisal.

Emotion recognize includes a set of stages such as: data collection and annotation,
learning and optimization.Data collection signals are recorded from the user and prepro-
cessed to eliminate noise and other phenomena. These signals can be facial expression,
voice and physiological or using a combination of them. However, facial expressions are
expressions that a user can imitate without them occurring spontaneously. Jerrita et al.
[24] mention that a person does not overtly express emotion through speech, gestures,
or facial expression, but a change physiological pattern is inevitable and detectable. Pat-
terns for each signal are different. The annotation procedure depends on how the data
was collected. The learning are machine learning techniques applied to detect emotions.
Finally, the optimization to keep only the relevant features.

In conversational interfaces, the user’s input is text, where it is used to extract the
semantics of the message conveyed and to compute the most adequate system response.
The text can carry information about the user’s emotional state. This is encoded in the
words and grammatical structure. For example, saying “as you wish” is not the same
“do what the hell you want”. Therefore, there are techniques for extracting affective
information form text and can be the process different to the speech and vision signals.

2.3 Emotions

An emotion can be represented as a dimensional model [25], such as: arousal, valence,
and dominance. Arousal refers the level of activation. Valence defines whether it is a
positive or negative emotion. Dominance is the degree of emotion control.

There are basic emotions which are considered universal in all cultures. Eckman
et al. [26] identified six primary emotions in facial expressions such as: anger, fear, joy,
sadness, surprise, and disgust. However, other authors consider that there are more than
six primary emotions [27].

On another hand, emotions are related with problems of mental health as depression,
anxiety. Negative emotions are a general factor of subjective distress, and subsumes a
broad range of negative mood states, including fear, anxiety, hostility, scorn and disgust
[28]. Therefore, depression is related with mood states such as sadness and loneliness.
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A study presented by Zucco et al. [29] used sentiment analysis techniques and affec-
tive computing methodologies as tools to assess and monitor the depression. Normally,
in affective computing is used hardware and software technology to detect emotional
states of a person. Therefore, could refer on multimodal system, which includes mea-
sures and variables of physical aspects and physiological signals. Authors proposed an
architecture based on multimodal data for depression monitoring. Authors used a archi-
tecture known as lambda architecture [30], which consists of three layers: batch layer,
is designed to maximize accuracy with no regards of time and consists of a distributed
processing system, and second layer called real-time layer, is design tominimize latency;
when the batch data output for the same data available, and a third layer called serving
layer can be joined with more accurate results.

Systems multimodal can receives several data from different sources, which it is
issue typical of multimodal acquisition systems, how to integrate information extracted
from different sources into the systems. Therefore, in multimodal systems is commonly
used fusion techniques.

3 UX Model for Affective Conversational Interfaces

Studies reviewed were not found models that can support on how to design an affective
conversational interface. Figure 1 shows a proposal of a model which follows an app-
roach user-centered design (UCD). Designing a conversational interface, the dialogue
established with the user is very important. Therefore, the inclusion of multimedia con-
tent, such as images, video, sound, and text, can favor a better understanding in the
communication established between machine actors and a human (end user).

Fig. 1. UX Model for Affective Conversational Interfaces

User-centred design is a philosophy based on the needs and interests of the end
user. Norman [13] has defined design principles, such as visibility, feedback, constraints,
graphics, consistency, and affordance. Pricilla et al. [31] conducted a study for the design
of chatbots for e-commerce systems, which mentioned some basic anatomies to be con-
sidered, such as: (1) brand, personality, human involvement, (2) Artificial Intelligence,
(3) conversation, (4) rich interactions, (5) context and memory, (6) discovery and instal-
lation, (7) engagement methods, and (8) monetization. Therefore, for the design of an
affective conversational interface following the user-centered design philosophy, it is
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important to consider the user’s needs and the context of use. Accordingly, chatbot cus-
tomization can be considered, such as: gender, avatar, conversation style, among others.
The dialogue design for a conversational interface is one of the most relevant features, as
it is through dialogue that the user will be able to interact with the end user. Therefore, a
model of conversation for mental health is proposed (Fig. 2), which allows to recollect
information about user, and to generate empathic responses that allow a diagnosis to be
made and then apply a specific therapy according to the diagnosis detected.

Fig. 2. Model of Conversation based on mental health

Also, on the conversational interface must be considered conversation navigation,
where the user must learn how to navigate the space. Moore and Arar [19] proposed
basic navigation actions such as capability check, repeat request, conversation close,
sequence abort, sequence closer and paraphrase request.

Conversational interfaces can be incorporated on web and mobile interfaces. There-
fore, after returning a response, must be considered the user feedback, such as providing
an answer, the bot should ask “was this answer helpful?”, where user can response with
buttons for yes and no. In addition, understanding the user is key to designing better
conversational interface, also it includes a group interdisciplinary professional such as:
psychologist, programmers, designers, and linguistics. However, the biggest challenge
is how to design a natural flow of conversation that does not differentiate that it is a bot.

Therefore, this model should be accompanied by recommendations to be considered
for the user interface (UI), for example response types, avatar, rich text with multimedia
content (emoticons, gifts, and videos), privacy and security. In a study present byRomero
et al. [32] mention that it be necessary use advanced platforms that allow a fluid and rich
interaction to have a certain level of intelligence. Therefore, to design the conversation
is important three concepts that must be considered such as: intentions, entities, and
dialogue [33]. Intentions are actions that the user requires as communicating a problem.
Therefore, there are different ways to express the same intention and that the program
must consider. Entities are as keywords. Finally, dialogue is programming according to
the flow of questions-responses. Normally, the dialogue works like a decision tree that
is according to the intentions and entities that it detect in the user’s responses [32].
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Abstract. Dyslexia is a learning disorder that affects reading, writing and spelling
from the early school years and results from dysfunction of specific areas of the
brain responsible for language processing. Children with dyslexia do not develop
difficulties with their intelligence, hearing or vision, but experience a big gap
between their learning ability and typical in-school standards. In Greece, it is
estimated that 5% -10% of children suffer from dyslexia and that their reading
and writing difficulties often influence their abilities to speak, listen, write, read
and comprehend expression in native language. Therefore, teaching in-person or
in class may not always be efficient for those children.

Internationally, distance learning for pupils with dyslexia and learning diffi-
culties has already been developed, while in Greece it began during the period
of COVID19, when students were forced to move towards the online education
system. The purpose of this work is to analyze the advantages, disadvantages,
benefits, and limitations of technological tools for online dyslexia learning. More-
over, the adaptation methods for efficient strategies in distance teaching, so that
students with dyslexia can be trained remotely just as well as in face-to-face educa-
tion, are discussed through different applications and models. Specifically, in this
retrospective study, we evaluate 15 children with dyslexia who switched from in-
person to online education during the pandemic, and we investigate the efficiency
of two interventions. Based on the evidence, online intervention approved to have
the same, and in some cases more advanced, results than in-person intervention,
and it seems it is here to stay.

Keywords: Dyslexia · Online teaching · Distance learning

1 Introduction

The word dyslexia has Greek origins. It comes from the Greek ’dys’, which means
something difficult, and from ’lexia’, which means words or language. Thus, the word
dyslexia describes difficulties with words (1). Dyslexia is a learning disorder that affects
reading, writing and spelling from the early school years and results from dysfunction
of specific areas of the brain responsible for language processing (1,2). Children with
dyslexia do not experience issues with their intelligence, hearing or vision (3,4), but
rather a big gap between their learning ability and typical school standards. It is estimated
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that 5%-10% of Greek children suffer from some kind of dyslexia (5). Their reading
and writing difficulties may influence their abilities to speak, listen, write, read and
comprehend expression in their native language (6). Furthermore, their difficulties in
organization, listening, taking notes, following multi-step directions, time management
and making decisions often disorganize and frustrate them (7). Teaching in – person or
in class may be a serious problem for those children.

Distance or online education is historically referred to as awayof communication and
education between pupils, teachers, schools, mostly performed by exchanging emails
(8). Specifically, distance learning is defined as a way of learning without the physical
presence of pupils, who are not with their classmates and teachers, but in their own
personal space, where they feel more comfortable (8,9). In the last 2 years, COVID-19
forced all students in Greece, including those with dyslexia and learning difficulties,
to move to online education system. Since then, distance learning is advancing so that
it includes any connected device and embraces a large group of systems and methods.
However, because of the multifaceted and complex problems of students with dyslexia,
distance education has been assumed to be a great challenge for them.

According to Leon & Diamond (10), when distance learning is carried out through
targeted and recognized intervention programs, learning objectives can be achieved in the
most meaningful way. Furthermore, according to the International Dyslexia Association
(IDA), distance learning improves the way students learn, since they can pay more
attention due to fewer distractions than in school classes, they receive more attention
from the teacher and are more consistent in their obligations (11). In addition, due
to technology, the lesson and the strategies to support students with dyslexia can be
more interactive, so the students respond better. In a recent study, professors awarded
in online education, claimed that if online teaching is done by experienced teachers and
uses a wide range of reached- based strategies, distance education may have the same
or even better results than in-person education (12). Even though there were different
sources about the valuable help of technology in distance learning in children with
dyslexia, a bigger research started by analyzing its advantages and disadvantages in the
COVID-19 period. According to British Dyslexia Association (BDA), with the right
online equipment and proper and robust organization and management during virtual
learning, dyslexic students can be effectively taught online with long-term effects (13).

In addition, there are no existent studies whether distance learning is beneficial for
Greek dyslexic students. So, during our retrospective study of over 2 years, we evaluated
a number of 15 children with dyslexia who were being educated in–person, and because
of covid, their education was transferred online to find out if the online intervention had
the same results as in-person education.

We will describe the strategies used and adapted in distance teaching, through dif-
ferent applications and programs and will add arguments that students with dyslexia can
be trained remotely just as well as in face-to-face education.

2 Materials–Methods

During this over two-year of Covid-19 period retrospective study, 15 children with
dyslexia were evaluated. Those students had already been tested through Greek formal
assessment from public institutions and diagnosed with dyslexia or learning difficulties.
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For assessing students’ reading, writing, and spelling, we have used reach-based pro-
grams, such as theWriting Revolution Program (14) for writing, the Assessing Reading:
MultipleMeasures (15) for reading, and the Curriculum-BasedMeasurement (CBM-16)
for measuring spelling accuracy. Since we worked with Greek students in their native
language, we used the basics elements of the assessing programs and the way to mea-
sure errors and improvement and quantify the efficiency of each method. Even though
students were already tested, we used these kinds of assessments for preparing an inno-
vative online intervention program according to dyslexic students’ educational needs.
Students were tested during the two years of COVID, at the beginning of intervention
and at the end of the first and second year.

2.1 Methods of Writing

The Writing Revolution Program uses the Diagnostic Rubric applied mainly to writing
sentences and paragraphs. For sentences, flash cards and lists with words were provided
and students were asked to make sentences with them. Then, they got one sentence and
have been asked to complete it with because, but and so. Furthermore, students were
asked to expand sentences by following questions such asWho?Didwhat?When?Why?
How? and writing a summary sentence. Students were measured on a scale of 0 to 2,
where 0 = no response or significant errors, 1 = developing and 2 = proficient.

For a paragraph, based on our students’ age, students were provided with a title,
asked to complete an outline and then to write down the paragraph. The program uses
the Single Paragraph Rubric (Expository), which handles the organization and writing
of a paragraph and quantifies the efficiency with categories such as 5 (Exceptional),
4 (Skilled), 3 (Proficient), 2 (Developing) and 1 (Beginning). Finally, we assessed the
topic sentence, the detail sentences and the concluding sentence.

2.2 Methods for Spelling

For monitoring dyslexic students’ progress in spelling, the Curriculum-Based Measure-
ment (CBM) was used, which is an important tool for measuring students’ progress in
academic fields such as reading, spelling, math, and writing. It helped to determine if
there was a need for further exploration of students’ educational needs in spelling or
a need for different curriculum or intervention. An unknown paragraph was dictated,
according to students’ age. For the length of the paragraph, the graded scale from Zaner-
Bloser was used (17). For example, for a fourth-grade student, the paragraph contained
45 words, whereas for a sixth-grade student -, the paragraph contained 67 words. The
Total Words Written (TWW), the Total Letters Written (TLW), the Words Spelled Cor-
rectly (WSC), and the Correct Letter Sequences (CLS) were used as a brief summary for
the whole paragraph. However, for spelling accuracy, we counted all the words (TWW-
Total Words Written), even the misspelled words, and then the words spelled correctly
(WSC). Then, the total number of words written were divided by one hundred and the
result multiplied by the words spelled correctly (100: TWW xWSC) (16 -pg.228–229).
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2.3 Methods for Reading

For reading assessment, the Assessing Reading: Multiple Measures was used, which
is a collection of formal and informal reading assessments for students in Grades K
(kindergarten) -12 that measures the strength or weakness of reading development. From
the Multiple Measures, the MASI-R Oral Reading Fluency Measures (18) was used
and depending on the Curriculum-Based Measurement (CBM), the reading rate and
comprehension were measured. A passage was used to calculate the rate correct per
minute (wcpm) for the words that were read correctly in 1 min, the rate incorrect per
minute (wepm) for the words that were read incorrectly in 1 min, and accuracy, which is
the correct words in the first 100 words, at which point we placed a slash in the passage.
(15 -pg. 78).

At the end of one minute, the students were instructed to stop reading and the rate
correct per minute (wcpm) was calculated by subtracting the number of words incorrect
per minute (wepm). For example, if the student read 30 words in one minute and made
2 mistakes, then the result is 28. Then, the wcpm (28) was divided by the number of
words in the passage (30) and the result multiplied with the number 100 (28:30x100 =
93% reading accuracy).

According to Brysbaert, M. (19), there are scales for reading speed from 80 words
per minute (grade 1) until 195–250 words per minute (grade 12), hence, this scale was
followed for quantifying the reading speed per minute. For the reading accuracy, the
reading scales, such as Independent Level (95% word accuracy), Instructional Level
(90% word accuracy) and Frustration Level (less than 90% word accuracy) (20), were
used in order to see the students’ reading level. For the first 100 words of the passage, the
errors in the words read were subtracted to assess the difficulty of the text. In addition,
after students read the passage, they had to answer reading comprehension questions.

2.4 Intervention Method

For the intervention program, assistive technology tools, developed for communication
and online working due to Covid were used for teaching. Programs and techniques were
enriched so that distance learning for students with difficulties was adequate and equally
beneficial.

Fast internet was useful for online teaching to improve the quality of the lessons and
for sharing material successfully. Furthermore, a UPS (Uninterruptible Power Supply)
was used, in order for the computer to keep running for a short time in case of a power
outage.

Greek students with dyslexia attended the intervention program through free and
popular communications platforms, such as Skype. Skype is an advanced technology
platform through which an online lesson can be successful (21). An external web camera
was attached to the computer in order to provide more engagement and better commu-
nication with students. Headphones were used to reduce external stimuli and allow for
more quiet during the lesson. A digital pen, an electronic writing pen, was used to store
and transfer what was written onto the computer. It can be used instead of a mouse and
have a USB or Bluetooth connection (22). The document camera was used in order to
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utilize materials that are normally used in in–person teaching, such as reading books or
flashcards with letters or numbers (23).

With the PowerPoint on the PC, different kinds of presentations were created for
grammar and spelling explanations, whereas video presentations were created for writ-
ing skills. Microsoft Word helped to create and edit/correct documents of dyslexic stu-
dents with the use of a digital pen. Google Docs helped specialists and students to type
together when teaching spelling or writing essays. At this point, spell checkers, specif-
ically designed to help dyslexic students, were used to automatically make corrections
of what the students write. Finally, Canva, an online design and publishing tool, was
used as a graphic organizer for creating posters for the introduction to grammatical and
syntactic rules as well as writing skills.

Globally recognized programs, such as handwriting without tears (24), Land-
mark School Outreach Program (25), Orton-Gillingham (26, 27), Nancy Bell (28,29),
Hochman & Wexler (14), were used for our intervention.

Handwriting without Tears is a research-backed curriculum to evaluate, track and
control students’ handwriting. The Landmark School Outreach Program is a well-
designed program for assessing and processing writing and for teaching basic writ-
ing skills for beginner writers. All these programs, well designed for online teaching,
were adapted to teach Greek dyslexic students according to Greek educational data. The
Orton – Gillingham is a structured, sequential, repetitive, diagnostic teaching approach
which is designed to help dyslexic children with their reading, writing, and spelling (26).
The OG approach is the gold standard for teaching students with learning difficulties
(27, pg.34). The Lindamood-bell program from Nanci Bell is a helpful program which
teaches students to build pictures in their minds during reading or listening, to com-
prehend and express oral language and to spell correctly through imagination (28, 29).
The Writing Revolution by Hochman and Wexler, known as the Hochman Method, is a
method for building sentences, paragraphs and essays by using the right vocabulary.

Furthermore, e-books were used, which were appropriate for students with dyslexia
from different websites, such as upbility.gr, goodsensorylearning.com, tutor-success-
academy.teachable.com and readtorewire.com. Upbility.gr is an international website
with ready-to use resources fulfilling all the therapeutic and educational needs of
children and adolescents with dyslexia and learning difficulties. Goodsensorylearn-
ing.com is Dr. Erica Warren’s website with many instructional and remedial tools and
resources, with digital downloads, for supporting students of all ages. Tutor-success-
academy.teachable.com is another website with courses and resources for teachers.
Finally, readtorewire.com is a website designed by Michelle Breitenbach, with tips and
strategies to engage struggling readers and students with ADHD during online teaching.
These programs were implemented because they all had effective elements useful in
online teaching and were easy to use and understandable for the students.
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3 Results

The 15 pupils examined were 9 boys and 6 girls aged between 7 and 13, where 10 of the
pupils were at primary school and 5 at middle school. They were assessed in reading,
spelling and writing during online lessons, at the beginning of intervention and at the
end of the first and second year of intervention.

For writing, all the pupils were assessed in drafting and writing sentences and para-
graphs. For sentences, students from primary school started at the developing stage and
managed to reach the proficient stage during their two years of online teaching. Students
from middle school also started at the developing stage and reached the proficient stage
very quickly.

For paragraphs, all the students from primary school started from the developing
stage, except for one student, who started from the proficient stage. 6 of them reached
the skilled stage, 3 of them reached the proficient stage and one, the exceptional stage.
For middle school students, 2 of them started from the developing stage and reached the
skilled stage and the rest started from the skilled stage and reached the exceptional one
(Fig. 1).

Fig. 1. The results in writing sentences and paragraphs, in percentage, where M is masculine, F
is feminine, PS is primary school and MS is middle school in Baseline, 1st Year and 2nd Year.

In spelling, the primary school students at started from the average of 54,1%, and
at the end of the second year, they reached the average of 78,5%. The middle school
students started from the average of 71,2% and reached the average of 90,4%.

It is logical that there is a difference between primary and middle school students
in spelling because middle school children are older and have worked on spelling more
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years. For the primary school students, the males started from 56, 16% and reached the
average of 78, 83%. The female students started from 51% and reached the average of
78%. The results do not show a huge discrepancy between boys and girls. The girls
started with lower percentages in spelling. However, they were more focused, worked
systematically and managed to get closer to the boys at the end of the second year. Based
on the results, both boys and girls showed a noticeable improvement in spelling during
the two years of distance learning (Fig. 2).

Fig. 2. The results in spelling, in percentage, where M is masculine, F is feminine, PS is primary
school and MS is middle school in Baseline, 1st Year and 2nd Year.

For reading, the primary school students started from 70, 3% and reached the aver-
age of 91,1% (Fig. 4). The middle school students started from 79, 6% and reached
the average of 96%. These differences between the primary and middle school students
in reading are normal, as although the high school students worked on more demand-
ing texts, they had fewer difficulties because they had started the intervention program
earlier. Although the students’ reading intervention program continued remotely, their
performance was not affected. Between the primary school boys and girls, there were
some differences. The boys started at 63, 16% and reached the average of 92,73%. The
girls started from 81% and reached the average of 95, 2%, which meant that girls didn’t
have any particular difficulties in reading. Results showed that when distance learning
began, the boys found theway the interventionwas done, interesting and thus, cooperated
more, as they didn’t feel like leaving the lesson or getting bored (Fig. 3).
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Fig. 3. The results in reading, in percentage, where M is masculine, F is feminine, PS is primary
school and MS is middle school in Baseline, 1st Year and 2nd Year.

4 Discussion

Distance learning is defined as a way of learning which is done without the physical
presence of students who are not physically with their classmates and teachers, but
individually, in their own personal space. (30, 31).

During our retrospective study of over 2 years, despite the relatively small sample of
students, we found out that distance education of students with difficulties had several
advantages for their learning progress. The assessments were performed one time per
year, giving encouraging results and proving that 15 pupils can work equally well in
distance as in face-to-face learning.

4.1 The Advantages of Distance Learning

In the teaching process, boys in primary and middle school seemed to be attracted
to the online lessons, because they were familiar with computers and thus were more
cooperative. According to Growing Up Online-Connected Kids, which was carried out
byKaspersky Lab and the Institute “iconKids&Youth”, boys seemed to bemore attracted
to computers for playing video games, so during the online lesson, they seemed to be
familiar with computers, whereas girls seemed to use the computer for socializing and
chatting with friends (32). On the other hand, girls seemed to work as well as in the face
-to face intervention program, even if they sometimes preferred online lessons because
they felt more free, independent, and less stressed (33). All the primary and middle
school students had the freedom to follow their own pace, in their own stable and safe
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environment: something they badly needed. Formany, working in the home environment
was less stressful, resulting in better performance (33).

Many dyslexic students struggled with attention, time management, and task ini-
tiation so as to start and complete assignments independently (34, 35). Students were
trained in proper time management, as they needed to be present at a specific time for
the lesson. An alarm on their computer was used to remind them that the lesson starts in
a few minutes. Then, in order to complete an assignment within a specific time frame,
we educated our students to use electronic calendars with reminders about the deadlines.
Moreover, online educational games gave the pupils the opportunity to optimize their
tasks, to better manage their time and to be more focused. Most parents did not have the
appropriate resources and/or information on how to deal with their kids’ difficulties and
support them successfully. If they so desired, parents had the opportunity to participate
in their children’ s training during the lesson, watching the way the specialist works.
Furthermore, for the students who felt unwell, the lesson was either in the morning, as
they did not attend school, or some other time in the day, but it was never postponed.
When the students had some obligation and could not be punctual, due to the flexibility
that an online lesson had, the lesson began few minutes later. During the day, many
dyslexic students had questions about their obligations or their work. Because of the
online format of the lesson, they could send their questions in the chat, send a video
showing what they had done so far and asking for help or make a call. Another major
advantage of online teaching was that no one had to worry about commuting and any
related delay.

4.2 The Advantages of Skype for Dyslexic Learners

Even though some students did not have computers, they used their tablets, and it turned
out that they knew how to handle them very well. Skype was the free platform which
was used for connecting with students. Two of them used Microsoft Teams, but during
the lessons they found out that Skype was easier to use. With Skype, video and voice
messages were recorded and messages were written in the chat for clarification during
the lesson. We shared the screen in order to make all the learning materials available to
the students, and different and colorful backgrounds engaged them in lively discussions.
Also, the choice of color, the possibility tomake the screen lighter or darker or to readjust
the text and the font size during readingmade learningmore effective. In addition, online
teaching proved to be suitable for many learner types. Auditory learners, for example,
could listen to the recorded lesson again and again or go forward or backward until
everything was clear. Visual learners could rewind the lesson to see all the interactive
videos as many times as they needed (36). Moreover, most of the students learned to
work independently, bemore carefulwith theirwriting, spelling and reading, and bemore
organized because directions were remote, and they had to learn to work differently from
in-person. Another significant advantage of online teaching was that the parents had the
opportunity to choose the specialist they wanted for their child, even if specialists lived
far away.
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4.3 The Disadvantages of Distance Learning

However, there were also disadvantages to distance learning. As there was no personal
interaction between the student and the specialist, deadlines were easy to miss. So, stu-
dents were asked to use post-it notes or notes on their device, where they wrote down
their to-do lists and discarded them when they had completed the activities. Another
disadvantage was the over-reliance on technology, as sometimes students played com-
puter games during the online classes. For this reason, students were reminded which
tools were for learning and which ones for playing, and the games were a reward at the
end of the lesson. Some students, especially those in primary school, did not have the
appropriate skills for using a computer. They got confused by the keyboard and were
slow to write or correct their mistakes, even though in Greek schools, computer lessons
are among the basic ones.

According to Minero, (37), teachers should schedule sessions two or three times a
week for the first lessons in order to give instructions and allow students to ask questions
about online directions. Thus, the three first lessons were devoted to educating children
how touse the computer andmake lessons easier.Middle grade students did not encounter
any issues with computers and had the flexibility to choose their preferred tools during
our online lessons, as according to the British Dyslexia Association, it is the first step
for learners to feel comfortable.

A lack of concentration or interest during the online course was a key disadvantage.
For this reason, it was important that the lesson was designed so as to attract students
to participate actively. For example, they took short breaks accompanied by movement
exercises or various computer games (mazes, races, painting, collage with pictures), in
order to make up stories (38).

Another disadvantage was our students’ emotional and social well-being. According
toDesautels, L. (39),moments of emotional connectionwith students are very important,
especially during online teaching. Thus, when students were nervous or disappointed
with their learning performance, time was given to them to express their feelings and
they were advised them to have something familiar near them to relax or draw their
feelings on a piece of paper. Finally, Skype sometimes developed technical issues, with
sound quality being poor or with occasional dropped connections. In order for the online
lesson to be more constructive, educators and students had to buy an extra microphone
or web-camera and have a fast internet connection.

5 Conclusion

Many international schools, for example in Saudi Arabia, had established online learning
platforms before the pandemic. Nowadays online teaching is starting to become a vision
for the future (40). A study at the University of Zagreb, Croatia, confirmed that students
with dyslexia and learning disabilities can adapt to any online course, regardless of
age and preferences (41). Moreover, some studies in U.S.A suggested that students can
experience learning online the same as face-to-face (42, 43). According to other studies,
students with dyslexia who had access to technology used different applications to help
them with reading, writing and reading comprehension and they performed well (44).
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According to several studies, a large percentage of teachers had received less or no
training for online teaching. Many of those teachers followed what they were doing in
face-to-face lessons during online class, without considering that online teaching needs
a different approach (45). Thus, when parents decided to use online teaching for their
children, they were hesitant about the quality and effectiveness of lessons. It is proposed
that educators teaching children with learning difficulties should have proper training,
organization and preparation.

During the two-year Covid period, for the first time, Greek studentswith dyslexia had
an opportunity to attend intervention programs through free platforms (e.g. Skype, Zoom
Software, Microsoft Teams, Webex), have easy access to globally recognized programs,
such as Orton-Gillingham, Nancy Bell, and Hochman & Wexler, and to use e-learning
materials designed for students with dyslexia from different websites, such as upbility.gr
and goodsensorylearning.com. In addition, special educators had to acquire computers,
digital pens, document cameras and fast internet connections, such as 5G, in order for
the distance learning to become interactive and more constructive. All these methods
and online materials helped dyslexic students expand and improve their knowledge and
enhance their skills. Through the teaching methods and online materials, online teaching
proved to be particularly useful, as it was possible for students to process files and for
the special educator to adapt the material in an interactive way to successfully cover all
educational needs of each dyslexic student.

Highquality of technology, innovative digitalmaterial adapted to theGreek language,
and online training programs can support an online course in the most constructive way
and make it no different from a face-to-face lesson. Although many are not yet familiar
with new systems that support distance education or remain skeptical about the way
teachers and students communicate remotely, there is no doubt that online tutoring has
come to our country and is here to stay and evolve.

In Greece, the Covid pandemic was the main reason for distance learning to be
implemented more quickly. This form of education clearly differs from its traditional
form, but it does not mean that it cannot be made as effective. The necessary prerequisite
is educational material which should be properly designed to address the goals of each
lesson, theway each student learns, and the limitations that each communication platform
has.

More studies, though, need to be done in order to answer questions such as which
technological tools are the most appropriate ones and how they can be used efficiently
in distance learning and be adjusted to the Greek educational system.
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Abstract. Dyslexia is a specific learning difficulty that affects an individual’s abil-
ity to process, store, and retrieve information. This learning disorder consequently
affects the educational development of children with Dyslexia. Early screening for
people with Dyslexia is essential to assist them in the critical stages of learning.
This work thus fundamentally contributes toward designing and implementing
screening tools for Dyslexia. It is specifically directed at Arabic-speaking chil-
dren under 5 years of age who are being screened for Dyslexia. The goal is a
virtual reality game that implements one or more screening activities engagingly
and, at the same time, can indicate the level of the child’s interaction in the activ-
ity. Our proposed project aims to create a screening for dyslexic preschoolers by
creating a Virtual Reality game that is simple and exciting. A set of questions will
be presented to the user. In this VR game, we use Natural Language Processing
(NLP) to understand, analyze, manipulate, and interpret human languages. Clin-
icians can use our product, but it is recognized that parents and educators help
in the early detection of Dyslexia. In conclusion, the proposed project aims to
provide an objective tool for the screening process. Using VR, gamification, and
NLP technology, LexiaQuest is designed to be an immersive experience that is
fun, engaging, and empowering without the possible stigma of clinical or hospital
settings.

Keywords: Dyslexia · Virtual Reality · Arduino Due · Game Development · 3D
Unity ·Machine Learning · Natural Processing Language

1 Introduction

Language, literacy, and technology are products of design. Language is a social and
cognitive system that helps individuals create and express meanings, as rightly noted
by Kern in [1]. In designing literacy screening instruments and literacy aids, the design
process is aligned with the notion that language’s meaning potential ’is only actualized
in contexts of use such as in speech, writing thought or gesture’ [1]. Many people with
specific learning difficulties (SpLDs) depend on technology to augment their cognitive
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and sensory abilities [2–5]. In recent years, technologies have been designed for dyslexia
screening in interventions for children with SpLDs to develop their reading and phono-
logical processing skills [e.g., 2, 5]. The design process for innovative products in the
context of SpLDs is often more effective when learners, practitioners, and educators are
involved as co-designers, as noted in [6].

For decades, research indicated several reading predictors, including phonological
awareness, naming speed, working memory, and morphological awareness [1]. These
skills are crucial for the development of reading skills in young children. Struggling with
fluent word recognition, spelling, and understanding written text may indicate a learning
impairment related to reading, commonly known as Dyslexia [13, 16, 17].

Dyslexia is a language-based learning difficulty not associated with poor visual
skills, cognitive skills, or intelligence. Besides having difficulty with decoding, flu-
ency, and spelling, these children’s vocabulary, reading comprehension, and background
knowledge are usually compromised and therefore affect their school success [7].

Oral and written assessments have traditionally been conducted to screen, assess,
and diagnose Dyslexia. Where this type of testing reveals language-related informa-
tion, it fails to provide details related to physiological changes and cognitive skills
underlying such difficulties, such as eye movement and arousal levels. However, recent
research on language development and related disabilities utilized Magnetic Resonance
Imaging (MRI), functional MRI, Electroencephalogram (EEG), and, most importantly,
eye-tracking [8–10].

Previous findings in eye-tracking research confirm links between eye movement
patterns and reading difficulties in Arabic and have demonstrated the invaluable infor-
mation eye-tracking can offer therapists and educators in tailoring intervention programs
to address a child’s specific needs [5].

Similar to other languages, individuals with dyslexia in Arabic have poor phono-
logical awareness skills and working memory compared to typical readers [11]. For
this reason, this paper proposes LexiaQuest, a screening tool that incorporates these
parameters and other information collected from the eye-tracking device.

2 Related Work

Although Dyslexia is a lifelong condition, remedial and adaptive therapy can help to
manage it. Most of the existing traditional detection techniques for this learning disorder
are mostly paper-and-pencil methods, which are often tedious and demanding, with
high dropout rates. A high rate of dyslexic students who get traditional speech therapy
withdraw because of how tedious it is.

It is critical to creating new intervention strategies that can support dyslexic students
more easily and with greater cooperation from them. Since Virtual Reality (VR) tech-
nology incorporates immersion, presence, interaction, and conceptual transformation, it
can effectively participate in building an interactive solution that detects this problem
early. FORDYSVAR [15] is a Virtual Reality game that contributes to the social isolation
of dyslexic students and improves their way of learning using Oculus VR headset with
the Android Operating System and Arsoft [15] to create the VR application. Although
the game was made in Spain, it wasn’t specified whether they used Spanish or English.
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Similar to this solution, other tools were developed to help in dyslexia detection [15],
but the gap remains in finding a reliable solution designed to detect Arabic language
defects to help the dyslexic Arabic audience. Another gap is that FORDYSVAR product
is adapted for ages 13 to 16.

The best way to advance the adoption of new assistive technology platforms that
support the Arabic language in content creation (such as Virtual reality applications) is
to get these applications to individuals with disabilities, special educators, clinicians,
caregivers, and other stakeholders. Assistive technology (AT) and Virtual Reality are
diverse fields that could fulfill various needs and fits in this context. Our target popu-
lation’s strengths and needs are unique to each individual, and Virtual reality tools are
another means of supporting people with SpLDs and the clinicians who serve them.
Additionally, this work aims to target preschoolers in its ease-of-use level.

Screening is a medical test performed to detect a potential health disorder when no
symptoms exist [2]. The screening and remediation of learning difficulties with aug-
mented and virtual reality has been relatively under-researched. [1] The aim of this pro-
posed project is to design and develop scalable, robust, and relatively low-cost screening
system for Dyslexia in the Arabic language that uses mixed reality platforms for screen-
ing of young populations (e.g. preschoolers). Involving mixed reality allows for the
gamification of screening and intervention, reproducibility, and automation. In addition,
data collected from the screenings will provide therapists and educators with insight
into the Arabic-speaking child’s specific difficulties and, therefore, help them design a
more individualized treatment plan. Moreover, this project aims to make the screening
process less daunting. By using VR technology and gamification, this paper proposes
an immersive experience that is fun, engaging, and empowering without the possible
stigma of clinical or hospital settings.

LexiaQuest is a game project that targets Arab speaking children with Dyslexia for
early detection of dyslexia symptoms unrelated to regular pronunciation issues. It is an
entertaining VR-based experience, used in the screening process and can be used by
clinicians, parents, and school faculty for remote monitoring.

The process starts when a teacher or caregiver escorts a child to a resource room or
vacant classroom for the screening. The childwill then be given a summary of themission
and a choice of a crown and cape to wear; These tangible items are designed to help the
child’s smooth transition to the immersive world. To ensure that the child is immersed
and has passed the calibration stage, the child will be given a set of simple one-step
instructions (i.e., pre-screening phase) such that if the child answers 10/15 or more of
the questions correctly, the game progresses and moves on to the screening. On the other
hand, if the child correctly answers 7/15 or less, the game ends and the dyslexia screening
is conducted manually. During the user testing phase, the children’s performance in the
VRexperiencewill be compared to their performance in themanual screening for validity
and to ensure the experience is not distracting them from the assigned tasks. Once the
experience is concluded, a simple Likert scale composed of 3 faces (i.e. happy, neutral,
and sad) will be administered to indicate the level of entertainment and difficulty of the
screening experience. The child will then be rewarded for the hard work related to the
theme of the experience - a gold coin sticker or snack and finally, escorted back to the
classroom or caregiver.
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2.1 Objectives

Since a higher rate of Arabic people are diagnosed with Dyslexia in the past few years
[18], creating a product that serves them became necessary. While most research work
overlooks the solution to identifying and treating Dyslexia at an early age, it is undoubt-
edly under-searched to target Arabic language disability at preschool level for early
detection and treatment.

The key goal of this work is to develop a Virtual Reality (VR) game that can identify
whether a person has Dyslexia or not.

For the software part, the objective is to create the content for the screening regarding
the Arabic words and make every aspect easy for the user at a young age. Our work aims
to create three levels for the game to engage the userwith awonderfullymagical storyline
that ultimately captivates young children but also serves the medical purpose of early
detecting dyslexic problems with the Arabic language.

In addition, our game design for the VR scene, including background, objects and
word view should be attractive to users but not distracting. As part of this project, medical
guidance was involved in designing components that fit into the medical context of
Dyslexia. A Best practice approach focused on less distracting background colors that
would ideally be a light creamy color (e.g., light yellow) and the text should be a dark
color (e.g., black) for better view for dyslexic users.

Background Soundtrack: The background soundtrackmust be very soft nature sound
effects. The sound effects are planned to be in a soft tone to avoid distracting the users
with Dyslexia. Using the sound of streaming water or the sound of chirping birds in the
background can be utilized for a better immersive experience.

2.2 Storyline

The game’s cut-scene story starts with a child being a prince or princess of a village with
sick and starving people. He/she is assigned a mission to locate the cave of wonders
and find the treasure chest. They are introduced to their companion- a talking bird- that
helps give them instructions and guides them on their path. Following the pre-screening
phase, the child proceeds to the first stage.

Level 1 (Color identification to screen working memory skills): The child is given
rows of colored circles and is instructed to say as many as he/she can in order within a
minute. Reading off the code unlocks the treasure map. This will give the child a preview
of the remaining stages to overcome.

Level 2 (First X ~ Sound manipulation to screen phonological awareness): The child
is given a list of hung pictures with birds or words and verbal instructions. He/she is
instructed to manipulate the different sounds in words. Upon completion, the birds drop
a key needed to open the treasure chest.

Level 3 (Second X ~ Sight word reading to screen early reading skills): The child
is given real and nonsense words to read of different wooden signs. These signs will be
used to make a wooden cart used to carry the treasure back to the village.

Finish line cave of wonders: Equipped with the treasure map, the key, and the cart,
the child finds the cave and the treasure and returns to the village. He is praised and
thanked by the villagers- adults and peers. Then he is instructed by the bird companion
to remove the headset.
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3 Methodology

A. Game Methodology

In several academic domains, including medical and military training, serious games
(SGs) are increasingly often utilized as a technique to promote learning. SGs are said to
make students feel empowered and entertained while studying. Additionally, they assist
the growth of imagination, intelligence, emotional strength, and personality stability.
[12]. The proposed project in this paper uses virtual reality to fully support medical
objectives in an entertaining environment.

The game depends on the Unity engine that supports a variety of platforms, includ-
ing mobiles and virtual reality. The programming languages used are C#, Blender
and Spine2d may also be used for creating the design 2d/3d models of the game and
animations,

Data storage and Machine learning part, it uses a ready audio dataset from an online
digital library to feed our agent with data that identifies how a dyslexic person reads
or views words and it will be connected to the unity project through the PhpMyAdmin
portal.

B. Headset Methodology
VR headsets are designed to allow users to consume VR content by providing an immer-
sive, three-dimensional experience using a head-mounted device that includes a display
screen, stereo sound, sensors, and compatible controllers to deliver an immersive and
interactive audiovisual experience. When users put on a VR headset, they can no longer
see the real world around them, but instead only see VR content projected on the dis-
play screen such as 360-degree videos and VR games, workspaces, or meeting rooms
for other activities. Some basic components of VR Headsets including the lenses and
screen setup make up the bulk of the VR headset’s hardware. There are stereoscopic
lenses positioned between the screen and eyes that distort the image into appearing as
three-dimensional objects [12] where two images are passed through the lens, one for
each eye. Additionally, images in VR headsets appear to move side-to-side to recreate
a 360-degree experience which is achieved by subtly moving the display content in
response to head-tracking data and the game software is rendered by the Unity engine.

Sensors and modules (with extra electronic circuitry along with sensors) are elec-
tronic devices that detect and respond to some type of input from the physical
environment [12].

3.1 Natural Language Processing

NLP stands for Natural Language Processing, a part of Computer Science, Human
Language, and Artificial Intelligence. Computers use this technology to understand,
analyze, manipulate, and interpret human languages. NLP helps machines interact with
humans in their language and perform related tasks like reading text, understanding
speech and interpreting it in a good format. Nowadays machines can analyze more data
rather than humans efficiently. NLP is increasingly demanded as plenty of unstructured
data is generated from various fields, such as themedical and pharma industry, and social
media like Facebook, Instagram, etc., [14].
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3.2 Speech Classification

The speech recognition software breaks the speech down into bits it can interpret, con-
verts it into a digital format, and analyzes the pieces of content. It then makes determi-
nations based on previous data and common speech patterns, hypothesizing what the
user is saying [14].

Speech processing has emerged as one of the important application areas of digital
signal processing usingfive key steps, as illustrated in Fig. 1.Various fields for research in
speech processing are speech recognition, speaker recognition, speech synthesis, speech
coding etc. Speech recognition is the process of automatically recognizing the spoken
words of a person based on information contained in speech signals [14].

Speech recognition is used to recognize the word answers or the input that the user
provides. Our dataset includes audio files of different voices of dyslexic and non-dyslexic
children who provide all answers to each question in the game. These audio files are
synthesized and slightlymanipulated to get a larger set of data and to get accurate results.
Our dataset should undergo preprocessing to ensure the quality and accuracy. The audio
files are then inserted and added into our Unity project. Our Unity project will be able to
detect each audio file and compare it to the appointed answer of the specified question.
Detection is guaranteed to be accurate because our program (in the unity project) will
check or detect the wavelength of each audio file and compare it to the chosen answer.

Fig. 1. Basic Model of the Speech recognition system

Matlab andmachine learning can be used to classify sound for the purpose of screen-
ing dyslexia in children.By analyzing speechpatterns and identifyingpotential indicators
of dyslexia, machine learning models can identify children who may be at risk for the
disorder. Using a CNN trained on a dataset of children’s speech, the model can classify
sound samples and detect patterns that may indicate dyslexia. This could be especially
valuable in early childhood screening programs, where early detection and intervention
can help improve outcomes for dyslexic children. However, as with any machine learn-
ing application, the accuracy of the model will depend on the quality and size of the
training data, as well as the design of the network architecture and other hyperparame-
ters. By using Matlab to develop and optimize the machine learning model, researchers
and developers can help improve the accuracy and effectiveness of dyslexia screening
programs for children.

4 Results

The results retrieved from this work are split into multiple stages, as illustrated in Fig. 2
below. This process gets refined and enhanced with every additional user and medical
input according to the game requirements. The process starts by collecting audio data for
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letters, numbers, words, and color pronunciation for children below five years old who
are native Arabic speakers. One of the challenges faced is finding audio data for children
in the referred-to age group diagnosed with dyslexia and Arabic speakers. As a result,
the data was collected for children not confirming anymedical conditions that may affect
their pronunciation and focus or cause any distraction or voice interruption. The data
was then collected manually due to the lack of existing libraries that fit LexiaQuest’s
requirements. However, the data were modified to generate additional impactful data
that may help in the analysis process and medical screening and to grow the existing
samples’ size. Accordingly, the data collected underwent some modifications, including
speed changing, adding noise, and adding distracting factors to scale up for the machine
learning stage. In the machine learning stage, speech recognition was used to distinguish
spoken words with natural language processing techniques. During this stage, many
features were considered including (1) time period, for how long the child needs to
answer within one cycle of vibrations, (2) amplitude, for the sound intensity measured
in decibels (dB) and (3) frequency, measured inHertz (Hz) representing number of sound
vibrations happening per second.

Fig. 2. LexiaQuest development lifecycle and Implementation stages

After extensive iteration on the framework for the machine learning-based solution
that can help identify dyslexia at an early-stage, a comprehensive pipeline has been put
forth. This allows for a plug-and-play and expandable solution. Furthermore, the results
of each stage have been displayed. The pipeline for applying machine learning methods
to develop the tool for dyslexia detection based on voice recording in Arabic-speaking
children can be outlined as follows:

1. Data Collection: The first step is to collect voice recordings from a large number of
Arabic-speaking children between the ages of 2 and 5 years who have been diagnosed
with dyslexia and those who don’t have dyslexia. The recordings should capture the
child reading a list of standard Arabic words, which will serve as the basis for the
model to identify dyslexia. To date, the initial data sample has been collected for
pre-processing from children within the target range and imported into MATLAB as
shown in Fig. 3.

2. Data Pre-processing: Once the voice recordings have been collected, they need to
be pre-processed to remove background noise, normalize audio levels. In this experi-
ment, we recorded 23 voice samples of children aged between 2 to 5 years old saying
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30 pre-determined words. Afterwards, using MATLAB, spectrograms were gener-
ated for each sample as seen in Fig. 4. It is evident that the spectrograms exhibit
considerable similarity to each other and can be used for feature extraction.

3. Feature Extraction: In this step, the features were extracted from the pre-processed
audio data. The features may include frequency, intensity, duration, and other
parameters that are relevant to speech processing as addressed in this paper earlier.

4. Model Training: After extracting the features, a machine learning model was trained
to classify the voice recordings into two categories: dyslexic and non-dyslexic. This
is done by feeding the model with pre-processed data and the corresponding labels
and thereby training it to learn the patterns that distinguish the two groups.

5. Model Evaluation: an evaluation is conducted after training to ensure accuracy and
reliability. The performance metrics vary and include sensitivity, specificity, and
complexity.

6. Deployment: once themodel is tested and validated, it’s deployed as a tool for dyslexia
screening in Arabic-speaking children. After the Model evaluation, the next step is
to integrate it with the VR game.

Fig. 3. Sample of the Voice Recording from a Child Saying “Red” in Arabic

The game is developed using unity to reflect the key requirements of testing letters,
numbers, and words and examining a child’s memory. The game was built with a con-
nection to a VR Oculus Meta headset to help children with dyslexia get isolated from
surrounding distractions while being in playmode. The game is then tested with dyslexic
and non-dyslexic users to ensure accurate results.

The game was designed to reflect a cognitive and cultural storyline flow followed by
the screening questions shown in Fig. 5. Figure 5 shows part of the game prototype built
using unity on Oculus Meta Quest headset platform. In part (a), the child is asked to start
the game and then pick a character that matches his/her gender from part (b) to increase
the user experience and attachment to game characters. In part (c), the game level shows
a letter or number and asks for the user’s verbal input during a specific duration to check
on the user’s input accuracy and pronunciation. In part (d), the game level scales up by
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Fig. 4. Spectrogram of the Voice Sample of the Word “Red”

displaying words for the child to read and say aloud. In part (e), shapes are shown, and
questions about colors are asked to increase the distraction level for a more accurate
diagnosis. In parts (f) and (g), the child is given a picture for a few seconds then he/she is
asked to color it after it disappears within a specific duration to test their memory skills.
In later stages, game commands will be given in audio to test a child’s mental perception
and answer processing.

Fig. 5. LexiaQuest game interface and levels on Unity

The game introduces one of two main characters that assist the child throughout the
journey to find the right answers and reach more goals. Given that the target age group
for dyslexia screening was three to five years, the assistive characters were designed
as birds to be more fun and interactive for the child. The gameplay relies on audio
interactions, and time constraints add a layer of challenge to get the player’s answer for
dyslexic assessment. LexiaQuest uses instructing interaction mode for pressing buttons,
selecting options from menus, and giving voice commands, in addition to a conversing
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Fig. 6. Cubes size varies based on sound intensity of audio files or sound at run time on Unity

interaction mode for users’ verbal inputs to the game. In addition, it uses controller
interaction mode with Oculus Meta’s arm controllers for in-game choices.

To capture and record the user’s voice and store it in the Unity project, LexiaQuest
used FMOD sound system engine tool for video games to play and mix various sounds.
FMODwas used for many popular games like Fall guys, The walking dead, and Roblox.
For our project, it’s meant to use it for recording a player’s voice. The most critical
part in accomplishing this is to integrate both FMOD and Unity. After downloading
both engines, our game tests its compatibility on the unity project by adding a cube,
a GameObject for the script of the microphone. The player inputs a verbal command
which is recorded and stored in the backend database for the machine learning analysis
phase.

FMODUnity library facilitates controlling the audio file using different properties
(e.g. playPause, latency, device Index, connectedDevices, sampleRate, numofDrivers
and channelNum). In addition, FMOD objects could control sound, channel, channel-
group, createsound index, and SpeakerMode. Moreover, the cube’s size responds to both
the recorded file’s sound intensity and the player’s sound at runtime, as seen in Fig. 6.
In part (a), two cubes are shown. Part (b) shows how the left cube’s size corresponds
to the sound intensity of the recorded audio file saved in Unity’s assets folder, whereas
in part (c), the cube size is sensitive to the real-time sound intensity received through
the microphone. Therefore, the input can be extracted from the player at runtime and
classified into valid or invalid input. This phase requires using a microphone, so the
C# code checks the validity of the microphone connection then FMOD sound object is
created to hold the player’s voice and record it. Finally, it checks if the button is pressed
to play or pause so we can play the sound object through the channel.

As the children answer more questions correctly, they can progress to the levels
and finish more missions. The total score is then calculated and evaluated for dyslexia
screening. The gamewill be accessible by physicians and parents for close monitoring in
the coming implementation stage. Meanwhile, the data collection stage is limited due to
the custom requirements for the game to function properly and the low amount of audio
samples provided by Arab-speaking children. Another limitation resides in collecting
data for children who are diagnosed with dyslexia instead of generating extended levels
of audio data from intact children with distortions and interruptions. To resolve that
and to test LexiaQuest more precisely, we intend to involve dyslexic and non-dyslexic
children groups aged 3 to 5 years in the assessment and screening stageswith the required
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medical assistance to process and communicate throughout this phase. Moreover, the
audio data is collected at runtime to test the game’s response to the child’s voice intensity.
However, the answer’s audio file extraction and saving for machine learning analysis is
still under implementation.

4.1 Social VR

LexiaQuest is a social virtual reality game that enhances and strengthens the way users
interact with their assisting caregivers. Assisting caregivers are the people who may
assist the young users throughout using our product. Users are very young children
who will need help from their parents, guardians, clinicians, psychological clinicians,
or medical physicians. Users will have improved their social skills by merely talking
and connecting with their assisting caregiver. Although social skills may be limited to
socializing only with the user’s assisting caregiver, it is guaranteed to make the utmost
difference, as children under five may not feel comfortable socializing with strangers.
Future iterations of the game will consider embedding social VR in the context of
assisting the users during the screening process.

5 Conclusion

The project aims to provide an immersive and objective screening process for Dyslexia in
Arabic utilizingVirtual Reality (VR) technology. The child’s experiencewill be the gam-
ification of paper-based screening processes used manually in private practices, schools,
and hospitals by educators and speech-language pathologists. This research develops
a robust and engaging journey for children that could be implemented in schools and
other public spaces with relatively low overhead and a VR headset using a gaming
engine. Children will interact with prompts by reading words and playing with sound-
based guidance, and their responses will be recorded, scored, and benchmarked to valid
pronunciation using machine learning classifiers. The value added with VR lies in the
possibilities- of reducing stigma & providing opportunities for capturing objective met-
rics in screening- visualizing words, numbers, and letters and testing the memory skills
in an immersed and gamified experience. This paper discusses LexiaQuest implemen-
tation stages and the resulting interface, highlighting the significant role that machine
learning, NLP, and gamemechanics play in enhancing themedical and educational fields
and young children developing dyslexia symptoms early.
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Abstract. Human factors in the design of physical therapy virtual reality (VR)
applications are important to consider in the creation of high-fidelity applications.
The human factors contributing to the design concepts of immersion and presence
in VR are inadequately understood. The aim of this study is to introduce a novel
framework to design for immersion and presence in VR applications in the context
of physical therapy in the virtual realm. The framework includes the dimension
of self-embodiment for presence and realism for immersion. We present a use
case of upper-limb therapy to demonstrate the framework’s utility in the design
process of a gamified VR physical rehabilitation application. Design implications
are discussed.

Keywords: VR · Upper Limb Therapy · Occupational Therapy · Exergames ·
Virtual Environments (VE) · Virtual Rehabilitation · Immersive VR

1 Introduction

A proliferation of research in the design of virtual reality (VR) applications for rehabil-
itation has occurred during the past decade as noted in [1] and [2]. While applications
range from immersive games to real-world simulations, little attention has been given
to the human factors in the design for immersion and presence in virtual environments
that focus on physical therapy (PT) and rehabilitation. The two concepts are particu-
larly important in physical rehabilitation of upper-limbs or lower-limbs which require
aligning the individual’s attention with the limb involved in the rehabilitation session.

The notion of self-embodiment in VR brings forward design opportunities to support
one’s presence in the virtual environment as noted by recent studies in [3–11]. The
concept of completeness has been explored to understand the tradeoffs in the design of
the represented body segments, ranging from partial rendering (such as showing limbs
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only) to full body avatars in the virtual environment. The kinematic structures for limbs
are essential for motion visualization and visual perception of objects within the visual
field in the virtual realm.

In addition, the concept of realism has been extensively studied to help designers
strike a balance between the degree of resemblance of the avatar (or the virtual segment
being visualized in VR) to the real world and the constraints related to hardware, con-
nectivity and/or computational complexity. The third concept of synchrony sheds light
on the sensory feedback that needs to be considered to communicate the natural body
behavior (e.g. when a person is grasping and twisting an object, the rotating motion of
the object is displayed as “visual feedback” for the motion that is occurring in the virtual
space, and the sound is audible in alignment with the actions “auditory feedback”).

Although the importance of designing for optimal social presence in VR experiences
has been well established in the literature as highlighted in [11, 12] and noted in [13],
design guidelines for the context of PT and rehabilitation are inadequately understood.
The question of how we might mimic realistic social presence in VR applications that
are designed for PT and rehabilitation remains to be explored. In this paper, we address
this gap in research by reviewing the concepts of social presence and immersion in the
context of VR for physical and occupational therapy and rehabilitation, proposing a
framework for social presence in such systems and reflecting on the framework in the
context of a use case for upper-limb physical therapy in the VR game titled, “Mo3awen”
whichwas collaboratively designed and developed by the co-authors of this publication1.

The remainder of this paper is structured as follows: Sect. 2 presents an overview of
the research and products that have been developed in the scope of VR for physical and
occupational therapy (OT). Section 3 starts by presenting the framework and elaborates
on the conceptual design of the VR for PT game, Mo3awen as a use case. Section 4
describes the design considerations for immersion and presence in VR applications for
PT and OT. We conclude in Sect. 5 with a summary of findings and design implications,
as well as an overview of areas for further exploratory research.

2 Related Work

This work is informed by prior work on interaction techniques in VR to attract and
sustain users’ attention with the aim to ensure that presence is established in immersive
experiences. In this section, an overview of relevant work in discussing humanistic co-
design methods is reflected, in addition to how prototyping in VR and the presentation
of use cases in VR rehabilitation applications have been approached in the past.

2.1 Immersion and Presence in VR

Research in game design has leveraged VR to immerse users into fictional scenarios
that are well-aligned with their existing abilities [3] and imagined abilities [4]. In recent
years, researchers began exploring the human factors in the design of VR experiences
that sustain the immersive experience and the sense of presence in the virtual realm

1 mo3awen.com.
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within a broad range of applied domains. Examples include [12] in consumer behavior
and marketing and [13] in the context of training and education with a focus on the user
experience (UX) design factors.

Immersion and presence can enhance the user’s experience and create an engaging,
enjoyable, and immersive experience for the user as noted in the systems described in
[3] and [10]. Immersion can help to increase users’ engagement, focus, and retention,
while presence can provide a sense of realism that can make the UX more enjoyable
and effective [5, 6]. Recent studies by Moinnereau et al. [14] and [5–8] have shown that
immersion and presence can contribute towards providing a more realistic and engaging
experience for interactions and activities in virtual environments, making it a viable tool
for communication and overall engagement. Where the presence within the context of
virtual reality is defined as one’s sense of being in the virtual world [6], developers often
focus on the visual perception and auditory perception as well as kinesthetic experiences
(if applicable) as noted in the game described in [4] and in [9].

2.2 VR Design Considerations in Therapy

Being a computer simulation, many aspects of the user’s activities in a serious VR game
and behavior are customizable and measurable such as the VR systems reported in [8]
for multiple sclerosis patients and in [16, 17] for post-stroke and post-surgery contexts.
Performancemetrics such asmotion tracking via limbmovement, stability and speed can
be accurately measured and stored with timestamps that facilitate longitudinal progress
monitoring.

Designers can also use VR to create an environment that is conducive to therapeutic
goals as noted in [17, 18]. Environments in virtual spaces can be designed to be calming
and relaxing, or they can be made to evoke certain emotions and feelings. Additionally,
research has shown that designing environments to include certain elements, such as
objects or characters, can help to create an immersive experience and facilitate the
therapeutic process in PT and OT [16, 17] as well as mental health and psychology [19–
21]. Additionally, the user’s avatar can be designed to provide visual cues that can help
to direct the user’s attention to certain tasks, while also providing a sense of presence
that can make the user feel as if they are actually in the environment. Collectively, these
research studies have shed light on the role of affordance and alignment of interactive
elements within the environment with the game mechanics that can help to engage the
user and make the experience more immersive [22]. For example, puzzles and other
interactive activities can be used to help the user focus on the therapeutic task at hand,
while also providing a sense of progress and accomplishment. In the context of auditory
perception, a growing body of literature has explored the use of sound and music in
therapy contexts and its impact on creating a pleasant atmosphere that contributes toward
relaxation and meditative contexts in the virtual realm [23]. Finally, the use of haptics,
such as vibration and force feedback, can provide an additional level of immersion,
allowing the user to interact with the environment in a more realistic way as noted in
[24] and [25].
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Additionally, research has shown various game mechanics in which VR serious
games canprovide adaptive feedback andguidance to the user based on their performance
and goals in a treatment plan or remedial program [26]. For example, game designs can
adjust the difficulty level, the amount of assistance, or the type of reward to suit the user’s
needs and preferences. VR games can also create immersive and engaging scenarios
that motivate the user to practice and improve their skills. For instance, the game can
simulate realistic environments, which are aligned with the users’ familiar surroundings,
that require the user to perform various tasks, such as picking up items or walking on
uneven surfaces. VR games such as [26] and [16, 17] have also shown how embedding
elements of fun, challenge, and social interaction can enhance the user’s enjoyment and
satisfaction.

However, designing serious VR games for therapy also poses some challenges and
limitations. One of the challenges is to ensure the validity and reliability of the VR game
as a therapeutic tool as noted in [18, 25, 26]. It is important to align game mechanics of
the VR experience with scientifically sound theoretical and empirical foundations, and
that it should be tested and evaluated with the target population and context. Another
challenge is to balance the trade-off between realism and abstraction in the VR game
[27]. Effective PT applications in the literature have shown that these games strike the
balance between realism and abstraction within the technology limitations (i.e. the VR
experience is realistic enough to elicit the desired responses and outcomes from the
user, but also abstract enough to avoid triggering negative emotions or reactions). A
third challenge is to ensure the accessibility and usability of the VR game for the target
user populations. This means that the game should be compatible with different VR
devices and platforms, and that it should be easy to use and understand for the user.

3 Conceptual Design of VR in Upper Limb Therapy

Conceptual design for VR for upper limb therapy is the process of envisioning a product
or system that uses VR technology to provide a therapeutic environment for patients
with upper limb impairments. This may involve the selection of hardware and software
components, the development of virtual environments, the design of user interfaces, and
the integration of various therapeutic protocols into the system.

3.1 Framework for VR Design Space in Therapy and Rehabilitation

The proposed framework for immersion and presence in VR for PT is an adaptation
of the design space framework for VR that was introduced in [11] and is described in
Table 1 for the applied context of PT.
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Table 1. Framework for Immersion and Presence in VR for PT

Presence in VR for Rehabilitation (Self & Others)

Presence in the PT Context Interactive 
Presence

Shared Presence

Self Embodiment Other’s Sensory Association

Completeness Proxemics

→ Co-located 
individuals in 
the PT session

→ Remote 
presence of 
users with ther-
apist and/or 
caregivers

Gaze Type of PT/OT

Realism 
→ Visuals
→ Interaction Design

Abstract
→ Perception
→ Concept Depic-
tion

Gestures Collaboration 

→ Independent
→ InterdependentAcoustics 

→ system feed-
back,  
→ background 
audio, 
→ notifications

Synchrony Interaction Type Facial Expres-
sion

Affordance in 
PT/OT Activity

I

The hybrid psychological model of [11] facilitated the conceptualization of the
framework for PT applications with a focus on human factors in the design of vir-
tual spaces and objects in the virtual realm. In addition, the framework sheds light on
the elements that need to be carefully articulated in the game mechanics as they pertain
to interaction, perception and cognition in the VR experience.

3.2 Use Case: Upper-Limb Physical Therapy in Mo3awen

The goal of a conceptual design is to provide an overall plan for the development of a
VR-based system that can be used to improve the functioning of the upper limbs for an
individual. In this section, we describe the conceptual design for a VR application that
was co-designedwith physical therapists for upper-limb therapy, called “Mo3awen”. The
plan was co-created with subject-matter experts and users with the lived experience of
PT for upper limbs, to ensure that the system is aligned with the needs of the individuals
with upper limb impairments and the healthcare professionals involved in their treatment
plans. An example is illustrated in Fig. 1 from the ongoing pre-production phase of
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“Mo3awen”which is being conducted by the co-authors of this publication, which shows
one example of the design design spaces being considered for the gamified approach in
the virtual realm.

A physical therapist’s view of the limbs in the 
VR application (e.g. dermatome map).

A user’s view of the controllers and virtual limb 
movements that reflect in-game actions (beam).

Fig. 1. The self-embodiment dimension of Mo3awen considers the users’ feeling of owning their
virtual representation of their upper limbs in a virtual physical therapy session.

Debarba et al. have highlighted in [15] that the sense of ownership of a virtual body
can be achieved in both first and third person perspectives under congruent visuo-motor-
tactile conditions. Similarly, Borrego et al. reported in an experimental study [16] that
“the sense of body-ownership, self-location, and presenceweremore vividly experienced
in a first-person than in a third-person perspective” which was observed in both the
healthy subjects and the stroke survivors who took part in that study [16]. Building on
prior work, designers and developers align the game mechanics with what has been
established as effective in supporting presence and immersion, and offer configurable
settings for the design aspects that have not yet been established in the VR design space
for therapy and rehabilitation.

This study focuses on upper limb therapy through the use of VR to simulate the same
therapeutic exercises done in the clinical context. TheVRgame is dedicated to thosewho
require exercise of a simple motion without the need for external guidance or specialized
machines. It focuses on two types of exercises: Strengthening and range of motion. One
of the activities in Mo3awen involve exercises that target the hands and wrists, elbows
and shoulders (as shown in Fig. 2) through a predesigned set of guided movements in
the VR experience which target these body parts in the remedial program.The realism
aspect of designwas considered to ensure alignment between visual perception, cognitive
processing and virtual-physical mapping of limbs.
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Fig. 2. The wrist and shoulder exercises can be imitated through a predesigned set of exercises in
virtual reality physical therapy context. Designers considered realistic and abstract representations.
of the limbs

The framework provides guidance on embedding elements in the virtual world along
with their affordance as it pertains tomanipulation and interaction in each exercisewithin
the PT session. For example, research suggests that realistic renderings of the limbs
in therapy contributes toward making the seemingly mundane, enduring rehabilitation
therapies more engaging for the patients, when compared to the abstract representation
as depicted in Fig. 3. While this has been reported in 2D game designs, the framework
sheds light on the link between the design consideration and the elements of presence
and immersion for the therapy context in the virtual realm.

Realism in Limb Visual Representations in PT Abstract Visualization

Fig. 3. Designing for self-embodiment and presence requires an in-depth understanding of the
trade-offs between realism and abstract designs for the virtual objects and virtual scenes.

An example fromMo3awen is depicted in Fig. 4 which illustrates the representation
of self, reflected as the limbs which are marked as the “steady hand” and the hand being
targeted in that particular exercise in that particular phase of the game design. Aligned
with the areas of focus, the remaining elements of the framework provide the team
with clarity on the objective performance metrics to track and the sensory perception of
space and the objects within the space. These design considerations include the visual,
auditory, and visceral experiences.
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Fig. 4. The hub of the VR PT game which establishes alignment between the virtual and physical
worlds for the users prior to launching the PT exercise.

4 Design Considerations for Immersion and Presence in VR
Applications for PT and OT

While VR immerses users in scenarios that are not necessarily bound by physical or
technological constraints, it is important for VR in serious gaming designs to align with
the objectives of physical therapy or occupational therapy.

4.1 Technological Considerations for Immersion and Presence

In PT contexts, it is evident that delivering 3D social VR experiences would require a
great deal of alignment between gaze, gestures, and conversation to create a fully immer-
sive experience for the patient, caregiver(s) and the therapists. This design consideration
is foreseen to be challenging in contexts where there would be limitations in accessi-
bility or bandwidth. Moreover, the need for performance and resolution optimization,
as well as network synchronization optimization would require game mechanics that
establish realism to achieve presence and immersion for a patient who might be experi-
encing fatigue from the repetitive and possibly painful experience of these PT exercises.
To ensure that these VR experiences are realistic and effective, developers would need
to optimize the available resources to ensure that the 3D content is rendered properly,
that the user’s movements and visual gaze is tracked accurately, and that the network
synchronization is reliable as noted in [9].

Bandwidth and performance optimization are important considerations for virtual
reality (VR) applications in PT.To ensure smooth and responsive experiences, developers
must consider the bandwidth and latency of the network (e.g. reducing the size of the
data being tracked for the PT session, compressing the data especially in homogeneous
data tracking, using protocols that are optimized for VR, and using quality of service
(QoS) techniques to prioritize latency-sensitive data). Resolution optimization is also
an important factor to consider when developing for VR in PT. This involves using
techniques such as anti-aliasing and supersampling to improve the quality of scenes in
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the virtual world as well as the visual representation of navigation elements, gestures and
objects in the virtual realm. Also, techniques such as texture streaming can be considered
to reduce the amount of memory needed to render the scene for PT exercise, while still
providing an immersive experience for the user to focus on the limb being target for
the exercise. Network synchronization optimization is also a challenge in developing
for VR in PT contexts. This involves ensuring that the user’s experience is consistent
and lag-free across all sessions for the same patient as well as across all patients for the
same exercise regardless of where the interaction was located. This can be achieved by
using techniques such as client-side prediction and interpolation, and using server-side
physics to ensure that all clients are in sync.

4.2 Methodological Design Considerations

One of the main methodological challenges in utilizing VR applications for physical
therapy and occupational therapy is the lack of uniform standards for evaluation. Cur-
rently, the methods used to measure the effectiveness of VR applications vary greatly,
making it difficult to compare results between different studies or across real-time data
of the same patient across different points. Additionally, there is a lack of long-term
studies looking at the effectiveness of VR applications in these areas, making it difficult
to determine their long-term effectiveness. Another issue is the difficulty of replicating
real-world exercises that involve touch and dexterity in VR. In order to accurately simu-
late physical therapy and occupational therapy scenarios, the VR environment needs to
replicate the environment as closely as possible utilizing all sensory input channels of
the user(s) and the therapists involved in the session. This remains a design challenge
with the current limitations in the VR technology platforms, which may limit the effec-
tiveness of VR applications in these areas. Finally, the use of VR applications in therapy
can be cost-prohibitive if it is not recognized by healthcare systems as an alternative
for in-clinic treatments, as the hardware and software required for the applications can
hinder the accessibility of such setups for users that do not have the option of co-located
VR sessions which could consequently limit their use in certain settings, such as in-home
care. Overall, the use of virtual reality applications in physical therapy and occupational
therapy presents some unique challenges that need to be addressed before they can be
widely adopted in clinical settings.

5 Conclusion

This study reports our inquiry into the interaction dynamics among patients, therapists,
and VR serious games during routine game-assisted therapy in the contexts beyond
the clinical setting. Our study contributes to the field by presenting a framework for
designing the VR experience with immersion and presence in mind for the individual
and social VR contexts. The framework was applied to one use case as an example which
demonstrated its applicability for designing user experiences that leverage immersion
and presence as design features in the VR experience for PT. Finally, we also highlighted
the design considerations and directions for future work in the design space of VR in
rehabilitation.
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Abstract. Mirror Therapy VR Rehabilitation (MTVRR) is an innovative form
of rehabilitation therapy designed to help post-stroke patients regain motor and
cognitive functions. The therapy uses virtual reality (VR) technology to provide a
safe, comfortable and immersive environment for patients to practice their motor
skills in a meaningful and engaging manner. MTVRR also incorporates elements
of serious game design, allowing the patient to progress through levels of diffi-
culty depending on their progress in the rehabilitation program. In this study, we
will explore how MTVRR can be used by occupational therapists for post-stroke
patients. We will examine how the use of VR technology, serious game design
elements and cultural considerations can help occupational therapists tailor an
effective rehabilitation program for each patient. We will also discuss potential
challenges that may be encountered when using this type of therapy with post-
stroke patients. The findings of this use study can provide occupational therapists
with valuable insights into how they can incorporate MTVRR into their exist-
ing rehabilitation programs in order to provide effective and culturally appropri-
ate treatment for post-stroke patients. By leveraging advances in VR technology
and serious game design, occupational therapists can create personalized treat-
ment plans that are tailored to the needs of their clients, helping them make more
informed decisions about the best course of action for each individual patient.

Keywords: Virtual Therapy · Physical Therapy ·Mirror Therapy · Game-Based
Therapy · Serious Games · ExerGames · Head mounted displays (HMD) ·
Rehabilitation · Remote Therapy. Post-stroke

1 Introduction

Post-stroke rehabilitation for patientswho experienced a cerebrovascular accident (CVA)
often involves therapy sessions focused on building strength and endurance, upper-
limb therapy, lower-limb therapy and/or cognitive and speech therapy [1]. Stroke
recovery treatment (or rehabilitation) typically requires conventional therapy, which
involves therapist-led training and patient education [2]. Post-stroke rehabilitation is a
goal-oriented process that seeks to help patients reach their full potential.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
A. Coman and S. Vasilache (Eds.): HCII 2023, LNCS 14026, pp. 228–237, 2023.
https://doi.org/10.1007/978-3-031-35927-9_17

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-35927-9_17&domain=pdf
http://orcid.org/0000-0003-3433-0422
https://doi.org/10.1007/978-3-031-35927-9_17


Reflection: A Mirror Therapy VR Rehabilitation Prototype 229

The growing landscape of VR rehabilitation for stroke survivors has been aligned
with a proliferation in human-computer interaction (HCI) research in the design and
development of such systems [3]. One approach for post-stroke rehabilitation is mir-
ror therapy, which leverages the neuroplasticity characteristic of the human brain as
described in [4] and [5]. VR technologies have been used in mirror therapy to replicate
and enhance the efficacy of mirror therapy in the virtual realm, exploring the feasibility
and viability [6].

In this paper, we describe the conceptual design of a novel Mirror Therapy VR
Rehabilitation (MTVRR) system which was co-created with target user populations and
subject matter experts. MTVRR is an innovative form of rehabilitation therapy designed
to help post-stroke patients regain motor and cognitive functions. The therapy leverages
VR technology features of capturing objective measures during sessions to provide a
safe, comfortable and immersive environment for post-stroke patients to exercise their
motor skills in a meaningful and engaging way. In Sect. 2, we present a brief overview
of the literature in VR for stroke rehabilitation, followed by VR design considerations
in Sect. 3. The paper concludes by considering how the VR design considerations can
guide future design of VR applications for post-stroke rehabilitation therepy, and next
steps for refining the MTVRR applications.

2 Related Work

Evidence from recent research has shown that patients with stroke benefit greatly from
early, high-intensity therapy that involves technology as a tool [3–7]. Technology has
been integrated in therapy programs to facilitate a broad range of interventions ranging
from motor learning for balance and gait rehabilitation such as in [8] and [9] to occu-
pational therapy programs as noted in [10]. In this section we highlight the technology
utilization in the general applied health context of stroke rehabilitation, followed by the
scope of research for mirror therapy in particular.

2.1 Technology in Post-stroke Rehabilitation

The integration of technological intervention toward conventional post-stroke therapies
has shown a positive outcome to the patient’s post-stroke recovery process as noted in the
review reported in [3]. Technology is considered in rehabilitation for upper-limbs, lower-
limbs (treatments focus on trunk and pelvis stability, positioning and control of the hips,
knees and ankles, as well as stepping and propulsion) and speech and language therapy.
In the scope of speech and cognitive abilities, assistive technologies have been developed
to help stroke patients when they lose fundamental abilities that they need to reconnect
with other such as being aware of their surroundings, communicating verbally and non-
verbally, recognizing spoken dialogue and emotions, recalling words and expressing
them verbally, and using gestures to convey meaning when speech is limited.

2.2 Virtual Reality (VR) in Post-stroke Rehabilitation

Recent research has demonstrated use cases for using VR in upper-limb therapy such as
[10] and [11]. These studies have highlighted impact-driven research in VR applied to
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recovering and strengthening complex hand and reaching skills such as twisting, turn-
ing, pinching and grasping; all the many things we do with our hands, arms and fingers.
Emerging research methods and approaches in this applied domain include experimen-
tal electromyography, kinetic analysis, movement analysis, biomechanics, sensor tech-
nologies, neuroimaging, brain physiology, musculoskeletal physiology, experimental
biologics, experimental pharmacotherapeutics, and emerging technologies and use of
smart devices [12–14].

In contrast to upper-limb therapy, the use of VR in lower-limb therapy focuses on
advancing trunk, pelvic and leg function,movement and balance as noted in [15]. Typical
upper-limb therapy focuses on body-weight support and large motor and rhythmic limb
functions influenced by spinal cord and brain circuits which have been considered for
modeling in the virtual realm with sensory and tactile modes of interaction. While
therapeutic intervention makes use of anti-gravity support and weight-bearing assistive
devices, which are used to support patients as they work on climbing and descending,
the VR context remains exploratory in that the physical dynamics are not yet accurately
represented in the virtual realm.

2.3 VR in Mirror Therapy for Stroke Rehabilitation

In this section, we describe the virtual depiction of mirror therapy in the context of
post-stroke rehabilitation, as described in recent publications such as [15–20], with a
specific focus on the features encapsulated by the established taxonomy of social VR
applications, as noted in [21]. The features are listed in Tables 1 and 2, with highlights
for relevant elements in mirror therapy.

Table 1. Taxonomy of Social VR Features in Mirror Therapy for Immersion and Presence

Category Features Variations in Mirror Therapy

“The Self” in Mirror Therapy Avatar representation - Visual cues of controls vs.
limbs to reflect movement in
the mirror therapy exercises
- Partial body, full body, or no
avatar. Limb visualization is
essential

Avatar customization

Avatar manipulation

Avatar Traversal

Interacting with Others in Social
VR settings for Mirror Therapy

Communication
Privileges

Muting, blocking or adding
others

Communication Types Ranked: Physical, bio-adaptive
feedback, followed by voice,
and text (language limitations)

Activity to Scaffold
Interaction

Event, Prototyping, Virtual
Drawing or no activity in the
scaffolding

(continued)
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Table 1. (continued)

Category Features Variations in Mirror Therapy

Openness of the
environment

Public vs private settings

Table 2. Taxonomy of Social VR Features in Mirror Therapy Environments

Category Features Variations in Mirror Therapy

“The Environment” in Mirror
Therapy

User Manipulation of the
environment

Construct new elements vs
alter existing elements

Spawning area Private vs. social spawning

Openness of the
environment

Public vs private settings

3 Human-Centered Design of VR Therapy

Despite an increasing awareness of user-centered design (UCD) in applied health appli-
cations, there is limited discussion of how such approaches can be translated into the
constrained environments of virtual worlds for rehabilitation. The UCD method is often

Fig. 1. Framework for the MTVRR game which highlights the roles of the actors (patients and
therapists) in the virtual realm.
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recognized as an effective means of bridging the gap between the differing mental mod-
els of a user (i.e., what users develop to make sense of the functional properties or the
operation of any designed system) and a designer’s conceptual model of the system.
The framework in Fig. 1 illustrates the relationships between key players and concepts
involved in the MTVRR game. The directed arrows depict the flow of information or
the processes involved in the co-design.

A key design consideration that emerged in the ideation phase of the MTVRR game
was to emphasize the sense of self, which encapsulates features that facilitate users’
control of their virtual limb during the exercises.

The virtual limb representation, and the extent to which the physical human body is
replicated in VR, had direct correlation to the design features which link visual attention
to brain plasticity as noted in [22] and [23]. The screenshots of the virtual realm in Fig. 2
depict the visualization of the hands in which a mirrored image of the hand is visualized
to create the illusion that both hands are moving in tandem.

Fig. 2. Screenshots of Reflection prototype (2022), the sense of self is essential in physical reha-
bilitation and in mirror therapy, the visualization of both limbs is a core function of the therapy
program to stimulate the brain.

The gamemechanics inMTVRR also emerged from the contextual enquiry of mirror
therapy sessions, in which repetitive exercise of limb movements are often prescribed in
post-stroke rehabilitation. In using technological interventions as an alternative method
to provide patients with remote therapy beyond the physical clinical settings, prompted
VR exercises are designed to optimize long-term functional outcomes and promote
stroke survivors’ independence in carrying out the exercises [24–28]. This is particularly
relevant for patients in rural regions who have difficulties traveling to the hospitals or
rehabilitation facilities.

The game mechanics shown in Fig. 3 show the geometric shapes and their alignment
with the gesture prompts that guide users through the exercise. The repetitive nature of
exercises can be tracked and logged in the MTVRR system for progress monitoring in
extended periods of time. The three main gestures were circles, triangles and hexagons
visualized by the user as hand-gesture formations as depicted in the figure.
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Fig. 3. Game mechanics involved gesture-based interaction with 3–5 min allocated for each
exercise. Progression from level to level depends on completing the shape formations.

The VR environment encapsulates design choices of the virtual space through which
post-stroke rehabilitation users (e.g. patients, therapists) interact and present themselves.
Moreover, the game mechanics within the environment were aligned with personas and
archetypes of post-stroke rehabilitation users, as described in [29] and the usability
recommendations highlighted in [30] and [31].

The openness of virtual environments refers to the capability of users to freely
traverse the virtual realm, and this was addressed by the design of the backdrop and
the objects that are visualized within the MTVRR game. Figure 4 shows a screenshot of
the in-game visualization of the limbs and the objects overlaid over the virtual world,
and Fig. 5 depicts the design inspiration [32] of the backdrop that was considered to
attract and sustain users’ attention during the gameplay in the MTVRR application.

Fig. 4. Screenshot of Reflection prototype (2022), Iterative design considered different concepts
for the mockup shown in the MTVRR virtual scenes.
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Fig. 5. Reflection’s art style is inspired by Monument Valley1 (2014) [32] visual designs for
attracting and sustaining visual attention.

Playtesting was a key component for eliciting feedback on the game mechanics and
the usability of the game by different target user groups. Initial playtestingwas conducted
in the game jam (Gameathon 2022) in the accelerated innovation context of a one-week
competition, followed by several iterations of feature testing as shown in Fig. 6.

Fig. 6. Designers and developers evaluating Reflection prototype with Oculus head-mounted
displays in the game jam.

4 Conclusion

This paper presents a research team’s efforts to design considerations for post-stroke
interventions that aim to engage patients in an extensive and continuous therapeutic
exercise program for the stroke recovery process. Design implications for VR applica-
tions include the importance of features that facilitate immersion and presence of self
and others in the context of the game as well as the visual representation of limbs within
the game to ensure proper alignment for the neuroplasticity objective of the exercises.

1 https://www.monumentvalleygame.com/mvpc.

https://www.monumentvalleygame.com/mvpc
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Future research directions involve iterative testing of the co-designed application
with therapists and users to assess the usability and efficacy of using the proposed VR
exercises in the stroke recovery process. Usability and user experience (UX) evaluations
will be conducted during the alpha and beta testing to identify areas of improvement in
theVRdesign and to explore differentmodes of interaction for the physical rehabilitation
exercises.

Acknowledgments. The authors acknowledge the support of Alfaisal’s Solve program in 2023
which is conducted in collaboration with MIT. The Reflection VR application was the recipient of
the grand award at theGamers 8Game Jam in 2022 (Gameathon), and the authors acknowledge the
support provided by the Saudi eSport Federation and Alfaisal University’s Dimensions accelerator
for the development phases of the MTVRR game. The authors also extend their appreciation for
the physical therapists and occupational therapists who contributed towards the co-design phases
of the application.

References

1. Boukhennoufa, I., Zhai, X., Utti, V., Jackson, J., McDonald-Maier, K.D.: Wearable sensors
and machine learning in post-stroke rehabilitation assessment: a systematic review. Biomed.
Signal Process. Control 71, 103197 (2022)

2. Edwards, D.F., Hahn, M.G., Baum, C.M., Perlmutter, M.S., Sheedy, C., Dromerick,
A.W.: Screening patients with stroke for rehabilitation needs: validation of the post-stroke
rehabilitation guidelines. Neurorehabil. Neural Repair 20(1), 42–48 (2006)

3. Leong, S.C., Tang, Y.M., Toh, F.M., Fong, K.N.: Examining the effectiveness of virtual,
augmented, and mixed reality (VAMR) therapy for upper limb recovery and activities of
daily living in stroke patients: a systematic review and meta-analysis. J. Neuroeng. Rehabil.
19(1), 1–20 (2022)

4. Ozen, S., Senlikci, H.B., Guzel, S., Yemisci, O.U.: Computer game assisted task specific
exercises in the treatment of motor and cognitive function and quality of life in stroke: a
randomized control study. J. Stroke Cerebrovasc. Dis. 30(9), 105991 (2021)

5. Gandhi, D. B., Sterba, A., Khatter, H., Pandian, J. D.: Mirror therapy in stroke rehabilitation:
current perspectives. Ther. Clin. Risk manag. 16, 75–85 (2020)

6. Voinescu, A., Sui, J., Stanton Fraser, D.: Virtual reality in neurorehabilitation: an umbrella
review of meta-analyses. J. Clin. Med. 10(7), 1478 (2021)

7. Boian, R.F., Deutsch, J.E., Lee, C.S., Burdea, G.C., Lewis, J.: Haptic effects for virtual
reality-based post-stroke rehabilitation. In: 11th Symposium on Haptic Interfaces for Virtual
Environment and Teleoperator Systems, 2003. HAPTICS 2003. Proceedings, pp. 247–253.
IEEE (2003)

8. Huber, S.K., Held, J.P., de Bruin, E.D., Knols, R.H.: Personalized motor-cognitive exergame
training in chronic stroke patients—a feasibility study. Frontiers Aging Neurosci. 13, 730801
(2021)

9. Manser, P., Adcock-Omlin, M., de Bruin, E.D.: Design considerations for an exergame-
based training intervention for older adults with mild neurocognitive disorder: qualitative
study including focus groups with experts and health care professionals and individual semi
structured in-depth patient interviews. JMIR Serious Game. 11, e37616 (2023)

10. Demain, S., et al.: Assistive technologies after stroke: self-management or fending for
yourself? a focus group study. BMC Health Serv. Res. 13, 1–12 (2013)



236 H. Makki Zakari et al.

11. Choi, Y.H., Ku, J., Lim, H., Kim, Y.H., Paik, N.J.: Mobile game-based virtual reality rehabil-
itation program for upper limb dysfunction after ischemic stroke. Restor. Neurol. Neurosci.
34(3), 455–463 (2016)

12. Laver, K.E., Lange, B., George, S., Deutsch, J.E., Saposnik, G., Crotty, M.: Virtual reality for
stroke rehabilitation. Cochrane Database Syst. Rev. 11, CD008349 (2017)

13. Choi, H.S., Shin, W.S., Bang, D.H.: Mirror therapy using gesture recognition for upper limb
function, neck discomfort, and quality of life after chronic stroke: a single-blind randomized
controlled trial. Med. Sci. Monit.: Int. Med. J. Exp. Clin. Res. 25, 3271 (2019)

14. Bauer, A.C.M., Andringa, G.: The potential of immersive virtual reality for cognitive training
in elderly. Gerontology 66(6), 614–623 (2020)

15. Zhang, Y., et al.: Mirror therapy for unilateral neglect after stroke: a systematic review. Eur.
J. Neurol. 29(1), 358–371 (2022)

16. Jo, S., Kim, H., Song, C.: A novel approach to increase attention during mirror therapy among
stroke patients: a video-based behavioral analysis. Brain Sci. 12(3), 297 (2022)

17. Hartman, K., Altschuler, E.L.: Mirror therapy for hemiparesis following stroke: a review.
Curr. Phys. Med. Rehabil. Rep. 4, 237–248 (2016)

18. Miclaus, R.S., Roman, N., Henter, R., Caloian, S.: Lower extremity rehabilitation in patients
with post-stroke sequelae throughvirtual reality associatedwithmirror therapy. Int. J. Environ.
Res. Public Health 18(5), 2654 (2021)

19. Hoermann, S., et al.: Computerized mirror therapy with augmented reflection technology for
early stroke rehabilitation: clinical feasibility and integration as an adjunct therapy. Disabil.
Rehabil. 39(15), 1503–1514 (2017)

20. In, T., Lee, K., Song, C.: Virtual reality reflection therapy improves balance and gait in patients
with chronic stroke: randomized controlled trials. Med. Sci. Monit.: Int. Med. J. Exp. Clin.
Res. 22, 4046 (2016)

21. Jonas, M., Said, S., Yu, D., Aiello, C., Furlo, N., Zytko, D.: Towards a taxonomy of social VR
application design. In: Extended Abstracts of the Annual Symposium on Computer-Human
Interaction in Play Companion Extended Abstracts, pp. 437–444 (2019)

22. Matamala-Gomez, M., Maselli, A., Malighetti, C., Realdon, O., Mantovani, F., Riva, G.:
Virtual body ownership illusions for mental health: a narrative review. J. Clin. Med. 10(1),
139 (2021)

23. Wiley, E., Khattab, S., Tang, A.: Examining the effect of virtual reality therapy on cognition
post-stroke: a systematic review and meta-analysis. Disabil. Rehabil. Assist. Technol. 17(1),
50–60 (2022)

24. Hao, J., Yao, Z., Harp, K., Gwon, D. Y., Chen, Z., Siu, K. C.: Effects of virtual reality in
the early-stage stroke rehabilitation: a systematic review and meta-analysis of randomized
controlled trials. Physiotherapy Theor. Pract. 1–20 (2022)

25. Lee, J.I., et.al. Effects of the home-based exercise program with an augmented reality system
on balance in patients with stroke: a randomized controlled trial. Disabil. Rehabil. 45, 1–8
(2022)

26. Dias, M.P.F., et al.: Is there a relation between brain and muscle activity after virtual reality
training in individuals with stroke? A cross-sectional study. Int. J. Environ. Res. Public Health
19(19), 12705 (2022)

27. Hilton, D., Cobb, S., Pridmore, T., Gladman, J., Edmans, J.: Development and evaluation
of a mixed reality system for stroke rehabilitation : advanced Computational Intelligence
Paradigms in Healthcare 6. Virtual Reality in Psychotherapy, Rehabilitation, and Assessment,
pp. 193–228 (2011)

28. Aguilar Acevedo, F., Pacheco Bautista, D., Acevedo Gómez, M., Toledo Toledo, G., Nieva
García, O.S.: User-centered virtual environment for poststroke motor rehabilitation. J. Med.
Devices 16(2), 021014 (2022)



Reflection: A Mirror Therapy VR Rehabilitation Prototype 237

29. Alkadhi, B., Al-Wabil, A.: Behavioral archetypes for stroke rehabilitation technologies. In:
Stephanidis, C. (ed.) HCI International 2018 – Posters’ Extended Abstracts. Communications
in Computer and Information Science, vol. 851, pp. 10–16. Springer, Cham (2018). https://
doi.org/10.1007/978-3-319-92279-9_2

30. Pyae, A.: Investigating the usability, user experiences, and usefulness of digital game-based
exercises for elderly people: a case study of Finland. In: Proceedings of the 2018 Annual
SymposiumonComputer-Human Interaction in PlayCompanionExtendedAbstracts, pp. 71–
76 (2018)

31. Møller, J., Johansen, N.F., Khalid,M.S.: Trendswithin human-computer interaction on design
for physicalmovement. In: The 14th EuropeanConference onGameBased Learning, ECGBL
2020, pp. 305–313. Dechema eV (2020)

32. Monument Valley [Android]. Ustwo studio Ltd. (2022)

https://doi.org/10.1007/978-3-319-92279-9_2


Development and Usability Evaluation
of an Application for Language Literacy

of Spanish-Speaking Children with Autism
Spectrum Disorder

Luis A. Rojas1(B), Katrina Sorbello2, John W. Castro3, and Claudio Alvarez4

1 Departamento de Ciencias de La Computación Y Tecnologías de La Información,
Universidad del Bío-Bío, Chillan, Chile

lurojas@ubiobio.cl
2 The Stella Way, 17 Enford Street, Hillcrest, QLD, Australia

kat@thestellaway.com
3 Departamento de Ingeniería Informática Y Ciencias de La Computación, Universidad de

Atacama, Copiapó, Chile
john.castro@uda.cl

4 Facultad de Ingeniería Y Ciencias Aplicadas, Universidad de los Andes, Santiago, Chile
calvarez@uandes.cl

Abstract. Autism Spectrum Disorder (ASD) in children is characterized by per-
sistent difficulties in their communication and social interaction abilities and recur-
ring and restricted patterns of behavior. As a result, children with ASD require
special assistance to practice the phonetics and semantics of words, phrases, and
sentences. Applications to support teaching and learning of language literacy for
children with ASD generally omit phonetic and semantic aspects of communi-
cation and offer limited pedagogical tailorability. This research presents Teleo, a
web application that facilitates special education teachers creating learning activ-
ities for Spanish-speaking children with ASD, and that overcomes the limitations
of other applications. With Teleo, activities can be tailored to different learning
objectives and offer varying degrees of difficulty for learner tasks. To evaluate
special education teachers’ experience with the tool, a trial was conducted (N =
7), in which subjects conducted three different kinds of activity creation tasks. An
evaluation was conducted using a usability questionnaire and interviews with each
teacher. Results show that Teleo provides teachers with a coherent and consistent
set of functionalities to support creating literacy activities for children with ASD,
and that the application is easy to use. However, despite these positive results,
overemphasis on simplicity in the design of the user interface was found to hin-
der teachers’ comprehension of application processes and features. Thus, these
remain aspects to improve.

Keywords: Autism Spectrum Disorder · Literacy Learning · Learning Tool ·
User Experience Evaluation
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1 Introduction

Autism Spectrum Disorder (ASD) in children is characterized by persistent difficul-
ties in their communication and social interaction abilities and recurring and restricted
patterns of behavior [1]. Children with ASD present reading profiles characterized by
higher decoding skills and lower reading comprehension. They are known to experience
difficulties extracting words’ meanings [2]. As a result, children with ASD require spe-
cial assistance to practice the phonetics and semantics of words, phrases, and sentences.
However, children with ASD possess superior visual abilities, due to which the global
reading system appears to be the best for their literacy learning [3]. Therefore, there is
a need to develop tailored activities to meet the learning needs of children with ASD,
that can be dynamic and adaptable to the learning context. In doing so, the efficacy of
technology in special education can provide many positive learning opportunities.

On the contrary, not improving technology can negatively impact the education
of children with ASD. Currently, various learning technologies, i.e., so-called ‘apps’,
support the global reading method, simplifying work with Spanish-speaking children
with ASD in the classroom. For example, ‘Leo con Grin’ [4] and ‘Leo con Lula’ [5]
provide reading tasks based on syllables and words, considering the discrimination and
association aspects of learning.

Similarly, ‘Yo También Leo’ [6] and ‘El Tren del Alfabeto de Lola’ [7] focus on
the memorization of vocabulary. While this may be successful for children with ASD
who have higher decoding skills, the activity does not provide opportunities to practice
vocabulary, phonetics, and semantics dynamically, which may cause further compre-
hension difficulties. The ‘Prolexyco’ app [8] supports language learning by focusing on
expression and understanding. In general, these apps include a set of pre-established
activities to support literacy learning. However, these apps fail to provide educators with
tools for fostering phonetic and semantic communication skills in children with ASD.
In addition, the abovementioned apps and the learning activities they enable are not
tailorable to different learning goals and students’ particular needs and learning context,
all of which are sensitive aspects when considering the learning experiences of children
with ASD.

This work aims to address the drawbacks of existing apps identified above by propos-
ing a novel web application that supports literacy development in Spanish-speaking chil-
dren with ASD, based on the global reading method. The proposed application allows
Special EducationTeachers (henceforth, SPEDTeachers) to design and implement learn-
ing activities that adapt to the specific characteristics and needs of children with ASD.
Furthermore, our proposal provides feedback to teachers based on data collection com-
prising of interactions and children’s progress in the activities. Based on this feedback,
teachers can improve their teaching and assessment.

The ISO 9241 [9] standard defines usability as the level at which a software product
can be used by certain users to achieve specific objectives with effectiveness, efficiency
and satisfaction in a defined context of use. In software development, this characteristic
is considered a key quality attribute for user satisfaction [10], and therefore, it is a
determining factor for the success of an application. Due to the characteristics of children
with ASD, considering the usability of the proposed web application becomes more
important.
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In our attempt to maximize the usability of our application, a series of considerations
were taken:

• Adoption of a development process that blends user-centered design and agile
development [11].

• The user interface was designed following the graphic design guidelines identified
by [12].

• The heuristics evaluation method was used to test and evaluate the usability of the
app’s initial version and improve its functionality.

The web application was evaluated with SPED Teachers, which included measure-
ment of user experience, validity, and usefulness. The evaluation included: (i) individual
interviews and (ii) usability questionnaires to quantitatively and qualitatively study the
web application. User experiences indicate positive and acceptable evaluations regarding
the usefulness, ease of use, ease of learning, and satisfaction.

This paper is organized as follows. Section 2 presents the proposed solution to
support literacy in children with ASD. Section 3 formally evaluates the SPED Teachers’
experience to study our proposal. Section 4 presents a discussion of the evaluation results
of our proposal. Finally, Sect. 5 presents conclusions and future work.

2 Teleo: A Web Application to Support the Teaching of Literacy
in Spanish-Speaking Children with ASD

The learning tool presented in this research consists of a web application called Teleo,
which is aimed at dynamically generating literacy activities for Spanish-speaking chil-
dren with ASD. Figure 1 presents the details of the proposed web application. As can
be seen in Fig. 1, Teleo allows ASD specialists to create different types of activities,
namely, (1) activities to create sentences and phrases, (2) activities to create words with
syllables, and (3) activities to count syllables. The application includes a configuration
module for dynamic activities to support literacy teaching. These activities allow dif-
ferent configurations by which they adapt to different levels of difficulty and learning
objectives. Each type of activity allows the creation of an unlimited number of modules
with literacy activities based on the globalmethod. Likewise, these activitiesmay contain
different configurations related to a) Data Collection Settings: identification of the type
of data to be collected during user interaction; b) Activity Assignment: determination
of the groups or users associated with the activity; and c) Customization of Activities:
establishing the level of difficulty and specific characteristics of the activities.

Each of the activities generated can be accessed dynamically by the different groups
and users of the application, allowing dynamic and controlled access to the different
activities. The interactions configured for recording through data collection settings can
be reviewed by SPED teachers for analysis.
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Fig. 1. The proposed solution to support the teaching of literacy in children with ASD.

2.1 Adoption of a User-Centered and Agile Development Process

A software process that blends user-centered design and agile development in the web
application development [11] was adopted.

The development process began with a contextual investigation, in order to capture
characteristics and acceptance criteria of end-users. Likewise, the relevant contents asso-
ciated with the Web application were identified, that is, content and context mod-els,
mockups, sitemaps, among others, were obtained. The information captured in this stage
was used to improve requirements management, incorporating data related to end-user
information criteria and priority content. The objective was to provide the team with a
common understanding through a clear description of the needs of end-users.

Finally, following the guidelines in [11], the inspection and continuous improvement
processes, including daily meetings, review of increments, and retrospectives, were used
to encourage User-Centered Design and end-user involvement. For example, individual
tasks were inspected to track compliance with end-user acceptance criteria; product
incrementswere evaluatedwith the involvement of end-users; and retrospectivemeetings
included reflections related to process improvements to efficiently integrate the needs of
end-users.

2.2 Interfaces

Figure 2 presents the configuration module for creating sentence and phrase activities.
This module permits customization of the title of the activity instruction (See “Título de
la Instrucción” at the top of Fig. 2) and determines the number of words that the sentence
or phrase will contain (See “Número de Palabras” on the upper part of Fig. 2). In this
way, and according to the number of words indicated above, the options are dynamically
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enabled to indicate the words (See “Palabras”) and images (See “Imagen Asociada”)
associated with each of them. Likewise, this module enables assigning activities to
specific students or groups (See “Asignar a” and “Asociar a” at the bottom of Fig. 2,
respectively). Finally, in the lower right part of Fig. 2, the configuration options of the
types of data (time, clicks, attempts) to be collected and recorded during the interaction
with users are presented (See “Registrar” option in Fig. 2).

Fig. 2. Configuration module to create activities of sentences and phrases.

Figure 3 presents the configuration module that allows creating activities to establish
and form words based on syllables that contain one consonant and a vowel. Like the
previous module, this module also allows to describe of a specific title for the activity
instruction (See “Título de la Instrucción” at the top of Fig. 3) and determine the number
of words the activity will contain (See “Número de Palabras” at the top of Fig. 3). Unlike
the previous module, this activity provides a section to enter the syllables on which the
literacy activity will focus. For example, this module example focuses on syllables that
start with B and contain one vowel (See “Sílabas” at the top of Fig. 3). There are five
hidden syllable options that are used for students to practice the phonetics of a consonant
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with a vowel, such as RA, RE, RI, RO, RU. Subsequently, and according to the number of
words established, the hidden syllable placeholders are dynamically enabled to indicate
the images associatedwith eachword. For example, the number of placeholders available
for each word depends on the number of missing syllables entered next to the image (See
“Imagen Asociada” in the central part of Fig. 3). The SPED Teacher can then define the
correct answer for each hidden syllable placeholder along with the final syllable of the
word; which is displayed to the student as a hint (See “Palabra” in the central part of
Fig. 3). In the same way as the previous module, it is possible to assign the activities to
particular students or groups (See “Asignar a” and “Asociar a” at the bottom of Fig. 3,
respectively). Finally, in the lower right part of Fig. 3, the configuration options of the
types of data (time, clicks, attempts) to be collected and recorded during the interaction
with the users are presented (See “Registrar” option in Fig. 3).

Fig. 3. Configuration module to create activities for the establishment and conformation of words
based on syllables.

Figure 4 presents the configurationmodule to create activities requiring the learner to
count word syllables. In this module, it is necessary to specify the text of the instruction
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for the learner and the number of words that the activity will contain (See “Título de la
Instrucción” and “Número dePalabras” in Fig. 4, respectively). According to the number
of words defined, the options to enter the images and the number of syllables associated
with each word is dynamically enabled (See “Imagen” and “Número de Sílabas” in
Fig. 4, respectively). This functionality enables SPED Teachers to tailor the activity
to different learning goals, contextualized in a personalized way. Finally, and like the
previous modules, there are the options to assign the activities to particular students or
groups and the additional configurations of the types of data (time, clicks, attempts) to
collect and record during the interaction with the users (See the options “Asignar a”,
“Asociar a” and “Registrar” in Fig. 4, respectively).

Fig. 4. Configuration module to create activities to count the syllables of words.

Finally, and as an example, Fig. 5 shows a specific activity generated based on the
module for creating sentences and phrases (See Fig. 2). As can be seen, an activity
with three words has been configured to create the sentence “BOY EATS COOKIE”
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(See “NIÑO COME GALLETA” in Fig. 5), associating a specific image for each of
the words. Likewise, a specific instruction has been established for the activity, that is,
“READ. MATCH WITH THE CORRECT IMAGE” (See “LEE. UNE CON LA IMAGEN
CORRECTA” in Fig. 5).

Fig. 5. Example of an activity generated with the module to create sentences and phrases.

3 Web Application User Experience Evaluation

This section describes the evaluation carried out to measure the user experience achieved
withTeleo, both quantitatively andqualitatively. Tomeasure the user experience achieved
with this tool, a trial was conducted with a sample of potential users. Subjects were
sampled by convenience from the environment close to the researcher.

3.1 Trial Participants

Trial participants were SPED teachers who are experienced in creating learning activ-
ities that meet the specific needs of children with ASD. All participants consented to
participate in the study and willingly attended the interview. A total of seven SPED
teachers (Mage = 32.85 years, SDage = 5.81, ages 28 to 41; 57% males) participated in
the study. Table 1 displays the participant attributes and demonstrates level of experience
that each participant has in creating learning activities for children with ASD (Mexperience

= 9.29 years, SDexperience = 5.91).
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Table 1. Participant Attributes

Participant Age Gender Profession Experience*

P1 30 M Special Education Assistant 9

P2 41 F SPED Coordinator 15

P3 25 M SPED Teacher 2

P4 28 M Special Ed Substitute teacher 6

P5 39 F Special Education Coordinator 19

P6 35 F Special Education Teacher 5

P7 32 M ASD Teacher Aide 9
* Years of experience in creating learning activities for children with ASD

3.2 Tasks

In the trial, each participantwas asked to perform three tasks to generate literacy activities
using Teleo. Each task resulted in the creation of one of each of the activities presented
in Sect. 2.2. Table 2 presents the three tasks performed by the participant users.

Table 2. Description of the proposed tasks to evaluate Teleo.

# Task Description

T1 Create an activity for the creation of
sentences

The participant must enter a certain set of
words and related images, in order to create
an activity that allows users to create
sentences

T2 Create an activity to complete words with
syllables

The participant must enter a specific syllable
and define a certain number of words, in
order to create an activity that allows users to
complete these words with their syllables

T3 Create an activity to count syllables The participant must enter a certain set of
words and indicate, for each of them, the
number of syllables they contain

3.3 Procedure

The trial was conducted in person or remotely, depending on participant availability. In
face-to-face mode, a physical place was agreed to hold the meeting, while in remote
mode, a video conference was held using Zoom and Chrome’s remote desktop so that
users could share their screen and thus check the steps taken. In both cases (face-to-face
and remote) the following steps were performed:

(1) First Stage: Initially, each participant in the evaluation was introduced to the general
objective of the evaluation (note that this did not include instructions).
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(2) Second Stage: Each of the participants was required to perform the above three tasks
related to the creation of learning activities for children with ASD, using Teleo.

(3) Third Stage: In the last step of the experimentation, and once the session with the
users was finished, each of the participants was invited to participate in a quanti-
tative (See Sect. 3.4) and qualitative (See Sect. 3.5) evaluation to evaluate the user
experience of Teleo.

3.4 Quantitative Evaluation

To study the SPED Teachers’ user experience in using Teleo quantitatively, a question-
naire was designed based on [13], which was constructed based on some usability tests:
Usability [14]; Usability checklist for computer-based testing programs [15, 16]; Use-
fulness, Satisfaction, and Ease of use [17]; Purdue usability [18]; Perceived usefulness
and perceived ease of use [19].

Table 3 presents the analysis of the quantitative study responses. CQ1 and CQ6 are
general questions that indicate if Teleo supported the SPED Teacher to create learning
activities for children with ASD and if they would use Teleo again, respectively. Teleo
supported SPED Teachers to create literacy learning activities for children with ASD
(MCQ1 = 4.71 and SDCQ1 = 0.49) and all of participants will use Teleo again (MCQ6 =
1 and SDCQ6 = 0).

Table 3. Analysis of the Quantitative Study Responses.

No Question N M SD

CQ1 On a scale of 1 to 5, how did TELEO support you in creating learning
activities for children with ASD??

7 4.71 0.49

CQ2 Did the functions of TELEO meet your ASD activity development
needs?

7 1 0

CQ3 Was it easy for you to navigate through TELEO? 7 1 0

CQ4 Were you able to complete all three tasks assigned in TELEO to be able
to create learning activities for children with ASD?

7 0.85 0.38

CQ5 Did all features work to create learning activities for children with ASD? 7 0.57 0.53

CQ6 Would you use TELEO again? 7 1 0

CQ1 has a Likert scale response between 1 and 5, whereas CQ2 to CQ6 are
dichotomic (yes/no) items, in which yes = 1 and no = 0. Therefore, the mean and
standard deviation of CQ1 differ from the remaining questions. Figure 6 compares the
positive and negative responses for each question above.

CQ4 (MCQ4 = 0.86 and SDCQ4 = 0.38) and CQ5 (MCQ5 = 0.57 and SDCQ5 = 0.53)
have the highest negative responses regarding the usability and validity of Teleo.MCQ4

indicates that one of the seven participants could not complete all three tasks assigned.
This may be due to MCQ5 results demonstrating issues with features. However, this is
only speculation from analyzing the quantitative study,which leaves space for ambiguity.
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Fig. 6. Comparison between positive and negative responses per question.

For this reason, usability and validity, along with two other themes, are explored further
in the qualitative study to identify opportunities for future work improvements.

3.5 Qualitative Evaluation

The objective of the qualitative evaluation was to obtain a deeper understanding of
SPED teachers’ user experience with Teleo and understand whether it facilitated them
in creating literacy learning activities that met the specific needs of children with ASD.
This was conducted via an interview with each of the participants. The instrument used
was a questionnaire based on [20]. Each of the quantitative questions presented earlier
(see Table 3) had aminimumof two qualitative follow-up questions to further understand
the user experience of the SPED Teachers.

A total of four themes emerged from the interviews conducted with the seven par-
ticipants. The themes are “Functionality,” “Learnability,” “Usability,” and “Validity.”
Below is a description and analysis of the qualitative study results for each theme.

Functionality aims to identify if Teleo met the SPED teachers’ needs to cre-
ate literacy learning activities for children with ASD. The study further analyzed the
functionality most beneficial to the SPED Teachers and those that were least beneficial.

All the participants indicated that all functions of Teleo were beneficial. However,
they specified that the speed of building activities and the flexibility offered by the
different activity types were most beneficial.

“Rapidly creating effective activities for students” [P1; positive].

“They were all equally beneficial - but I really liked the syllable activity. It is very
thorough and more complex than some other simple activities on other apps” [P2;
positive].

“Different activity types that are flexible” [P3; positive].

“All activities were very easy to build” [P4; positive].

“The flexibility and variety of activities” [P5; positive].
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“The different activity types and that they were flexible - I could build them how
I saw fit” [P6; positive].

“Different activity types” [P7; positive].

These comments demonstrate that Teleo achieves the goal of providing aWeb appli-
cation that tailors literacy activities to students’ learning goals and unique needs and is
adaptable to the learning context. However, there are opportunities for improvement in
functionality, including providing stock images and ensuring that activities are not too
complex to build.

“The syllabus activity took longer to build so wasn’t that easy to build at the last
minute” [P4; negative].

“Only being able to upload images. It would be nice to be able to use stock images
or do a Google search” [P5; positive].

Learnability intends to determine the ease of use ofTeleoby identifying if it is easy to
navigate. It further explored what design elements the participants found most effective
and which functionality was easier to learn. On the contrary, the study also explored
what design elements the participants found least compelling and which functionality
was more complicated to learn.

As seen earlier in the quantitative study, CQ3 displayed that only positive feedback
was received (see Fig. 6). This shows that Teleo was easy to use and learn. When further
discussed in the qualitative study, the positive responses fell into two categories of
learnability: (1) how the information was displayed (layout) and (2) the design elements.

Layout

“All of them. Easy to navigate and create activities” [P1; positive].

“Quickly building a matching activity with words and images” [P4; positive].

“The building of the activities was very easy to learn. Simple and straight forward”
[P7; positive].

Design

“Building the activities was very easy. It was always clear what I had to do on the
screen” [P2; positive].

“The syllable activity was the most complicated to learn - but once I understood
it I found it very effective” [P3; positive].

“Dragging and dropping an image would be easier for me” [P6; positive].

Usability seeks to determine if the SPED Teachers could complete all sections of
Teleo and create literacy learning activities for children with ASD. It analyzed if the
participants were able to complete all sections of Teleo. In addition to understanding,
if the participants could follow the structure, the interviews aimed to discover if the
participant successfully created literacy for each task outlined in Table 2. Furthermore,
the interview explored if parts of Teleo became a distraction in achieving success.
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Participants found that the structure of Teleo helped them to be able to create a
literacy activity for their students.

“… it was easy and straight forward. Teleo allowed us to design activities that we
have not been able to design on other platforms. It has saved us a lot of time …”
[P1: positive].

“It allowed me to create activities that were more challenging for the children. It
helped to engage students a little more rather than using the same monotonous
activities repetitively” [P2: positive].

“It helped me to create activities at the last second. If I had to run a class for the
day that I wasn’t prepared for, I could quickly design an activity. I could even do
it in class. If I wasn’t quite sure of the students’ needs, I could start the class, get
an understanding of their needs and then quickly build an activity for them.” [P4:
positive].

“Iwas able to build activities thatmy students needwithout being heavily restricted
by an application” [P5: positive].

“It was clear and concise. It helped me to build activities that were more robust”
[P6: positive].

These comments further show that Teleo is a user-friendly web application that
facilitates SPED Teachers to create literacy activities focusing on phonetics and com-
munication skills semantics. However, designing a structure that could be flexible to
meet the needs of all participants proved to be complicated.

“I didn’t really knowhow to use the syllable activity and had to ask for instructions”
[P3: negative].

“I didn’t really understand the record options at first” [P7: negative].

However, these responses are constructive feedback indicating design element im-
provements to increase usability of Teleo; as opposed to negating the validity of the web
application. The responses further imply that after instructions (or trial and error [P7]),
the activities enabled SPED Teachers to create literacy activities for their stu-dents, but
small improvements will facilitate easier adoption. Yet, the validity of Teleo is yet to be
explored.

Validity addresses the error prevention capabilities of Teleo by analyzing the issues
that participants experienced. The interview focused on the inconsistencies that the
participant experienced to identify if these could be resolved in future work. Firstly, the
interview identified if functionality worked as expected.

“Easy to navigate and smooth process. I like that everything was on one page and
minimal” [P1; positive].

“The flexibility of what I wanted to add to an activity. The flexibility of the data I
wanted to review” [P6; positive].

“Yes, [Teleo] worked perfectly” [P7; positive].
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Secondly, the interview identified what inconsistencies were experienced across
functionality, including navigation and design.

“Sometimes the title section was smaller than other activities” [P7; negative].

While the quantitative analysis shows negative responses, see Fig. 6 (MCQ4 = 0.85
and SDCQ4 = 0.38; MCQ5 = 0.57 and SDCQ5 = 0.53), on further investigation, in the
interviews, the participants shared constructive feedback as opposed to negative user
experiences.

“Initially, all of them [featuresworkedwell] apart from the syllabus activity.Maybe
add instructions” [P3; constructive].

“I would have loved to see more flexibility in the ‘create words with syllables’
activitywherewe couldmove the syllable to different places (not just the end) – this
way we could change the level of difficulty.” [P5; constructive].

Generally, in addition to the above themes, when participants were asked if they
would use Teleo again, see Table 3, (MCQ6= 7 and SDCQ6= 0), the interview further
explored what functionality would be used again and which wouldn’t.

“I really liked the ability to be able to choose what information we will track from
the children so that we had a better understanding of how to improve our activities.
This will definitely be used again.” [P2; positive].

“all of them - especially now that I know how to use the syllable activity” [P3;
positive].

“all of them but the syllable activity, unless I have more time” [P5; negative].

4 Discussion

The qualitative study explored the functionality, learnability, usability, and validity of
Teleo, identifying that it is a successful tool for creating phonetic and semantic literacy
skills; andwill be implemented again by SPEDTeachers. Teleo provided SPEDTeachers
with a dynamic web application that offers adaptability in creating tailored literacy
activities focusing on different learning goals. Additionally, the participants provided
valuable feedback to improve the usability and validity of Teleo.

For example, the ability to rapidly build literacy activities for children with ASD
and the flexibility of different activity types were the most valuable to the SME. This
was expected as this was the goal of this work; to provide educators with the tools they
require to tailor activities to meet the learning needs of their students. However, con-
solidating more complex literacy activities into a web application brings complications
when attempting to concisely layout information. Thiswas identified from the difficulties
experienced when learning how to configure the activity to establish and form words
based on syllables. This was identified with feedback from P3 indicating that further
instructions were required to complete Task 2 effectively. As this is the most complex
activity, this feedback will support the refinement of building capabilities to create com-
plex activities in Teleo for future versions. For example, help icons can provide the user
with just-in-time instructions.
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Constructive feedback on the functionality indicated that design elements could be
enhanced to be more intuitive, thus improving the learnability of Teleo. Participant 7
indicated that it was difficult to understand using the record options. However, he under-
stood the need for them after instructionswere provided. This experiment specifically did
not provide instructions to ascertain the usability of Teleo and identify its intuitiveness.
Regardless, this feedback will help to improve and refine design elements.

Further suggestions were provided to allow for more flexibility in creating different
difficulty levels within an activity, such as enabling the user to change the position of
missing syllables and making questions more accessible or more difficult. Additionally,
while there is a feature to upload images, additional features such as drag and drop
for images or searching stock images online (via Teleo) will be considered for future
versions.

Conclusively, no participant experienced errors or inconsistencies in Teleo, which is
further illustrated by all participants indicating that they would use Teleo again.

5 Conclusion and Future Works

This research proposes Teleo, a web application to create literacy activities for Spanish-
speaking children with ASD. The application was trialed with a cohort of special
education teachers and evaluated quantitatively and qualitatively.

Teleo allows SPED Teachers to dynamically design different types of activities to
support literacy instruction for children with ASD. These activities can be customized
and adjusted according to the learning objectives defined by the SPEDTeacher. Likewise,
the different interfaces of Teleo have been introduced.

Results of the quantitative evaluation show that Teleo provides a coherent and con-
sistent set of functionalities to support creating literacy activities for children with ASD.
Even though positive results were obtained in the initial quantitative evaluation, it was
also decided to conduct interviews with each participant to obtain more details about
their experiences using Teleo.

Results of the qualitative evaluation based on interviews indicate that Teleo success-
fully supported SPED Teachers in creating literacy activities for children with ASD.
However, improvements are required regarding the usability and validity of features.
Furthermore, the qualitative evaluation raised challenges in consolidating user interface
elements and processes to suit more complex learning activities. While Teleo is simple
and easy to use, overemphasis on the simplicity of the user interface can ultimately hin-
der teachers’ comprehension of application features. Overall, the application seems to
lack sufficient guidance for teachers to follow the intended processes in creating learning
activities tailored to learning goals. These are aspects that need improvement and further
evaluation.

In future work, we hope to integrate more configuration modules, which allow the
creation of different activities and simultaneously incorporate the improvements iden-
tified in the present study. In addition, we want to conduct a formal evaluation with
children with ASD to study the usability of the Web application. Likewise, we hope
to experiment to determine the learning gains of children with ASD by using Teleo.
In addition, we want to formally study the priorities of the SPED Teacher through a
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formal method[21, 22] to adjust the modules proposed in Teleo. We also hope to create
functionality for Teleo to capture more user interaction data. Finally, we also hope to
use automated tools for usability evaluation [10], in order to obtain more information
about the functionalities of our proposal.
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Abstract. Autism Spectrum Disorder (ASD) is a neurodevelopmental disor-
der characterized by deficits in social communication, the presence of restricted
interests, repetitive behaviors, and difficulty performing activities autonomously.
Regarding children, personal autonomy is affected by having difficulties in car-
rying out activities appropriate to their age. ASD specialists use various activities
during interactions with children with ASD to promote and encourage autonomy.
Currently, there are different assistive technologies to support the development
of autonomy in Spanish-speaking children with ASD. However, these proposals
present a series of difficulties. In this paper, we propose a user-friendly mobile
application that provides a set of activities designed by ASD specialists to foster
the personal autonomy of Spanish-speaking children with ASD. Also, our pro-
posal allows ASD specialists to dynamically create and adapt activities according
to the specific characteristics and needs of children with ASD. Different evalua-
tions were carried out with ASD specialists, children with ASD and their care-
givers/relatives to study the usability of the proposal. User experiences indicate
positive and acceptable evaluations in terms of usefulness, ease of use, ease of
learning and satisfaction.

Keywords: Usability Evaluation · Autism Spectrum Disorder · Personal
Autonomy · ASD

1 Introduction

Autism Spectrum Disorder (ASD) is a neurodevelopmental disorder characterized by
deficits in social communication, the presence of restricted interests, repetitive behav-
iors, and difficulty performing activities autonomously [1, 2]. In regards to children,

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
A. Coman and S. Vasilache (Eds.): HCII 2023, LNCS 14026, pp. 255–275, 2023.
https://doi.org/10.1007/978-3-031-35927-9_19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-35927-9_19&domain=pdf
https://doi.org/10.1007/978-3-031-35927-9_19


256 K. Sorbello et al.

personal autonomy is affected by having difficulties in carrying out activities appropri-
ate to their age [3]. In addition, as these children require special care, they will also need
a caregiver, creating a mutual dependency [4] and generating, in the medium and long
term, difficulties for their organization and general quality of life [5].

ASD specialists use various activities during interactions with children with ASD
(such as puzzles, games with environmental interactions, pictograms, among others) to
promote and encourage autonomy. However, this generates an environment that forces
the child to interact with the specialist in addition to the activity, causing an overload
of attention and discomfort in the child. The above difficulty can be addressed by using
assistive technologies, which help to increase the autonomy and safety of people on
the autism spectrum and thus decrease the burden of care. Currently, there are differ-
ent assistive technologies to support the development of autonomy in Spanish-speaking
children with ASD [6–8]. However, these proposals present a series of difficulties. For
example, only paid applications offer a suite of activities, in contrast to free applications
that offer a limited set of activities, with little content and are often outdated. In addi-
tion, some applications require a series of additional software installations to access the
activities, generating entry barriers and difficulties for their use. Furthermore, most of
the proposals do not provide information on their usefulness and acceptance [9], making
it difficult to monitor and validate the details of the proposed activities.

In this paper, we propose a user-friendly mobile application that provides a set of
activities designed by ASD specialists to foster the personal autonomy of Spanish-
speaking children with ASD. Also, our proposal allows ASD specialists to dynamically
create and adapt activities according to the specific characteristics and needs of chil-
dren with ASD. This ensures to decrease interaction between specialist and children
with ASD, to allow the child to focus on the activity designed to encourage autonomy.
Different evaluations were carried out with ASD specialists, children with ASD and
their caregivers/relatives to study the usability of the proposal. The techniques applied
for usability evaluation were thinking aloud, audio and video recording, questionnaires,
interviews, and heuristic evaluation.

This paper is organized as follows. Section 2 presents a technological platform to
address autonomy in children with ASD. Section 3 describes the different evaluations
carried out on ASD specialists, children with ASD, and their caregivers/relatives to
study the usability of the proposal. Section 4 presents a discussion of the quantitative
and qualitative results of our proposal. Finally, Sect. 5 presents conclusions and future
work.

2 An Accessible and Easy-To-Use Technological Proposal
to Promote Personal Autonomy in Children with Autism
Spectrum Disorder

A mobile application, called TEAutonomía, is proposed to promote the personal auton-
omy of children with ASD. The proposal allows ASD specialists and caregivers/relatives
of children with ASD to dynamically create activities aimed at supporting the teaching
of autonomy. Figure 1 presents a summary of the proposed solution. As can be seen in
Fig. 1, the mobile application allows ASD specialists and caregivers/relatives of children
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with ASD to create and configure different types of activities to promote the personal
autonomy of children with ASD. Likewise, children with ASD can access activities con-
figured specifically according to their characteristics and needs. Currently, the proposal
consists mainly of three types of activities: sequence of pictograms, search for objects
and musical instruments. In addition, it has a series of modules to configure end-user
access and generate statistical reports on the use of TEAutonomía. The three main types
of activities are described in detail below.

Fig. 1. Mobile application TEAutonomía proposed to promote autonomy in ASD children.

Pictogram Sequence: This type of activity consists of creating pictogram sequences
with audio reading. The designed activities have a hearing aid in the pictograms and in
the total sequence. The mobile application allows ASD specialists to create and adjust
an unlimited number of sequence activities. Additionally, TEAutonomía includes 3 cat-
egories of activities: eating habits, personal hygiene, and dressing habits. For each of
these categories, TEAutonomía has 8 pictogram sequence activities, which have been
designed and created together with ASD specialists.

Object Search: This type of activity consists of creating lists of real objects relevant
to children with ASD. The main objective of these activities is for children with ASD
to search for objects presented in their immediate environment. These activities can be
dynamically created by ASD specialists and caregivers/relatives of children with ASD.

Musical Instruments: This activity consists of incorporatingmusical instruments digi-
tally, to simulate their use in real life and bring childrenwithASDcloser to distinguishing
the different types of incorporated instruments. Themusical instruments represented cor-
respond to an interactive xylophone, which, according to the key pressed, makes a note
of the musical scale; and sounds of percussion instruments, which when pressed make
a short sound according to the selected instrument. Each instrument was incorporated
according to its ease of use and taking into account that they focus on children with ASD
between 4–6 years [10].
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It should be noted that each activity has functionalities to monitor the statistics
associated with its use, so that ASD specialists and caregivers/relatives of children with
ASD can view their records, the time of use, the activity carried out and the dates
associates. TEAutonomía was developed using Ionic and Angular, in its version 13. This
has facilitated theuseof tools and languages focusedonwebdevelopment such asHTML,
CSS and TypeScript. The Firebase platform was used to authenticate and store all the
information. Also, the following modules were used: Cloud Firestore to manage NoSQL
database; Cloud Storage to store heavy content in the cloud; and Firebase Authentication
that provides an authentication service through mechanisms such as email, password, or
third-party providers for integration into applications.

2.1 Activity Design

In the process of designing the activities incorporated in TEAutonomía, acceptance
criteria are defined, in order to evaluate and consider their incorporation. These criteria
are associatedwith key concepts covered in this research: autonomy, interface design and
end users of TEAutonomía. In this way, a set of elements for the design of TEAutonomía
are formally defined, according to what was explained in [11] and implemented in [12],
using the following formulas:

U = {
Sn,Cg,Mp

}
(1)

where, Sn represents the set of senses of the person (U), Cg represents their cognitive
functions and Mp represents the motor functions of the different parts of the body.
Carrying out an action by the end user leads to a reaction to the stimulus (Re) generated
by the senses (Sn). This reaction to the stimulus is formally defined as:

Re = {
Cg,Mp

}
(2)

where, a reaction to the stimulus (Re) is formed by the mental representation of the
information through cognitive functions (Cg). This, at the same time, is handled and a
motor function (Mp) is given as a response to carry out the action that was taken as a
resolution. Another key factor is age (Ed) since over the years people begin to show
cognitive impairment. This worsening is due to the appearance of affections to both
cognitive and motor functions. This allows us to reformulate the Eq. (1), such that:

U = {{Sn,Re},Ed} (3)

where each user (U) through the senses (Sn) generates a stimulus, which has a reaction
(Re) through cognitive and motor functions according to the user’s age (Ed).

Likewise, for the incorporation of activities, the concept of application (S) must
be defined according to the specific case of the investigation, that is, the incorporation
of activities that promote autonomy in children with ASD. A formal definition of the
application is:

S = {A1, . . . ,An} ∈ Au (4)
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where, S represents the software (TEAutonomía), A represents the finite set of activities
that comprise it, and Au represents the concept of autonomy. In this way, it is possible
to identify the personal, emotional, and behavioral categories and each activity (A) can
be formally defined as:

A = {{I1, . . . , In},N } (5)

where, each activity (A) is made up of the different interactions (I) that the user can
perform to interact with the application. These are mainly the reactions to the stimuli
presented in formula (2). In addition,N represents the depth of the activitywhenbrowsing
the application. That is, the number of nested screens for carrying out each activity.

In this way, it is possible to define the acceptance criteria to incorporate activities
in the mobile application. On the one hand, the design principles presented in [13] are
considered. These principles are associated with the dimensions of form, content, and
behavior for the design of interfaces focused on ASD children. And furthermore, the
objectives set out in the research (that is, promoting autonomy in children with ASD)
allow formulas (3), (4), and (5) to be reformulated, and thus, establish the acceptance
criteria (Ca) for the incorporation of activities. These criteria can be formally defined
as:

Ca =
⎧
⎨

⎩

∀A∃{{I1, . . . , In},N ≤ 3}
Au = personal

UEd = {3, . . . , 6}
(6)

where, for every activity to be considered suitable for the proposal, it is required that
there is a set of interactions, such that the depth level of each activity is less than or
equal to 3. Likewise, each activity must be focused mainly on promoting the concept of
autonomy of the user (children with ASD). And each user (U) must be in the age range
between 3 and 6 years.

2.2 Main Interfaces

In order to improve the usability of TEAutonomía, an agile and user-centered methodol-
ogy was used [14] during software development. Figure 2 presents the interfaces related
to pictogram sequence activities. In the upper left part of Fig. 2, there are the three cate-
gories with the pictogram sequence activities designed byASD specialists, as mentioned
above. In addition, there are options to add new activities (See “Crear Secuencia” button)
and review the created activities (See “Mis Secuencias” option). In the upper right part
of Fig. 2, there is the option to configure the details of the new pictogram sequences.
TEAutonomía allows to automatically associate images according to the different words
entered for the sequence (See input “Frase por crear”). Finally, in the lower part of Fig. 2,
there is the interface to carry out the activities by children with ASD.
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Fig. 2. Three interfaces related to pictogram sequence activities: categories (upper left), config-
uration (upper right) and execution of pictogram sequence activities (lower).

Figure 3 presents the three interfaces associated with the object search activity. On
the left side of Fig. 3, there is the interface that lists the activities created and presents
the option to create new ones (See “Crear lista de objetos” button). In this interface, it
is possible to select any of the activities created for execution. The central part of Fig. 3
corresponds to the interface to execute some of the created activities. In this way, a draw
is made within the set of images of objects in the activity, to select an object at random
to be searched for by the child with ASD. Finally, in the right part of Fig. 3, there is an
interface to indicate the found object. In any situation, the object is eliminated from the
list and another one is drawn.



A Mobile Application to Dynamically Design Activities 261

Fig. 3. Three interfaces related to object search activities: list of activities (left), draw (center)
and selection of object to search (right).

Figure 4 presents the three interfaces for configuring new object search activities.
On the left side of Fig. 4, the interface is presented to indicate the name of the list and
the option to access to add the objects (See “Añadir Objetos” button). The central part of
Fig. 4 presents the interface to add the objects to the activity. TEAutonomía allows to the
addition of an unlimited number of objects per activity. For each object, it is necessary to
associate an identifying name and an image. The latter may correspond to a photograph
with the mobile device’s camera or from the image gallery. Finally, on the right side of
Fig. 4 is the object list configuration interface with the added images.

Fig. 4. Three interfaces related to the configuration of the object search activities: configuration
(left), selection (middle) and list of objects (right).

Figure 5 presents the interface with the musical instruments activity options. Cur-
rently, themobile application has two categories: xylophone and percussion instruments.
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On the one hand, the xylophone corresponds to an interactive representation of the
instrument, which has all the notes of the diatonic musical scale. On the other hand, in
percussion instruments, 3 percussion instruments (tambourine, triangle, and maracas)
are incorporated chords for children with ASD [10].

Fig. 5. Interface of the activities with musical instruments.

3 A Usability Evaluation of TEAutonomía

In this section, the experimentation carried out to measure the degree of usability
achieved in TEAutonomía is described. Assessments have been conducted with ASD
specialists, children with ASD, and their caregivers/relatives. On the one hand, an exper-
iment has been carried out to quantitatively and qualitatively study the user experience of
ASD specialists (see Sect. 3.1). And, on the other hand, an experiment has been designed
to obtain the user experience of children with ASD and their caregivers/relatives freely
using TEAutonomía for a certain period (See Sect. 3.2).

3.1 Usability Evaluation with ASD Specialists

Themain objective of the experimentation was to study and analyze the degree of usabil-
ity of TEAutonomía reached by ASD specialists. This experiment has been designed
with the aim of meeting three usability conditions (effectiveness, efficiency, and satis-
faction), described in the ISO-9241–11 standard [15]. In this way, it is expected that
the results of the TEAutonomia usability evaluation show acceptable levels and that
the ASD specialists perceive it with consistent and intuitive navigation. To achieve the
above, a set of 10 tasks has been designed and selected, in order to manage and create
activities to promote autonomy in children with ASD.

Participants. Specialists with studies related to the treatment of ASD children partici-
pated in the evaluation of TEAutonomia. Written informed consent was obtained from
all participants. A total of 3 specialists (Mage = 36 years, SDage = 9.64, ages 29 to 47;
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33.33% male) participated in the case study. Specifically, a speech therapist, a teacher,
and a psychologist with an average experience of 12.67 years (SD= 11.59) participated.

Tasks. To carry out the experiment, each user was asked to perform 10 tasks to set up
activities to foster autonomy in children with ASD using TEAutonomía. Specifically,
the 10 tasks performed by users correspond to:

Table 1. Description of tasks to be carried out by the participants during the experimentation.

# Task Title Description

T1 Sign up in the app The participant must register in the application in order
to make use of all the functionalities

T2 Log in The participant must log in to access the specific data
associated with their account

T3 Create Pictogram Sequence The participant is asked to create a new pictogram
sequence activity

T4 Reorder Sequence The participant is asked to rearrange the pictogram
sequence correctly

T5 Dictate Sequence The participant is asked to dictate the phrase to order in a
sequencing activity

T6 Add Objects The participant is requested to add objects using the
device’s camera and the image gallery

T7 Create a list of objects The participant is asked to create a list of objects,
specifying the name and the objects it contains

T8 Create a child’s profile The participant is asked to create a profile of a child with
ASD

T9 Select a child’s profile The participant is asked to select the profile of a child, in
order to use the associated functionalities

T10 Exit of a child’s profile The participant is asked to exit the mode of use of a child
profile, by solving a mathematical operation

Execution of the Experimentation. The execution of the experimentation was carried
out in person or remotely depending on the availability of the participants. In the first
case, a physical place is defined to hold the meeting, while a videoconference was held
remotely using the device’s camera. The experiment consisted of three stages:

• First Stage: The evaluation of TEAutonomía is carried out through the execution by
the participants of the 10 tasks described above. In addition, each specialist is asked
to indicate their thoughts aloud while performing each task, to apply the thinking
aloud method and thus collect more information associated with the experience of
the participants.

• Second Stage: Once all the requested tasks have been carried out, semi-structured
interviews were carried out with the participants, to qualitatively study their user
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experiences using TEAutonomía. This interview has been designed based on thework
of [16] and includes questions that allowparticipants to reflect on all the functionalities
of TEAutonomía.

• ThirdStage:Finally, the participantswere asked to complete a questionnaire to quan-
titatively evaluate the usability of the mobile application. The previous questionnaire
was based on the USE questionnaire [17], with some modifications provided by two
other questionnaires: Davis’ Perceived Usefulness and Ease of Use [18] and Purdue’s
Usability [19].

Results Obtained. This section details and analyzes the results obtained from the
experimental session with the specialists in each stage of the usability evaluation.

First Stage. This stage consisted of the results of carrying out the 10 tasks associated
with TEAutonomía functionalities.

The first aspect to measure has been the effectiveness obtained in carrying out the
tasks. This is calculated according to the degree of success that each participant had in
completing each task presented in the evaluation. All participants have achieved 100%
efficacy. Additionally, Fig. 6 has been enhanced to distinguish the cases in which the
participants had doubts or queries in carrying out the task. The yellow bar indicates the
percentage of completion in which the participants needed some help.

Fig. 6. Degree of success in carrying out the 10 tasks (effectiveness) achieved by the participants
in the experimentation.

As can be seen in Fig. 6, only in tasks T3, T6 and T7 did the participants ask
about the execution of the tasks (with a mean attendance of 33.3%, 66.6%, 33.6%,
respectively). These tasks coincide in that they were associated with the creation of
new content in the mobile application and required a greater number of actions to carry
them out. For example, task T3 consists of creating a sequence of pictograms and a
specialist had doubts as they were slightly confused about how the activity worked. This
confusion was generated because when writing the phrase, the sequence of pictograms
was automatically generated. Regarding task T6, which consists of adding 2 objects to
a list, the participants made queries because when adding the first object they intuitively
created the list and did not incorporate the second object. Finally, task T7 generated
similar queries to those carried out in task T6, since they performed this task immediately
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after adding the object created in the previous task, this led to repeating the task to achieve
the measurement properly.

The next measured point corresponds to the efficiency achieved in carrying out the
tasks. This measurement is made based on the average time required by the specialists
to carry out the 10 tasks. Table 2 shows the statistics associated with the times of each
activity.

Table 2. Statistics of the time of execution of the tasks in the experiment (efficiency).

# Task Media Standard Deviation Minimum Maximum

T1 0:00:41 0:00:18 0:00:29 0:01:02

T2 0:00:14 0:00:02 0:00:12 0:00:15

T3 0:00:43 0:00:23 0:00:19 0:01:05

T4 0:01:00 0:00:34 0:00:24 0:01:32

T5 0:00:16 0:00:14 0:00:03 0:00:31

T6 0:02:08 0:00:35 0:01:43 0:02:48

T7 0:00:48 0:00:31 0:00:28 0:01:24

T8 0:00:35 0:00:15 0:00:19 0:00:47

T9 0:00:17 0:00:15 0:00:08 0:00:34

T10 0:00:21 0:00:14 0:00:07 0:00:35

As can be seen in Table 2, the participants took longer to perform tasks T6, T4 and
T7 with an average time of 2 min and 8 s (SD = 35 s), 1 min (SD = 34 s) and 48 s
(SD= 31 s), respectively. These tasks have in common the configuration of new content
and interaction with more functionalities to create the activity, so that they require more
time to complete. On the contrary, the tasks that require less time to complete are tasks
T2, T5 and T9 with an average time of 14 s (SD = 2 s), 16 s (SD = 14 s) and 17 s
(SD = 15 s). Seconds), respectively. These tasks corresponded to logging in, dictating
a sequence, and selecting a child’s profile, which have in common the performance of
functionalities of a general nature between applications. Another common point of these
tasks is that they did not require navigating between various interfaces, which made it
easier to use their functionalities. The completion of the first stage of the evaluation had
an average duration of 7 min and 3 s (SD = 38 s). The maximum and minimum time
required by the participants were 7 min and 59 s and 5 min and 12 s, respectively. In
general, the difference in time to perform the tasks is mainly due to the skills that each
specialist has when using a technological tool. Prior to conducting the interview, two
participants mentioned that they did not have in-depth knowledge of mobile devices,
which may limit the benefits of the application. Finally, regarding the structure of the
TEAutonomía design, the participants did not present major problems with navigation
nor in the development of the requested tasks. In addition, the use of the Thinking Aloud
protocol has been fundamental for the collection of qualitative data according to the
interactions they had with TEAutonomía. For example, there were occasions in which
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the participants intuitively anticipated tasks or gave suggestions for the application. The
data collected from the protocol is intended to improve the tool, seeking to incorporate
the suggestions of all participants in future iterations in an optimal way.

Second Stage. This stage consisted of qualitatively studying the user experience from
the tasks completed in the first stage. The study aims to identify if the mobile application
allowed ASD specialists to create activities to promote autonomy in children with ASD.
All participates indicated that it “allows me to create things to promote autonomy.”

In addition to seeking the overall validity of the mobile application, the qualitative
study provided an opportunity to conduct a deep analysis into the user experience through
individual interviews. A total of five themes emerged from the interviews conducted
with the three participants. The themes are “Suitability”, “Feasibility”, “Accessibility”,
“Practicality”, and “Validity”. Each theme is described below and a summary of the
participants’ responses is analyzed.

Suitability
Suitability explores if the mobile application supported the ASD specialists to create
activities to promote autonomy in children with ASD. It further explores what functions
of the mobile applicationmet the needs of ASD specialists, and which were less suitable.

The three participants specified that the functions facilitated creating activities to
promote autonomy in children with ASD.

“Yes, because actually throughout the game they are creating only new items. So
that allows them autonomy.” [Participant 1; positive].

However, not all functions promoted autonomy in all children with ASD.

“They do satisfy, but not all. Obviously it is a support, it depends on the level of
performance of the child, for example: if they can manipulate technology or not,
if they can follow instructions, if they have sustained attention.” [Participant 2;
constructive].

The most beneficial functions were the activities that required children to use
emotions and included visual objects.

“The activity to order the sentences with feeling because they [children with ASD]
have a hard time expressing feelings and emotions, so they identify with that.”
[Participant 1; positive].

“The search for objects activity, because it allows linking it with real life things
to make visual to object matching of the child’s daily life activities.” [Participant
2; positive].

Yet, these are not always the most beneficial functions as it depends on the child’s
learning needs and their demographic.

“It depends on the point of view and the child with whom you are working. In
the first instance, for autonomy, I believe that ordering sentences is the least
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beneficial option, because when you work with people with autism and they have
very compromised communication, sentence order or structure does not affect
content as much.” [Participant 2; constructive].

“It may be the musical instrument perhaps because it may seem simple to older
children, although I consider all of them beneficial.” [Participant 3; constructive].

While it is evident that the mobile application offers a suitable platform to create
activities that promote autonomy in children with ASD, the participants illustrated that
the level of autonomy facilitated differs depending on a diverse range of factors such
as experience with technology, ability to follow instructions, attention spans, level of
communication and age groups.

Feasibility
Feasibility identifies the ease of navigation of the mobile application. All participants
stated its ease of use.

“Super easy, it’s clear, it’s super intuitive, it’s simple, it has precise buttons, the
interface is good.” [Participant 2, positive].

This qualitative study additionally seeks to determine which design elements sup-
ported the ASD specialist to learn the mobile application by exploring the most effective
feature. Musical Instruments and the Pictogram Sequence were the two most effective.

“Musical Instruments was the most intuitive of all.” [Participant 2, positive].

“The main menu and the sequence of pictograms because the icons are representative
in general.” [Participant 3, positive].

Likewise, this qualitative study seeks to learn the least effective features of the
mobile application that impacts feasibility. Two of the participants found the Object
Search activity difficult to navigate due to “the level of abstraction of the symbol is
high” [Participant 3, negative] and “search object icon could be confused with other
elements and within the search I had confusion to add objects” [Participant 3, negative].

These difficulties in navigation were also identified in the first stage of the evaluation
where 66.6% of participants required instructions to complete Task 6; which was the
task that required most time to complete.

Accessibility
Accessibility determines the usability of the mobile application by identifying if all
sections of the tasks were able to be completed. Each participate indicated that they
successfully completed all tasks (see Table 1).

“Yes I could. In some more than others I had complications, but I could.”
[Participant 1, positive].

“Yes, I had no major problems creating and solving the activities.” [Participant
3, positive].
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On the contrary, distractions were also explored to identify if they affected the
intuitiveness of the mobile application and therefore impact the usability.

“Yes, at some point I didn’t know how to use the application because I didn’t read,
actually I didn’t read everything that the application was giving me. For example,
create, I did not read all my little tabs and that caused the time to increase when
performing the tests.” [Participant 1, constructive].

“One only, when adding an object to the list it is not intuited that they can continue
to be added.” [Participant 3, constructive].

While Participant 1 indicated that it is a necessity to read instructions before com-
pleting the activity, Participant 3 highlighted that it was not clear that more than one
object could be added; both raise improvements for intuitiveness.

Practicality
Practicality ascertains inconsistencies in the mobile application across navigation, lay-
out, calculations and automations. Participant 2 indicated “When solving the sum it
didn’t come out immediately and I don’t know whether to call it inconsistency. I would
add the save password.”

Inconsistencies were further ascertained through deeper analysis in specific activities
such as the Pictogram Sequence and Object Search activities. While no inconsistencies
were found in either activity, the Pictogram Sequence can be improved to both be more
diverse to children who do not have experience with technology, and to include more
complex sentences.

“No, I did not find any inconsistencies, I think that for a child who uses phones
and games it can be easier to guide. But as an adult who doesn’t use games, it was
difficult for me to guide myself. But nevertheless everything was fine, the activity
was not incongruous.” [Participant 1; constructive].

“No, it’s easy to order. Of course, I got a script which could be interpreted as
a type of juxtaposed sentence and that can be a distracting element. Although I
don’t know whether to call it inconsistency.” [Participant 2; constructive].

Validity
Validity establishes if the participants will use the TEAutonomía again in the future. It
identifies which activities will be used again and which wouldn’t. All participants would
use themobile application again, specifically theObject Search andMusical Instruments.

“All of them would use the search for objects, the child mode and the audio-
reading.” [Participant 1; positive].

“I would use the xylophone and the search for objects again.” [Participant 2;
positive].
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“To choose one it would only be the instruments because it is more casual compared
to the others.” [Participant 3; positive].

However, Participant 2 and 3 indicates that all three activities would be used again
but “it depends a lot on who you are working with” and “perhaps not all with one child
since some activities may be difficult for them, but it could be better suited to another
child. It all depends on the ease of the child to use the application”; respectively.

While the qualitative analysis exposes constructive feedback to make improvements
in futurework, the study demonstrates that the TEAutonomía successfully supports ASD
specialists to create activities to promote autonomy in children with ASD.

“I think it is useful and helps autonomy, which is what is intended, and the other
thing is that it helps self-concept because in sentences one identifies oneself.”
[Participant 1; positive].

“It seems to me a very good option, it is very simple and intuitive to use. It is a
tool that can be easily held in hand.” [Participant 2; positive].

“The activities are good and fulfil their function, but I would like new activities to
be incorporated in the future.” [Participant 3; constructive].

Third stage: This stage consisted in the completion of the usability questionnaire by
the participants. The questionnaire has 31 closed questions and 2 open questions. The
closed questions aim to measure the usability of the mobile application measured by
utility, ease of use, ease of learning and satisfaction. While open questions are focused
on obtaining feedback from the user. Each result is scored by the participants using a
Likert scale between 1 and 5, with 1 being the lowest score (represented by Totally
disagree) and 5 the highest score (represented by Totally agree).

Figure 7 shows the means obtained in the four variables to measure usability. High
averages are obtained in all variables, with no significant differences between them. The
variables ease of learning and utility obtain the highest and lowest means, respectively,
with a value of 4.78 (SD = 0.43) and 4.46 (SD = 0.66). Regarding the variable with
the highest score, the participants stand out with maximum scores in issues related to
“The order of the work areas is logical; It’s easy to learn how to use the app; I easily
remember how to use the app; and I learned to use the app quickly”. In general terms,
a total mean of 4.46 (SD = 0.10) is obtained.
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Fig. 7. Results of the usability questionnaire: average responses in the variables: utility, ease of
use, ease of learning and satisfaction.

3.2 Usability Evaluation with Children with ASD and Their Caregivers/Relatives

The objective of this experimentationwas to study the usability of TEAutonomía through
the experience of childrenwith ASD and their caregivers/relatives. To achieve this objec-
tive, user credentials have been enabled in TEAutonomía for childrenwithASD and their
caregivers/relatives, so that they can use the application for one week. Both children with
ASD and their caregivers/relatives could use the application freely, without any type of
restrictions or specific associated tasks assigned in the previous evaluation.

Table 3. Participants of the TEAutonomía usability experimentation: Children with ASD and
their caregivers/relatives.

# Tutor Age Gender # Children Age Gender

T1 40 F C1 4 M

T2 34 F C2 5 F

T3 31 F C3 5 M

T4 41 F C4 4 F

T5 43 F C5 6 M

Table 3 presents the participants in this experiment; childrenwithASDand their care-
givers/relatives. The experiment involved 5 children with ASD (Mage = 4.8 years, SDage
= 0.84, ages 4 to 6; 60%male) and one tutor for each child (Mage = 37.8 years, SDage =
5.07, ages 31 to 43; 100% female). On the one hand, the evaluation of caregivers/relatives
of children with ASD consisted of completing the SUS usability questionnaire [20] after
one week of using the application. On the other hand, the evaluation of the children with
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ASD consisted of recording the interaction with the application for the entire period of
use. Both results are presented below.

Results of the SUS Questionnaire of Caregivers/Relatives of Children
with ASD. Caregivers/relatives of children with ASD obtained a final score of 77.5 on
the SUS questionnaire. This result is in the acceptable range according to the usability
scale system. That is, it is considered acceptable with a score greater than 68.

Interaction Results of Children with ASD Using TEAutonomía. Table 4 presents
the data from the records of the ASD children’s interactions with the TEAutonomía
pictogram sequence activities. As can be seen, the C4 child registers the highest values
in the time devoted to this activity, the number of clicks and movements. However, this
child only did this activity twice. Conversely, the C5 child has the lowest total time, but
the highest frequency number.

Table 4. Record of the interaction of children with ASD with the TEAutonomía pictogram
sequence activities.

#
Children

Usage
Frequency

No.
Clicks*

SD No. of
Movements*

SD Average
Time

SD Total
Time

C1 3 1.33 1.53 4.00 5.29 0:01:06 0:00:47 0:03:18

C2 1 3.00 3.00 10.00 10.00 0:02:03 0:02:03 0:02:03

C3 4 6.25 6.13 10.50 16.46 0:02:49 0:03:28 0:11:14

C4 2 46.50 57.28 53.00 57.98 0:07:55 0:10:22 0:15:51

C5 4 2.25 0.50 0.25 0.50 0:00:25 0:00:09 0:01:38
* Average values

Table 5 presents the data from the records of the ASD children’s interactions with the
TEAutonomía object search activities. As can be seen, the results do not show significant
differences in terms of frequency of use, number of objects found, and time of use.

Table 5. Record of the interaction of children with ASD with the TEAutonomía object search
activities.

# Children Usage Frequency Found Objects* SD Average Time SD Total Time

C1 3 1.00 1.00 0:01:45 0:01:17 0:05:15

C2 3 1.67 1.53 0:02:28 0:02:11 0:07:23

C3 4 1.25 1.26 0:01:24 0:01:02 0:05:36

C4 3 0.67 0.58 0:01:39 0:01:02 0:04:58

C5 3 1.67 0.58 0:01:33 0:00:38 0:04:38
* Average values
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Finally, Table 6 presents the data from the records of the interactions of the ASD
childrenwith theTEAutonomíamusical instrument activities. Notably, percussionmusic
activities get more attention among children with ASD.

Table 6. Record of the interaction of children with ASD with the TEAutonomía musical
instrument activities.

Percussion Xylophone

#
Children

Usage
Frequency

Average
Time

SD Total
Time

Usage
Frequency

Average
Time

SD Total
Time

C1 5 0:00:51 0:00:33 0:04:15 4 0:01:42 0:01:09 0:06:47

C2 3 0:00:15 0:00:19 0:00:46 - - - -

C3 3 0:04:35 0:04:14 0:13:46 2 0:00:38 0:00:18 0:01:15

C4 1 0:00:06 0:00:06 0:00:06 5 0:00:13 0:00:05 0:01:07

C5 1 0:00:06 0:00:06 0:00:06 3 0:00:18 0:00:23 0:00:53

4 Discussion

The evaluation presented in this paper intended to identify the usability of the proposal.
Focus groups, thinking aloud, audio and video recordings (over a week of usage), ques-
tionnaires, interviews and heuristic evaluations were conducted with ASD specialists,
children with ASD and their caregivers/relatives to evaluate the usability of TEAu-
tonomía. Both the quantitative and qualitative studies verified that the mobile applica-
tion assists children with ASD to build autonomy. During the quantitative study, both the
ASD Specialist and children’s interaction with the mobile application were recorded and
analyzed. User experiences demonstrated positive evaluations while the SUS question-
naire conducted with the children’s caregivers/relatives achieved an acceptable score.
The usability questionnaires conducted with the ASD specialists resulted in a mean of
4.46 in the areas of utility, ease of use, ease of learning and satisfaction. Overall, the
ASD specialists were satisfied with TEAutonomía and would use it again in the future.

Using Thinking Aloud protocol during the interactions, significantly aided the col-
lection of qualitative datawhen theASD specialists were interactingwith TEAutonomía.
For example, during the interactions, two participants disclosed that their experience of
mobile devices is limited. While this comment created expectations that the participants
may have a reduced benefit in the mobile application, the qualitative analysis proves
otherwise.

All tasks were completed with little to no instructions; however, there was confusion
with some tasks. TheASD specialists had to seek instructions for Tasks 3, 6 and 7: Create
PictogramSequence,AddObjects andCreate a list of objects, respectively. Verily, 66.6%
of participants required instructions to complete Task 6 which, correspondingly, was the
task that required the most time and was the most difficult to complete. While these tasks
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are more complex than tasks such as Signing up in the application (T1) and Logging in
(T2), the qualitative analysis identified that these were the least intuitive functions of the
mobile application. With that being said, in the validity theme of the qualitative study,
there was no specific mention that the Pictogram Sequence activity would be used again,
indicating that this activity also requires improvements to enhance the intuitiveness and
therefore impact the ease of learning.

Additionally, it wasmentioned that deciding to use an activity is highly dependent on
the children the ASD the specialist is working with and not all activities will be useful.
This indicates that more variety of activities needs to be created with higher complexity
to meet the diverse skillsets of the children. The ASD specialists indicated that some
activities may be too difficult for children with little technical experience, while others
may be too easy and require more complexity. This is evident in the qualitative analysis
of the Pictogram sequence activity where C4 has a low usage frequency but a high total
time and C5 has a high usage frequency but a low total time. That is, that C4 and C5
have opposite results; which is expected by the difference in their demographics. This
supports the feedback from the ASD specialists that the activities chosen depend on the
demographics and diversity of the children’s needs.

However, with a range of activities to choose from, the ASD specialist can select
the most appropriate activity to meet the children’s learning needs. To provide a broader
range of activities to meet these diversity challenges, more activities will be required to
be built as future work.

The ASD specialists also indicated that the Music instruments activity may be too
simple for some students. The quantitative study demonstrated that the percussion was
preferred over the xylophone by the children as there were notable differences in the
usage. However, looking at the ages groups of the children, it is apparent that, on average,
the percussion was favored more by the older children whereas the xylophone was more
suitable for the younger children. This verifies the ASD specialist concerns regarding
the Musical instrument activity being too simple for some children.

Overall, the quantitative and qualitative studies indicate that TEAutonomía fosters
autonomy, decreasing the level of interactions required from ASD specialists. However,
the degree of autonomy differs depending on a range of factors including the children’s
technical experience, if they can follow instructions and their attention span.

“Perhaps not all [activities] with a child since some may be difficult for them, but
it could be better suited to another child. It all depends on the ease of the child to
use the application.” [Participant 4, positive].

5 Conclusion and Future Works

In this paper, we proposed amobile application (TEAutonomía) that promotes autonomy
in children with ASD. TEAutonomía has a set of activities which can be dynamically
created and adapted by an ASD specialist to meet the learning needs and specific char-
acteristics of children with ASD. This intends to decrease the interactions between an
ASD specialist and children with ASD, allowing the children to focus on the activity
intended to foster autonomy. Quantitative and qualitative studies were conducted with
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ASD specialists, children with ASD and their caregivers/relatives to evaluate the usabil-
ity. Data was collected through focus groups, thinking aloud methods, audio and video
recordings, questionnaires, interviews, and heuristic evaluations. The quantitative anal-
ysis demonstrated a positive and acceptable user experience in usefulness, ease of use,
ease of learning and satisfaction. The qualitative analysis validated the data collected
via the audio and video recordings, providing a further understanding of the user expe-
rience. All the participants indicated that they would use TEAutonomía again in the
future. Their comments in the qualitative study provided invaluable feedback for future
work. Overall, the results obtained demonstrate that TEAutonomía fosters autonomy in
children with ASD while decreasing the interactions and interventions required from
ASD specialists.

As future work, we will expand the evaluations to include quantitative results over
an extended duration of time.We also will analyze that there is no negative impact on the
child’s autonomy when the specialist creates and adapts activities in accordance with the
needs of the child. In addition, we want to analyze, prioritize and integrate new software
requirements through a formal and qualitative requirements prioritization process [21,
22], in order to identify new functionalities. Finally, we also hope to improve the mobile
application by building a DSL with JSON grammar [23], and with BPMN support for
navigation [24].

References

1. Hodges, H., Fealko, C., Soares, N.: Autism spectrum disorder: definition, epidemiology,
causes, and clinical evaluation. Transl. Pediatr. 9(Suppl 1), S55 (2020)

2. Shea, N.M., Millea, M.A., Diehl, J.J.: Perceived autonomy support in children with autism
spectrum disorder. Autism-Open Access 3(1), 2 (2013)

3. Dieleman, L.M., Soenens, B., Vansteenkiste,M., Prinzie, P., Laporte, N., De Pauw, S.S.: Daily
sources of autonomy-supportive and controlling parenting in mothers of children with ASD:
the role of child behavior and mothers’ psychological needs. J. Autism Dev. Disord. 49(2),
509–526 (2019)

4. Moreno, E.M.: Instrumentos de evaluación y variables de estrés en padres y madres de niños
con autismo. Revisión y líneas futuras de investigación para la promoción de salud mental
(2017)

5. Zamora, C.B.L.: Conceptualización de Trastornos del Espectro Autista (TEA) en madres
cuidadoras y estrategias familiares de reducción de dependencia en Santiago de Chile.
Latinoam. Estud. Fam. 12(2), 107–129 (2020)

6. Cárdenas, A., Segovia, E., Tobar, J., De la Cruz, D., Mejía, P., Paredes, N.: Pictoaprende:
application that contributes to the personal autonomy of children and youth with Autism
Spectrum disorder in Ecuador. In: 2015 Latin American Computing Conference (CLEI),
pp. 1–8 (2015)

7. Larrea Vera, E.R.: Análisis y diseño e implementación de una aplicación movil para facilitar
la comunicación alternativa de personas con TEA (transtorno con el espectro autista) (2016)

8. Sánchez González, A.: Aplicación móvil de cuentos personalizados para niños con TEA
(2021)

9. Wohofsky, L., Scharf, P., Lattacher, S., Krainer, D.: Assistive technology to support people
with autism spectrum disorder in their autonomy and safety: a scoping review. Technol.
Disabil. 34(1), 1–11 (2022)



A Mobile Application to Dynamically Design Activities 275

10. Ekholm, E., Petersson, A.: How interactive musical instruments influence children with
intellectual disabilities?: a user study of the Rullen band (2021)

11. Mejía, A., Juárez-Ramírez, R., Inzunza, S., Valenzuela, R.: Implementing adaptive interfaces:
a user model for the development of usability in interactive systems. In: Proceedings of the
CUBE International Information Technology Conference, pp. 598–604 (2012)

12. Ntalindwa, T., Nduwingoma, M., Karangwa, E., Soron, T.R., Uworwabayeho, A., Uwineza,
A.: Development of amobile app to improve numeracy skills of childrenwith autism spectrum
disorder: participatory design and usability study. JMIR Pediatr. Parent. 4(3), e21471 (2021)

13. Hussain, A., Abdullah, A., Husni, H.: The design principles of edutainment system for autistic
children with communication difficulties. AIP Conf. Proc. 1761(1), 020047 (2016)

14. Rojas, L.A., Macías, J.A.: An agile information-architecture-driven approach for the devel-
opment of user-centered interactive software. In: Proceedings of the XVI International
Conference on Human Computer Interaction, pp. 1–8 (2015)

15. Din, E.: 9241–11. Ergonomic requirements for office work with visual display terminals
(VDTs)–part 11: guidance on usability. International Organization for Standardization (1998)

16. Luis, A., Rojas, P., Truyol, M.E., Maureira, J.F.C., Quiñones, M.O., Puente, A.: Qualitative
evaluation of the usability of a web-based survey tool to assess reading comprehension and
metacognitive strategies of university students. In:Meiselwitz, G. (ed.) Social Computing and
Social Media. Design, Ethics, User Behavior, and Social Network Analysis. Lecture Notes
in Computer Science, vol. 12194, pp. 110–129. Springer, Cham (2020). https://doi.org/10.
1007/978-3-030-49570-1_9

17. Lund, A.M.: Measuring usability with the use questionnaire12. Usability Interface 8(2), 3–6
(2001)

18. Davis, F.D.: Perceived usefulness, perceived ease of use, and user acceptance of information
technology. MIS Quart 13(3), 319–340 (1989)

19. Lin,H.X.,Choong,Y.-Y., Salvendy,G.:Aproposed index of usability: amethod for comparing
the relative usability of different software systems. Behav. Inf. Technol. 16(4–5), 267–277
(1997)

20. Sauro, J.: Measuring usability with the system usability scale (SUS) (2011). https://measur
ingu.com/sus/

21. Rojas, L., Olivares-Rodríguez, C., Alvarez, C., Campos, P.G.: OurRank: a software require-
ments prioritizationmethod based on qualitative assessment and cost-benefit prediction. IEEE
Access (2022)

22. Rojas, L.A., Macías, J.A.: Toward collisions produced in requirements rankings: a qualitative
approach and experimental study. J. Syst. Softw. 158, 110417 (2019)

23. Rho Engine DSL-JSON. http://www.devrho.com/. Accessed 09 Feb 2023
24. Chavarriaga, E., Jurado, F., Dez, F.: An approach to build XML-based domain specific lan-

guages solutions for client-side web applications. Comput. Lang. Syst. Struct. 49, 133–151
(2017). https://doi.org/10.1016/j.cl.2017.04.002

https://doi.org/10.1007/978-3-030-49570-1_9
https://measuringu.com/sus/
http://www.devrho.com/
https://doi.org/10.1016/j.cl.2017.04.002


Reality Pregnancy and the Online
Recolonization of the Female Body

Alicia Julia Wilson Takaoka(B)

Norwegian University of Science and Technology, Trondheim, Norway
alicia.j.w.takaoka@ntnu.no

https://www.ntnu.no

Abstract. This study defines and operationalizes reality pregnancy in
the context of recolonization as an emerging composite construct. Using
partial least squares, the concept of reality pregnancy is shown to have
strong significance, 99.5%, on the total number of babies a YouTuber has
at the time of analysis. The weights of each variable in reality pregnancy
are: Gender of the content creator at −0.134, the image-making compos-
ite at 0.485, and the medical model at 0.627. Social media engagement
was correlated with reality pregnancy but has no impact on the total
number of babies a YouTuber has. While much work should be done
to refine the reality pregnancy construct as an aspect of recolonization,
this work shows the characteristics of reality pregnancy as depicted in
videos on YouTube and can be used across social media sites for further
validation.

Keywords: reality pregnancy · reality tv · birth journey ·
recolonization · social media engagement · image-making · medical
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1 Introduction

Every pregnancy and delivery is a personal experience. When a person shares
their birth journey—an account of their pregnancy, labor, and delivery—in any
medium to any audience size, they are sharing an experience associated with inti-
mate knowledge that may challenge or reinforce ideas and norms about mother-
hood, womanhood, and the process of procreation. Any woman in the US cannot
escape this connection to the birth journey. As Wilson states, “A woman can-
not escape the connection to motherhood. Whether a woman is called infertile,
involuntarily or voluntarily childless, a nonmother, or childfree, the available
labels refer to something that is missing. She is not fertile or not the mother of a
child...others see her as a woman who disrupts her prescribed role, who does not
fit, who must be repaired, or, at least, explained” [46], (p. 13-14). This experience
is gendered, and what information a pregnant person chooses to share about this
process is an example of using one’s own agency to articulate something unique
and singular. In the patriarchy, the birth journey is gendered. It belongs only to
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cis-gendered women, and only women can access or share this experience with
outsiders. For most women who do not get to experience a live birth before
their own pregnancy, many pregnant people turn to reality tv and vlogs for
information about the labor, birth, and pregnancy process [15,25,29,31]. This
study examines the characteristics of social media engagement [28,43], image-
making [7], and the medical model of birth, labor, and delivery [9] as an act of
recolonization as reality pregnancy.

Simulated birth experiences by male content creators and channels that fea-
ture men on YouTube have more viewers than first person birth narratives by
their female counterparts. As seen in Table 1, the top two most viewed videos in
this dataset are simulations of birth. Thomas Schwenke makes computer gener-
ated simulations, and the Buzzfeed video is the first of two pregnancy simulation
videos produced by The Try Guys. Two channels, HonoreSquad and The Camp-
bell Cloud, are family-focused, so men feature prominently. Only one channel in
the Top 5, Colleen Ballinger, is a female content creator, sharing her birth journey.

Table 1. Top 5 Birth-Related Videos by Views

ChannelName Subscribers Date Duration Likes Views BabyNo.

Thomas Schwenke 1,390,000 April 2021 19:35 498,397 84,663,001 sim

BuzzFeedVideo 20,200,000 May 2015 8:02 404,928 35,722,680 sim

Colleen Ballinger 8,680,000 Dec 2018 14:10 1,400,000 33,606,673 1

HonoreSquad 74,700 Sept 2020 34:16 88,958 25,625,609 4

the campbell cloud 84,900 May 2021 13:56 254,000 17,279,996 3

Some famous birth journeys are told from the first person perspective with or
without the aid of a large production company. As such, viewers get an intimate
view of the birth journey which may break taboos even if the narrative rein-
forces ideals and norms about the construct “motherhood as womanhood” [37].
Brittani Louise Taylor, a YouTuber with nearly 1.4 million followers who shared
her story of survivorship on Shane Dawson’s channel, has 479,000 views on her
video “My Labor and Delivery Story,” and Emily Norris, a lifestyle YouTuber,
has over 659,000 views for her birth narrative. Snooki televised both of her births
on the MTV show Snooki and Jwoww in the episodes “Last Call at Club Uterus”
in 2013 and “It’s Like a Roller Coaster of Pain” in 2015. Jwoww also delivered
her first baby on the same show in the episode “And Baby Makes Six.” Although
this show is now only viewable behind a paywall, news of these births garnered
only 562,000 views at most on recap shows. Brie Bella of Total Divas, Total
Bellas, and their YouTube channel The Bella Twins recounted her birth journey
several times including a live update from the hospital when her baby was expe-
riencing complications. This video received 458,000 views. The video of Brie’s
birth journey with the most views was “Welcome Birdie Joe! Looking Back at
Brie’s Journey to Motherhood” which has over 3,976,000 views. Still, the views
of all of these videos in combination pale in comparison to The Try Guys’ birth
journey videos. This led to the question: What is the landscape of birth videos
and engagement on YouTube?
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2 Background

An understanding of select literature across disciplines is necessary to understand
the emerging construct Reality Pregnancy. An overview of reality television will
be presented. The process of colonization, decolonization, and recolonization will
be discussed. This acts as a framework for exploring pregnancy on reality tv and
the medical and social models of birth. Finally, social media engagement will be
presented.

2.1 Reality TV

Many studies have evaluated reality television (tv) and its value in society. Real-
ity tv can be defined by several characteristics. Reality tv developed as a genre
that featured ordinary people instead of professional actors who are continuously
filmed in a wide range of program types that attract audiences by promoting
dramatic or taboo subjects presented in real, but often manufactured, situations
[1,14,23,29,33,35]. Some formats include documentaries, game shows, and dra-
mas. Now, reality tv is an area that actors can pursue, and these actors can
be seen in shows like Love is Blind or The Jersey Shore and their cross-over
universes. This growing genre of television has led to a robust area of research.

Most research takes a uses and gratifications approach to evaluate why reality
tv is attractive [4,15,33]. Reiss and Wiltz [35] identify 16 types of joy that act as
motivation under sensitivity theory that viewers may experience watching reality
tv. Specific dimensions of human emotion have been evaluated as well. These
include narcissism on The Jersey Shore [13], poor-blaming and poor-shaming
[3], and the justification to air emotionally contagious content on television by
broadcasters [24]. Some studies have also evaluated the structure of reality tv
shows.

Reality TV shows may have both real and scripted elements. Shows are
edited to tell a specific story or create an image of a character [1]. Ouellette and
Hay [31] explain that subgenres of reality tv embed testing, judging, advising,
and rewarding into content. Reality tv has several subgenres including dating,
lifestyle, docusoaps, and sitcoms [44,45], and reality pregnancy can be seen in
several of these subgenres as a plot or subplot. Reality pregnancy can then
be defined as the documenting of any part of the birth journey for entertain-
ment through story telling or character image creation. Several women have
shared their birth journeys on tv programs or YouTube. While some may see
this as a reclamation of the female body, others may argue that is a display of
recolonization.

2.2 Colonization, Decolonization, and Recolonization

Even though areas of research in computing are dedicated to recognizing the
effects of colonization and the process of decolonization [17,18], artifacts of col-
onization persist. Colonization is the act of assuming power and control over a
people, land, resources, often through subjugation [36,38]. Controlling a people
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also often involves understanding that the creation and maintenance of narra-
tives like the dichotomy of the sacred and profane [27], othering [32], gendering
[8], and sexualizing [5] the female body are created as a part of the process. As
Harb-Ranero [16] explains, female bodies are often colonized through violence
and abuse and exploited under the patriarchy.

Throughout history, women’s bodies have been a site of repeated colonization
for the pleasure and entertainment of others, for profit, and for national endeav-
ors. As Edgren [10] points out, Sweden, America, and France have all developed
national policy to claim that having babies–whether for economic or political
aims– is the most important work a woman can do. National financial systems
were created for women, even unmarried ones, to focus on having babies for the
good of the nation. A lack of agency and an internalization of values from the
colonizer is necessary for the colonized to maintain the systems of oppression
that keep them imprisoned.

Decolonization is a process of questioning, unlearning, and reclaiming a body,
a history, and a culture. The decolonization of womxn thrived in the 1920s-
1970s globally and is in a revitalized period of reclamation. Involved in this
process is activism for social changes related to education, spirituality, and bodily
autonomy as well as reconnection to the land and resources. Social programs
and money are allocated for the intentional and specific purposes of gender
balance and inclusion [6]. Specifically relating to the female body, decolonization
includes stopping female genital mutilation, deciding what is ingested by the
body, controlling the image of one’s own body, and expressing how, when, and
if the body is used for pleasure, work, or birth. There is some debate about if
we are in a post-colonial or recolonial period.

Bourbonnais questions if we are in a period of post-colonialism, where the
focus is on implementing indigenous cultural practices, genders, languages, and
histories, or if we are in a period of recolonization in which the gaze and desires of
colonialism and the patriarchy dominate cultural and societal norms. Bournnais
writes, “Alexander has described this as a process of ‘recolonisation’, in which
‘the neocolonial state continues the policing of sexualised bodies . . . as if the
colonial masters were still looking on”’ [6]. This can be seen in reality pregnancy
videos on YouTube.

Buzzfeed is a lifestyle, food, and entertainment content creator, and their
14th most popular video is “The Try Guys Try Labor Pain Simulation, Mother-
hood: Part 4” with over 35,000,000 views to date. The Try Guys were a media
production team at Buzzfeed from 2014 before they left to start 2nd Try LLC
in 2018 when their existing content was put behind a paywall without their con-
sent. Buzzfeed and The Try Guys were filming a show to exist solely behind the
paywall [39]. Shortly after leaving Buzzfeed, one of the original owners of Sec-
ond Try announced the birth of his wife’s and his second child. The Try Guys
created a video in which each of the members reenacted the labor and deliv-
ery process, and the video “The Try Guys Try 14 h of Labor Pain Simulation”
has over 16,000,000 views to date. This video’s views surpass the female birth
journeys discussed previously, but this video’s views are tiny when compared to
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their most popular video of all time, “The Try Guys Try Labor Pain Simulation,
Motherhood: Part 4” with over 33,250,000 views to date. Upon evaluation, “The
Try Guys Try 14 h of Labor Pain Simulation” is a recreation of Ariel Fulmer’s
birth journey. Ariel is the wife of one of The Try Guys, and her story is only
told to enhance or explain the video’s content.

Ariel not sharing her own birth journey is problematic for many reasons.
First, her voice is minimized in the process of reality pregnancy as an act of
recolonization of the female body. Recolonization is the act of colonizing an area
previously colonized for a second or subsequent colonization [41]. During this
process of recolonization, The Try Guys control the narrative about pregnancy,
labor, and all aspects of the birth journey essentially taking away that expe-
rience to the person it happened to. Unwittingly, The Try Guys hijacked the
birth journey in their retelling of Ariel’s story and their Motherhood series to
undermine the experiences of women in favor of likes, views, and monetization.
They dictate expectations about interest in pregnancy and the birth journey
for entertainment and reorient men to the focus of these processes. They use
hegemonic vocabulary to create and share narratives about the pregnant body
which reinforces the social and medical institution’s narratives about birth in a
pronatalist society.

2.3 Image-Making

Presenting a story in one’s own words is a part of reclaiming the image-making
process. Buckman explains that image-making is a process of domination, sub-
ordination, and control to maintain the hegemonic discourse of imperialism [7].
Image-making occurs in the four institutions that impact bodily autonomy for
women: religion, politics, society, and medicine [37]. Examples of political [34],
religious [30], and social [2,42] image-making research can be found. Image-
making includes three elements: the producer, the process, and the content or
composition.

The image-making process for colonization of the female body depicts dom-
ination and subordination. It maintains the institutionalization of imperialism.
Among groups, it maintains difference or othering. For women’s colonized bod-
ies, image-making maintains gendered and sexual domination. Based on themes
found in previous, research reality pregnancy may maintain the colonial values
of the hegemonic culture. The indicators for image-making for reality pregnancy
are:

– Women are incapable of giving birth without medical intervention (female
body is inferior and other)

– Women are seen as a patient (dominant/subordinate relationship)
– Women deliver the baby in a silent birth because the baby deserves safe

passage into world (not the object or focus, birth happens to her)
– Videos will be white dominated (lack diversity in representation)
– Women adhere to “good girl” standards about birth (doing hair and makeup,

serenity, introspection, gratitude, and education about the process) [7,25]
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2.4 Pregnancy on Reality TV

While reality TV has been a booming area for research, fewer studies have eval-
uated the value of birth narratives on reality [9,11,12,25,26,29,40]. Correla-
tions between teen pregnancy and viewership have been examined. Kearney and
Levine [21] have stated that changes in teen pregnancy by geographical area
correlate to viewership of shows relating to teen pregnancy. they express that
in areas of high viewership, there is a measured reduction in births. However,
Jaeger, Joyce, and Kaestner [19] respond to this study, cautioning that there are
issues with this type of point-in-time data and that other factors like race, gen-
der, employment status, and level of education may also be contributing factors
between a decrease in teen pregnancy in the US and the rise of popular reality
tv shows about teen pregnancy. In response, Kearney and Levine thank Jaeger
et al. for validating their results [22]. This cautionary tale of correlation and
construct validity shaped the construction of the reality pregnancy model as a
possible part of recolonization of the female body.

Themes that were identified in reality pregnancy align with the medical model
of birth. As seen in Morris and McInerney [29], Luce [25], and Cummins [9],
women look to reality prenancy for education, and the themes maintaining a
reliance on the medicalization of the birth journey have impacted a lack of choice
and agency and may also have contributed to the high maternal morbidity rate
in the US [9]. Prior to the 20th century, midwives were the primary providers of
childbirth in the US. Obstetricians categorized birth as either normal or abnor-
mal, and women needed professionals with specific skills and training to deal
with abnormal births. With this displacement, new narratives about birth and
the role of women in the process began to develop. These include listening to
authoritative sources about birthing and mothering, a timeline for the delivery
process, and an increase in medical intervention during childbirth [25]. Along
with fear and danger, these narratives construct the medical model of birth. In
contrast, the social model of birth acknowledges that birth is a varied process
and that women should be free agents to determine their delivery position, set-
ting, and coping strategies that work best for their own bodies [9]. These models
denote different focuses and priorities. For the purpose of this study, the medical
model was selected for operationalization. The indicators for the medical model
of reality pregnancy are:

– Video presents an innate fear and emphasis of risks
– Hospitals are described as the only rational place to give birth
– The body’s ability to give birth is trivialized
– Video presents pregnant women as passive actors without agency in the pro-

cess
– People in the video ignore or disparage midwifery [9].

2.5 Objectives

The objective of this exploration is identify characteristics of reality pregnancy
as an example of recolonization of the female body in videos relating to birth
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journeys. This includes viewership of different reality pregnancy videos, simu-
lated birth experiences, and delivering babies from the perspectives of male and
female content creators. This study also seeks to define reality pregnancy using
composite modeling.

3 Methods

Videos were scraped using Apify for YouTube and validated by repeating the
search query on the YouTube API. This yielded a sample size of 50 videos, and
the data gathered was the channel name, video title, description, total views,
likes, channel, subscribers, and comments. A snowball sample of recommended
videos was run to gather a larger, more representative sample of birth videos until
all videos in the recommended videos were repeated. This process produced an
additional 44 videos.

Data was manually cleaned. Videos were excluded if they were fictional birth
stories or not about an actual birth experience (ex: birth and death of a minecraft
character, a scene from a movie, or miscarriage) based on video title and descrip-
tion. Episodes about delivery and delivering the baby provided context cues for
identifying correct episodes for analysis. This left a total of 74 videos by 51 unique
channels. Of those, four were simulations of birth, eight were hosted on a parent
channel like Buzzfeed, E! Entertainment, and World Wrestling Entertainment,
and three were reclaiming ownership of the birth journey through retelling.

The latent variable constructs are the image-making process, gender of the
content creator, the medical model, and social media engagement rates. Meta-
data discovery was performed to identify structural items that comprise social
media engagement. Structural data includes viewership demographics of each
video using the scraped data as well as capturing viewer statistics for the most
rewatched or clipped segments of the videos. In addition, to further develop the
items used for construct evaluation, data gathered from the content creators on
YouTube were evaluated. The race of the channel owner, medical interventions
used, marital status, and medical narratives persistent in birthing literature were
identified. Partial least squares was used to establish the relationships among
constructs in order to further define and operationalize the recolonization of the
female body in reality pregnancy, birth narratives, and the reality birth journey.

The dataset was evaluated using Adanco, a software for structure equation
modeling of composite and emerging constructs. Latent variable scores of the
composite variables Image-Making, Medical Model (of birth and delivery), Gen-
der of the YouTube channel owner, and Engagement Rate (by views and post)
were obtained against the total babies of these YouTubers by December 2022.
This depiction of babies was selected because some videos depicted one baby or
twins being born, but the YouTuber could have between one and 8 babies at the
time the data was captured and analyzed. An iterative effect on the body was
considered because the effect of having one baby is not the same as having one
baby for the eighth time, but it was difficult to standardize per video examined.
The results of the evaluations will now be presented.
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4 Results

As noted, a total of 74 videos were analyzed using thematic analysis for how the
content contributes to the medical model of birth, the image-making process, and
engagement rates in relation to the gender of the channel creator and YouTuber
giving birth and the total number of babies these creators have at the time of
analysis in December 2022.

4.1 Partial Least Squares Model

The Partial Least Squares (PLS) models were calculated and constructed using
Adanco software for composite modeling. A two-step model was selected because
of the nature of a combination of composite and latent constructs for recoloniza-
tion. Latent variable scores (LVS) were calculated using goodness of fit and
verified using bootstrapping. The variables calcuated in Step 1 were a composite
score of the representation of Medical Model values (0–5), a composite score of
the Image-Making Process (0–5) shown in the videos, gender of the YouTuber
the channel belongs to AND the one delivering the baby (0 = female, 1 = male),
and the composite of engagement rate by views and posts. The LVS used in Step
2 can be seen in Fig. 1.

Fig. 1. Latent Variable Scores for Reality Pregnancy

The Goodness of Fit for Step 1 is within HI99 for SRMR, dULS, and
dG. Fornell-Larcker Criterion and Indicator Reliability are in alignment with
expected projections for calculating LVS. Indicator Multicolinearity and cross-
loadings also showed no overlap. These variables were used in Step 2 of the
Composite modeling as standard construct scores.
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Table 2. Goodness of model fit (saturated model)

Value HI95 HI99

SRMR 0.0368 0.0676 0.0786

dULS 0.0284 0.0960 0.1296

dG 0.0053 0.0175 0.0258

Step 2 of the Construction of Recolonization involved using the latent variable
scores calculated in Step 1 to construct the model for Recolonization (Table 2).

Reality Pregnancy Emerging Construct. The Reality Pregnancy Construct
is comprised of the gender of the content creator, the image-making composite,
and the medical model of birth. These have a high degree of impact on the
total number of babies a YouTuber had at the time of analysis. As seen in Fig. 2,
there is a correlation between engagement rate and reality pregnancy, and a high
degree of significance is placed on the total number of babies a YouTuber has
because of the reality pregnancy composite. Engagement rate has no significance
on the number of babies a YouTuber has.

Fig. 2. Composite Model for Reality Pregnancy

4.2 Engagement Rate

Engagement rate was calculated by views and by post. These are two of the six
most common ways to calculate engagement rate across social media and are
particularly useful for video collections in context of this study. The engagement
rate by views per video is calculated as

(comments + likes + downloads)/views (1)

whereas the engagement rate by post is calculated as

(comments + likes + downloads)/subscribers (2)
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The averages for these totals were divided by the total number of videos in
the dataset. The average engagement by post is 3.11% whereas the average
engagement by views is 19.23%.

4.3 Image-Making Process

The predominant demographic composition of content producers in this dataset
are white, American, cis-hetero women. Age was not captured. Race and nation-
ality were compressed in this study to reflect the intersections in an aggre-
gated state. Table 3 shows the total percentage of these intersections as Amer-
ican/International and White/Black, Brown, Asian, Pacific Islander as the
YouTuber delivering the baby.

Table 3. Race and Nationality Intersections in Percents.

Race American International

White 54% 16%

BBAPI 26% 4%

Image-making is a process of power and dominance over a group or commu-
nity through images of them. As such, women were depicted as a patient and
incapable of giving birth in 79.7% of videos analyzed. Good girl messages were
present in 94.6% of the videos. Of the videos analyzed, 69.8% expressed that a
woman should do hair and makeup to feel pretty at least once, before heading
to the hospital. Doctors told women expressly to quiet down, stop yelling, or be
silent for the baby in 17.6% of videos, but women were silent or quiet in 87.8%
of the videos. There was 100% of heterosexual couples presented, and only 1.3%
of videos presented an unmarried couple.

4.4 Medical Model

The Medical Model of birth, pregnancy, and delivery has the highest impact on
the Reality Pregnancy as a composite construct. An innate fear and danger of the
birthing process was displayed in 81.1% of the videos. Hospitals were presented
as the only logical place to give birth in 86.5% of the videos. Of these, one video
expressed the choice to deliver at home or go to the hospital, and the couple
decided to go to the hospital. One video depicted a delivery in the car on the
way to the hospital. Only 12.2% of the videos depicted home births. Technology
and interventions were depicted in 86.5% of the videos. Some videos tagged as
raw and natural still used oxygen, gas, or fetal heart monitoring. Women were
presented as passive agents in the delivery process in 75.7% of videos. This
was demonstrated by the adherence to the anticipated timeline of delivery and
being told what position to be in for the delivery. Finally, only 16.2% of videos
expressly disparaged midwifery.
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5 Discussion

Most rewatched segments of videos are where birthing moms are delivering the
baby. These segments are clipped and are often downloaded. There are many
reasons that may be attributed to this, and these should be investigated in
future research.

As noted, the patriarchal, hegemonic views of marriage and family are still
maintained in the videos in this dataset. The women are still married. The
couples are all monogamous and heterosexual. The majority are white, whether
from the US or other countries. The medical model is still maintained, with the
exception of midwifery. Unfortunately, most home births are the polar opposite,
constructing another set of institutionalized standards for birth.

Rewatched segments and clips appeared in videos that featured delivery. The
most rewatched and clipped segments of these videos were the actual crowning
and delivery of the baby or where that moment was expected, except in two
videos. In the first, the most rewatched segment was when a mirror was brought
in so the woman could watch herself and be inspired by her progress while
pushing. The second video where the most rewatched segment was the mom
holding her twins right after delivery. There are many possibilities about why
these are the most rewatched segments, and this requires further investigation.

Two YouTubers in the dataset quit making videos within a year of their last
reality pregnancy video. This is an interesting point to explore, especially since
they were in two different stages of their careers at the time of quitting. One was
very successful and quit so they could spend more time with their family while
the other was at the beginning of their reality career. Both have above average
engagement rates by view and by post, so this would be interesting to explore
further.

5.1 Engagement Rate

It was expected that engagement rate would play a large role in reality preg-
nancy. However, this was not the case. In every model of partial least squares
conducted, engagement rate as calculated by views, by posts, and as a compos-
ite were not significant. It was expected there would be a negative correlation
between engagement rate and births given that simulations had higher views
than most videos found with the initial and validating data scrape. While there
is no correlation on the engagement rate and the number of babies a YouTuber
has, there is some correlation between the engagement rate and the composite
construct Reality Pregnancy.

5.2 Limitations

The initial data scraping did not produce results expected from such a broad
query on YouTube. While the results were verified using Apify, a series of sched-
uled data wrangling scrapes at scheduled intervals may produce different results.
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The reality pregnancy construct is emerging. With more data and testing, the
construct’s dimensions may become more refined. Engagement rate was expected
to be a part of the construct, but it had greater correlation outside than as a part
of the composite. This may be different with a larger dataset or if simulations
or videos promoted by men or family channels are excluded from analysis.

As a critique of the algorithm, entire channels on YouTube feature births.
Yet, they were not a part of the initial results. A question that arose from this
is: why didn’t these entire channels dedicated to home births show up in the
initial search query run through Apify and through YouTube API?

5.3 Future Work

This work on reality pregnancy can expand beyond YouTube to other social
media platforms. Instagram, Reddit, and other platforms can be analyzed for dis-
parities in viewership and engagement, image-making, and institutional oppres-
sion for the maintenance of recolonization using this study as a guide. These
points deserve further exploration across reality tv to see who is telling the sto-
ries of reality pregnancies and which stories subvert the roles of women in their
own journey. In addition, this study can be used to evaluate other constructs
and concepts relating to recolonization of the body. This can be done by replac-
ing the medical model of birth for another institutional quality to be evaluated
along with social media engagement and the image-making process.

Additionally, the framework of reality pregnancy must be evaluated in the
context of recolonization and birth simulations. This model should also be
applied to videos about the other parts of the birth journey. Since this study
evaluates viewership in relation to the gender of the content creator, other gen-
dered topics can be also evaluated. This can include marriage, hair, makeup,
mental health, and fashion. These are “feminine” topics that can be evaluated
from the perspective of recolonization [20].

Real and manufactured emotions in reality pregnancy should be further
explored. The medical model encourages stories of pain, that a woman’s body
is inferior and needs medical intervention, and that complications are common,
it is worth exploring what is real, what is manufactured, how audiences react
to each, and why choices to produce real or manufactured emotions in reality
pregnancy. As previously stated, it is well documented that women watch reality
pregnancy and birth narratives for educational purposes, so these choices for real
and manufactured emotions and experiences warrant their own evaluation.

How males are complicit in the perpetuation and maintenance of the recolo-
nization of the female body in reality pregnancy should also be examined. Males
represent the colonized and colonizer, and they play vital roles in the image-
making process for the purposes of maintaining stereotypes related to gender
and the birth journey. From a medical model of birth perspective, the male is
usually complicit in acting out the support role. In the stories watched for this
study, males serve as cheerleaders and sources of comfort. When the pregnant
person is in distress, they are expected to take over. This role is maintained
as a function of recolonization as an outside actor Males are also complicit in
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social media engagement practices on the viewer side, so evaluating their roles
and habits in viewing, watching, pausing, and creating clips of reality pregnancy
stories is important to understanding the exploitation of female bodies.

An examination of the use of ICT in reality pregnancy stories as well as
an examination of how ICTs are used by pregnant people should be examined.
ICTs are presented in reality pregnancy as communication devices, but they are
also used to document the image-making process by acting as an intermediary
between the pregnant person’s body and what they should be doing at any stage
in their own birth journey. This in turn facilitates the medical model of birth as
well as social media engagement throughout reality pregnancy.

Finally, an area of important work is the reclamation of one’s own body in
the birth journey. When Doreen Fitt shared her thoughts, feelings, and reactions
to her own reality pregnancy, the engagement was low. The reclamation of her
experience no longer fit the medical model of birth, and it was relegated to other
parts of the internet. These stories of reclamation need to be examined.

6 Conclusion

This study meant to evaluate reality pregnancy as recolonization, but reality
pregnancy is only a part of recolonization of the female body. Reality pregnancy
is comprised of the medical model of birth, the image-making process as it relates
to birth, and the gender of the content creator. This construct has an impact on
the total babies a YouTuber had by the time of analysis. Still, reality pregnancy
ignores many other aspects of recolonization like education, whether the victims
become the abusers, and finances. Reality pregnancy does give us one aspect of
a larger picture, and it will be interesting to explore how recolonization of the
female body changes as women try to reclaim the birthing process for themselves.

Acknowledgments. The composite construct model would not be possible without
Jessica Braojos, PhD from University of Granada. Dr. Braojos taught a workshop on
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Abstract. The study of controversy in social media is not new, there are
many previous studies aimed at identifying and characterizing controver-
sial issues, mostly around political debates, but also for other topics. In
this work, we aim to study the interaction between two ego networks
around two influencers having opposite opinions on a given subject and
its impact on opinion change and propagation within these two inter-
connected ego networks. We propose a method for detecting opinion
modification in relation to several nodal and topological measures as
the users centralities, the opinion of the community to witch belongs the
users as well as textual information extracted from tweets. We firstly con-
structed a propagation network which is the union of 2-level opposite ego
networks extracted from a set of collected tweets in relation to a given
topic, where nodes are users and edges are tweets or replies. We then
apply machine learning models to detect respectively: opinion change
over time concerning users who are the authors of replies and opinion
modification during the information propagation via an action of reply.
The dataset contains nodal and topological information extracted from
the propagation network.

Keywords: Social network analysis · Opinion dynamic · Influencers ·
Machine Learning

1 Introduction

Sentiment analysis is the study field that analyses people opinions, sentiments,
attitude, emotions, evaluations, appraisals towards entities such as products,
services, organisations, individuals, issues, events, topics [11].
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tation.
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The study of controversy in social media is not new [8,14] there are many
previous studies aimed at identifying and characterizing controversial issues,
mostly around political debates but also for other topics.

Polarisation, in which the network separates into two clusters the oppos-
ing opinions, has been also heavily studied [4]. Opinion formation is a complex
process affected by the interplay of different elements, including the individ-
ual predisposition, the influence of positive and negative peer interaction (social
networks playing a crucial role in this respect), the information each individual
is exposed to, and many others. In this work, we aim to study the interaction
between two ego networks around two influencers having opposite opinions on
a given subject an its impact on opinion change and propagation within these
two interconnected ego networks.

Given a complex network (and more particularly an online social network),
the egocentric network defined around an ego node u is a sub-network containing
the ego u and the alters (the neighbors up to certain level) as well as the set
of links of the ego-network [1]. In the literature, two cases of online personal
networks are identified depending on the distance of the alters from the ego:
1-level and k-level. Our goal is to explore the combination of sentiment analysis
with complex networks analysis [7] in the context of two ego networks around
influencers having opposite opinions on a given topic that interact.

In order to study the impact of influential users (influential nodes), we inte-
grate several influencing factors extracted from the propagation network in the
opinion study process. These factors are usually computed by using different cen-
tralities measures as degree, closeness, betweenness and page rank centralities,
etc. [7]. We are interested in the notion of opinion stability inside the egocentric
networks around influencers and inside the communities, opinion stability means
the fact of sharing a majority of common preferences concerning a given topic
in a group of users.

We propose in this paper a method for detecting opinion modification in
relation to several nodal and topological measures as the users centralities, the
opinion of the community to witch belongs the users, as well as textual informa-
tion extracted from tweets. We firstly constructed a propagation network which
is the union of 2-level opposite ego networks extracted from a set of collected
tweets in relation to a given topic where nodes are users and edges are tweets or
replies. We then apply machine learning models to detect respectively: opinion
change over time concerning users which are the authors of replies and opin-
ion modification during the information propagation via an action of reply. The
dataset contains nodal and topological information extracted from the propaga-
tion network.

2 Related Work

Study of opinion dynamics is crucial in nowadays-ubiquitous on-line system
context. Researchers with different background have presented several models
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to verify the development of the opinion formation, propagation and aggrega-
tion from different points of view [14,17]. For example in [6], authors introduce
SLANT a probabilistic modeling framework of opinion dynamics, which repre-
sents users’ opinion over time by means of marked jump diffusion stochastic
differential equations.

Works based on social influence network theory have made remarkable
progress in showing how networks of interpersonal influence contribute to the
formation of interpersonal consensus in complex circumstances [5,9,12,13,15].

In [12], authors investigate on a consensus opinion model in social groups
based on the input of influential user and aggregation methods.

In [16], authors propose the use of opinion-based graph whose vertices contain
message objects and its reply-to edges label within opinion polarities.

In [5], authors consider the problem of modeling how users update opinions
based on their neighbors’ opinion and proposed new model and show preliminary
results on the convergence and structure of opinions in the whole network.

In [13], authors propose an inference mechanism for fitting generative, agent
like model of opinion dynamics to real-world social traces.

In [18], authors propose to use recurrent neural network (RNN) to model
each user’s posting behaviors on Twitter and incorporate their neighbors’ topic-
associated context as for user-level stance prediction.

3 Our Methodology

We aim to study the interaction between two ego networks around two influencers
having opposite opinions on a given subject and its impact on opinion change
and propagation within these two interconnected ego networks. We chose the
Covid vaccination topic which was a trending subject presenting a controversy
and that generates a lot of debate and, therefore, a lot of positive and negative
opinions and reactions to it. This is a favorable ground for sentiment analysis
that allows to see if people’s opinions can change depending on several factors.
We then realize the following steps on twitter (see Algorithm 1):

3.1 Data Collection and Influencers Selection

Collecting data in relations to two influencers with opposite opinions guarantees
to have a significant number of opinions, the exchange between users of opposite
opinions and the possibility of studying the stability or the modification of these
opinions. To detect influencers, we studied different metrics as the popularity,
the range, the propagation and the likeness scores and we explored also the
profile of the personalities. We collected then data on the chosen topic (Covid
vaccination): these data consist of tweets and retweets and replies to those tweets
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Algorithm 1. Study of the interaction between two opposite ego networks
1: Step1: Data collection from twitter
2: retrieve tweets related the chosen topic
3: Step 2: Find two opposite influencers
4: metrics: popularity, range, the propagation, likeness scores and users profiles
5: Step 3 Construction of the propagation directed network
6: nodes: common repliers extracted from both influencers’ egocentric networks at

levels 1 and 2
7: edges: the actions of reply.
8: Step 4: Study of the network characteristics
9: Centralities

10: Community detection using Louvain algorithm
11: Step 5: Sentiment Analysis
12: polarity and subjectivity computing for users, ego networks, communities
13: Step 6: Machine Learning for detecting opinion change of users
14: Dataset: an entry is related to a link of the propagation network
15: nodal and topological features for both the original tweet and the reply author

nodes
16: textual features are extracted with the TF-IDF method
17: Step 6.1: Detecting opinion change over time
18: the target variable indicates if the replier has changed his opinion polarity over

time
19: Step 6.2: Detecting opinion modification via the action of reply
20: the target variable indicates if the opinion is modified via the action of reply
21: find the best ML method for both

until a certain level for both ego networks. This allows to consider the opinions
of retrieved tweets, retweets and replies for common users of both influencers.
We then focused particularly on users who reacted to both influencers at the
same time.

3.2 Construction of the Propagation Directed Network

We constructed the propagation directed network by considering:

1. the set of nodes consisting of commune repliers extracted from both influ-
encers’ egocentric networks at levels 1 and 2,

2. the set of edges corresponding to the action of reply: the edge A → B means
that user B has replied to user A.

Our aim is to study the opinion modification inside the egocentric networks
around influencers and inside the communities, Different centralities measures
were computed and disjointed communities were detected using the Louvain
algorithm [3].
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3.3 Machine Learning Models for Detecting Changes in User
Opinion

We seek to find two machine learning models aimed at detecting (respectively)
opinion change over time concerning users which are the authors of replies and
opinion modification during the information propagation via an action of reply.

Detecting Changes in User Opinion over Time. We constructed a dataset
in which an entry is related to a link (or edge) of the propagation network (see
Table 1) with nodal and topological information related to both the original
tweet and the reply author nodes, the target variable indicate if the replier
has changed his opinion over time or not.

The target variable takes its values in the following set: {static, increased,
decreased}. Static indicates that the polarity of the author node has not changed,
increased means that the polarity has increased and decreased means that the
polarity has decreased.

Table 1 shows a description of the dataset features apart from the textual
content (tweet and reply texts).

We used the Python H2O AutoML (https://github.com/h2oai/h2o-3) pack-
ages which allow to test machine learning models automatically.

Detecting Opinion Modification via the Action of Reply. We used the
same dataset described above but we take as a target variable a binary variable
indicating if the opinion {positive, negative, neutral} is different between the
original tweet user and the author of the reply.

Table 1. Dataset Features without textual content

Features nature Features

Topological features Betweenness centrality, Out centrality,

In centrality, Pagerank, (for original tweet user)

community original tweet user, community author,

community mean subjectivity original tweet user,

community mean polarity original tweet user,

in same community

Nodal features mean polarity original tweet user,

mean subjectivity original tweet user,

subjectivity original tweet text

Tweet features tweet stopwords ratio, reply stopwords ratio (low,

medium, high, very high), length reply high (low,

medium, high, very high), length tweet (low, medium,

high, very high)

https://github.com/h2oai/h2o-3
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4 Experimental Results

4.1 Characteristics of the Propagation Network

The chosen topic was related to Covid vaccination, the period for retrieved
tweets was defined as going from October 1, 2021 to December 14, 2021. The
query returned approximately 65.000 tweets. The found influencers were Florian
Philippot, politician against vaccination and Olivier Véran, for vaccination.

Table 2 shows some characteristics of the propagation network.

Table 2. The propagation network characteristics: intervals of the top ten values of
centrality measures

Nodes# edge# Outdegree Indegree Betweenness Pagerank Communities#

21075 84441 [0.05,0.18] [0.001,0.003] [0.002,0.007] [0.00004,0.0005] 36

The out-degree centrality have significant values, this can helps us to detect
influencing users that contribute to the propagation of opinions.

4.2 Sentiment Analysis

To perform this step, we used the TextBlob library in Python (https://
github.com/sloria/TextBlob) and Vader sentiment analyser (https://github.
com/cjhutto/vaderSentiment) that allowed to obtain both subjectivity and
polarity indicators for the content of tweets. Subjective expressions are opinions
that describe people’s feelings toward a specific topic while objective expres-
sions express facts. Subjectivity varies between 0 and 1. Polarity, taking values
between -1 and 1, allows to quantify the general opinion expressed in the tweet
using a numerical value. This helps to characterize positive, negative and neutral
opinion.

Figure 1 shows the count of positive/negative and neutral reactions in both
egocentric networks of the two opposite influencers. We notice that there are
more positive reactions about COVID vaccination in both egocentric networks
(even for that of the influencer who is against: Philippot). Figures in 2 show
polarity scores obtained for communities. We notice that polarities are mixed
and almost neutral within communities and do not exceed the value of 0.10. We
see thus, that we can not reach polarisations of opinion within this configuration.

https://github.com/sloria/TextBlob
https://github.com/sloria/TextBlob
https://github.com/cjhutto/vaderSentiment
https://github.com/cjhutto/vaderSentiment
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Fig. 1. Opinion propagation in both egocentric networks

4.3 Machine Learning Models for Detecting Changes in User
Opinion

Detecting Changes in User Opinion over Time. As mentioned above,
we constructed a dataset in which an entry is related to a link (or edge) of
the propagation network (see Table 1) with nodal and topological information
related to both the original tweet and the reply author nodes, the target
variable indicates if the replier has changed his opinion over time or not.

The target variable takes its values in the following set: {static, increased,
decreased}. Static indicates that the polarity of the author node has not changed,
increased means that the polarity has increased and decreased means that the
polarity has decreased.

In order to treat the textual content, we used the TF-IDF method.
The TF-IDF (Term Frequency - Inverse Document Frequency) method is

based on the frequency of appearance of a word in a document but also on its
rarescarcity within a corpus where this document is contained. This method
generates values resulting from computing TF and IDF [10], the corresponding
features are the words found in the documents of the corpus and their value is
the value of the TF-IDF for each word.

We used the Python H2O AutoML (https://github.com/h2oai/h2o-3) 1 and
PyCaret (https://pycaret.org/) packages which allow to test machine learning
models automatically on a given training and test sets. We took the accuracy
as metric to evaluate the models. We used a split training/stratified test on the

1 H2O is an Open Source, Distributed, Fast & Scalable Machine Learning Platform.

https://github.com/h2oai/h2o-3
https://pycaret.org/
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Table 3. Polarity scores by community

Table 4. Ridge model for detecting opinion change over time

Performance for the 3 class values

Precision Recall F1 score Accuracy Support

TF-IDF 0.58 20062

Increased 0.67 0.64 0.65 8249

Decreased 0.56 0.63 0.59 8144

Static 0.44 0.36 0.38 3669

target variable with 33% of the dataset data for the test set. The best found
model for detecting changes in user opinion over time was the ridge classifier.

We then use a RandomizedSearchCV as well as a stratified cross-validation
in order to obtain the best ridge model among a selection of parameters (grid)
and a number of maximal iterations (15 models were tested). Performances are
shown in table 4.

Figures 2 and 3 and those in Table 3 show the ridge model coefficients for both
class values increased and decreased, blue coefficients are retrieved from the TF-
IDF results and green ones are extracted form the other features (topological and
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Table 5. Ridge model coefficients for the increased and decreased class values: textual
coefficients.

Fig. 2. Ridge model coefficients for the increased class value expect textual coefficients

Fig. 3. Ridge model coefficients for the decreased class value expect textual coefficients
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Table 6. Random Forest for detecting opinion modification via the action of reply

Performances

Precision Recall F1 score Accuracy Support

0.59 20062

True 0.62 0.68 0.65 11294

False 0.53 0.47 0.50 8768

Fig. 4. Random Forest model: variable importances

tweet ones). These coefficients help us to explain the opinion change of users.
The set of the top 20 words for users whose opinion polarity were increased
(respectively decreased) is outlined. Likewise, other features related to tweet or
topological information contribute to the opinion modification.

We can for example make the following observations concerning the increase
or the decrease of the polarity of the replier (see Figs. 2 and 3):

– The fact that the origin user has a high polarity in comparison to the polarity
of its community, a high out-degree centrality and a low betweenness one, will
contribute to the increase of the polarity of the replier.

– The average of the subjectively of the origin user contribute also to increase
the polarity of the replier.

– The fact that the community of the origin user has a high polarity in compar-
ison to its polarity, a high betweenness and a low out-degree centrality one,
will contribute to the decrease of the polarity of the replier.

– The average of the subjectively of the origin user still contribute to decrease
the polarity of the replier (like the increase case) (Table 5).

Detecting Opinion Modification via the Action of Reply. As mentioned
above, the same dataset described above is used but we take as a target variable a
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binary variable indicating if the opinion {positive, negative, neutral} is different
between the original tweet user and the author of the reply. The best found
model was a random forest one. Performances are shown in Table 6.

Figure 4 shows variable importances of the random forest model. We notice
that some variables concerning the form of the reply text have an important
role in the detection of the opinion modification of the replier compared to the
original tweet user like the length of the reply text (and the original tweet)
and the ratio of stop-words. The subjectivity of the original tweet has also an
important role for detecting the opinion modification. Concerning the topological
parameters, the different centralities have minor importances but the community
of the author (replier) seems to have a significant importance.

5 Conclusion and Perspectives

As mentioned above, our main objective is to study the interaction between two
ego networks around two influencers having opposite opinion on a given subject
an its impact on opinion change and propagation within these two interconnected
ego networks. The chosen topic was related to Covid vaccination and two influ-
encers with opposite opinions were selected. We firstly constructed a propagation
network extracted from a set of collected tweets and replies starting from both
influencers, where nodes are users and edges are tweets or replies. The extracted
propagation networks consists of a the common repliers at level 1 and 2 of both
ego networks. We noticed that detected communities do not allow us to observe
any polarisation. We then proposed two machine learning models in order to
detect respectively: opinion change over time concerning users which are the
authors of replies and opinion modification during the information propagation
via an action of reply. We outlined different type of features related to textual,
contextual or topological information that could help to explain the increase or
decrease of opinion polarity as well as the opinion modification via the action
of reply. We notice for example that the polarity of the origin user, its commu-
nity, its out-centrality and betweenness centrality contribute to the increase and
decrease of replier polarity. On the other hand, we notice that some variables
concerning the form of the reply text as well as the community of the author
(replier) have an important role in the detection of the opinion modification of
the replier via an action of reply.

We are now studying the opinion formation [12] in the propagation network
as well as the impact of the influencers ego networks’ level (currently 2) on 1)the
polarisation of detected communities and 2)the performances of opinion change
detection models.

We also believe that applying overlapping community detection algorithms
[2] could help use to detect users that have role of moderators when spreading
the information in the network.
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Abstract. This study examines how Japanese Internet users’ use of social media
for learning changed during the COVID-19 pandemic. The study in this paper is
based on online research, demonstrating a major shift in learning among Japanese
Internet users.

The research background is explained, research questions are offered, statis-
tical analysis is given, and significance and limitations of the results are examined
specifically in this work.

Keywords: COVID-19 · Social Media · Social Isolation

1 Introduction

As we know, the COVID-19 pandemic has influenced our life. Our learning conditions
have also been under such an influence. Consequently, this research explores the change
in social media use for learning among Japanese Internet users during the COVID-19
pandemic. We especially focus on the use of social media for learning.

This paper is based on studies on the utilization of socialmedia for learning, including
the literature [1–3]. The literature [1, 2] has shown statistical analysis of online research
results. The literature [1, 2] is research on digital note-taking. According to the literature
[1, 2], Japanese students tend to use social media, especially Twitter, for learning. The
condition of learning, in general, has been altered by COVID-19 conditions because our
life, including learning, has been restricted. So, the literature [3] has done almost the
same online research. Furthermore, the research [3] has demonstrated the change under
COVID-19 conditions.

However, the restriction was eased in April 2022 in Japan. This situation allows us to
assess whether COVID-19 actually altered our learning condition permanently. So, we
have done almost the same online research. Then, we compared the outcomes with those
of the literature [1–3]. We have found that Japanese students tend to use social media
for learning compared with other Japanese. However, the number of students who use
social media for learning has decreased compared to before the pandemic of COVID-19.

Meanwhile, influential research maintains that social isolation is an important issue
of research on online learning under COVID-19 conditions [4]. Consequently, this study

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023
A. Coman and S. Vasilache (Eds.): HCII 2023, LNCS 14026, pp. 308–323, 2023.
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examined the connection between social media use for learning and social isolation. The
analysis revealed the complicated influence of social isolation.

Specifically, in this work, the research background is explained, research questions
are offered, statistical analysis is given, and the significance of the results and limitations
is examined.

2 Background and Significance

This section discusses the research background and the significance of this research.
This paper has two crucial backgrounds. The first background is studies of social

media use for learning. The second background is online learning under COVID-19
conditions.

As shown above, this paper refers to the literature [1–3] as significant previous studies
of social media use for learning. The studies of digital note-taking are the contexts of
these studies. The presentation of the literature [5] pointed out that digital note-taking
allows us to share the data of studies. The inquiry into the nature of digital note-taking
may give us useful information on using big data for learning. On the other hand, the
literature [6] pointed out that young Japanese tend to use socialmedia, especially Twitter,
for learning.

Meanwhile, T. Seo, who is a journalist, revealed that users of the note-taking appli-
cation Clear frequently connect through social media [6]. According to the literature [1],
the design of the application Clear is similar to that of Twitter. As a result, the literature
[1] estimates that Twitter can also be utilized for note-taking. So, online research on
social media use has been done. Research [1] has shown that roughly 40% of Japanese
students use Twitter for note-taking. The literature [2] has proven the result is reproduc-
tive and social media is also used for other learning activities. We must note that social
media is a significant big data source.

The situation has been changed by the COVID-19 pandemic. The restriction because
of the pandemic obliged us to learn online. The use of social media for learning may also
have been changed. Therefore, online research whose design is nearly identical to the
literature [2] has been conducted. More Japanese students still tend to use social media
for learning. However, the number has decreased. However, the restriction was eased in
April 2022. Repeating the same research and examining the change will be significant.

So, we must focus on the second background to check the change. The literature [4],
which is a research about learning under the COVID-19 setting, pointed out that social
isolation is a major issue of online learning. We have to note that social media can bind
people and is designed to address the social isolation problem.

As mentioned above, social media is a crucial big data source. The analysis of social
media use for learning is significant. Therefore, examining the change in social media
use for learning is crucial.

3 Methods

This section shows the research design and statistical analysis. Firstly, we present the
research questions and research methodology. Secondly, the variables which are used
for the analysis are explained. Finally, statistical analysis is demonstrated.
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3.1 Research Questions and Research Design

As we have shown above, the literature [3] confirmed the influence of the COVID-19
pandemic (the restriction because of the pandemic) on social media use for learning.
However, the restriction was eased in April 2022 in Japan. So, we can examine the
real effect of the pandemic on social media use for learning. Meanwhile, if we want to
examine the impact of the COVID-19 pandemic and the use of social media for learning,
we have to concentrate on the social isolation of users.

So, the following research questions are created.
RQ1 Do more Japanese students still use social media for learning?
RQ2 How does social isolation relate to social media use for learning?
We conducted a web search to verify these research questions. The research feature

is almost the same as that of the literature [3] (Table 1).

Table 1. Research features

Type of Survey Online Research
Period 2022.8.23-2022.8.25
Number of Samples 560

gender
Female 50%
Male 50%

Age % Number of Samples
-19 25.2 141
20-29 31.8 178
30-39 10.4 58
40-49 10.2 57
50-59 10 56
60- 12.5 70

The research was conducted by the same research firm as the literature [3]. Half of
the samples are students.

3.2 Description of the Variables

We need two variables to examine the research questions. The first is the use of social
media for learning, and the second is social isolation. The first is the same as that of
the literature [2, 3]. The UCLA loneliness scale (Japanese version), documented in the
literature [7–9], is used to measure social isolation. Besides, there is a question that asks
about social isolation directly.

There are a variety of social media uses for learning, “gathering information for
learning,” “asking concrete questions,” “connecting with other users who have the same
learning concern,” “recoding daily learning experience,” “taking notes,” “uploading a
photo of the note,” “uploading a photo of blackboard or slidewith comments,” “uploading
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a movie for learning,” “reading notes,” “watching a photo of notes”, and “watching a
movie for learning.” A variety of social media are also used for learning, including
Twitter, Facebook, Instagram,YouTube, and others.We evaluated the frequency of social
media use with four scale questions (never, seldom, sometimes, and often).

The questions in Table 2 are used to measure social isolation. We analyzed the
situation prior to the COVID-19 pandemic (before March 2020), during the restriction
(between April 2020 and March 2022), and after the restriction (after April 2022) by
four scale questions (I never feel this way, I rarely feel this way, I sometimes feel this
way, and I often feel this way).

Table 2. Questions of the Japanese version of the UCLA loneliness scale and the direct question

text abbreviation

Q1 I am happy doing so many things with friends. (reverse) With Friends

Q2 I have nobody to talk to nobody to talk to

Q3 There is no one I can turn to. no one I can turn to.

Q4 I am not alone. (reverse) not alone

Q5 I am a necessary person for my friends. (reverse) necessary person

Q6 My friends and I have many things in common. (reverse) in common

Q7 I am no longer close to anyone no longer close

Q8 My interests and ideas are not shared by those around me not shared

Q9 I prefer going out.(reverse) prefer going out

Q10 There are people who are close to me.(reverse) people close to me

Q11 I am ignored. ignored

Q12 My social relationships are superficial. superficial

Q13 No one really knows me well No one knows me

Q14 I feel isolated from others feel isolated

Q15 I can make friends anytime if I want. (reverse) can make friends

Q16 There are people who know me well. (reverse) knows me well

Q17 I am unhappy being so withdrawn withdrawn

Q18 Though I have friends, their ideas are different from mine. different idea

Q19 There are people to whom I can talk.(reverse) people I can talk

Q20 There are people to whom I can turn.(reverse) people I can turn

Q21 I am lonely (Original) Direct isolation

The UCLA loneliness scale is composed of the answers to Q1 ~ Q20 in Table 2.
Only Q21 is original. Q21 is a direct question of social isolation.

Then, we examine the distribution and reliabilities of the variables. We have to
examine the reliability of variables that are created by summing up the answers or
reversed answers to the questions (Table 3, 4, 5, 6, 7, 8 and 9).
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Table 3. Description of variables(1)

Text Mean Std. De-
viation

Q2-1 Gather 
Infor-
mation 
by Face-
book

1.44 .818

Q2-2 Gather 
Infor-
mation 
by Twit-
ter

1.65 .933

Q2-3 Gather 
Infor-
mation 
by Line

1.74 .987

Q2 -4 Gather 
Infor-
mation 
by Insta-
gram

1.80 1.047

Q2 -5 Gather 
Infor-
mation 
by other 
social 
media

1.68 .963

Q2-6 Ask con-
crete 
questions 
by Face-
book

1.43 .813

Q2-7 Ask con-
crete 
questions 
by Twit-
ter

1.51 .842

Q2-8 Ask con-
crete 
questions
by Line

1.82 .997

Text Mean Std. 
Devia-
tion

Q2-9 Ask con-
crete 
questions
by other 
social 
media

1.55 .880

Q2-10 Connect 
with 
other 
people 
who have 
the same 
learning 
interest 
by Face-
book

1.45 .801

Q2-11 Connect 
with 
other 
people 
who have 
the same 
learning 
interest 
by Twit-
ter

1.53 .852

Q2-12 Connect 
with 
other 
people 
who have 
the same 
learning 
interest 
by Line

1.67 .929

The reliability of all composed variables is greater than 0.5, and the distribution of
all variables is normal enough.
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Table 4. Description of variables(2)

Text Mean Std. De-
viation

Q2-
13

Connect 
with other 
people who 
have the 
same learn-
ing interest 
by Insta-
gram

1.61 .879

Q2-
14

Connect 
with other 
people who 
have the 
same learn-
ing interest 
by other 
social me-
dia

1.50 .820

Q2-
15

Record 
daily learn-
ing experi-
ences by 
Facebook

1.42 .803

Q2-
16

Record 
daily learn-
ing experi-
ences
byTwitter

1.50 .858

Q2-
17

Record 
daily learn-
ing experi-
ences by 
other social 
media

1.52 .867

Q2-
18

Take note 
by Face-
book

1.41 .776

Text Mean Std. De-
viation

Q2-
19

Take note 
by Twitter

1.43 .786

Q2-
20

Take note 
by other 
social 
media

1.51 .869

Q2-
21

Upload 
photos of 
notebooks 
on Face-
book

1.38 .735

Q2-
22

Upload 
photos of 
notebooks 
on Twitter

1.45 .816

Q2-
23

Upload 
photos of 
notebooks 
on Insta-
gram

1.47 .809

Q2-
24

Upload 
photos of 
notebooks 
on other 
social 
media

1.43 .795

Q2-
25

Upload 
photos of 
slides or 
blackboard 
with 
comments 
on Face-
book

1.43 .847
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Table 5. Description of variables(3)

Text Mean Std. De-
viation

Q2-
26

Upload 
photos of 
slides or 
blackboard 
with 
comments 
on Twitter

1.41 .804

Q2-
27

Upload 
photos of 
slides or 
blackboard 
with 
comments 
on other 
social 
media

1.45 .834

Q2-
28

Upload 
movies for 
learning 
on Face-
book

1.42 .832

Q2-
29

Upload 
movies for 
learning 
on Twitter

1.44 .838

Q2-
30

Upload 
movies for 
learning 
on Insta-
gram

1.44 .807

Q2-
31

Upload 
movies for 
learning 
on other 
social 
media

1.43 .820

Q2-
32

Upload 
movies for 
learning 
on 
YouTube

1.43 .812

Text Mean Std. De-
viation

Text

Q2-
33

Read 
notes on 
Facebook

1.40 .782

Q2-
34

Read 
notes on 
Twitter

1.46 .821

Q2-
35

Read 
notes on
other
social 
media

1.48 .837

Q2-
36

Watch 
photos of 
notes on 
Facebook

1.43 .828

Q2-
37

Watch 
photos of 
notes on 
Twitter

1.50 .869

Q2-
38

Watch 
photos of 
notes on 
Instagram

1.56 .907

Q2-
39

Watch 
photos of 
notes on 
other 
social 
media

1.51 .856

Q2-
40

Watch 
movies 
for learn-
ing on 
Facebook.

1.45 .827

Q2-
41

Watch 
movies 
for learn-
ing on 
Twitter.

1.49 .854
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Table 6. Description of variables(4)

Text Mean Std. Deviation

Q2–40 Watch movies for learning on Facebook. 1.45 .827

Q2–41 Watch movies for learning on Twitter. 1.49 .854

Q2–42 Watch movies for learning on Instagram 1.58 .905

Q2–43 Watch movies for learning on other social media 1.56 .903

Q2–44 Watch movies for learning on YouTube 1.80 .995

Table 7. Description of variables(5)

Variables Mean Std. Deviation Skewness Kurtosis α

UCLA isolation scale
(After Restriction)

62.8305 13.47815 -.423 .409 0.899

UCLA isolation scale
(During Restriction)

63.6447 14.13903 -.427 .430 0.899

UCLA isolation scale
(Before Restriction)

63.6447 14.13903 -.427 .430 0.944

Record Learning
Experiences using Social
Media

4.4411 2.23169 1.315 .482 0.858

Table 8. Description of variables(6)

Variables Mean Std. Deviation Skewness Kurtosis α

Take Notes using Social
Media

4.3464 2.18909 1.471 1.034 0.882

Upload Photos of Notes on
Social Media

5.7214 2.83996 1.464 .904 0.921

Using Faceboo for Learning 15.6393 7.76755 1.514 1.046 0.97

Using Twitter for Learning 16.3839 7.74694 1.327 .718 0.956

Using Line for Learning 5.2250 2.48417 .795 -.462 0.812

Using Instagram for Learning 9.4554 4.36708 1.097 .205 0.897

Using YouTube for Learning 3.2286 1.52894 1.079 .401 0.589

Connecting using Social
Media

8.3161 3.79932 .899 -.246 0.882

Gathering Information for
Learning using Social Media

7.7429 3.53236 .999 -.171 0.857

Ask Questions using Social
Media

6.3125 2.93712 1.094 .101 0.848
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Table 9. Description of variables(7)

Variables Mean Std. Deviation Skewness Kurtosis α

Upload Motives for Learning on Social Media 7.1679 3.74649 1.513 1.005 0.949

Reading Notes on Social Media 4.3375 2.17697 1.492 1.129 0.871

Watch Photo of Note on Social Media 5.9839 3.05608 1.340 .589 0.871

Watch Movies for Learning on Social Media 7.8839 3.71080 1.143 .277 0.883

3.3 Statistical Analysis

This part will show the statistical analysis which examines the two research questions.
RQ1 is about the frequency of social media use for learning (Tables 10 and 11).

Table 10. Comparison of social media uses for learning(1)

Q2–18 Take note by Facebook

Never Seldom Sometimes Often

Not Student 227 33 14 6

81.1% 11.8% 5.0% 2.1%

Student 190 43 36 11

67.9% 15.4% 12.9% 3.9%

Total 417 76 50 17

74.5% 13.6% 8.9% 3.0%

Table 11. Comparison of social media uses for learning((2)

Q2–19 Take note by Twitter

Never Seldom Sometimes Often

Not Student 224 32 18 6

80.0% 11.4% 6.4% 2.1%

Student 182 48 41 9

65.0% 17.1% 14.6% 3.2%

Total 406 80 59 15

72.5% 14.3% 10.5% 2.7%

Evidently, more than 30% of students utilize social media for digital note-taking,
which is comparable to that described in the literature [3].

Japanese students tend to use social media to learn more frequently than other
Japanese. T-test has shown that the frequency difference in terms of note-taking is sta-
tistically significant (take note by Facebook: t (521.38) = 3.8, p < 0.01; take note by
Twitter t (532.68) = 3.86, p < 0.01). Similar tendencies regarding other variables of
social media use for learning can be found. Therefore, we can state that the literature
[3] finding is reproducible. However, as we have shown above, the frequency of social
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media use for learning among students is decreased. So, ANOVA is used to compare
the difference between three periods, i.e., before, during, and after the restriction. Data
from the literature [2, 3] is used for checking the change (Table 12).

Table 12. The social media use change for learning among Japanese students

Q2–18 Take note by Facebook Q2–19 Take note by Twitter

2022 1.52 1.56

2020 1.53 1.64

2018 1.69 1.8

ANOVA on digital note-taking reveals a statistically significant variation. Only the
difference in students before and during the restriction is statistically significant. The
frequency in 2020 and 2022 has dropped in comparison with 2018. Students in 2018
tended to use Twitter for learning compared to 2020 and 2022. Moreover, the down is
statistically significant (F (2, 837)= 5.08, p< 0.01).We cannot confirm any statistically
significant difference between 2020 and 2022. A similar trend is seen in terms of other
uses of social media for learning, though it is not so blatant as that of Twitter.

So, we can estimate that the number of Japanese students who use social media
has decreased because of the COVID-19 pandemic. Additionally, the decline is not so
temporal, though more students continue to use social media for learning than other
Japanese.

Then, we examine RQ2. RQ2 concerns social isolation. We used the UCLA lone-
liness scale to ascertain social isolation. Additionally, a direct inquiry was prepared
regarding social isolation. When we check the relationship between the UCLA lone-
liness scale and “direct isolation,” we can confirm a statistically significant positive
relation. Consequently, we can say the variables are valid (Table 13, 14 and 15).

The correlation between social isolation and social media use for learning is proven
to be complicated. Although direct questions of social isolation related to social media
use for learning relate positively, the UCLA loneliness scale related negatively to social
media uses for learning. This tendency is remarkable in terms of “use of line,” “gathering
information for learning,” and “connecting with other users who have the same learning
concern.”
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Table 13. The correlation between social isolation and social media use(1)

UCLA Loneliness
During
Restrictions

UCLA Loneliness
After Restrictions

Direct isolation
Before
Restrictions

Direct isolation
During
Restrictions

Direct isolation
After Restrictions

UCLA Loneliness
Before Restrictions

.935*** .935*** .695*** .519*** .618***

UCLA Loneliness
During
Restrictions

1.000*** .672*** .690*** .736***

UCLA Loneliness
After Restrictions

.672*** .690*** .736***

Direct Loneliness
Before Restrictions

.612*** .622***

Direct Loneliness
During
Restrictions

.635***

The number is Pearson’s Correlations Coefficient.
***. Correlation is significant at the 0.001 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Table 14. The correlation between social isolation and social media use(2)

Note-Taking (Text) Note-Taking(Photo) Learning with
Facebook

Learning with
Twitter

Learning with
Line

UCLA Loneliness
Before Restrictions

-.061 .004 -.106 -.063 -.563***

UCLA Loneliness
During Restrictions

-.099 -.050 -.173 -.077 -.465***

UCLA Loneliness
After Restrictions

-.099 -.050 -.173 -.077 -.465***

Direct isolation
Before Restrictions

.256*** .238*** .247*** .258*** .130**

Direct isolation
During Restrictions

.259*** .284*** .285*** .283*** .160***

Direct isolation
After Restrictions

.257*** .273*** .248*** .298*** .135**

The number is Pearson’s Correlations Coefficient.
***. Correlation is significant at the 0.001 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Therefore, we have to analyze this complex relationship using several regression
models.
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Table 15. The correlation between social isolation and social media use(3)

Leaning with Instagram Uploading Movie for
Learning

Watching Movie for Learning

UCLA Loneliness Before
Restrictions

−.231 .029 −.092

UCLA Loneliness During
Restrictions

−.149 −.041 −.102

UCLA Loneliness After
Restrictions

−.149 −.041 −.102

Direct isolation Before
Restrictions

.227*** .254*** .238***

Direct isolation During
Restrictions

.238*** .289*** .226***

Direct isolation After
Restrictions

.226*** .273*** .249***

The number is Pearson’s Correlations Coefficient.
***. Correlation is significant at the 0.001 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

Fig. 1. The multiple regression analysis on social isolation after the restriction
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Fig. 2. The multiple regression analysis on social isolation during the restriction

Fig. 3. The multiple regression analysis on social isolation before the restriction

Though there is a constant positive correlation between “direct isolation” and the
UCLA loneliness scale, the analysis revealed that the background is different (Figs. 1,
2 and 3). “No one I can turn to” seems to impact “direct isolation.” Meanwhile, “super-
ficial” lose influences on “direct isolation” and “people close to me (reverse)” come to
have influence.
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Then, we have to investigate the background of complicated relationships between
social isolation and social media uses for learning. Only the influence of the UCLA
loneliness scale after the restriction is analyzed because the questions about social media
use are about the present (Figs. 4 and 5).

Fig. 4. The loneliness effect on using the line for learning

Fig. 5. The loneliness effect on connecting with other users who have the same learning concern

The first study revealed the effect of “no one knowsme” in terms of “gathering infor-
mation for learning,” which is slightly significant. On the other hand, we can estimate
that “prefer going out” affects “use line for learning” and “connecting with other users.”
The latter outcome is particularly acceptable.

We can estimate that the relationship in Fig. 6 exists after restriction.
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Fig. 6. The relationship between UCLA loneliness scale, direct isolation, and social media uses
for learning

4 Result and Limitation

This paper focuses on social media use for learning and their change because of the
COVID-19 pandemic. Online research has been done to examine it. Statistical analysis
has been done based on online research. The statistical analysis results indicate a decrease
in the number of Japanese students who use social media for learning during the COVID-
19 pandemic. However, they did not simply quit using social media for learning. We
might suppose that they instead discovered an appropriate use of special systems and
social media. The analysis of such an assumption will be done in the near future.

Meanwhile, we can assume that social isolation is related to diverse ways of using
social media for learning and is a significant problem in online learning. Therefore, this
complicated relationship should be fully investigated in the future.

However, there are also restrictions. According to the “Japanese Society for Infor-
mation andMedia Studies” and “The Society of Socioinformatics,” this research paper’s
design is unsuitable for online research. Therefore, we conducted offline research. But it
takes too much time to input the data. As a result, we cannot meet this paper’s deadline if
we wait for it. However, we can present the result analysis of the offline (postal) research
in the near future1.

Acknowledgement. This work was supported by JSPS KAKENHI Grant Number JP15K12175
and 20K03196.

1 The editors and reviewers of the journals of the “Japanese Society for Information and Media
Studies” and “The Society of Socioinformatics” pointed out that this research should have been
conducted offline. However, there are papers containing online research in the journals of both
societies. Therefore, we requested a detailed explanation to describe the limitations of our paper
for other journals. But they have not explained yet.
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Abstract. This paper applied quantitative content analysis to investigate the con-
versations in theCorona channel of the anonymous socialmedia app Jodel. Twenty
thousand four hundred seventy-two postings from the German Corona channel
have been published between March 3, 2020 and February 13, 2021. Those post-
ings were classified into eleven content categories using an automated approach.
The results show that, with an overall share of 41%, postings concerning the coro-
navirus itself and measures to contain the pandemic predominate. An evaluation
of the 20 most frequent terms in the dataset underlines this and additionally shows
that fellow humans, questions (#question), and temporal aspects are thematized.
Interestingly, negative emotions such as fear, panic and worry are shared. At the
same time, despite the more serious context of the Corona channel, humor and the
search for entertainment seem tomatter. The category denial& conspiracy theories
comprises the fewest postings. This implies that Jodel, despite its anonymity, does
not provide a breeding ground for conspiracy theories and points to a functioning
self-regulation of the community.

Keywords: Content analysis · COVID-19 · Jodel · Social Media · Anonymity

1 Introduction

After almost three years, it is not a secret to say that COVID-19 and the measure of
politics and administrations did affect our everyday life regarding social distancing,
working remotely, and the channels we use to communicate. Until the beginning of
2022, hardly any topic seems more relevant in the media. In particular, the fact that
many countries restricted private contact with other households by strict lockdowns
suggests that people are increasingly using digital and social media to share information
and communicate with each other. According to Kalman et al. (2021), digital and social
media enables especially in crisis like this, to use online communication as compensation
for social distancing.

Previous studies of computer-human mediated communication about COVID-19 on
Twitter support this assumption (Ahmedet al., 2020;Chen et al., 2020; PrabhakarKaila&
Prasad, 2020; Stechemesser et al., 2020). Today’s digital sources for human-computer
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mediated conversation, such as Twitter orWeibo (microblogging), Facebook (e.g., Face-
book groups), WhatsApp, Signal and Telegram (messengers), Instagram (especially by
using hashtags), TikTok, Reddit, and YouTube, can be reduced to a common denomina-
tor, namely, to need a unique and identifying user profile (Fischer et al., 2020). Knowing
the person behind a post can have an impact on online communication. One topic, which
is not solicited as widely in previous research, especially within the research community
of digital mediated conversation, is the anonymity of users while communicating about
crisis-related topics.

Jodel, an anonymous social network for sharing short postings, responded to the
large number of COVID-19-related postings by creating a special Corona channel in
February 2020. To gain further insights into the research area of anonymized online
communication we conducted a quantitative analysis on the postings within the Corona
channel.

It contributes to previous research in three ways:
First, the results of the anonymized Corona channels enable comparison with pre-

vious investigated non-anonymized digital and social media mediated conversations
to highlight the differences and similarities. Due to the parallels of Jodel to the non-
anonymous service Twitter, conclusions can be drawn about a possible influence of
anonymity on online communication.

Secondly, while communication on Twitter has already been addressed in various
studies related to COVID-19, few studies exist overall on Jodel and COVID-19 (Laakso-
nen&Rantasila, 2021; Seidenschnur, 2021; Vesterinen, 2021). As Jodel is described as a
“high quality information service” (Nowak et al., 2018), the analysis of the anonymized
postings can enable insights into thoughts, attitudes and topics that are raised by German
users.

Thirdly, the automated analysis enables conclusion based on a rich dataset, which
is not publicly available and was provided by The Jodel Venture GmbH specifically for
the purpose of this study. To ensure scientificity, we published our research data.

Summarized, this investigation canprovide valuable insights into the digitalmediated
conversation in which Jodel is used as an information service during a global pandemic
and into the topics, that are of particular relevance to users of anonymous social media
services in these times.

2 Background

Jodel was released in 2014 in Germany and its functionality strongly resembles the
American app Yik Yak, which ceased operations in 2017. Jodel has already gained
significant popularity beyond Germany, particularly in the Northern European countries
(Nowak et al., 2018). Jodel allows users to connect with people in their vicinity through
anonymous postings. These postings can be published in the form of short messages,
photos, or videos. Published postings are displayed in a feed to other users within a
radius of about ten kilometers, who in turn have the option of upvoting or downvoting
these postings, commenting on it, sharing it outside the app, pinning it or even reporting
it. By receiving upvotes for their own postings as well as for allocating votings, a user
receives so-called karma points.
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Users can subscribe to various channels concentrating mainly on one topic, such
as the Corona channel. The postings in the feed can be sorted in three different ways:
“newest”, “most commented” and “loudest”. The latter means a descending ranking of
postings by votings. If a posting lands at a score of minus five due to the difference
between upvotes and downvotes, it is automatically removed from the feed. Jodel also
supports the use of hashtags. They can be searched for to display other postings that
contain a specific hashtag, for example #corona or #question.

COVID-19 in the context of social media has already been subject of intensive,
interdisciplinary research in the scientific community, but is seldom connected to Jodel.

Seidenschnur (2021) focused on social characters formed during the corona crisis and
the approaches to controlling the pandemic that emerged from these social characters.
Seidenschnur (2021) collected 156 Jodel postings to inductively extract the following
social characters from the data: the social worker, the crisis entrepreneur, the worried and
depressed loner, the crisis manager, the admonisher, and the health expert. According
to the author, each of these characters also brings approaches to coping with the crisis,
from economic to psychological to bureaucratic discourses.

This study aims to complement the rarely existing research by providing insights into
crisis communication in anonymous social media services based on a content analysis
of the Corona channel of Jodel. This enables a better understanding of human-computer
mediated communication in crises, especially if users are anonymous.

3 Research Questions

Themodel that underlies the theoretical framework of this study is based on theModel for
Information Behavior Research on Social Live Streaming Services (SLSSs) by Zimmer
et al. (2018). The model combines approaches of communication science with research
in human-computer interaction. The main core of the model consists of different roles
of users, the content that is produced, consumed, and shared, as well as gratifications
that were sought and obtained.

SLSSs offer many characteristics that can be applied to other social networks such
as Jodel. Users are able to post their own content and share it with other users. In SLSSs,
this is done through streams, whereas in Jodel it happens through postings. Other users
can interact with the content creator as well as with other users, in the case of SLSSs
via chat, in the case of Jodel by commenting on the corresponding posting. In addition,
it is possible for other users to reward the content creator. With SLSSs this happens
through points, badges, or money, with Jodel through votings, shares, and the resulting
karma points. The biggest difference between Jodel and SLSSs is that communication
in Jodel is asynchronous, while SLSSs enable synchronous exchange between streamers
and viewers. In addition, there is the anonymity that distinguishes Jodel, which applies
to both posting creators and all other users. In SLSSs, while it is possible for viewers to
maintain anonymity, it is not usually possible for the streamer (Zimmer et al., 2018).

Due to the similarities of both systems, many aspects of the SLSS model can be
transferred to Jodel. First of all, the different user roles can also be observed in Jodel
(Jüttner et al., 2021). Jodel offers the possibility to publish postings (this corresponds to
userXor the role of the producer), to vote, comment, and share postings (this corresponds
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to user Y or the role of the participant), and to scroll through the feed and merely read
the postings (this corresponds to user Y’ or the role of the consumer).

The building blocks of the Lasswell/Braddock formula (Lasswell, 1948; Braddock,
1958) can also be applied to Jodel. A user X (Who?) publishes a posting (What?) on
Jodel (Which channel?) under certain motives (For what purpose?) and circumstances
(What circumstances?) and reaches user Y and Y’ (To whom?), which in turn leads to
reactions (votings, comments and shares) to the original posting (With what effect?).

Since user roles can be transferred to Jodel, this is also possible for the gratifica-
tions sought and received. Jodel users use the app with the expectation of receiving
gratifications for their motives. While a producer receives it through reactions (votings,
comments and shares) to their posting, a participant receives it through reactions from
the posting creator and other users (for example, through votings or replies to their own
comment). Consumers, on the other hand, get their gratifications by reading postings.

Fig. 1. Adaptation of the SLSS model from Zimmer et al., 2018.

As this study is specifically addressing the content of postings and the corona crisis,
some adaptations of the SLSS model are necessary to fit the purposes of this study. The
focus will be on the nature of the content, specifically the thematic categories into which
the postings in Jodel’s Corona channel can be classified.

Based on the adapted SLSS model from Fig. 1, the entire communication process in
the Corona channel of Jodel is to be considered in an overreaching perspective. First, the
information behavior of the user X with regard to information production, resulting in
postings, as well as participation and reception-based information production in the form
of votings, comments and shares on the part of user Y will be examined. In addition,
frequently used terms and example postings are used to investigate which topics are
essential in this communication process regarding COVID-19. For this purpose, the
following research questions (RQs) are formulated:

RQ1a. In which way do Jodel users use the Corona channel?
RQ1b. What do Jodel users communicate about in the Corona channel?
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The second block focuses more profoundly on the content of the postings published
by user X in the Corona channel and thus with the producer’s need of information. At
the same time, the information need on the part of user Y is considered by analyzing
the participant’s reactions through votings, comments and shares. For this purpose, the
topic categories into which the postings can be classified are examined more closely
with regard to thematic differences. This results in the following research question:

RQ2. What are the thematic differences in the Corona channel?
Through the three formulated research questions, the communication process

depicted in the adapted SLSS model is analyzed in relation to corona communication
in the Corona channel of Jodel. Answering these research questions means valuable
insights for information science, social science, and communication studies about infor-
mation behavior, such as information production and communication on the part of user
X and information acceptance on the part of user Y, and information needs in times
of crisis in anonymous social media services. Particular attention is paid to thematic
peculiarities in information production as well as to the reception-based reactions that
the corresponding topics elicit.

4 Methods

4.1 Data

Since there is no API for Jodel that is publicly accessible, a dataset was provided by
The Jodel Venture GmbH on April 8, 2021 for the purpose of this study. The four
German cities of Munich, Bonn, Dresden, and Rostock were determined as locations.
The cities were selected to cover the north of Germany with Rostock, the east with
Dresden, the south with Munich and the west with Bonn in order to obtain impressions
as representative as possible. In addition, university locations were chosen with these
four cities, since a study by Nowak et al. (2018) already elicited that the community of
Jodel consists to a large extent of students. The dataset contains 35,071 postings from the
Corona channel of the four cities in the period fromMarch 3, 2020 to February 13, 2021,
thus covering the first pandemic year in Germany. Other data included in the dataset for
each posting are location and time of publication, number of upvotes and downvotes,
number of comments, and number of shares.

In preparation for the automated analysis of the dataset, the postings were extracted,
and somemodifications were applied. First, all posting texts were consistently converted
to lowercase and cleaned of punctuation, special characters, numbers, and emojis using
a self-written Python script. The result of this cleaning was later used as the base for
filtering the postings according to identified categories. To generate a list of all relevant
terms used in the dataset cleaning of stop words was necessary. This automated created
word list provided the basis for deriving the categories and extracting the most frequent
terms.

4.2 Content Categories

To perform the content analysis, the postings were sorted into content categories. Due
to the high data volume of 35,071 postings, an automated approach was chosen.
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For the deductive approach of deriving the categories, studies were analyzed that
focus on content analyses at times of crisis on various platforms. Misinformation and
conspiracy theories represent an important topic related to the corona pandemic, which
has already been addressed in many studies (Islam et al., 2020; Rafi, 2020; Cinelli et al.,
2020; Ahmed et al., 2020). Emotions have also been widely studied. Ahmad and Murad
(2020) identified the occurrence of the emotions of fear and panic, as well as positive
emotions such as hopefulness in the context of the corona pandemic on Twitter. Concern
and hope at the same time could also be identified by Laaksonen and Rantasila (2021) on
Jodel. Similarly, the sentiment analysis by Prabhakar Kaila and Prasad (2020) confirmed
the prevalence of negative emotions such as fear along with positive emotions such as
trust. Additionally, categories such asmisinformation, questions, government and public
health, and social networks were considered by Chew and Eysenbach (2010). Notably,
current COVID-19 research looks more closely at reactions to various pandemic con-
tainment measures. Both Li et al. (2020) and Laaksonen and Rantasila (2021) were able
to identify content references in social networks to the measures undertaken. Li et al.
(2020) also identified the pathogen itself and changes in the epidemiological charac-
teristics of the virus as one of the main topics of discussion about COVID-19 on the
Chinese platform Weibo. Rufai and Bunce (2020) examined the Twitter usage of world
leaders in relation to the COVID-19 outbreak, suggesting that observing public figures
can provide important value. Stechemesser et al. (2020) also found that the progression
of the pandemic on Twitter led to increased discrimination and racist attacks against
Chinese people. Accordingly, it is reasonable to also take a closer look at content that
affects different countries and ethnicities.

For the inductive approach, the terms extracted from the postings were sorted by
frequency, manually considered up to an occurrence of 25, and assigned to preliminary
categories that resulted from these terms. Subsequently, the categories generated in this
way were reviewed for relevance based on the word frequencies of their assigned terms
and the accumulated findings of the deductive approach. The matching resulted in the
eleven categories of (1) coronavirus, (2) measures, (3) positive emotions, (4) negative
emotions, (5) public figures, (6) institutions, (7) healthcare, (8) countries & ethnicities,
(9) media, (10) denial & conspiracy theories, and (11) Jodel.

Once the categories were established, the next step was to identify further relevant
search terms for each category in order to cover all search terms relevant for the classifi-
cation. During the derivation of the categories, each of the most frequent terms up to an
occurrence of 25 was already checked for relevance and assigned to the corresponding
category. Based on these, additional search termswere identified by searching for similar
terms, synonyms, or partial occurrences of the already assigned search terms within the
list of most frequent terms.

The classification of the postings into the categories was subsequently automated
based on the identified search terms of the categories. If at least one of the terms appeared
in a posting, it was assigned to the corresponding category. In this way, a posting could
be assigned to several categories.
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4.3 Analysis

Variousmethodswere used to evaluate the obtained data. Descriptive statistics were used
to derive statements on frequencies and percentage distributions. For each category, the
number of postings, upvotes, downvotes, comments and shares was collected and used
for the analysis. In addition, the 20 most frequent terms and top postings of the dataset
were identified. The top postings include the posting with the most upvotes, downvotes,
comments, and shares. They serve as specific examples of postings published on Jodel
related toCOVID-19 to provide qualitative insight into Jodel users’ information behavior
at the time of the corona pandemic, in addition to quantitative analysis of the dataset.

5 Results

5.1 RQ1a. In Which Way Do Jodel Users Use the Corona Channel?

The period of the dataset containing 35,071 postings spans 342 days with an average of
102.55 postings per day. Between March 11, 2020 and March 23, 2020, more than 300
postingswere published per day. In this phase, the absolute high point of the entire dataset
is found on March 16, 2020, with 723 postings. Other noticeable high points are present
on October 28, 2020 (533 postings), February 10, 2021 (460 postings), and April 15,
2020 (443 postings). During an extended period in the summer, between June 17, 2020
and September 20, 2020, there were consistently under 100 postings per day on Jodel’s
Corona channel. Just before this period, the absolute low point is on June 2, 2020, with
only 4 published postings. In the fall and winter, an increasing daily posting frequency
can be observed, exemplified by the phase from December 6, 2020 to December 18,
2020, in which more than 100 postings per day were consistently published, with a high
of 347 postings on December 13, 2020.

The postings in the dataset comprise a total of 432,741 comments. Therefore, each
posting was commented on an average of 12.34 times. Jodel users shared postings from
the Corona channel 1504 times, resulting in just 0.04 shares per posting. In total, the
postings included in the dataset were voted on 766,517 times. On average, the postings
comprise 17.10 upvotes and 4.75 downvotes.

5.2 RQ1b. What Do Jodel Users Communicate About in the Corona Channel?

In the following, the 20 most frequent terms of the Corona channel postings are exam-
ined, including their respective absolute frequencies. The English translation is given in
parentheses for German expressions.

The word “corona” is used most frequently, 5173 times, more than twice as often as
the second-placed term. There is also frequent use as a hashtag (“#corona”; 806 times).
The broad paraphrase as “virus” results in 848 occurrences.

The Jodel users write repeatedly about their fellow humans in the Corona channel:
“people” occurs 1991 times in the dataset, “humans” 1307 times. Christian Social Union
(CSU) politician Markus Söder is the only public figure to appear in the list of the 20
most frequent terms (“söder”; 1111 times).
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The various corona measures are broadly represented by the following terms: (“mea-
sures”; 1526 times), (“lockdown”; 1372 times), (“curfew”; 808 times), (“quarantine”;
785 times), and (“mask”; 769 times).

The fact that the Corona channel was used for numerous questions is shown by the
occurrence of the hashtag (“#question;” 1366 times).

Terms related to time aspect appear three times: (“weeks”; 1009 times), (“day”; 708
times) and (“week”; 626 times).

Two places are mainly mentioned: (“germany”; 969 times) and (“munich”; 673
times), while the term “numbers” has an absolute frequency of 883 in the dataset.

The final item on the top 20 list is the term “live” (626 times).
The postings with the most upvotes, downvotes, comments, and shares of the entire

dataset are presented next. The posting with the most upvotes is simultaneously the one
with the most shares. It is posting 1 (see Table 1), which was posted on January 7, 2021,
and has been upvoted 2084 times and shared 22 times.

This posting is part of a longer posting that is continuedby the creator in the comments
section. Without knowing the conclusion of the posting, it is initially unclear whether
this is, for example, vaccine-skeptical fake news or a humorous, satirical posting. In the
comments, the creator continues the posting as follows: “stood on end because so few
people still have confidence in the absolutely safe vaccine …” (translated into English).
Thus, themost upvoted and shared posting of the Corona channel is a humorous, satirical
posting.

Table 1. Top-postings of Jodel’s Corona channel.

Posting ID Posting (English translation)

1 Attention, disturbing news: 12 physicians at the Klinikum rechts der Isar have
been vaccinated with the Pfizer/Biontech vaccine: one week later, suddenly
everyone’s hair (continued in the comments section)

2 I am honest, even though I have supported it so far, my solidarity is over. I now
live my life and will circumvent the measures so that I don’t get caught.
Whoever wants to stone me, let them do it

3 Spahn recommends cancellation of events with more than 1000 visitors. Oh
wow, let’s actually do what others have been doing for months

Posting 2 is the posting with the most total downvotes (431 in total). It was published
a few days later, on January 19, 2021, and announces the creator’s solidarity with the
corona measures. The posting was commented on frequently (384 times) and has a
positive voting balance of 88 despite the most downvotes.

The posting in the Corona channel that has been commented on the most is posting
3 fromMarch 8, 2020 and has 1016 comments. In this posting, a statement by Christian
DemocraticUnion (CDU)politician andFederalMinister ofHealth Jens Spahn regarding
recommended corona measures is commented on.
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5.3 RQ2. What Are the Thematic Differences in the Corona Channel?

The coronavirus category comprises 26.04% of all postings in the dataset and is thus the
most represented among the categories, as can be seen in Table 2. This is followed by
postings of the measures category with 15.00%. All other categories comprise respec-
tively less than 8% of the postings. In order, these categories are Jodel (7.28%), coun-
tries& ethnicities (5.80%), public Figs. (5.77%), institutions (4.35%), negative emotions
(3.75%), healthcare (2.85%), positive emotions (2.11%), media (1.95%), and denial &
conspiracy theories (1.77%).

Postings of the category public figures averaged the most upvotes (26.66) and the
second most downvotes (6.37). The second most upvotes on average (24.52) occurred
for postings of the positive emotions category. Both the third most upvotes (21.87) and
downvotes (6.28) on average were received by postings of the institutions category.
Postings of the denial & conspiracy theories category were voted down the most, with
an average of 7.45 downvotes.

Table 2. Overview of postings, votings, comments and shares of all categories. N = 20,472.

Category Postings Ø Votings / Posting Comments Shares

Coronavirus Absolute 9134 Downvotes 5.08 Absolute 120,822 Absolute 464

Relative 26.04% Upvotes 17.41 Ø /
Posting

13.23 Ø /
Posting

0.05

Measures Absolute 5262 Downvotes 5.14 Absolute 71,267 Absolute 238

Relative 15.00% Upvotes 19.41 Ø /
Posting

13.54 Ø /
Posting

0.05

Positive
emotions

Absolute 740 Downvotes 5.70 Absolute 8721 Absolute 23

Relative 2.11% Upvotes 24.52 Ø /
Posting

11.79 Ø /
Posting

0.03

Negative
emotions

Absolute 1314 Downvotes 5.96 Absolute 19,225 Absolute 52

Relative 3.75% Upvotes 20.74 Ø /
Posting

14.63 Ø /
Posting

0.04

Public
figures

Absolute 2023 Downvotes 6.37 Absolute 24,084 Absolute 92

Relative 5.77% Upvotes 26.66 Ø /
Posting

11.91 Ø /
Posting

0.05

Institutions Absolute 1527 Downvotes 6.28 Absolute 23,846 Absolute 73

Relative 4.35% Upvotes 21.87 Ø /
Posting

15.62 Ø /
Posting

0.05

(continued)
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Table 2. (continued)

Category Postings Ø Votings / Posting Comments Shares

Healthcare Absolute 999 Downvotes 5.21 Absolute 15,653 Absolute 69

Relative 2.85% Upvotes 16.45 Ø /
Posting

15.67 Ø /
Posting

0.07

Countries &
ethnicities

Absolute 2035 Downvotes 5.17 Absolute 29,362 Absolute 89

Relative 5.80% Upvotes 19.63 Ø /
Posting

14.43 Ø /
Posting

0.04

Media Absolute 683 Downvotes 5.07 Absolute 9073 Absolute 30

Relative 1.95% Upvotes 17.82 Ø /
Posting

13.28 Ø /
Posting

0.04

Denial &
conspiracy
theories

Absolute 622 Downvotes 7.45 Absolute 9415 Absolute 18

Relative 1.77% Upvotes 18.09 Ø /
Posting

15.14 Ø /
Posting

0.03

Jodel Absolute 2554 Downvotes 3.96 Absolute 31,345 Absolute 86

Relative 7.28% Upvotes 9.52 Ø /
Posting

12.27 Ø /
Posting

0.03

Postings of the healthcare category received the most comments, with an average
of 15.67 comments per posting. The institutions category is close behind with 15.62
comments per posting. Postings of the category denial & conspiracy theories were also
commented on more than 15 times on average (15.14 times).

These are followed by postings of the negative emotions category (14.63 times) and
countries & ethnicities (14.43 times). On average, the fewest comments were published
on postings of the categories public Figs. (11.91 times) and positive emotions (11.79
times).

In terms of average shares per posting, the values across categories range from 0.07
(healthcare) to 0.03 (positive emotions, denial & conspiracy theories, Jodel).

It stands out that postings of the healthcare category were both commented on and
shared the most. Postings of the category people received the most upvotes in percentage
terms, but were commented on little. Even if postings of the category positive emotions
received more upvotes compared to postings of the category negative emotions, the
category positive emotions got fewer comments.
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6 Discussion

6.1 RQ1a. In Which Way Do Jodel Users Use the Corona Channel?

The total of 35,071 Jodel postings published between March 3, 2020 and February 13,
2021 show that the Corona channel created specifically for COVID-19-related content
is accepted by users and used for exchange. The evaluation of the interactions also
underlines this.Only the function to share postings is usedvery sporadically in theCorona
channel.With regard to the distribution of votings among the total postings in the channel,
it should be emphasized that the upvotes clearly predominate with a share of 78%.
Computer-human mediated conversation is based not only on posting/writing textual
content but also on making use of the algorithms, such as upvoting and downvoting.
This kind of communication shows approval or disapproval by users.

With regard to the progression of postings written per day, it is striking that there are
similarities to the COVID-19 case curve in Germany (Presse- und Informationsamt der
Bundesregierung, 2022) in the same period.

The biggest difference between the COVID-19 case curve and the number of daily
Jodel postings in the Corona channel is that the number of postings is particularly high
during the first Coronawave. During the secondwave, there are also a consistently higher
number of postings, but by far not as many as during the first wave. One influencing
factor here could be the novelty of the situation,which creates a greater need for exchange
during the first wave andwhichwould also alignwithKalman et al. (2021) compensation
for social distancing.That the number of postings showacoherencewith the development
of the infection event does not seem to be unusual. Li et al. (2020) found a positive
correlation between the number ofWeibo postings and the number of confirmedCOVID-
19 cases in a quantitative analysis of postings on the Chinese social media platform
Weibo. Accordingly, this is not a Jodel-specific but a crisis phenomenon and howhumans
communicate and behave.

6.2 RQ1b. What Do Jodel Users Communicate About in the Corona Channel?

The 20 most frequent terms in the Corona channel demonstrate that the channel is used
for the purpose for which it was created: For communicating about topics related to
COVID-19. The term “corona” is by far the most common term in the cleaned dataset.
The terms “virus” and “#corona” are also in the top-20. Terms such as “measures”,
“lockdown”, “curfew”, “quarantine”, and “#question” suggest that the Corona channel
is used by users to share questions regarding adopted measures, among other things.

The only reference to a person that occurs among the 20 most frequent terms is
“söder”. The reason for the frequent mention of the Bavarian Prime Minister Markus
Söder is most likely the very high share of the evaluated postings from Munich (83%).
This also explains the term “munich” in 18th place among the most frequent terms.

The most upvoted posting (see Table 1, posting 1) is interesting in several ways.
The first part is intentionally worded to give the impression of a Fake News posting on
effects of corona vaccination. That postings are split into multiple parts and continued
in the comments is not uncommon on Jodel due to the limited characters. Such as in
Twitter, the formal structure of the communication is forced through word limitation.
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However, the fact that the length of the posting was not entirely used up suggests that
the point of division was deliberately chosen to provide an unexpected twist in the
comments.Accordingly, the posting parodies typical fake news about the corona vaccine,
subliminally criticizes distrust of the corona vaccine, and demonstrates a positive attitude
toward the vaccine. The numerous upvotes show on the one hand that this type of humor
is appreciated by Jodel users, but also that many users agree with the position of the
posting creator. The posting was at the same time shared the most outside the Jodel app
with 22 shares.

In direct contrast, the postingwith themost downvotes is viewed very controversially,
519 users seem to be able to identify with the posting and awarded an upvote, while 431
seem to reject the stance (see Table 1, posting 2).

Posting 3 contains ironically packaged criticism of delayed measures in Germany.
62 upvotes and 26 downvotes indicate that the majority of users feel similarly. How-
ever, the 1016 comments are particularly interesting, suggesting that the topic is highly
controversial.

Complementary to the way the Corona channel is used, this research question con-
sidered the thematic aspect of Corona communication on Jodel. Themost frequent terms,
together with the top postings, show that the Corona channel is increasingly used for
sharing one’s own opinions and views regarding current measures as well as for clarify-
ing COVID-19-related issues, in addition to the general exchange about COVID-19. The
need to communicate one’s own opinions and views suggests that a self-centered way of
communicating occurs in the Corona channel of Jodel, for which users seek approval in
the form of votings and comments. At the same time, the app is used as an information
service for exchanging information and enriching knowledge.

6.3 RQ2. What Are the Thematic Differences in the Corona Channel?

The most frequently discussed topics in the Corona Channel are those related to the
coronavirus. Almost every second posting belongs to this category. The measures cate-
gory forms the second most frequent topic in the Corona channel of Jodel. Accordingly,
the measures to contain the pandemic provide the highest need for communication next
to the coronavirus itself. Among the postings in this category, there is some criticism of
non-compliance with the measures, as the following posting shows: “These people who
do not keep a distance” (translated in English). Postings of this type fall under the social
character of the “Admonisher” identified by Seidenschnur (2021) in Corona communi-
cation on Jodel. This social character is particularly characterized by the acceptance of
strict measures and criticism of non-compliance with them. In the analysis of Seiden-
schnur (2021), this social character occurred most frequently, suggesting that postings
with similar content are particularly present in the Corona channel. The humorous post-
ing “Subway ticket: 3.20 euros OP mask: 1.50 euros Being a pensioner licking your
fingers under the mask during the ride to turn the page of the newspaper: priceless”
(translated in English) received the most upvotes in the measures category. This shows
that humor attracts upvotes even in the more serious context of the Corona channel.
The user survey by Nowak et al. (2018) found that reading funny postings is the most
important reason for using the app among Jodel users. The fact that such postings receive
a lot of approval in the form of upvotes in the Corona channel suggests that this also
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plays a role in Corona communication on Jodel. Kasakowskij et al. (2018) also found
in a comparison between usage motivations in anonymous and non-anonymous plat-
forms, specifically Jodel and Instagram, that all three user roles (producer, participant,
and consumer) seek entertainment in particular in the anonymous social media service.

The other categories are less frequently represented in the dataset. The category Jodel
still comes to a share of 7.28% of the total postings. Accordingly, conversations take
place in the Corona channel that directly deal with Corona communication on Jodel at
a meta level, for example: “Interesting to see how this channel is becoming more and
more radicalized” (translated in English).

Negative emotions such as fear and panic are slightly more prevalent in the Corona
channel dataset than positive emotions such as joy and hope. Prabhakar Kaila and Prasad
(2020) obtained similar results in a sentiment analysis of Corona communications on
Twitter. Fear and panic are also strongly represented onTwitterwhen it comes toCOVID-
19. However, although negative emotions came out ahead, Twitter did not show much
difference between the number of occurrences of negative and positive emotions. How-
ever, with regard to Jodel, negative emotions clearly predominated, with a total occur-
rence of 1314 compared to 740 mentions of positive emotions. Johann et al. (2016, June
9) noted that the anonymous environment of Jodel encourages self-disclosure among
users, which may translate into a reduced inhibition to express negative emotions such
as fear, panic, and anxiety in the context of Corona communication. However, positive
emotions such as joy and hope occur in COVID-19 communication on Jodel as well.
Laaksonen andRantasila (2021) also found in content analysis of Jodel postings from the
Corona channel from Helsinki that a mix of the emotions joy and fear can be observed
in some of the communication. The authors describe this phenomenon as a possible
mechanism of crisis management.

With regard to the categories of public figures and denial & conspiracy theories,
the votings in particular stand out. Postings addressing public figures received the most
upvotes, while postings on the topic of denial & conspiracy theories received the most
downvotes. The votings reflect in particular the information needs of the participants and
show that postings of the category public figures are positively received, while postings
of the category denial & conspiracy theories rather meet with rejection. This and the
fact that the category denial & conspiracy theories comprises the fewest postings of
all categories implies that Jodel, despite its anonymity, is not a platform that provides
a breeding ground for topics such as conspiracy theories and points to a functioning
self-regulation of the community.

7 Conclusion

A quantitative-empirical content analysis of human-computer mediated communication
in the Corona channel of the anonymous social media service Jodel was conducted. The
results clearly show that there is a need among Jodel users to exchange information and
to communicate with other users nearby about the topic of COVID-19.

It is noticeable that users frequently use both the voting function and the comment
function, while postings are only occasionally shared outside the app via the share func-
tion. There also appears to be a correlation between the current occurrence of infection
and the frequency of postings in the Corona channel.
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Furthermore, in the adapted SLSS model, the published content was considered
in detail with regard to deductively and inductively derived content categories, which
resulted in the question of which thematic differences the communication in the Corona
channel of Jodel presents. Based on the content analysis, it could be determined that
emotions play a central role in anonymousCorona communication on Jodel. In particular,
negative emotions such as fear and panic are the emotions that characterize the exchange
in the Corona channel. Negative emotions predominate in Jodel’s Corona channel, while
positive and negative emotions were balanced in a study of Corona communication on
Twitter (Prabhakar Kaila & Prasad, 2020).

However, the following limitations should be consideredwhenusing the results. First,
the four locations included in the dataset result in different sized target groups. The fact
that the proportion of postings from Munich predominates means that representative
conclusions can only be drawn to a limited extent for the whole of Germany with regard
to Corona communication. The same applies due to the consideration of four major
cities, whereby influences of precisely this living situation on Corona communication
in social networks cannot be ruled out. In addition, with regard to demographic data,
it should be noted that the target group of Jodel comprises mostly students between
the ages of 18 and 25 (Nowak et al., 2018). Second, due to the size of the dataset,
the postings were essentially considered quantitatively, which meant that no statements
could be semantically made about context as only frequency was considered?

For the scope of this study, the analysis was limited to eleven categories, based
on the automated counting of words, leaving 14,599 postings (41.6%) of the dataset
uncategorized. In addition, the study period is limited to March 2020 to February 2021,
however, at the end of the data collection period there was no end to the corona pandemic
in sight. Even at the current status (February 2023), the pandemic has not been completely
overcome.

Since this study does not cover the entire period of the corona pandemic, it would
be valuable to also examine the later stages of the pandemic and their influence on
communication in an anonymous social media service such as Jodel. Related questions
arising from this studywould be, for example, how the relevance of each topic has shifted
or even dissipated and what new topics may have gained importance as the pandemic
progresses.

Data Availability. The data of our study are publicly available in Zenodo at https://doi.org/10.
5281/zenodo.7613095.
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Abstract. Social media platforms have gained massive popularity over the past
decade as they enable users to express and share their opinions with millions of
people. With the mainstream social media sites such as Twitter and Facebook per-
forming content moderation, alternative or “free speech” platforms such as Parler
and 4chan has seen increasing number of users. In this paper, we analyze and
compare user communication on Twitter (mainstream platform) and Parler (alter-
native platform) using the case of the COVID-19 pandemic. Due to the sever-
ity of COVID-19, various prevention policies (e.g., lockdown, travel ban) were
enforced by the governments of all countries. People widely used social media
during this time to consume news and as an outlet to share their personal views.
We analyze around half million posts related to COVID-19 on these platforms
during the months of December 2020 and January 2021. We perform word col-
location analysis and topic modeling and find that Twitter discussions focus only
on topics related to COVID-19 while Parler discussions focus on politics along
with COVID-19. We investigate the words interconnected to ‘covid19’ and find
that Parler contains words denoting misinformation and conspiracy theories. We
perform shared links analysis and observe that Twitter users share content from
external mainstream social media and news platforms whereas Parler users share
external mainstream content as well as alternative content spreading fake news.
We finally perform perspective and sentiment analysis and find that Parler content
is more toxic, profane, and involves higher negative emotions than Twitter.

Keywords: Natural Language Processing · Social Media · User
Communication Analysis

1 Introduction

Wuhan, China experienced an outbreak of the novel coronavirus 2019 (COVID-19) in
December 2019 [34], and within months spread all over the world, after which it was
declared a pandemic. Many countries undertook measures such as lockdown, travel ban,
social distancing and wearing of face masks, to slowdown the spread of the virus. These
measures changed the daily lives of people, and working from home became the new
normal for most. People began spending more time on social media platforms such as
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Twitter, Facebook, Instagram, Parler, etc. for consuming news as well as sharing their
opinions, feelings and struggles.

In December 2020, first set of vaccines for the prevention of COVID-19 started
rolling out [1]. By this time, many countries relaxed some of the restrictions such as
lockdown and travel ban while others such as wearing masks and social distancing still
existed. Significant research has been published studying user behavior and response
to COVID-19 during the initial days of the pandemic using social media data such
as Twitter, Reddit, YouTube, etc. [15,17]. Mainstream social media such as Twitter and
Facebook place restrictions on the content being shared by users due to their moderation
policies. Due to this, in the past few years, alternative platforms such as Parler and Gab
have gained popularity as they allow uncensored content sharing. Unrestricted content
sharing can potentially impact individuals and society significantly, making it important
to understand communication on free speech platforms. Thus, in this paper, we study
the user communication on a mainstream platform (Twitter) and compare it with the
communication on an alternative platform (Parler) using COVID-19 as a case study. We
analyze posts after a year into the COVID-19 pandemic during the months of December
2020 and January 2021.

We collect around 226K tweets related to COVID-19 from Twitter using the Twitter
streaming API [4] from December 20, 2020, to January 16, 2021, and use around 298K
Parler posts collected by [5] from December 01, 2020, to January 20, 2021. We classify
the posts from both platforms based on hashtags and keywords into two groups — Gen-
eral COVID-19 and COVID-19 Vaccine. We perform word collocation analysis on both
the groups on both platforms to understand the main points being discussed. We then
investigate the topics discussed by users on both platforms using the Latent Dirichlet
Allocation (LDA) model [9] and analyze different words interconnected with ‘covid19’
using the Word2vec model [25]. We next conduct shared link analysis to identify the
most popular domains for sharing content in both groups. We finally assess how toxic
the content is on both platforms using Google’s Perspective API [2] and perform senti-
ment analysis using SentiStrength [3]. The main findings of our work are summarized
below:

– Our results show that ‘wear mask’ is the most frequent bigram and occurs in both
General COVID-19 and COVID-19 Vaccine groups on both platforms. We also
observe that in addition to COVID-19 related terms, Parler bigrams demonstrate
political issues like President Trump announcing covid relief for American peo-
ple and small businesses as it includes terms such as ‘president trump’, ‘relief
bill’, ‘american people’ and ‘small business’ while Twitter bigrams focus only on
COVID-19 related terms such as ‘social distance’ and ‘vaccine rollout’.

– We observe similar trends in the results generated by our LDA model where Parler
discussion topics revolve around the 2020 US Presidential election, it’s voting fraud
controversy, and COVID-19 relief packages, whereas Twitter discussion topics are
restricted to the virus and vaccines.

– Our results indicate that the words interlinked to ‘covid19’ on Twitter include differ-
ent strains (‘b117’), vaccines (‘pfizerbiontech’), and countries (‘brazil’) facing surge
in positive cases. On the other hand, the words on Parler include different illnesses
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(‘bronchitis’), viruses (‘sars’, ‘hiv’), as well as words indicating misinformation and
conspiracy theories related to COVID-19 (‘bioweapon’, ‘engineered’, ‘fabricated’).

– The shared links analysis indicates that Twitter users share content from other main-
stream social media platforms such as YouTube and Instagram and mainstream news
sites such as BBC, New York Times and Washington Post. Parler users share con-
tent from alternative entertainment and news platforms like Bitchute and Zero hedge
besides mainstream content.

– We learn that Parler content is more toxic and profane as compared to Twitter and
demonstrates more negative emotions. We observe these results due to high freedom
of speech experienced by Parler users.

2 Related Work

In this section, we present existing literature analyzing social media data related to the
COVID-19 pandemic. We also present existing work related to analyzing communica-
tion on mainstream and alternative social media platforms.

Authors in [28] examine tweets to understand the societal impact of COVID-19 in
the United States during the early days of the pandemic. [22,24,29] present an analysis
on helpful information vs misinformation related to COVID-19 being spread on Twitter.
[11] studies vaccine opposition on Twitter during the pandemic. Authors use machine
learning approaches on Twitter data in [30] for an infodemiology study. Authors in [20]
study the human mobility dynamics from Twitter during the pandemic. In [31], authors
propose a novel framework to analyze the topic and sentiment dynamics due to COVID-
19 from large number of tweets. Work in [12,16,27] investigates COVID-19 tweets in
politics. Sha et al. analyze the Twitter narratives around federal and state-level deci-
sion making by applying a dynamic topic model to COVID-19 related tweets by United
States Governors and Presidential cabinet members in [27]. In [12], authors assess the
prevalence and frequency of the phrase “Chinese virus” on Twitter after the US presi-
dential reference of this term. Author in [16] study COVID-19 tweets to provide early
evidence of the use of bots to promote political conspiracies in the United States.

[6,8,13,23] investigate social media platforms to gain insights on communications
related to the COVID-19 vaccine. Authors use machine learning techniques to mon-
itor stance towards vaccination in Twitter messages in [23]. Authors in [13] conduct
a sociolinguistic analysis of the two competing vaccination communities on Twitter:
pro-vaxxers and anti-vaxxers. Bello-Orgaz et al. use data mining techniques to detect
and analyze communities disseminating vaccination opinions on Twitter [8]. Authors
in [6] analyze a small sample of Parler posts to understand online users’ discussions on
the COVID-19 vaccine. Research in [7,15,17,26,33] studies COVID-19 related con-
tent on different social media platforms such as Reddit, Gab, Instagram, and YouTube.
Authors in [15] assess diffusion of information about the COVID-19 on Twitter, Insta-
gram, YouTube, Reddit, and Gab platforms. [7] analyze structural variations in social
posting behavior and emotional reactions to COVID-19 on Reddit and compare it with
the data before COVID-19. Zhang et al. characterize user trajectories in two commu-
nities on Reddit, /r/China flu and /r/Coronavirus, from the beginning of COVID-19
to the end of September 2020 in [33]. In [26], authors quantify the change in dis-
cussions of COVID-19 throughout individuals’ experiences for the first 14 days since



Analyzing User Communication on Social Media Platforms 343

symptom onset using topic modelling and sentiment analysis using posts to the Reddit
forum r/COVID19Positive. [17] characterizes the media coverage and collective inter-
net response to the COVID-19 pandemic using YouTube, Reddit, and Wikipedia data.

Authors in [18,19,32] analyze the content sharing on mainstream and alternative
social media platforms. In [18], authors study content copying across the mainstream
and alternative news ecosystem by collecting news data from 92 news sources. They
create directed networks of news sources and find that despite many articles being
copied verbatim, the headlines of the articles often change, where the alternative media
change the emotional tone and the mainstream media change the structural features.
Horne et al. also analyze content sharing between news sources in the alternative and
mainstream media in [19] and find that content sharing happens in tightly formed
communities, and these communities represent relatively homogeneous portions of the
media landscape. Authors in [32] study mainstream and alternative news shared on
Twitter, Reddit, and 4chan, and find that alt-right communities within 4chan and Red-
dit have a significant influence on Twitter, providing evidence that “fringe” communi-
ties often succeed in spreading alternative news to mainstream social networks and the
greater Web.

3 Data and Problem Statement

3.1 Data

Twitter. We collect 226,009 tweets all over the world using the Twitter API [4] from
December 20, 2020, to January 16, 2021. We keep a track of trending hashtags and
keywords related to COVID-19 and collect the tweets containing those hashtags and
keywords daily. We group the hashtags and keywords into two categories — General
COVID-19 and COVID-19 Vaccine. Hereon, we refer to these groups as General and
Vaccine, respectively. From the original 226,009 tweets, we classify 120,207 tweets
into the General group, and 105,802 tweets into the Vaccine group. A tweet can belong
to both General and Vaccine groups if it contains hashtags from both groups. Table 1
shows the hashtags and keywords used for this classification.

Parler. Parler is as an “alternative” microblogging social networking site which pro-
motes itself as a “free speech” service, without the fear of users being deplatformed for
their posts. We use the publicly available Parler data [5] which contains 183M posts
and comments made by 4M users between August 2018 and January 2021. From this
data, we obtain 298,381 posts and comments containing the keyword COVID from
December 01, 2020, to January 11, 2021, as that denotes the time frame of a year
into the pandemic. We combine all the posts and comments to use in our analysis and
hereby referred to them as just posts. We classify the posts into two groups similar
to Twitter data — General and Vaccine. We use the same hashtags as mentioned in
Table 1 to categorize the posts. The Vaccine group uses the following additional hash-
tags — #nomandatoryvaccines, #notomandatoryvaccinations, #notovaccines, #pfizer,
#moderna, #vaccines, #vaccinedamage, and #nomasksnovaccines. Some posts that do
not contain hashtags, are placed into the General group. The General group contains
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around 266,475 posts whereas the Vaccine group contains around 31,906 posts. Similar
to Twitter, a Parler post can belong to both groups if it has the respective hashtags.

Table 1. Hashtags and Keywords by Category

Category Terms

General covid hoax, #covid19, #covid, #lockdown, #corona, #covid 19

#coronavirus, #covididiots, #covidiots

Vaccine covid vaccine, covid side effects, covid hydroxychloroquine,

#Covid19Vaccine, #CovidVaccine, #ThisIsOurShot, #vaccine, #vaccination,

#GetVaccinated, #antivaxxers, #AntiVaccine, #AntiVax, #NoVaccineForMe,

#NoVaccine, #Pfizervaccine, #modernavaccine, #covidvaccine2020, #IGotTheShot,

#vaccinated, #VaccinesWork, #CovidVaccinesideeffects, #COVIDvaccinated

3.2 Preprocessing

In this section, we describe the steps used to clean the data before using it in our anal-
ysis. Twitter and Parler undergo similar preprocessing. For Twitter, retweets do not
provide any new information and so we filter out the retweets while collecting the data.
Parler does not require this initial filtering step. We remove all the duplicate posts. We
remove all URLs, hashtags, mentions, punctuation marks, emojis, and stop words in
each post. This gives us some empty posts as they contain only URLs and hashtags.
We remove these posts from our analysis. We finally lemmatize and stem the words in
posts. After prepossessing, Twitter’s General and Vaccine groups are reduced to around
109K and 93K posts, respectively, and Parler’s General and Vaccine groups are reduced
to around 223K and 25K posts, respectively.

3.3 Research Questions

We address the following research questions in our work:

RQ1 Which words and topics are most prevalent for COVID-19 on Twitter and Parler?
What narratives are shared and discussed on both platforms?
RQ2 What are the sentiments related to COVID-19 and how toxic is the content on
both platforms?
RQ3 How does the communication differ on mainstream platform and alternative plat-
form?

4 Analysis and Discussion

In this section, we set out to answer the aforementioned research questions. Sections 4.1
to 4.4 address the first research question, Sects. 4.5 and 4.6 address the second research
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question and finally we summarize our findings and answer the third research question
in Sect. 4.7.

Table 2. Top Bigrams

Twitter Parler

General Score Vaccine Score General Score Vaccine Score

wear mask 46 first dose 41.7 wear mask 80.38 bill gate 28.91

new case 31.13 second dose 31.67 presid trump 71.09 presid trump 26.15

test posit 30.12 receiv first 31.18 relief bill 68.51 surviv rate 24.85

stay home 29.6 vaccin rollout 29.73 peopl die 62.37 immun system 24.11

peopl die 28.06 healthcar worker 28.12 small busi 60.31 wear mask 23.91

social distanc 25.45 got first 25.82 test posit 59.35 peopl die 20.67

stay safe 24.61 wear mask 25.56 american peopl 53.05 flu shot 20.37

public health 23.54 vaccin today 24.41 nurs home 52.21 big pharma 19.23

new year 22.03 long term 24.12 death rate 43.98 take covid 18.87

mani people 21.86 year old 24.1 heart attack 43.94 mrna vaccine 18.6

4.1 Word Collocation Analysis

In this section, we perform a word collocation analysis on both platforms by identify-
ing bigrams that appear frequently in the posts. We use the Student’s t-test to compute
bigrams where each bigram is given a t-score and a higher t-score represents a bigram
that occurs frequently and has more significance within the respective group. Table 2
illustrates the top 10 bigrams for each group. The bigram ‘wear mask’ appears in every
group, and it represents the highest score for the General category of Twitter and Par-
ler. Twitter groups focus only on COVID-19 related terms whereas Parler groups focus
on political discussions along with COVID-19. For instance, we see bigrams in Par-
ler’s General group such as ‘presid trump’, ‘relief bill’, ‘american peopl’ and ‘small
busi’ (busi is the stemmed word for business) which indicate the president offering
COVID-19 relief to the people in the US as well as small businesses. Furthermore,
the Parler groups feature bigrams such as ‘peopl die’, ‘death rate’, ‘heart attack’, and
‘surviv rate’, which emphasizes the negative consequences of the pandemic in addition
to negative beliefs surrounding the vaccine. On the contrary, the Twitter groups feature
bigrams such as ‘stay home’, ‘stay safe’, public health’, and vaccin rollout’, and ‘vaccin
today’ all of which encourages Twitter’s audience to practice precautionary measures
while simultaneously engaging in the discussion of the vaccination procedure.

4.2 Topic Modeling

In this section, we assess the most prominent topics discussed on both platforms using
the Latent Dirichlet Allocation (LDA) model [9]. For this, we put the posts into a term
frequency-inverse document frequency (TF-IDF) vector, which is used to fit the LDA
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model. We get top 5 topics with 20 words each for General and Vaccine groups on both
platforms. Table 3 shows topics for Twitter and Parler’s General category. We observe
that Twitter consists of discussions only surrounding COVID-19. We see that Topic
1 talks about precautionary measures such as lockdown, staying at home and staying
safe. Topics 3 and 5 show discussions related to vaccines and Topic 4 talks about the
new strain of the virus which was detected in the UK in the month of January. On the
other hand, Parler users discuss politics along with COVID-19. We see that Topic 1
talks about bills related to COVID relief and stimulus checks, Topic 2 discusses the
2020 US Presidential election and the controversy with voting fraud (which indicates
considerable Parler users being Trump supporters), while rest of the topics demonstrate
COVID-19 discussions. We observe similar results for the Vaccine group on both plat-
forms but do not include them in the paper due to limited space.

Table 3. LDA analysis for General group

Twitter

Topic Words per topic

1 lockdown, go, home, get, stay, mask, time, peopl, one, work, like, keep, day, need,

back, look, safe, love, make, good

2 hoax, covid, peopl, think, trump, mask, like, die, believ, say, still, call, get, go, know,

wear, lie, one, would, right

3 vaccin, get, first, receiv, covid19, dose, got, thank, effect, shot, today, patient, work,

worker, covid, peopl, immun, care, take, one

4 case, new, death, test, uk, report, covid19, day, variant, posit, number, strain,

coronaviru, record, total, rate, infect, januari, updat, today

5 vaccin, covid19, health, new, pandem, read, help, use, learn, get, inform, support, need,

state, check, via, plan, avail, distribut, rollout

Parler

Topic Words per topic

1 bill, relief, american, money, trump, stimulu, congress, vote, countri, presid, get, need,

veto, peopl, pelosi, give, foreign, busi, packag, million

2 trump, elect, peopl, biden, democrat, state, china, get, go, presid, fraud, covid19, vote,

like, america, right, use, busi, need, countri

3 mask, get, peopl, wear, go, like, know, take, one, vaccin, got, work, covid19, flu, think,

de, would, viru, make, die

4 covid19, vaccin, test, viru, new, posit, use, fauci, world, china, dr, news, hoax, peopl,

doctor, say, get, take, pandem, video

5 death, die, flu, hospit, number, peopl, year, covid19, case, patient, caus, count, test,

heart, nurs, kill, report, mani, rate, get
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4.3 Text Analysis

In this section, we analyze different words interconnected to the word ‘covid19’ on
both platforms. We use the word2vec model [25] which is a two-layer neural network
that generates word representations as embedded vectors from the given input. We train
four word2vec models; one for each of the General and Vaccine categories on Twitter
and Parler. The word2vec model uses the preprocessing steps as discussed in Sect. 3.2
except lemmatization and stemming. For the Twitter word2vec models, a context win-
dow of 5 is used, whereas the word2vec models for Parler use a context window of 7.
Even though the size of the four datasets differs, we only consider words that appear 50
times in each corpus. We train our word2vec models for between 5 and 7 epochs, since
that best fits our data.

Fig. 1. Two-hop ego network around the word ‘covid19’ in General group on Twitter (Color
figure online)

We transform the word embeddings into a graph to visualize topics within the word
embeddings. On the visualization, the nodes are words within the vocabulary, and the
edges are weighted by the cosine similarity between the learned vectors of the nodes
connected by the edge. We consider the edges with a cosine similarity above a spe-
cific threshold. We only present results for the General group on both platforms due
to limited space. Figure 1 illustrates the two-hop ego network for the General category
of Twitter, and Fig. 2 illustrates the two-hop ego network for the General category of
Parler, both centered around the word ‘covid19’. We perform community detection [10]
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on the graphs, and each community is represented by a different color. Finally, we apply
the ForceAtlas 2 algorithm [21], which creates a layout for the nodes depending on the
weight of the edges.

Fig. 2. Two-hop ego network around the word ‘covid19’ in General group on Parler (Color figure
online)

We observe that the purple community within Fig. 1 talks about COVID-19 spread-
ing in different countries as it contains a large number of country names linked to words
that represent the number of COVID-19 cases and deaths, such as ‘surge,’ ‘spike,’ and
‘fatalities.’ We see that the green and orange communities are closely related; they rep-
resent words related to the virus and the companies that produce vaccinations. The
orange community has more information related to different strains and mutations such
as ‘b117.’ In Fig. 2, we observe that the blue community links ‘covid19’ to different
illnesses and infections such as ‘pneumonia,’ ‘bronchitis,’ and ‘flu.’ The orange commu-
nity depicts links to different viruses such as ‘ebola’, ‘sars’ and ‘hiv’. The orange, green
and purple communities contain mixed ideas surrounding the credibility of the virus as
well as the origin of the virus with words such as ‘bioweapon’, ‘engineered’, and ‘fab-
ricated,’ which indicate misinformation and conspiracy theories related to COVID-19
being spread on Parler.
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Table 4. Top Domains

Twitter

General % tweets Vaccine % tweets

twitter.com 67.66% twitter.com 56.15%

youtu.be 1.85% youtu.be 1.35%

instagram.com 1.45% theguardian.com 1.34%

bbc.co.uk 0.88% nytimes.com 0.95%

theguardian.com 0.73% instagram.com 0.71%

youtube.com 0.62% cnbc.com 0.50%

nytimes.com 0.41% washingtonpost.com 0.48%

lnkd.in 0.29% nypost.com 0.42%

cbc.ca 0.27% bloomberg.com 0.41%

washingtonpost.com 0.27% bbc.co.uk 0.41%

Parler

General % posts Vaccine % posts

image-cdn.parler.com 24.54% image-cdn.parler.com 20.06%

youtu.be 4.39% thegatewaypundit.com 3.24%

thegatewaypundit.com 2.97% youtu.be 2.88%

youtube.com 2.73% bitchute.com 2.40%

twitter.com 1.82% nypost.com 2.20%

rumble.com 1.51% youtube.com 2.14%

nypost.com 1.44% foxnews.com 1.67%

bitchute.com 1.36% zerohedge.com 1.52%

breitbart.com 1.23% rumble.com 1.48%

foxnews.com 1.20% twitter.com 1.46%

4.4 Shared Links Analysis

Twitter and Parler users rely on pictures, videos, and external information to convey
ideas and support claims. We observe the same in COVID-19 related posts. In this
section, we analyze Unified Resource Locators (URLs) in the posts to determine the
most popular domains in both groups. In our data, 67% tweets in General and Vaccine
groups each contain at least one URL while 20% and 37% Parler posts contain at least
one URL in General and Vaccine groups, respectively. Table 4 shows the top 10 domains
on both platforms computed from the posts containing URLs. We observe that within
each group, the most popular domain is the original social media platform (twitter.com
and image-cdn.parler.com). We see that content from other social media platforms such
as YouTube, Instagram and LinkedIn are shared on Twitter. We also notice multiple
news platforms such as BBC, The Guardian, New York Times, Washington Post and
New York Post on Twitter. We also observe business and market news domains such
as CNBC and Bloomberg in Twitter’s Vaccine group. Parler users share a mixture of
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mainstream and alternative content. For example, users share videos from mainstream
platform YouTube as well as alternative platforms such as Bitchute and Rumble, known
for hosting hate speech as well as accommodating far-right individuals and conspiracy
theorists. Similarly, we observe news shared from mainstream platforms such as New
York Post and Fox News as well as alternative platforms such as Brietbart, Zero Hedge,
and The Gateway Pundit, known for publishing fake news.
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Fig. 3. CDF of Perspective Scores based on how toxic and profane a post is in General and
Vaccine groups on Twitter and Parler

4.5 Perspective Analysis

We use Google’s Perspective API [2] to investigate the toxicity and profanity in the
posts. Using the API, a score between 0 and 1 is assigned to both the toxicity and
profanity attributes for each post, where a score closer to 1 represents high toxicity or
profanity. Figure 3 shows the cumulative distribution function (CDF) of the generated
scores in the General and Vaccine groups on both platforms. We observe from the figure
that Parler demonstrates a considerably higher score for both attributes when compared
to Twitter in both groups. 22% of the posts in the General group on Parler have a
toxicity value above 0.5, and 14.30% of the posts have a profanity value above 0.5,
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Fig. 4. CDF of Sentiment Scores for General and Vaccine groups on Twitter and Parler

whereas 9.24% of the tweets in the General group on Twitter have a toxicity value
above 0.5, and 5.68% of the tweets have a profanity value above 0.5. Using the same
criteria, 14.26% of the posts in the Vaccine group on Parler are toxic, and 9.35% of the
posts have a high level of profanity, whereas 5.93% of the tweets in the Vaccine group
on Twitter are toxic, and 3.59% of the tweets have a high level of profanity. As Parler
has higher freedom of speech compared to Twitter, we observe more users are toxic and
incorporate profanity into their vocabulary. Inferring from these results, the average
post on Parler is more likely to contain hateful speech toward other users, individuals,
and topics surrounding the COVID-19 pandemic.

4.6 Sentiment Analysis

We use the SentiStrength tool [3] to detect the extent of positive and negative emotions
on both the platforms. We pick this tool as previous work shows that the tool gives
92% accuracy on social media data such as Twitter [14]. SentiStrength estimates senti-
ments on a scale of [−4, 4], where 0 denotes neutral, and negative and positive values
denote negative and positive sentiments, respectively. Figure 4 shows the CDF of scaled
sentiments in the General and Vaccine groups on both platforms. We observe from the
figure that Parler shows a higher amount of negative sentiments as compared to Twit-
ter. In the General group on Parler, we observe that 51.31% of the posts have negative
sentiment compared to the 33.73% of tweets that have negative sentiment within the
General group on Twitter. In the Vaccine group on Parler, we observe that 46.45% of
the posts have negative sentiment compared to the 32.20% of tweets that have negative
sentiment within the Vaccine group on Twitter. The sizable discrepancy between Twitter
and Parler in both categories is once again rooted in Parler’s higher freedom of speech.
We observe that Parler features a higher quantity of swear words and negative terms
such as ‘lying’ and ‘hate’, which cause the posts to become more negative. As seen
in the previous section, Perspective analysis demonstrates that there is a significantly
higher amount of toxicity and profanity in Parler, which further adds to the negative
scoring.
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4.7 Discussion

In this section, we summarize the differences in the conversations on Twitter and Parler
as seen from our analysis. The data analyzed in our work is during the time when
Parler had no censorship and moderation, which results in a noticeable difference in the
conversation that occurs on both platforms. We observe that Parler consists of a user
base with far-right ideology and Trump supporters as we see discussions related to the
2020 US Presidential Election and its voting fraud allegations. Due to the difference in
restrictions on censorship and moderation, we see that Twitter conversations focus on
factual, useful, or precautionary information related to COVID-19, but Parler is home to
many conspiracy theories and misinformation as we notice narratives such as ‘COVID-
19 is engineered in a laboratory and used as a biological weapon’ are shared largely.
We also notice high levels of toxic and profane content on Parler. Thus, our results
demonstrate that freedom of speech leads to developing echo chambers and extremist
groups on alternative platforms spreading misinformation. Spread of misinformation is
detrimental to individuals and society. Hence, our preliminary analysis leads way for
developing advanced models that are capable of timely detecting misinformation and
preventing its spread.

5 Conclusion

In this paper, we analyzed communications related to COVID-19 on a mainstream social
media platform, Twitter, and an alternative social media platform, Parler. We conducted
word collocation analysis by identifying the most frequent bigrams on both platforms
as analyzing co-occurring words give us the surrounding textual information. We then
performed topic modeling to identify the main discussion points. We observed that
the communication on Twitter focused only on topics related to COVID-19 while the
communication on Parler focused on politics along with COVID-19. We analyzed the
words interconnected with ‘covid19’ on both platforms and found that Parler contained
words denoting misinformation and conspiracy theories. We performed a shared link
analysis to understand the major sources of external content shared and observed that
Twitter users shared content from external mainstream social media and news platforms
whereas Parler users shared external mainstream content as well as alternative content
spreading misinformation. We conducted perspective analysis to identify the extent of
toxicity and profanity on both platforms, and finally performed sentiment analysis to
study the amount of positive and negative emotions in the posts. We found that Parler
content was more toxic, profane, and involved higher negative emotions than Twitter.
Our results demonstrated that freedom of speech leads to developing echo chambers on
alternative platforms spreading misinformation.

References

1. Cdc: Vaccine rollout. https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendati
ons-process.html

2. Perspective api. https://www.perspectiveapi.com/

https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations-process.html
https://www.cdc.gov/coronavirus/2019-ncov/vaccines/recommendations-process.html
https://www.perspectiveapi.com/


Analyzing User Communication on Social Media Platforms 353

3. Sentistrength. http://sentistrength.wlv.ac.uk/
4. Twitter api. https://developer.twitter.com/en/docs/twitter-api
5. Aliapoulios, M., et al.: A large open dataset from the parler social network. In: Proceedings

of the International AAAI Conference on Web and Social Media, vol. 15, pp. 943–951 (2021)
6. Baines, A., Ittefaq, M., Abwao, M.: # scamdemic,# plandemic, or# scaredemic: What parler

social media platform tells us about covid-19 vaccine. Vaccines 9(5), 421 (2021)
7. Basile, V., Cauteruccio, F., Terracina, G.: How dramatic events can affect emotionality in

social posting: the impact of covid-19 on reddit. Future Internet 13(2), 29 (2021)
8. Bello-Orgaz, G., Hernandez-Castro, J., Camacho, D.: Detecting discussion communities on

vaccination in twitter. Futur. Gener. Comput. Syst. 66, 125–136 (2017)
9. Blei, D.M., Ng, A.Y., Jordan, M.I.: Latent Dirichlet allocation. J. Mach. Learn. Res. 3, 993–

1022 (2003)
10. Blondel, V.D., Guillaume, J.L., Lambiotte, R., Lefebvre, E.: Fast unfolding of communities

in large networks. J. Stat. Mech. Theory Exp. 2008(10), P10008 (2008)
11. Bonnevie, E., Gallegos-Jeffrey, A., Goldbarg, J., Byrd, B., Smyser, J.: Quantifying the rise

of vaccine opposition on twitter during the covid-19 pandemic. J. Commun. Healthcare, 1–8
(2020)

12. Budhwani, H., Sun, R.: Creating covid-19 stigma by referencing the novel coronavirus as the
“chinese virus” on Twitter: quantitative analysis of social media data. J. Med. Internet Res.
22(5), e19301 (2020)

13. Carley, K.M.: Characterizing sociolinguistic variation in the competing vaccination commu-
nities. In: Social, Cultural, and Behavioral Modeling: 13th International Conference, SBP-
BRiMS 2020, Washington, DC, USA, October 18–21, 2020, Proceedings. vol. 12268, p. 118.
Springer Nature (2020)

14. Chatzakou, D., Kourtellis, N., Blackburn, J., De Cristofaro, E., Stringhini, G., Vakali, A.:
Mean birds: detecting aggression and bullying on twitter. In: Proceedings of the 2017 ACM
on Web Science Conference, pp. 13–22 (2017)

15. Cinelli, M., et al.: The covid-19 social media infodemic. Sci. Rep. 10(1), 1–10 (2020)
16. Ferrara, E.: # covid-19 on Twitter: bots, conspiracies, and social media activism. arXiv

preprint arXiv:2004.09531 (2020)
17. Gozzi, N., et al.: Collective response to media coverage of the covid-19 pandemic on reddit

and Wikipedia: mixed-methods analysis. J. Med. Internet Res. 22(10), e21597 (2020). https://
doi.org/10.2196/21597, http://www.jmir.org/2020/10/e21597/

18. Horne, B.D., Adali, S.: An exploration of verbatim content republishing by news producers.
arXiv preprint arXiv:1805.05939 (2018)

19. Horne, B.D., Nørregaard, J., Adalı, S.: Different spirals of sameness: a study of content
sharing in mainstream and alternative media. In: Proceedings of the International AAAI
Conference on Web and Social Media, vol. 13, pp. 257–266 (2019)

20. Huang, X., Li, Z., Jiang, Y., Li, X., Porter, D.: Twitter reveals human mobility dynamics
during the covid-19 pandemic. PLoS ONE 15(11), e0241957 (2020)

21. Jacomy, M., Venturini, T., Heymann, S., Bastian, M.: Forceatlas2, a continuous graph layout
algorithm for handy network visualization designed for the gephi software. PLoS ONE 9(6),
e98679 (2014)

22. Kouzy, R., et al.: Coronavirus goes viral: quantifying the covid-19 misinformation epidemic
on Twitter. Cureus 12(3) (2020)

23. Kunneman, F., Lambooij, M., Wong, A., Van Den Bosch, A., Mollema, L.: Monitoring stance
towards vaccination in twitter messages. BMC Med. Inform. Decis. Mak. 20(1), 1–14 (2020)

24. Memon, S.A., Carley, K.M.: Characterizing covid-19 misinformation communities using a
novel twitter dataset. arXiv preprint arXiv:2008.00791 (2020)

25. Mikolov, T., Chen, K., Corrado, G., Dean, J.: Efficient estimation of word representations in
vector space. arXiv preprint arXiv:1301.3781 (2013)

http://sentistrength.wlv.ac.uk/
https://developer.twitter.com/en/docs/twitter-api
http://arxiv.org/abs/2004.09531
https://doi.org/10.2196/21597
https://doi.org/10.2196/21597
http://www.jmir.org/2020/10/e21597/
http://arxiv.org/abs/1805.05939
http://arxiv.org/abs/2008.00791
http://arxiv.org/abs/1301.3781


354 M. Morgan and A. Kulkarni

26. Murray, C., Mitchell, L., Tuke, J., Mackay, M.: Symptom extraction from the narratives of
personal experiences with COVID-19 on reddit. CoRR abs/2005.10454 (2020). https://arxiv.
org/abs/2005.10454

27. Sha, H., Hasan, M.A., Mohler, G., Brantingham, P.J.: Dynamic topic modeling of the
covid-19 Twitter narrative among us governors and cabinet executives. arXiv preprint
arXiv:2004.11692 (2020)

28. Shanthakumar, S.G., Seetharam, A., Ramesh, A.: Analyzing societal impact of covid-19: a
study during the early days of the pandemic. arXiv preprint arXiv:2010.15674 (2020)

29. Singh, L., et al.: A first look at covid-19 information and misinformation sharing on Twitter.
arXiv preprint arXiv:2003.13907 (2020)

30. Xue, J., et al.: Twitter discussions and emotions about the covid-19 pandemic: Machine learn-
ing approach. J. Med. Internet Res. 22(11), e20550 (2020)

31. Yin, H., Yang, S., Li, J.: Detecting topic and sentiment dynamics due to covid-19 pandemic
using social media. In: International Conference on Advanced Data Mining and Applica-
tions, pp. 610–623. Springer (2020)

32. Zannettou, S., et al.: The web centipede: understanding how web communities influence
each other through the lens of mainstream and alternative news sources. In: Proceedings of
the 2017 Internet Measurement Conference, pp. 405–417 (2017)

33. Zhang, J.S., Keegan, B., Lv, Q., Tan, C.: Understanding the diverging user trajectories in
highly-related online communities during the covid-19 pandemic. In: Proceedings of the
International AAAI Conference on Web and Social Media, vol. 15, pp. 888–899 (2021)

34. Zhu, H., Wei, L., Niu, P.: The novel coronavirus outbreak in Wuhan, China. Global Health
Res. Policy 5(1), 1–3 (2020)

https://arxiv.org/abs/2005.10454
https://arxiv.org/abs/2005.10454
http://arxiv.org/abs/2004.11692
http://arxiv.org/abs/2010.15674
http://arxiv.org/abs/2003.13907


Adapting the “Networking During
Infectious Diseases Model” (NIDM)

for Science Communication Using Julia
and Genie

Hendrik Nunner(B) , Katinka Feltes, Pius Gutsche, Helen Kuswik,
Erik Luda, Leonard Stellbrink , and André Calero Valdez
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Abstract. Scientific publications can be challenging for non-experts due
to their complex concepts, technical terminology, and detailed descrip-
tions of results. Interactive simulations can be used as a powerful way to
communicate scientific progress to non-experts, providing a more engag-
ing and hands-on experience that can help users understand complex
processes. In this paper, we present a prototype of an interactive simu-
lation for the “Networking during Infectious Diseases Model” (NIDM),
which integrates theory from sociology, health psychology, and epidemi-
ology to explore the interplay between social networks and the spread
of infectious diseases. The prototype was developed using user-centered
design and formatively evaluated. The goal of the contribution is to open
the discussion on the evaluation of the prototype and to enhance the intu-
itive understanding of self-protective behavior and distancing measures
following the outbreak of COVID-19. The results highlight the potential
of interactive simulations as a tool for science communication and public
engagement.

Keywords: Social Networks · Infectious Diseases · Risk Perception ·
Agent-based Models · Science Communication · Julia

1 Introduction

It can be challenging for non-experts to understand scientific publications for sev-
eral reasons. That is, scientific publications tend to present intricate concepts and
theories that necessitate in-depth knowledge of the underlying subject. In addi-
tion, scientists frequently employ specialized and technical terminology that may
be unfamiliar to individuals outside the respective field. Furthermore, scientific
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publications frequently describe results and discoveries in a highly detailed and
technical manner, particularly when involving extensive statistical analysis and
data.

A powerful way to communicate scientific progress to non-experts is by using
interactive simulations, allowing users to manipulate variables and observe the
resulting outcomes in real-time. This form of interaction provides a more hands-
on and engaging experience compared to traditional forms of communication
such as lectures or texts. Furthermore, interactive simulations can foster a sense
of curiosity and encourage users to ask questions and form hypotheses about
how different variables may affect the system. This can be especially useful when
complex and dynamic processes are challenging to understand and visualize.

Take the interplay between social networks and infectious diseases, for exam-
ple. It is known that social networks play a crucial role in the spread of infectious
diseases. If, for example, a social network is highly connected, the disease is more
likely to spread quickly through the network. Clusters within the network, on
the other hand, highly connected areas with only a few connecting relations in
between, tend to slow down disease spread [1,10,14]. Although this effect can
be described with only a few words, true comprehension of the time-dependent
interplay between social networks and the spread of infections is challenging.

This paper presents a prototype of an interactive simulation for the “Net-
working during Infectious Diseases Model” (NIDM) [16]. The NIDM is a pre-
viously developed individual-based mathematical model framework and agent-
based simulation that integrates theory from sociology, health psychology, and
epidemiology. Networking decisions in the NIDM are a trade-off between the ben-
efits, costs, and potential harms of infections created by a social relationship.
The degree to which agents avoid infectious others depends on individual risk
perceptions regarding personal susceptibility to, and the severity of, an infectious
disease. Simulations based on the NIDM give rise to complex interdependencies
between individual behavior, network properties, and the spread of infections.

The goal of this contribution is two-fold. On the one hand, we aim to open
the discussion on our method of evaluation and how to proceed in turning our
prototype into a valuable tool for science communication. On the other hand,
with the provision of our prototype, we aim to lay the foundation for enhancing
the intuitive understanding of the efficacy of self-protective behavior and dis-
tancing measures following the outbreak of COVID-19. This way, we want to
contribute to the discourse and arouse interest in the importance of science in
the public domain.

2 Background

To fully understand the background of this paper, it is critical to understand
the project’s key purpose. For this, we discuss the aim of the prototype—science
communication—and the content being communicated—the NIDM.
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2.1 Science Communication

Classical methods of publishing scientific research, such as papers in peer-
reviewed journals, chapters in textbooks, and presentations at scientific confer-
ences remain arguably among the most popular channels to communicate and
discuss scientific progress. A vast body of literature covers how to communicate
scientific findings in the best possible way [4,6,9,15]. Over time, science com-
munication has become a topic of increasing interest. Technological advances,
especially the internet, have made it easier to gain access to even the most spe-
cialized information, whether in the form of open-access papers, science podcasts,
social media, online lectures, or science slams. The success and ever-increasing
number of such publications demonstrate the popularity both among the scien-
tists presenting their results and among an audience that no longer necessarily
consists only of experts.

From the scientists’ perspective, communicating scientific research to a
broader audience has not only promotional benefits. Including the general public
in scientific discourse can be beneficial on various levels. For example, by making
science more accessible to a broader audience, researchers can improve scientific
literacy and promote a positive perception of science among the general pub-
lic. In addition, the involvement of the general public can help to ensure that
scientific research is conducted in an ethical and responsible manner. Including
non-experts can help to identify potential risks and ethical concerns associated
with research. Furthermore, this can provide valuable input on how to mitigate
these risks and ensure that research is conducted in a socially responsible man-
ner. Including the general public can also improve the relevance and impact of
scientific research. By incorporating the perspectives and experiences of non-
experts, scientists can identify research questions that are relevant to society
and that address real-world problems. This can lead to the development of more
impactful and relevant solutions.

Although there is no universal answer to how results should be communicated
to a non-specialist audience, research has shown that different methods are effec-
tive in different contexts and for different goals. That is, visual elements, such
as graphs, diagrams, and animations, can help to understand complex scientific
relationships [11,13,18]. Incorporating storytelling into science communication
can increase engagement and retention of information [7]. Interactive simula-
tions, on the other hand, allow users to manipulate variables and see the effects
of those changes in real-time. This can help users develop a more profound
understanding of complex systems and their underlying mechanisms. A study
among postgraduate science teachers by Zacharia [22], for example, showed that
the use of computer simulations had a positive effect on the quality of explana-
tions regarding physical phenomena in Mechanics, Waves/Optics, and Thermal
Physics. Another study among elementary school students by Evagorou et al. [5]
indicates that an interactive simulation of the ecosystem of a marsh can support
the development of system thinking skills.
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2.2 The Networking During Infectious Diseases Model (NIDM)

A complex system that is typically studied using computer simulations is the
relationship between network structures and disease dynamics. A previously
developed model framework to study the interdependencies between individ-
ual health behavior, social network properties, and spread of infections is the
“Networking during Infectious Diseases Model” (NIDM) [16]. Realizations of the
NIDM are individual-based models for infectious disease transmission [2,19,21],
that assume an agent (i) to myopically optimize individual utility (Ui) com-
posed of the benefits of social relationships (Bi), the costs to maintain these
relationships (Ci), and the potential harm of infectious contacts (Di):

Ui = Bi − Ci − Di. (1)

The realization of the NIDM used for this study is the “Small-worlds during
Infectious Diseases Model” (SWIDM) [17]. The SWIDM allows studying the
effect of small-world properties (i.e., clusters of densely connected areas within
a network) on the spread of infections. To realize the incentive of clustering, the
benefits of social relationships:

Bi = b1 · ti + b2 ·
(

1 − 2 · |xi − α|
max (α, 1 − α)

)
(2)

are defined as the combination of the benefits (b1)1 for the number of social
relationships (ti) and the weighted (b2) proportion of closed triads2 (xi) an
agent i is part of. α defines the preferred proportion of closed triads and thus
allows to control the degree of clustering in the network.

The costs of maintaining social relationships

Ci = c1 · ti + c2 · t2i (3)

are defined as marginally increasing costs (c1, c2) dependent on the number of
social relations an agent i has (ti). These costs, in combination with the benefits
for the number of social relationships (b1 ·ti), allow controlling the actual number
of social relationships an agent i has.

The potential harm of infectious contacts

Di = pi · si. (4)

is the combination of the perceived probability to acquire and infection (pi) and
the perceived severity of the disease (si). That means an agent i transforms the
actual probability to get infected

πi = 1 − (1 − γ)tiI , (5)
1 See Table 1 for an overview of all model parameters and state variables.
2 A closed triad is a group of three nodes in a network where each pair of nodes (here:

agents) is directly connected by an edge (here: social relation), forming a triangle
shape.



Adapting the NIDM Using Julia and Genie 359

with γ being the probability to get infected per single contact and tiI the number
of infected social relations the agent has, into a subjective perception, depending
on the agent’s disease state:

pi =

⎧⎪⎨
⎪⎩

π2−r
i , if i is susceptible,

1, if i is infected,
0, if i is recovered.

(6)

Finally, the actual severity of the disease (σ) is transformed into a subjective
perception, depending on agent i’s disease state:

si =

⎧⎪⎨
⎪⎩

σr, if i is susceptible,
σ, if i is infected,
0, if i is recovered.

(7)

As a result, risk perception values (r) above 1 cause agents to overestimate the
probability of acquiring infections and disease severity. Consequently, these risk
averse agents tend to dissolve infectious relationships quicker than agents with
risk perception values (r) below 1.

In addition to the mathematical model, the NIDM defines an agent-based
simulation. In the most basic form, the simulation consists of two processes that
are computed consecutively for a number of discrete time steps, infectious disease
dynamics, and ego-centered network formation:

% computation of discrete time steps
ts = 0
While ts < ts max:

Compute disease dynamics.
Compute ego-centered network formation.
ts++.
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Table 1. Scales for model parameters and state variables.

Scale

I. Model parameters

I.I. Social benefits

Benefit of neighbors b1 ∈ R+
0

Benefit of closed triads b2 ∈ R+
0

Preferred proportion of closed triads 0 ≤ α ≤ 1

I.II. Social costs

Cost per neighbor c1 ∈ R+
0

Marginal cost per neighbor c2 ∈ R+
0

I.III. Disease properties

Disease severity σ > 1

Infectivity* 0 ≤ γ ≤ 1

Recovery time in time steps τ > 0

I.IV. Individual level properties

Risk perception 0 ≤ r ≤ 2

I.V. Simulation / network properties

Number of agents N ∈ N0

Number of offered agents per time step 0 < φ ≤ N

Proportion of φ as neighbors 0 ≤ ψ ≤ 1

Proportion of φ as neighbors’ neighbors 0 ≤ ξ ≤ 1

II. State variables

Number of neighbors of agent i 0 ≤ ti ≤ N

Number of infected neighbors of agent i 0 ≤ tiI ≤ ti

Proportion of closed triads of agent i 0 ≤ xi ≤ 1

Time steps since infection of agent i tsiI ∈ R+
0

*: Infectivity is operationalized as transmission probabil-
ity per contact and time step.

Disease dynamics is realized as an update process of the agents’ individual
disease states (susceptible, infected, recovered):

% disease dynamics
Repeat until all agents have been processed:

Randomly select an unprocessed agent i.
If i is susceptible:

If ∼ U [0,1] ≤ πi : % for πi, see Equation 5
Infect i.

If i is infected:
If tsiI ≥ τ :
Recover i.
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Ego-centered network formation is realized as an update process of the agents’
individual social relations. That is, agents myopically seek to maximize their
individual utility based on the agents offered to them by the simulation.3:

% ego-centered network formation
Repeat until all agents have been processed:

Randomly select an unprocessed agent i.
Create an empty set of agents J4.
Add to J until J consists of φ agents:

With probability ψ:
a random neighbor of i.

With probability ψ + ξ:
a random neighbor’s neighbor of i.

With probability 1 − (ψ + ξ):
a random agent from the entire population.

Repeat until all agents in J have been processed:
If relation ij exists:

If Ui-ij > Ui+ij:
Dissolve relation ij.

If relation ij not exists:
If Ui+ij ≥ Ui-ij && Uj+ij ≥ Ui-ij:
Create relation ij.

Simulation studies based on the SWIDM have shown that the co-evolution of
social networks and infectious diseases produces outcomes that are hard to fore-
see, even for well-studied properties, such as clustering. In static networks, sparse
connections between clusters can slow disease spread [1,10,14], while relations
between clusters can facilitate disease spread through the entire network [20]. In
networks with agents adapting their social behavior according to perceived risks
of infection, the existence of only a few relations bridging two clusters, however,
requires severing only a few relations for the disease to die out quickly [17].

3 Method

During the user-centered design approach, several user interface artifacts were
developed at different levels of fidelity. These artifacts were used to formatively
evaluate the ideas. We next present both artifacts and the processes to attain
these artifacts.

3 Offers can be considered the number of contacts an agent has on a given time step.
This can be, for example, an individual meeting 12 other individuals throughout a
single day.

4 J allows prioritization of neighbors for selection.
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3.1 Sketches

To determine the optimal initial user interface, we employed an iterative app-
roach. As a first step, we created various sketches of user interfaces (see Fig. 1)
using paper prototyping [8]. The advantage of hand-drawn sketches is that they
can be produced quickly and in large numbers so that many ideas can be cap-
tured and compared in a short time. The goal of creating these sketches was
to identify the most important functions of the simulation and the UI elements
best suited for them.

Our focus was on making the model as simple and understandable as possible.
For this reason, the sketches were prepared by the members of our research group
who had the least experience with the NIDM, as in-depth knowledge of the model
could be a hindrance to identifying the minimal and essential elements.

To identify critical aspects of the design, the members of the sketch group
evaluated the sketches and identified core elements of the user interface using a
heuristic evaluation approach. Among these core elements of the user interface,
we identified the following aspects in order of importance.

First, a visually delineated menu that includes all the elements for controlling
the model. This should be conducive to the clarity of the controls. Second, the
use of sliders, rather than number inputs, for setting parameter values. Third,
parameter sliders should be supplemented with info tags with explanations that
allow first-time users to operate them. Fourth, the selection of different diseases
with preset parameter settings should be provided to allow for interesting and
plausible scenarios to be observed. Fifth, nodes should be supplemented with
hover effects, communicating status information such as disease states quickly
and easily. Sixth, a click on a network node should infect it with the disease.
Seventh, a static legend with color information, shall be used to explain health
states. Eighth, users shall be able to switch between different representations
of health states of nodes. Here, color codings, but also the use of emojis, are
conceivable, promoting intuitive and accessible use. Ninth, a button should make
it possible to add more nodes. Tenth, diagrams should provide information about
the historical course of disease spread to make a better impression of the course
of epidemics. Eleventh, it should be possible to speed up and slow down the
simulation. Twelfth, it should be possible to switch between an expert and a lay
mode, which differ in complexity and configuration options of the model.

3.2 Static Prototypes

After evaluating the sketches and identifying the most important elements, we
started implementing a prototype. The backend logic, i.e., the implementation
of the mathematical model, the simulation loop consisting of disease dynamics,
and ego-centered network formation was implemented in Julia [3]. Julia is a pro-
gramming language that was designed to address some of the shortcomings of
existing languages, particularly in the domain of scientific and technical com-
puting. Specifically, Julia’s JIT (Just-In-Time) compiler is designed to generate
highly optimized machine code on the fly, which makes it much faster than many
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Fig. 1. Selected sketches of user interfaces. A common feature of all sketches is the
visually delimited menu that includes all the elements for controlling the model. Fur-
thermore, we quickly realized that sliders provide a more intuitive way to set the model
parameters than numeric inputs. A large visual output of the network is also an ele-
ment that appears in each of the sketches. However, it remained unclear where the
menu should be placed and whether the elements to control simulation steps should be
part of the model parameter menu. Since the user interface was designed for German-
speaking users, the elements are labeled with German names: Agenten+ = agents+,
Ansteckung = infection, Anzahl Leute = number of persons, das Netzwerk = the
network, die Krankheit = the disease, einklappbar = collapsible, hinzufügen = add,
Infiziere jemanden! = infect someone!, infizieren = infect, Klicke auf 1 Agent
um ihn zu infect. = click on 1 agent to infect it, Krankheits-Parameter = disease
parameter, Neue Person = new person, Person = person, Risikowahrnehmung =
risk perception, Schritte: Tag Jahr = steps: day year, Zeit+ = time+, Zeit: Tag
Jahr Monat = time: day year month.

other dynamic languages. This makes Julia a great choice for computationally
intensive tasks, such as numerical simulations.

We used Genie for the technical implementation of the user interface. Genie
is a web framework for the Julia programming language that allows develop-
ing high-performance web applications. One of the main advantages of using
Genie with Julia is the performance benefits that Julia provides. Julia’s JIT
compiler and built-in support for parallelism and distributed computing make
it well-suited for building high-performance web applications that can handle
large amounts of data and high traffic loads, making it a suitable candidate for
interactive simulations for a large audience through a web-based user interface.
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Despite the benefits of Julia and Genie, we encountered some delays and
setbacks, especially due to communication issues between the backend and the
user interface. Consequently, we decided to perform a preliminary evaluation of a
static prototype with limited functionality. That is, we created a detailed hand-
drawn (see Fig. 2) and a web-based user interface (see Fig. 2) with sliders to set
a minimal set of parameters, a legend to explain the different disease states, and
a timeline for modifying the simulation speed. Furthermore, we dropped both
the expert mode and the function of displaying the historical course of disease
spread via a diagram.

3.3 Evaluation

The preliminary evaluation was conducted as formative usability testing using
semi-structured interviews with three subjects. As a first step, the interview
procedure was explained to the subjects. They were told that the goal of the
study was to design a suitable and appealing user interface for a scientific model.
Furthermore, it was explained that the goal of the scientific model is to explore
how fast diseases can spread in a social network and that disease spread depends
on various parameters both in terms of the disease (e.g., how contagious it is) and
the people in the network (e.g., the strength of risk perception). Subjects were
also asked to speak aloud any thoughts they had while viewing the prototypes
(Thinking Aloud [12]) and to share both criticisms, ambiguities, and positive
features.

Following these explanations, subjects were presented with our prototypes.
After the subjects were given enough time to familiarize themselves with the
prototypes and to verbalize their impressions, they were further asked to describe
for each element whether it was clear without additional help what it was for, how
to start a simulation, how to modify a simulation, and what conclusions could be
drawn from the model. Finally, each respondent was asked which elements would
be additionally necessary or should be modified to improve the user experience
and understanding of the model.

4 Results

In the following, the impressions of the subjects are first discussed in detail.
Subsequently, the combined findings are discussed, and how they influenced the
design of our interactive prototype.

4.1 Insights from the Evaluation

With regard to the numeric inputs, subject 1 suggested omitting them or replac-
ing them with other elements, since they bear no meaning for a layperson. Fur-
thermore, subject 1 suggested that the sliders be colored so that setting such
as severe and less severe are visually supported. In general, subject 1 found the
terms described in a sufficient manner to acquire a general understanding of the
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Fig. 2. Hand-drawn static prototype. The figure shows one of the two static user
interfaces used for a preliminary evaluation of our designs. Both designs have a similar
layout (e.g., a visually delimited menu that includes all the elements for controlling the
model on the left, a panel to control the progression of time steps at the top, a legend
describing the color codes for disease states). In comparison to the design in Fig. 3, this
design is somewhat slimmed-down and uses a more playful language. Since the proto-
type was designed for German-speaking users, the elements are labeled with German
names: Bevor du loslegst: = before you start:, Wieviele Menschen im Netzw-
erk = how many individuals in the network, Risikowahrnehmung = risk perception,
Krankheit = disease, Start = start, weitere Einstellungen = additional settings,
Genesungsdauer = recovery time, Ansteckungsausmaß = infection level, Wunsch
nach Kontakten = desire for contact, Zurücksetzen zur Ausgangskrankheit =
Reset to initial disease, Anzahl der Zeitschritte bis eine Person genesen und
somit nicht länger ansteckend ist. = Number of time steps until a person recov-
ers and is therefore no longer contagious., Wie ansteckend die Krankheit ist. =
How contagious the disease is., Wie stark der Wunsch der Personen ist, sich
miteinander zu vernetzen (je höher der Wert, desto stärker ist das Netzwerk
verknüpft) = How strong the desire of individuals is to connect with each other (the
higher the value, the more connected the network).

model and the user interface. However, additional explanations were required
regarding risk perception. Subject 1 also noted that information about how to
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Fig. 3. Digital static prototype. The figure shows the other of the two static user
interfaces used for a preliminary evaluation of our designs. Both designs have a similar
layout (e.g., a visually delimited menu that includes all the elements for controlling the
model on the left, a panel to control the progression of time steps at the top, a legend
describing the color codes for disease states). In comparison to the design in Fig. 2,
this design has a more technical/scientific approach in the way the parameters are pre-
sented and described. Since the prototype was designed for German-speaking users, the
elements are labeled with German names: Einstellungen = settings, Anzahl der Per-
sonen im Netzwerk = number of individuals in the network, Risikoeinschätzung
= risk assessment, niedrig = low, hoch = high, Krankheit: Zufall = disease: ran-
dom, Übertragungsrate = transmission rate, Zeit bis zur Genesung = time to
recover, Soziale Parameter = social parameters, Gewinn direkter Verbindung =
benefit of direct connection, Gewinn durch Dreiecksverbindung = benefit of triadic
connection, Verteilung der Dreiecksverbindung = distribution of the triadic con-
nection,Zurücksetzen auf Grundeinstellungen der ausgewählten Krankheit =
Reset to basic settings of the selected disease, weitere Einstellungen = additional
settings, Legende = legend, ansteckbar = susceptible, infiziert = infected, geheilt =
recovered.

infect a person and what happens during a single time step is missing. Finally,
subject 1 suggested providing pre-defined diseases.

Subject 2 showed great problems in understanding the model and the individ-
ual parameters. According to subject 2, the parameters were not labeled clearly
enough and required additional information for a sufficient understanding. Addi-
tionally, subject 2 did not understand what the model does, its background, how
the model is started, and how a network node is infected. A suggestion to sim-
plify the handling of the user interface was the use of colors to visually support
sliders.
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Subject 3 reported that the interfaces were confusing. In addition, subject
3 showed major problems in understanding the model, the parameters, and the
influence of the model parameters on the model behavior. According to subject
3, a meaningful example could be helpful to promote understanding. Subject 3
liked the neutral design without many colors and preferred the design with fewer
elements.

In summary, the preliminary evaluation shows that the user interface alone
is not sufficient to understand the model and its parameters. It follows that
an introduction with basic information about the functionality and operation
is indispensable. In addition, subjects asked for formal guidelines specifying the
sequence of operation. Such a sequence, however, could also be achieved implic-
itly by the arrangement of the menu and the controls. Furthermore, two subjects
pointed out that colors can support the sliders in their expressiveness.

4.2 Interactive Prototype

Based on the findings from our preliminary evaluation, we created an interactive
prototype (see Fig. 4). This prototype has a clear and simple structure that
promotes focus on the essential elements of the user interface. The menu is now
divided into two separate sections: network settings (top left) and disease settings
(bottom left). Through this thematic division, we intend to create a structure
that suggests an implicit sequence of actions.

Where appropriate, color coding is used. To indicate the risk of highly infec-
tious diseases, we use red as a signal color. Diseases with a very low probability
of transmission, on the other hand, are coded green. As the number of people
in the network has no such positive or negative associations, it is presented in a
neutral shade of gray.

To facilitate a better understanding, we have revised the wording. Labels
describe outright the purpose of interaction elements (e.g., start new simulation).
In addition, the most important information for interaction outside the menu
is highlighted and placed at the top of the network view (i.e., double-click on
individuals to infect them).

The interactive prototype has full functionality and can thus be configured
via the control elements and can perform and display simulations.
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Fig. 4. Interactive prototype. The figure shows the interactive prototype of our
user interface design. The design considers the most important feedback from the pre-
liminary evaluation: more precise labeling of the parameters, a simple and structured
layout, and where appropriate color codings to support the sliders’ expressiveness. Since
the prototype was designed for German-speaking users, the elements are labeled with
German names: Einstellungen zu den Menschen in deinem Netzwerk = settings
for the individuals in your network, Anzahl der Menschen im Netzwerk = num-
ber of individuals in the network, Ihre Risikowahrnehmung = your risk perception,
niedrig = low, hoch = high, Neue Simulation starten = start new simulation, Ihr
Bedürfnis nach Kontakten = your desire for contacts, gering = low, stark = high,
Wieviel Arbeit macht die Aufrechterhaltung von Kontakten? = how much effort
is involved in maintaining contacts, wenig = not much, viel = much, Begegnungen
jeder Person pro Zeitschritt = contacts per individual and time step, Einstellun-
gen zur Krankheit = disease settings, Zeitschritte bis zur Genesung = time steps
until recovery, Wie schwerwiegend ist die Krankheit? = how severe is the disease?,
wenig = not very, sehr = very, Ansteckungsrisiko = risk of infection, Zurück zu
den Ausgangswerten = reset to initial values, Zeitschritt = time step, Klicke dop-
pelt auf eine Person, um die infizieren = double-click on individuals to infect
them, Gesund = susceptible, Infiziert = infected, Genesen = recovered.

5 Conclusion

In this paper, we have presented our approach to designing an interactive sim-
ulation for the complex co-evolution of social networks and infectious diseases.
One of our goals is to receive valuable feedback on the method of our approach.
That is, we started with sketches to identify the most important elements for an
interactive simulation. We then created two static designs for user interfaces and
performed formative usability testing using semi-structured interviews. Although
we had only three subjects, we received important feedback. Most notably, the
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participants considered the prototypes and the model too complex to under-
stand without further explanation or some other form of guidance. Based on the
findings from the interviews, we designed a fully functional interactive prototype.

The other goal of our work is to lay the foundation for enhancing the intuitive
understanding of the efficacy of self-protective behavior and distancing measures
following the outbreak of COVID-19. Although we believe the foundation was
successfully laid, further work needs to be done before our simulation can be
an effective tool for science communication. The next step in our work involves
technically refining the prototype to facilitate surveying of a larger sample. This
will enable the development of a two-pronged approach. Firstly, we will evaluate
the scientific and technical validity of the simulation. Secondly, evaluating with
individuals from the general population will inform us whether people can com-
prehend the spread of infectious diseases on social networks when playing with
such a model. This investigation could be used to explore various phenomena
of network theoretical infection epidemiology, such as clustering, which could
aid in curbing the spread. To accomplish this, an evaluation concept must be
created and coordinated with the domain experts and the simulation must be
transformed to enable summative evaluation with end-users.
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Abstract. Tourist eXperience (TX) is hard to evaluate due to its complexity, and
the highly personal and subjective nature of experiences. TX can be considered as a
particular case of Customer eXperience (CX), which is an extension of User eXpe-
rience (UX). Tourism was dramatically affected by the COVID-19 pandemic, and
TX evaluation should explicitly consider the post-pandemic context. We devel-
oped a scale to evaluate the post-pandemic TX in Valparaíso, Chile. The scale was
refined based on experts’ opinion, was validated through a pilot test, and was later
applied in a survey with 316 participants. Statistical validation indicate that the
scale is reliable. It includes 56 items grouped in 8 dimensions: emotions, local cul-
ture, authenticity of the place, entertainment, services, post-pandemic experience,
loyalty, and general perception. Survey’s results confirm the importance of evalu-
ating TX pandemic-related issues. They emphasize the potential of Valparaíso as
destination, but also indicate some major issues that should be addressed: safety,
cleanliness, sustainability, and inclusiveness.

Keywords: Tourist Experience · Customer Experience · Tourist Experience
Evaluation · Scale · Post-pandemic

1 Introduction

The concepts of Tourist eXperience (TX) and Customer eXperience (CX) have been
extensively discussed. It is hard to agree on their definitions, because experiences are
personal and subjective, and TX and CX are complex andmultidimensional. Laming and
Mason highlight that CX includes all physical and emotional responses that a customer
experiences before, during and after coming into contact, directly or indirectly, with a
brand/company, during his/her whole “journey”, including the post consumption stage
[1]. Customer-company interactions occur through products, systems and services that
the company offers. Tourists are specific types of costumers, that are using tourism-
related services, products and systems. CX can be seen as a natural extension of User
eXperience (UX), a well-known and highly explored topic in Human-Computer Inter-
action (HCI) [2–4]. It focuses on a person’s interaction with all services, systems and
products that a company/organization/brand offers, instead of focusing on the interaction
with a single product, system or service [4].
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Many scales have been proposed to evaluate TX. Tourism was dramatically affected
by theCOVID-19 pandemic, and TX scales should explicitly consider the post-pandemic
context. We developed a scale to evaluate the post-pandemic TX in Valparaíso, Chile, in
a process that included 4 steps: (1) developing the scale based on literature, (2) refining
the scale based on experts’ opinion, (3) validating the scale through a pilot test, and (4)
applying the scale in a survey with over 300 participants and statistically validated it.
The first and the second steps of the process were analyzed in previous work [5, 6]. This
paper documents the whole process of developing the scale, comparing its preliminary
and final versions, and discussing the results of the pilot test and of the survey. Section 2
briefly analyzes the concepts that fundaments our study. Section 3 describes the scale’s
development, and analyze the results of the survey. Finally, Sect. 4 highlights conclusions
and proposes future work.

2 Experiences and Tourism

2.1 User eXperience

UX is one of themain topics in HCI research and practice. As the ISO 9241-210 standard
indicates, UX includes “the perceptions and responses of the person resulting from the
use and/or anticipated use of a product, system or service” [7]. So, UX does not limit to
the interaction with interactive software systems, it refers to a person interaction with
any kind of product, system or service.

UX with tourism-related digital products is one of our main research topics. We
focused on UX evaluations, proposing specific heuristics and evaluation methodologies.
Among others, we studied online travel agencies [8–10], virtual museums [11–13], and
national parks [14]. We intend to further explore the potential of new, specific heuristics,
when evaluating the tourist experience with tourism-related services [15, 16].

2.2 Costumer eXperience

The CX concept was initially proposed in marketing. Almost a decade ago, Lewis high-
lighted its relevance in HCI, and pointed out that CX is the link between HCI and Service
Science [2]. In our view, CX is a natural extension of UX, that examine a person’s inter-
actions with all products, systems and services that a company offers [3, 4]. Experience
with one company’s artifact will most probably affect the perception of other artifacts
of the same company, and the overall person’s experience.

For some years, we examined TX as a particular case of CX, examining quantitative
data available at online travel agencies websites [17–19]. We are currently developing
TX evaluation tools; our study proposes a scale to evaluate the post-pandemic TX in
Valparaíso, Chile [5, 6].

2.3 Tourism eXperience

SeveralTXdefinitionswere proposed.GodovykhandTasci offer a comprehensive review
of CX in tourism [20]. In their view, experience is “the totality of cognitive, affective,
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sensory, and conative responses, on a spectrum of negative to positive, evoked by all
stimuli encountered in pre, during, and post phases of consumption affected by situ-
ational and brand-related factors filtered through personal differences of consumers,
eventually resulting in differential outcomes related to consumers and brands”. Even if
their definition refers to experiences in tourism, it does not limit to TX, and may apply
to experiences in other fields.

Several scholars are using the concept of “memorable” TX [21–27]. Tung andRitchie
identify four dimensions of memorable TX: affect, expectations, consequentiality, and
recollection [21].

2.4 Evaluating the Post-pandemic Tourism eXperience

Scales are common tools to evaluate TX.Many scales have been proposed.Many studies
are proposing new TX scales, and are validating the underlying models that fundament
those scales. Some scales are more general, others are focusing on specific tourism
sectors, or specific destinations.

As tourism was dramatically affected by the COVID-19 pandemic, we think that
TX scales should explicitly consider the post-pandemic context. As we did not find a
proper scale to evaluate TX in Valparaíso, considering the pandemic restrictions, we
developed a new scale. Our scale is based on 12 scales proposed by other authors [22–
33]. It includes items adapted from other scales, as well as new items, related to the
post-pandemic context, and to Valparaíso specificity as destination.

2.5 Developing a Scale for Tourist Experience Evaluation in Valparaíso

We created the new scale in several iterations:

1. We developed a preliminary version of the scale, based on literature [5]. The scale
was reviewed by two UX/CX experts, and was refined based on their feedback.

2. The scale was evaluated by 30 experts, academics, and tourism students, and was
refined based on their feedback [6].

3. The scale was validated through a pilot test, that involved 20 participants. Scale’s
reliability was evaluated.

4. The scale was applied to 316 tourists, and was statistically validated.

The process of constructing the scale is described below.

2.6 The Preliminary Scale

We created the first version of the scale based on literature review [5]. The scale included
56 items, grouped in 8 TX dimensions: emotions (8 items), local culture (8 items),
authenticity of the place (13 items), entertainment (8 items), services (11 items), post-
pandemic experience (4 items), loyalty (2 items), and general perception (2 items). The
scale was reviewed by two UX/CX experts, with computer science and psychology
background, and items were refined based on their feedback.

The preliminary scale included 43 adapted and 13 original items.Most of the original
items are related toValparaíso particularity (8 items), or areCOVID-19 pandemic-related
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(4 items); 1 new item is rather general (medical and health services availability). The
preliminary scale’s dimensions and items are shown in Table 2.

2.7 Refining the Scale Based on Experts’ Feedback

The scale was quantitatively and qualitatively examined, in late 2021 – early 2022, by:

• 11 tourism experts, that work in governmental and private tourism sector inValparaíso
area;

• 10 academics from Chile, Spain and Argentina;
• 9 tourism undergraduate students, from Universidad de Playa Ancha, Valparaíso,

Chile.

The 30 participants were asked to evaluate each of the 56 items, using a 5-point
Likert scale, where 1 is not appropriate at all, and 5 is very appropriate. They were also
asked to make comments on dimensions, on items, and on the whole scale [6].

Table 1. Overall opinions on the preliminary scale.

Min Max Average Std. Dev.

Experts (11) 2.89 5.00 4.45 0.38

Academics (10) 3.20 5.00 4.38 0.38

Tourism students (9) 3.33 4.89 4.52 0.32

Table 1 synthetizes the quantitative evaluations of the scale. All groups of partic-
ipants have a positive opinion, with averages from 4.38 to 4.52. Opinions are rather
homogeneous, with low standard deviations. Table 2 details the quantitative evaluation
of the preliminary scale. It also indicates actions that were performed on scale’s items.

The items with highest approval were “I would like to visit Valparaíso again in
the future” (Loyalty), “The experience met my expectations”, and “I was satisfied with
the experience” (General Perception). The three items scored an average of 4.90. The
item with lowest approval was “It was a liberating experience” (Emotions), that scored
3.33. Many participants indicated that the term “liberating” may be confusing; the item
was eliminated. Items “I will remember the emotions and sensations that I felt”, and “I
felt positive emotions in general” (Emotions), had good approval; however, they were
consider rather general, possibly confusing, and difficult to evaluate, and were therefore
eliminated. (Perceived) safety was considered an emotion-related issue, and was moved
from dimension “Services” to dimension “Emotions”.

Items “I participated in activities organized by local communities”, and “The local
community organizes activities open to visitors” (Local Culture), were considered sub-
jective, difficult to evaluate, and were removed. A tourist lack of participation in certain
activities does not necessary mean that those activities are inexistent. A destination
identity is not always fully related to its culture, that is why the item “The identity of
Valparaíso is remarkable” was also eliminated.
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Table 2. Quantitative evaluation of the preliminary scale.

Dimensions Items Averages Std. Dev Actions

Emotions It was a liberating
experience

3.33 1.32 Eliminate

It was a unique experience 4.63 0.89 Keep

It was a revitalizing
experience, that took me out
of monotony

4.35 0.80 Adapt

I had fun 4.55 0.72 Keep

I will remember the
emotions and sensations that
I felt

4.41 1.07 Eliminate

I felt positive emotions in
general

4.54 0.68 Eliminate

I enjoyed the overall
experience

4.63 0.61 Keep

I will always remember this
experience

3.94 1.20 Keep

Emotions (8 items) 4.30 0.53

Local Culture The relationship with the
local community was nice

4.43 0.82 Adapt

I experienced local
traditions and customs

4.77 0.57 Keep

I participated in activities
organized by local
communities

4.66 0.76 Eliminate

The local community
organizes activities open to
visitors

4.03 1.38 Eliminate

I got a good impression of
the local community

4.57 0.77 Keep

The local community is
unique, and different from
my own community

4.17 1.18 Adapt

The local community was
ready to help and provide
information on Valparaíso

4.59 0.97 Keep

The identity of Valparaíso is
remarkable

4.51 0.97 Eliminate

(continued)



376 V. Rusu et al.

Table 2. (continued)

Dimensions Items Averages Std. Dev Actions

Local Culture (8 items) 4.47 0.60

Authenticity of the Place I learned new things 4.59 0.72 Adapt

I appreciated the historic
richness of Valparaíso

4.73 0.64 Adapt

I appreciated the uniqueness
of the funiculars
(“elevators”)

4.48 0.82 Adapt

I appreciated the uniqueness
of the trolleys

4.55 0.77 Adapt

I appreciated the uniqueness
and importance of the stairs
for Valparaíso

4.50 0.82 Keep

I appreciated the historical
case of Valparaiso, as world
heritage

4.72 0.58 Keep

I appreciated the Valparaíso
harbor and its commercial
relevance

4.48 0.97 Adapt

I appreciated the coast, the
sea, and the associated
services

4.34 0.80 Keep

I appreciated the
gastronomy of Valparaíso

4.51 0.77 Keep

I appreciated Valparaíso’s
architecture

4.72 0.52 Keep

I appreciated the variety of
touristic attractions

4.47 0.94 Keep

Valparaíso offers a
significant cultural diversity

4.37 1.00 Keep

Valparaíso’s climate is
pleasant

3.85 1.31 Keep

Authenticity of the Place (13 items) 4.48 0.56

Entertainment Guided tours are available 4.31 1.09 Adapt

Cultural activities are freely
available

4.50 0.90 Adapt

(continued)
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Table 2. (continued)

Dimensions Items Averages Std. Dev Actions

Valparaíso offers cultural
attractions (e.g. galleries,
cultural centers, museums)

4.57 0.86 Keep

Valparaíso offers activities
concerning its history

4.03 0.93 Eliminate

I enjoyed participating in
activities that Valparaíso
offers

4.53 0.82 Keep

I performed activities that I
have never done before

4.23 1.01 Keep

Valparaíso offers night
entertainment attractions

4.07 1.17 Keep

I enjoyed carnivals and/or
festivals specific to
Valparaíso

4.30 0.99 Eliminate

Entertainment (8 items) 4.32 0.63

Services Valparaíso offers diverse
options of accommodations

4.41 1.02 Adapt

Valparaíso offers diverse
restaurants/places to eat

4.52 0.95 Adapt

Valparaíso offers diverse
leisure and relaxation
services

4.34 1.01 Keep

Public restrooms are
available

3.93 1.44 Eliminate

Medical and health services
are available

4.38 1.05 Eliminate

Valparaíso has public
security services

4.31 1.11 Eliminate

Valparaíso offers accessible
tourist information services

4.41 1.02 Keep

Tourist agents were friendly 4.41 1.02 Adapt

Tourism service quality was
as promised

4.48 1.02 Adapt

Valparaíso has appropriate
signaling for emergency
procedures, as for tsunamis
and earthquakes

4.48 1.02 Adapt

(continued)
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Table 2. (continued)

Dimensions Items Averages Std. Dev Actions

Secure areas for tsunamis
and earthquakes are clearly
indicated

4.45 1.09 Eliminate

Services (11 items) 4.38 0.90

Post-pandemic Experience I felt safe, without fear of
COVID-19 contagion

4.73 0.83 Keep

I felt that social distance
measures where appropriate

4.67 0.92 Keep

COVID-19 related safety
measures where
appropriately informed

4.57 1.01 Adapt

COVID-19 related safety
measures did not impede
that my experience was
enjoyable

4.60 0.97 Keep

Post-pandemic Experience (4 items) 4.64 0.83

Loyalty I would recommend
Valparaíso as destination to
other tourists

4.87 0.51 Keep

I would like to visit
Valparaíso again in the
future

4.90 0.40 Keep

Loyalty (2 items) 4.88 0.41

General Perception The experience met my
expectations

4.90 0.40 Keep

I was satisfied with the
experience

4.90 0.40 Keep

General Perception (2 items) 4.90 0.40

All items of the dimension Authenticity of the Place were kept, some with slightly
changed definitions. One new item was included: “I discovered a mix of colors, sounds,
smells and flavors typical for Valparaíso”, as suggested by participants.

Items “Valparaíso offers activities concerning its history”, and “I enjoyed carnivals
and/or festivals specific to Valparaíso” (Entertainment), were eliminated. Firstly, par-
ticipants objected that history-related activities should be considered “entertainment”.
Secondly, carnivals/festivals can only be experienced in very specific seasons, and can-
not be evaluated by all tourists. “Valparaíso offers water sports” was included as new
item; nautical tourism has a great potential in Valparaíso, due to its location on the Pacific
coast.
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Dimension Services was subject to major changes. Several of its initial items were
removed for being too general, or redundant: “Public restrooms are available”, “Medical
and health services are available”, “Valparaíso has public security services”, “Secure
areas for tsunamis and earthquakes are clearly indicated”. Participants suggested sev-
eral new items instead, related to sustainability, inclusiveness, transportation, internet
connection, among others.

Based on participants’ comments, several items were adapted, clarifying their mean-
ing and/or better focusing. All items of the dimensions Post-pandemic Experience, Loy-
alty, and General Perception had good approval rates, and were considered pertinent.
The refined version of the scale has the same number of items as the initial one (56), but
only 29 items were kept unchanged. Table 3 highlights the most important changes, syn-
thetizing the eliminated and the new items. The full new version of the scale is presented
in Table 5.

Table 3. Scale’s refinement based on experts’ opinion.

Dimensions Eliminated items New items

Emotions It was a liberating experience
I will remember the emotions
and sensations that I felt
I felt positive emotions in
general

I felt safe

Local Culture I participated in activities
organized by local communities
The local community organizes
activities open to visitors
The identity of Valparaíso is
remarkable

None

Authenticity of the Place None I discovered a mix of colors,
sounds, smells and flavors
typical for Valparaíso

Entertainment Valparaíso offers activities
concerning its history
I enjoyed carnivals and/or
festivals specific to Valparaíso

Valparaíso offers water sports

(continued)
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Table 3. (continued)

Dimensions Eliminated items New items

Services Public restrooms are available
Medical and health services are
available
Valparaíso has public security
services
Secure areas for tsunamis and
earthquakes are clearly indicated

Valparaíso offers appropriate
transportation
Valparaíso offers good
internet connection
Digital information on
Valparaíso and its attractions
is available
Valparaíso has appropriate
touristic signaling
Valparaíso is clean and well
maintained
Valparaíso is a sustainable
destination
Valparaíso is an inclusive
destination
I perceived professionalism
and competence of the tourist
staff
I perceived a good value for
money

Post-pandemic Experience None None

Loyalty None None

General Perception None None

2.8 Validating the Scale Through a Pilot Test

In order to check scale’s reliability,we performed a pilot test that involved 20participants,
in early 2022. They were all tourist in Valparaíso. Participants were asked to evaluate
all scale’s items using a 7-point Likert scale (from 1 – strongly disagree, to 7 – strongly
agree). All participants agreed that items are clearly stated, and easy to understand.

WeusedCronbach’sα test to check scale’s reliability.Results are presented inTable 4.
The scale has a good reliability (0.913), superior to the acceptable level of 0.700.

The highest α values were obtained for dimensions Post-pandemic Experience, and
General Perception. The lowest values were obtained for Loyalty. Excepting Loyalty, all
the others dimensions have Cronbach’s α values higher than 0.700. When eliminating
items, α values for dimensions does not improve significantly. In some cases, α values
get slightly higher; however, differences are minors (in most cases less than 0.050),
and the items are considered relevant, so they were kept unchanged: “I felt safe” (Emo-
tions), “I learned about the history of Valparaíso”, “I appreciated Valparaíso’s architec-
ture”, “Valparaíso’s climate is pleasant” (Authenticity of the Place), “Valparaíso offers
appropriate transportation” (Services), and “COVID-19 related safety measures did not
impede that my experience was enjoyable” (Post-pandemic Experience). On the con-
trary, when the following items are eliminated, Cronbach’s α values for the associated
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Table 4. Cronbach’s α test for data collected in the pilot test.

Dimensions Cronbach’s α

Emotions 0.759

Local Culture 0.723

Authenticity of the Place 0.852

Entertainment 0.840

Services 0.732

Post-pandemic Experience 0.869

Loyalty 0.683

General Perception 0.906

Scale 0.913

dimensions get lower, and this is a validation that the items are relevant and have to
be maintained: “I enjoyed the overall experience” (Emotions), “The local community is
unique” (Local Culture), “I appreciated the historical case of Valparaiso, as world her-
itage” (Authenticity of the Place), “I enjoyed participating in activities that Valparaíso
offers” (Entertainment), “Digital information on Valparaíso and its attractions is avail-
able” (Services), and “I felt safe, without fear of COVID-19 contagion” (Post-pandemic
Experience).

Based on the result of the pilot test, we did not consider necessary to make new
changes to the scale. The only change that we made was how the scale is applied in
practice. Many participants in the pilot test indicates that evaluating items on a 7-point
scale is quite difficult, so we decided to use a 5-point scale instead.

2.9 Applying the Scale: A Survey

The scale was used in a survey with 316 participants, all of them tourist that experienced
Valparaíso as destination. We used the convenience sampling, and we collected data in
April – May 2022. Most of the participants were Chileans (312 participants, 98.73%);
only 4 were foreigners (1.27%). Gender balance was somehow more equilibrated: 198
participants were females (62.66%), 114 participants weremales (36.07%); 1 participant
indicates “other” as gender (0.32%), and 3 preferred to not discharge the information
(0.95%).

Most of the participants belonged to the age group from 21 to 30 y/o, but all age
groups were reasonably covered:

• Under 20: 41 participants (12.97%),
• From 21 to 30: 90 participants (28.48%),
• From 31 to 40: 65 participants (20.57%),
• From 41 to 50: 48 participants (15.19%),
• From 51 to 60: 46 participants (14.56%),
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• From 61 or over: 26 participants (8.23%).

Most of the participants were employed (170 participants, 53.80%); 94were students
(29.75%), 26were in charge of the domesticwork (8.23%), 14were retired (4.43), 5were
unemployed (1.58%), and 7 choose the option “other” when asked for their employment
status (2.21%). 24 participants got a PhD or MSc degree (7.59%), 145 were college
graduated or students (45.89%), and 147 did not possess a college degree (46.52%). It is
significant that most of the participants (260, 82.28%) were visiting Valparaíso for the
very first time.

Confirmatory factor analysis (CFA) was used to validate the scale, in order to (1)
check the underlaying model, and (2) check if significant changes are necessary [34, 35].
We used the maximum likelihood for missing data, as some of the 316 observations were
incomplete, and we processed data with STATA 17. The model has 8 factors (scale’s
dimensions) and 56 variables (scale’s items).

All factorial loads are statistically significant at p-value= 0.000; all items are signifi-
cant for their associated dimensions. Covariances between factors are all significant. The
likelihood ratio Chi-Squared (χ2) is 4040.283, which is significant (p-value = 0.000).
The root mean squared error of approximation (RMSEA) is 0.075, which is considered
acceptable. The incremental fit indices are lower than 0.900 (and lower than 0.950, as
recommended lately): the comparative fit index (CFI) is 0.860, and the non-normed fit
index (NNFI) is 0.868. Therefore, our model can still be improved.

Averages and standard deviations for all items are presented in Table 5.

Table 5. The scale for evaluating the post-pandemic tourist experience in Valparaíso, Chile.

Dimensions Items Average Std. Dev

Emotions It was a unique experience 3.64 1.14

It was a revitalizing experience 3.62 1.20

I had fun 3.96 1.15

I felt safe 2.60 1.17

I enjoyed the overall experience 3.82 1.14

I will remember this experience 3.93 1.14

Emotions (6 items) 3.59 1.00

Local Culture The local community was welcoming 3.58 1.13

I learned local traditions and customs 3.38 1.24

The local community is unique 3.50 1.16

The local community was ready to
help and provide information on
Valparaíso

3.59 1.19

I got a good impression on the local
community

3.54 1.18

(continued)
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Table 5. (continued)

Dimensions Items Average Std. Dev

Local Culture (5 items) 3.52 1.04

Authenticity of the Place I learned new things on Valparaíso 3.54 1.23

I learned about the history of
Valparaíso

3.45 1.30

I appreciated the funiculars
(“elevators”) of Valparaíso

3.74 1.34

I appreciated the trolleys of
Valparaíso

3.74 1.37

I appreciated the uniqueness and
importance of the stairs for
Valparaíso

3.82 1.27

I appreciated the historical case of
Valparaiso, as world heritage

3.79 1.28

I appreciated the Valparaíso harbor
and its relevance

3.89 1.23

I appreciated the coast, the sea, and
the associated services

3.92 1.25

I appreciated the gastronomy of
Valparaíso

3.77 1.26

I discovered a mix of colors, sounds,
smells and flavors typical for
Valparaíso

3.85 1.24

I appreciated Valparaíso’s
architecture

4.01 1.21

Valparaiso offers a variety of touristic
attractions

3.89 1.19

Valparaíso offers a significant
cultural diversity

3.90 1.22

Valparaíso’s climate is pleasant 3.87 1.17

Authenticity of the Place (14 items) 3.81 1.06

Entertainment Good quality guided tours are
available

3.04 1.21

Various activities are freely available 3.60 1.22

Valparaíso offers cultural attractions
(e.g. galleries, cultural centers,
museums)

3.77 1.21

(continued)
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Table 5. (continued)

Dimensions Items Average Std. Dev

I enjoyed participating in activities
that Valparaíso offers

3.59 1.23

I performed activities that I have
never done before

3.35 1.33

Valparaíso offers water sports 3.04 1.32

Valparaíso offers night entertainment
attractions

3.67 1.30

Entertainment (7 items) 3.49 1.11

Services I found accommodation that suits me 3.60 1.24

I was surprised by the diversity of
restaurants/places to eat

3.68 1.22

Valparaíso offers appropriate
transportation

3.47 1.21

Valparaíso offers diverse leisure and
relaxation services

3.50 1.25

Valparaíso offers accessible tourist
information services

3.15 1.27

Valparaíso offers good internet
connection

3.52 1.27

Digital information on Valparaíso and
its attractions is available

3.49 1.29

Valparaíso has appropriate touristic
signaling

3.28 1.25

Valparaíso has appropriate signaling
for tsunamis and earthquakes
emergencies

3.55 1.28

Valparaíso is clean and well
maintained

2.25 1.31

Valparaíso is a sustainable destination 2.91 1.32

Valparaíso is an inclusive destination 2.85 1.36

I perceived professionalism and
competence of the tourist staff

3.26 1.30

I perceived that the tourist staff was
friendly

3.38 1.26

Tourism service quality was as
expected

3.39 1.25

(continued)
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Table 5. (continued)

Dimensions Items Average Std. Dev

I perceived a good value for money 3.42 1.24

Services (16 items) 3.30 1.01

Post-pandemic Experience I felt safe, without fear of COVID-19
contagion

2.91 1.26

I felt that social distance measures
where appropriate

2.83 1.23

COVID-19 related safety measures
where appropriate

3.12 1.25

COVID-19 related safety measures
did not impede that my experience
was enjoyable

3.39 1.29

Post-pandemic Experience (4 items) 3.07 1.13

Loyalty I would recommend Valparaíso as
destination to other tourists

3.81 1.22

I would like to visit Valparaíso again
in the future

3.96 1.21

Loyalty (2 items) 3.88 1.19

General Perception The experience met my expectations 3.70 1.18

I was satisfied with the experience 3.74 1.18

General Perception (2 items) 3.72 1.16

Dimension Post-pandemic Experience scored lowest (3.07), almost identical to the
central point of the scale. Two of its items got low scores: “I felt that social distance mea-
sures where appropriate” (2.83), and “I felt safe, without fear of COVID-19 contagion”
(2.91). This confirms the importance of evaluating pandemic-related issues. Three items
of the dimension Services got low scores: “Valparaíso is clean and well maintained”
(2.25), “Valparaíso is an inclusive destination” (2.85), and “Valparaíso is a sustainable
destination” (2.91). All three highlight important issues to be attended by Valparaíso’s
authorities, as well as safety, which also got one of the lowest scores: “I felt safe” scored
only 2.60.

It is remarkable that dimension Authenticity of the Place got the highest score (3.81).
This stresses the potential of Valparaíso as destination. Almost all dimension’s items got
scores higher than 3.70. Items that stand out are: “I appreciated Valparaíso’s archi-
tecture” (4.01), “I appreciated the coast, the sea, and the associated services” (3.92),
“Valparaíso offers a significant cultural diversity” (3.90) “I appreciated the Valparaíso
harbor and its relevance” (3.89), and “Valparaiso offers a variety of touristic attrac-
tions” (3.89). Overall, emotions were positive: “I had fun” (3.96), and “I will remember
this experience (3.93). Dimension Loyalty scored 3.88, and item “I would like to visit
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Valparaíso again in the future” got a remarkably high score (3.96). Dimension General
Perception also got a favorable score (3.72).

3 Conclusions and Future Work

TX evaluation is challenging as TX ismultidimensional, subjective, and highly personal.
One of the most common TX evaluation artifacts are scales. We developed a scale to
evaluate TX inValparaíso, Chile. It includes 56 items, grouped in 8 dimensions: emotions
(6 items), local culture (5 items), authenticity of the place (14 items), entertainment
(7 items), services (16 items), post-pandemic experience (4 items), loyalty (2 items),
and general perception (2 items). Our scale attends general TX factors, Valparaíso’s
specificity as destination, and also the post-pandemic context.

The scale was initially developed based on literature. It was then evaluated by 30
tourism experts/scholars/professional, and was refined based on their feedback; 12 items
have been replaced, 16 items were adapted, and 28 items were kept unchanged. Scale’s
reliability was checked in a pilot study involving 20 participants.

The scale was later used in a survey that included 316 participants. Confirmatory
factor analysis showed that all items are significant for their associated dimensions,
and covariances between factors are all significant. However, the incremental fit indices
indicate that the underlying model of our scale can be further improved.

Survey’s results highlight the importance of pandemic-related issues. They indicate
the potential of Valparaíso as destination, especially based on its architecture, coast,
harbor, cultural diversity, and the variety of touristic attractions. They also point out
major issues that should be addressed in order to improve TX in Valparaíso: safety,
cleanliness, sustainability, and inclusiveness.

As future work, wewill check the underlayingmodel of our scale, based on structural
equation modeling. We intend to use the scale in future surveys.
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Abstract. In the case of infectious diseases, the interaction between
human behavior and disease dynamics can greatly influence the resulting
outbreak size and characteristics. People behave differently depending on
the information available, so the influence of local and global informa-
tion about a virus outbreak is studied. Agent-based modeling provides a
tool for representing individual behavioral differences, but its calibration
is complex. Several factors influence model results, such as the network
structure representing social relationships. Using an exploratory method-
ology called “Iterative Exploratory Modeling”, the assumptions used for
a particular agent-based model are tested and verified, demonstrating
the benefits of said approach. While genuine disease dynamics can be
achieved with the used graph based on the Barabási-Albert model, the
specific graph attributes have a much larger impact on the results than
the local and global information. This emphasizes the need for testing
assumptions at a fundamental level, which “Iterative Exploratory Mod-
eling” can provide.
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1 Introduction

The impact of pandemics on human life has become apparent in recent years.
In particular, the interdependence of human behavior and disease dynamics has
become a research focus. Sometimes referred to as “coupled contagion” [12],
individual protective behavior is a function of risk perception and thus influences
the spread of disease over time. In addition, the state of the disease spread
also influences risk perception, creating a feedback loop. This effect is often
abstracted in traditional modeling, especially compartmental modeling, leading
to an incomplete representation of some driving forces behind disease spread.
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Agent-based modeling is useful for this coupling of behavior and disease
spread. The heterogeneity of the agents in a model allows behavioral changes to
occur based on the effect of receiving information. This paper uses an exploratory
approach called “Iterative Exploratory Modeling (IEM)” to understand the
underlying assumptions that generate different model results. Therefore, IEM
aims to test the assumptions’ validity, especially regarding the graph used to
represent the social network. IEM makes the assumptions transparent, showing
eventual dependencies on the model results. The goal is to transform the process
of agent-based modeling into a method that is easier to understand.

2 Preliminaries

One of the best analogies to the principle of agent-based modeling comes from
biology, from the field of swarm intelligence. Here the basic insight is as follows:

“Complex collective behavior can emerge from individuals following simple
rules. [5, p. 110]”

This paper uses the terms agent-based modeling, and agent-based model, ABM
is used as a shorthand for both terms. An agent-based modeling is a simula-
tion involving many agents’ interactions. Simulation, in this case, refers to the
concrete execution of the code in which the modeling is implemented, while
modeling refers to the conceptual level. This interaction follows defined rules;
the agents and the space they interact in have defined properties. The goal of
the simulation is to study the outcome of the interaction of the agents based on
these defined rules and constraints.

2.1 Use Cases of ABM

ABM can be used to pursue entirely different goals. The purpose of modeling is
not always to predict phenomena or values; ABM can also describe these phe-
nomena or explain their mechanisms. Wilensky and Rand define eight different
use cases for ABM :

say(1) description, (2) explanation, (3) experimentation, (4) providing
sources of analogy, (5) communication/education, (6) providing focal
objects or centerpieces for scientific dialogue, (7) as thought experiments,
and (8) prediction [20, p. 28].

An experimental approach can facilitate the understanding of a complex system.
If the model is built according to the known properties, new parameters and
rules can be easily inserted, whose influence can be successively determined by
analyzing the simulation results [20]. Thus, one of the conclusions from the
previous paragraphs is that even very simple models can yield surprising results.
Especially in the social sciences, the goal of an ABM is often an understanding of
the system’s interrelationships and the parameters’ effects. Therefore a reality-
based representation is less important [6,13].
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2.2 Epidemiological Basics

The theoretical foundations of epidemiology are highly relevant to modeling
the spread of an epidemic. The importance of this area of research has become
apparent to the general public in recent years, as the COVID-19 pandemic has
caused drastic changes in many areas of personal and public life.

Epidemiology and social sciences are usually considered separately, but it is
crucial to consider and use findings from both fields when studying pandemics.
The example of the COVID-19 pandemic shows the substantial impact on social
science issues such as individual protective behavior or social solidarity. Even
before that, infectious diseases such as HIV have always had and continue to
have a major impact on global sociopolitical issues [11]. Demographic parameters
also play an essential role, as the risk of contracting the disease may depend not
only on genetic factors but also, for example, on age [17].

This paper uses a basic Susceptible-Infected-Recovered (SIR) model. The
key indicators that are discussed in this paper are incidence and prevalence.
The maxima of the respective numbers of persons who can be assigned to a
specific condition according to the SIR model are suitable as other critical figures
for investigating the spread of an epidemic. That is, the maximum of infected
persons and the maximum incidence are apparent values to classify the epidemic.
Furthermore, the duration of the infection period in the case of a temporally
limited spread of infectious disease and the proportion of persons who were
never infected after the end of the epidemic are meaningful [18].

2.3 Social Networks

The social network, i.e., the network of interpersonal relationships of a human
being, can be represented by graphs. Typical approaches include random net-
works produced by generative models such as the Erdős-Rényi model and so-
called small world networks generated by the Watts-Strogatz model. Scale-free
networks can be built using the Barabási-Albert model, and the resulting graphs
are referred to in this paper as BA graphs. The latter has been established for
mapping Social Networks in the context of epidemiology because they resemble
many real-world networks. An example is the study of the number of sexual part-
ners, where Liljeros represents the mechanism of a scale-free network [2,9,15,16].
However, mapping a social network by a BA graph is also criticized because some
assumptions are too simple. Moreover, Jin and Yu also note that most networks
are weighted in reality, which is not valid for any of the presented graphs [14,19].
With IEM, I aim to make the influence of these assumptions more apparent.

These networks are created iteratively in the case of the BA graph, following
a principle of preferential attachment that is often described as “the rich get
richer” [16]. Thus, the graph starts with a certain number of nodes with connec-
tions (edges) between them, to which new nodes are added. The existing node
with the most edges has the highest probability of forming edges with the newly
added nodes. The result is a graph in which a few nodes have a very high number
of edges, but most nodes have very few edges. Thus, a scale-free network also
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exhibits the property that defines small world networks, namely a small number
of steps required to move from node to node, starting from a starting node to
any other node.

In epidemiology, this means that scale-free networks such as the BA graph
show a very rapid spread of infectious diseases - but this also makes them more
sensitive to isolating the few nodes that cause many infections. These nodes
thus correspond to the “super-spreaders” that were also a problem during the
COVID-19 pandemic [3,15,16].

2.4 Research Question and Assumptions

The concept of Iterative Exploratory Modeling, introduced in the next chapter,
does not involve traditional research questions from which I derive testable
hypotheses. Instead, I subsume the focus of the investigation under this more
open research question:

How do behavior changes due to information gain affect the overall epi-
demiological picture?

The focus here is on the impact of modeled parameters on infection incidence.
Specifically, information about the epidemic situation should induce a change
in agents’ behavior, and I will examine the extent of different levels of risk
reduction. This information can be at the global level (equivalent to information
from official sources such as government agencies or the media) or at the local
level (through information exchange with other agents or using a contact tracing
app). Moreover, the impact of vaccination effectiveness and isolation will be
analyzed.

As described above, the formulation of assumptions instead of hypotheses
could be more useful. Therefore, I will test two basic assumptions.

The first of these is

An increase in the number of infections leads to a behavior of minimizing
the risk of individual people.

The second reads:

Risk minimization of individual agents reduces the spread of the epidemic
and decreases its ultimate magnitude.

3 Iterative Exploratory Modeling

I follow an unconventional and open approach called Iterative Exploratory Mod-
eling in this paper. Wilensky and Rand define Exploratory Modeling as the
second overarching category of modeling [20]. This method is an advantage of
agent-based modeling because it allows a model to be built to explain observed
phenomena. I create a model from initially chosen parameters, the results of this
model are analyzed, and I progressively approximate the model to the observed
phenomenon.
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I explicitly extend this concept by an iterative approach called Iterative
Exploratory Modeling. It represents a partially cyclical process in which I make
basic assumptions, which are not changed, and from which I generate a model.
This model then produces results through simulation, which are analyzed to
discover emergent phenomena. I extend the model progressively and then re-
examine the results (see Fig. 1). I do not change the original assumptions, but
the model and the parameters used can be modified. Parameters may also be
added or removed. This process continues, ideally, until emergent behavior is
discovered.

Fig. 1. Iterative Exploratory Modeling

3.1 Model

I will now demonstrate the Iterative Exploratory Modeling approach using the
model I introduced in the previous chapter. Fixed assumptions are:

– Individual agents
– Graph as space
– SIR model of certain complexity

These three main assumptions establish the following details: Agents represent
individuals with specific attributes that may vary from person to person. These
agents are located in a graph representing the social network of individuals.
Through a SIR model described in Sect. 2.2, I model the infection event where
there are at least three states Susceptible, Infected, and Recovered. An agent can
only be in one of these states at a time. The agents can interact with each other
and behave dynamically.

The basis for the agent-based model is the framework Agents.jl, available
for the programming language Julia [4,8]. For this work, I use Julia v1.5.4 and
Agents.jl v4.5.6. The advantage of this framework is the ease of use, but the high
performance compared to other frameworks is also highlighted [1].
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There are also three components to the basic structure of ABM. The concrete
model has properties that partly determine the model’s functioning or are used
to collect the results. The agents, which are part of the model and are located
in the space, also have properties, but these only affect the individual agent.
Finally, the space has properties that define the type of space and its concrete
nature. The Fig. 2 overviews the relationships between the components and their
properties.

Fig. 2. Entity relationship diagram of the model used. It shows the components of the
model and their properties, as well as the relationships among them.

In the ABM presented here, the configuration defines the fixed properties
of the model and the default parameters. These are the total number of agents
(which corresponds to the number of nodes in the graph), a parameter defining
the Preferential Attachment used to create the BA graph, the number of steps
(days) for which the model should be simulated, and the default parameters.

I use these default values unless other values or ranges are defined in the list
of parameters. They are partly based on the chosen maximum values for the
parameter ranges investigated in this work and partly on a realistic assumption.
For example, I assume an isolation period of seven days and an infection period of
14 days can be assumed. The transmission probability, on the other hand, is cho-
sen intuitively and then adjusted to a realistic spread by approximating the SIR
model. To reiterate, the focus of this paper is to demonstrate the use of Iterative
Exploratory Modeling, meaning that realistic parameter values are not always
needed. Instead, the idea is to test the validity of these intuitive assumptions.
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I approximate vaccine effectiveness to be 80% based on the average effective-
ness of all COVID-19 vaccines relative to the delta variant. The probability of
contact tracing is also adjusted to a realistic number based on the number of
devices on which the application is installed. The values for the local and global
behavioral factors are based on the assumption that infecting all people within
a person’s radius will cause them to change their behavior, ultimately halving
the risk of infection. The global behavioral factor assumes that even if the entire
population is infected, the risk of infection is reduced by no more than 25%. I
make this assumption intuitively and discuss the implications of this assumption
in Sect. 4.1.

The values for these are:

– Total number of agents (number of nodes): 1000
– Number of connected nodes and new connections a newly added node has: 3
– Number of steps (days): 150
– Isolation duration: 7 days
– Vaccine effectiveness: 80%.
– Transmission probability: 20%.
– Probability of contact tracing: 50%.
– Isolation probability: 0%.
– Duration of infection/number of days until transition to Recovered : 14
– Local Behavioral Factor: 0.5
– Global Behavioral Factor: 0.25

I define the effectiveness of the vaccination by vaccination efficacy, which can
take values between 0 and 100 (%). This corresponds to a reduction of the proba-
bility of transmission by this percentage. I define the transmission probability of
the infectious disease by transmission probability. This value can range from 0 to
1 and is the factor used to model the risk of infection. The quarantine probability
property defines the probability that an infected agent will be quarantined and
can range from 0 to 100 (%). Due to a terminology error, I defined this param-
eter as quarantine. The correct value is “isolation”. I perform the check to see
if an agent goes into isolation each day the agent is infected. This increases the
probability of an agent going into isolation from day to day. I intend this mod-
eling to reflect that infection is usually not detected immediately but may be
detected several days after the initial infection. In some instances may never be
detected. Thus, assuming a defined isolation probability of 10%, the total prob-
ability of an agent going into isolation is calculated to be approximately 80%
for an infection period of 14 days. quarantine duration denotes the duration of
isolation, days to recovered the duration of infection or the number of days after
which an agent changes from infected to recovered.

To represent behavioral changes, two factors represent the reduction in risk
of infection due to increased hygiene measures or social distancing. These factors
can take values between 0 and 1, with 1 representing a complete reduction in the
risk of infection. Specifically, the global behavioral factor refers to the mechanism
by which increasing numbers of infections among the total number of agents leads
to behavior that minimizes the risk of individual agents. I define the number
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of infections among the total number of agents as global information intended
to represent, for example, media reports or notifications by authorities. The
local information, which influences the local behavior factor, is defined as the
number of infections in the agent’s neighborhood. Here, the agent’s neighborhood
denotes all neighbors, i.e., directly connected nodes, that the agent has according
to the social network modeled with a BA graph. However, to represent that
an individual agent is unaware of every infection of its neighbors, I define a
probability called Contact Tracing Probability. This determines the fraction of
infections in its neighborhood the agent is informed about. Conceptually, I model
this approach using a contact tracing app, such as the “Corona-Warn-App”.
The probability that the agent’s neighbors use this app results in a fraction of
neighbors whose infection the agent is informed about. Thus, this parameter
directly affects the Local Behavioral Factor and can also be considered a factor
for the strength of the effect of local information. Therefore, if a local behavior
factor of 0.5 would mean a halving of the risk of infection for a Contact Tracing
Probability of 100%, this would only mean a 25% reduction in risk for a Contact
Tracing Probability of 50%.

The parameter ranges studied in this paper are as follows:

– Vaccination Efficacy: 70%, 80%, and 90%.
– Isolation Probability: 0 to 10% in 2.5% increments.
– Contact Tracing Probability: 0 to 100% in 10% increments.
– Local Behavior Factor: 0 to 0.5 in increments of 0.1
– Global Behavior Factor: 0 to 0.25 in 0.05 increments

After defining the parameters to be simulated, I initialize the model with the
specified configuration and the chosen parameters. Here the graph representing
the social network is created, where an agent is assigned to each node in a
second step, leading to the nodes representing the agents. Exactly one agent
with the state Infected is always inserted into the graph at the node with the
highest node degree. This node has the most connections to other nodes, leading
to a fast infection spread. I also chose this step to guarantee the spread of the
infectious disease since if the number of neighbors is low or the agents have
no neighbors, the spread may die after a very short time or never spread. The
nodes with no neighbors represent individuals who live in complete isolation and,
therefore, can never be affected by the infection.

4 Summary of Results and Discussion

With the default parameters, a reasonable representation of an epidemic is
achieved by the implemented SIR model; the trajectory of infection numbers
corresponds to the typical trajectories given in the literature. Adding vaccina-
tion to the SIR model increases the sophistication of the model, but the effect
of different levels of vaccination effectiveness is small. Adding isolation adds a
parameter to the model with a substantial impact on infection spread.

Certain key figures and parameters are abbreviated as follows:
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– Susceptible Fraction Remaining (SFR): Proportion of agents with Susceptible
status at the endpoint of the simulation, equal to the proportion of agents
never infected.

– First to Last Infected (FTLI ): Number of time steps between the first and
last time an agent exhibited the Infected status, this maps the’width’ of the
infection curve.

– Day of maximum Incidence (DomInc): Time step with the highest incidence
– Day of maximum Infected (DomInf ): Time step with maximum number of

agents with Infected status.

The effect of isolation probability is most evident in the number of maximum
infected agents and the proportion of agents that were never infected at the end
of the simulation (SFR). Increasing the isolation probability results in a large
decrease in these metrics. Increasing the Contact Tracing Probability leads to a
reduction in the size of the epidemic in the form of a reduction in the maximum
number of infected or an increase in the proportion of agents never infected
at the end of the simulation. This effect is evident when considered without
isolation, but it is a weaker reduction than for isolation probability. A higher
Contact Tracing Probability at the maximum local behavior factor leads to a
significant decrease in the maximum number of infected at low isolation prob-
abilities. However, as the isolation probability increases, this effect diminishes
because it is masked by the significant influence of the isolation probability. The
local behavioral factor leads to a weak reduction in the size of the epidemic as
a function of the Contact Tracing Probability, which is not as strongly influ-
enced by the isolation probability. The global behavioral factor leads to a very
weak reduction even without isolation. The effect of all parameters on the met-
rics FTLI, as well as DomInf and DomInc is very small or non-existent. These
results are discussed in the next section.

4.1 Discussion

In this section, I will first discuss the issues arising from the specific model
I implemented. I will then discuss how these issues relate to the Iterative
Exploratory Modeling approach.

One of the issues found in retrospect is that an insufficient implementation of
vaccination leads to low immunization influence on the model results. There is
a fixed probability that agents can enter the Vaccinated state at each time step.
This results in a linear trend for the time period presented here. At the time
of maximum infection, the proportion vaccinated is approximately equal to the
proportion infected. At this time, only about a quarter of the agents are protected
by vaccination, which explains the weak effect. IEM has two benefits here: For
one, the model in its current state demonstrates the considerable influence of
the protection granted by vaccination on disease transmission which is in itself
a key result. If I take the IEM approach further, I could adjust the vaccination
implementation and compare model results to the previous state.

Another key finding of this exploratory approach is the strong influence of the
graph used to represent the social network. One of the implications of this finding
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is that isolation strongly influences the model results. The argument is that due
to the small number of highly connected nodes, it is sufficient for one or more of
these nodes to become isolated and significantly hinder the spread of the disease.
Due to the high variation between runs as a result of the different graphs, this
emphasizes the need for calibration and batch runs. Another possibility would
be to keep the graph used for simulation fixed.

An additional problem with scale-free graphs is the lack of homophily, which
can significantly affect network clustering and the disease dynamics. Another
problem is that static networks cannot represent the dynamic processes in human
relationships, such as forming and terminating connections [15,18]. Therefore,
the IEM approach allowed me to discover an influence on model mechanics that
was also discussed by [15,18].

The type of graph used to map the social network significantly impacts the
spread of the virus. FTLI represents the number of steps between the first and
the last infected agent, so it also describes the “duration” of the spread. The
spread of the virus in the concrete BA graph may always be very uniform. That
is, the maximum number of infected and therefore SFR is independent of the
’duration’ of the infection period. Even if more agents are infected, the virus does
not spread ’faster’ than if only a few agents are infected. This may be due to the
small world properties of the BA graph. Also, the small size of the graph used
may have unintended consequences. With a relatively small number of agents
(1000) and a relatively small average path length, propagation within the chart
might be very uniform, regardless of the number of infected agents. This effect
could be further analyzed by increasing the number of agents or by examining
the properties of the graph more closely.

Because of its implementation, the Contact Tracing Probability is, in fact,
only a reinforcement factor for the local behavioral factor. With a Contact Trac-
ing Probability of 0%, the local behavior factor does not affect reducing the
transmission probability; with a Contact Tracing Probability of 100%, it has a
significant effect. This explains the dependence of the two values. The influence
on the number of infections can be explained by the fact that the local behavior
factor of 0.5 is less limited upwards than, e.g., the global behavior factor of 0.25.
In addition, the local behavior factor is related to infections near the agent.
There, the entire perimeter can be infected proportionally faster. The global
behavior factor, associated with the number of infected people in the total num-
ber of agents, is usually lower. The strong influence of these two effects on the
metric shown is due to their interaction.

The small effect of the global behavior factor can be explained by analogy
with the strong impact of the local behavior factor. On the one hand, the max-
imum value of the global behavior factor is limited to 0.25, i.e., it can only
reduce the risk of infection by 25%. In addition, this effect still depends on the
proportion of infected people, which rarely exceeds 50%. In the best case, the
transmission probability is reduced by 12.5%. Since the ratio of infected persons
is typically closer to 25%, the small effect due to the definition is obvious.
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4.2 Benefits of Simple Models

ABM are also suitable as an introduction to a complex topic because of their
explicit modeling of parameters. One perspective on this model, not only because
of the approach of Iterative Exploratory Modeling (defined in Sect. 3, is to see it as
a starting point for the investigation of a phenomenon. Therefore, if discovered,
inconsistencies or methodological errors are always an opportunity to improve
the existing model. This is especially true in the iterative context of Iterative
Exploratory Modeling, where this work can be a valuable starting point for
further investigation. Another insight from Sect. 2 is that even simple models
can produce interesting results. Thus, increasing the complexity of the model
is no guarantee that the results will be more relevant. Therefore, it should be
mentioned here that “simple” is not necessarily “bad”.

In this sense, the requirement that an ABM should always add value for appli-
cation in the real world is fulfilled [7]. At least if this added value, as according
to Epstein and Bruch&Atwell, also lies in reviewing the assumptions and sim-
plifications underlying a model, raising new questions, working out ambiguities,
and highlighting advantages and disadvantages of these aspects [6,10].

4.3 Verification of Assumptions

The basic assumptions of the model concern the representation of Social Net-
works as BA graphs, the simplification of behavioral changes as a direct reduction
of the transmission probability, and the representation of agents as nodes, as well
as the restriction of the SIR model to a very simple implementation.

The model’s representation of typical SIR curves, described in Sect. 4, con-
firms the first assumption. Thus, BA graphs are suitable for representing Social
Networks in the context of an ABM model integrated with an SIR model. How-
ever, it should be emphasized that the properties of the graph significantly
impact the results of the ABM. Therefore, one of the most important find-
ings of this work is the importance of studying the influence of the graph used
on the ABM. The precise definition of the properties of the graph contributes
significantly to the results of the ABM. The second assumption that the effect
of behavioral changes can be directly implemented as a reduction in transmis-
sion probability must be viewed critically. Although it was found that the sec-
ond assumption was confirmed, the influence of the psychological process in the
background is not represented in this way. Perhaps a better representation of
human behavior by a simple behavioral model is needed here. The representa-
tion of agents as nodes and that of the simple SIR model, at least to achieve
a qualitative similarity of SIR numbers to observed data, can be interpreted as
permissible based on the results.

5 Outlook and Further Work

Further iteration steps, which are conceivable in the context of Iterative
Exploratory Modeling, but which I could not implement in this work, are pre-
sented here.



400 L. Stellbrink et al.

5.1 Further Iteration Steps

Additional attributes could be added to the agents to achieve more realistic
heterogeneity. So far, this is only represented by probabilistic behavior, which has
drawbacks. An age-dependent transmission probability could be introduced, or
similar to Kitchovitch and Liò, a perception of perceived risk [15]. This could be
a good guideline for implementing more complex behavior. This behavior could
also be made dependent on the individual characteristics of the agent, which
would allow a complete mapping of a behavioral change. This behavior could be
adapted and influenced by interaction with other agents. The interaction could
be modeled by building a perceptual model that stores an interaction history and
uses it to adjust the properties of the agents. This perceptual model would also
be a step towards implementing deterministic behavior. Another iterative step
could be to implement a spatial model that better represents specific effects of
infection risk and daily life. A spatial model would also expand the possibilities
for interaction between agents. In addition, simulation steps could be defined
on a smaller scale to allow for more dynamic processes. Finally, an adaptation
of the SIRV model could be considered to accurately model the willingness
to vaccinate, which increases with an increasing number of infections or certain
behaviors. Finally, the possibility of re-infection with the virus could be included.

5.2 Outlook

The main result of this work is to highlight the validity of the assumptions
made in the modeling process. This includes the verification of the mapping of
Social Networks by a BA graph, a reduction of the behavioral model to a direct
influence on the transmission probability, and the use of a simple SIR model.
Using a BA graph in combination with the SIR model is valid for studying
the spread of an epidemic. Reducing the behavioral model is helpful for a basic
understanding, but I recommend an extension with a simple behavioral model.
Incorporating risk perception could make the behavior deterministic and thus
reduce the randomness of the model.

Understanding complex systems is relevant in many fields, and the interaction
of epidemiology and human behavior is complicated. Using an unconventional
and open-ended approach called Iterative Exploratory Modeling, the goal is to
understand and explain the underlying mechanisms of a model. I based this
modeling on a combination of the approaches of Agent Based Modeling and a
SIR model. The latter is suitable for creating a sufficiently accurate abstraction
of the processes under investigation, which I used to test various assumptions.
This way, an understanding model can be built iteratively, covering different
levels of complexity. This process results in a model that can be a starting
point for further research. The conditions for a more comprehensive view of the
phenomena are justified by testing the critical assumptions of the model. The
contribution to the understanding of epidemics and human behavior made in this
work should therefore contribute to reducing the risk and magnitude of future
epidemics.
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Abstract. Characterizing the vulnerable people to misinformation engagement
is important for combating misinformation. This study has examined the main
effects and interaction effects of personality traits on misinformation engagement
throughmultinomial logistic regression based on digital-traces data of 1,398 social
media users. Some interesting findings were revealed, for instance, people high
in neuroticism were likely to engage in misinformation. Additionally, higher neu-
roticism increased the likelihood that conscientious people would comment on
misinformation. Main contributions of this study are the construction of a person-
ality trait scale based on digital-trace indicators and the disclosure of relationship
between users’ personality traits and their misinformation engagement behaviors.
The findings of this research can provide insights on the understanding of factors
behind the misinformation engagement behaviors and support the detection of
users who are vulnerable to misinformation on social media.

Keywords: Personality ·Misinformation Engagement · Digital Trace · Social
Media

1 Introduction

In the past fewyears, the sharingofmisinformationon socialmedia platformshas become
more and more prevalent, especially in the current COVID-19 pandemic. Existing
researches have investigated the factors driving the emergency-relevant mis-information
dissemination from perspectives of misinformation content, misinformation publisher,
misinformation receiver, etc. [1–3]. It is undeniable that the information receiver plays a
critical role in the process of misinformation propagation, and the behavior of informa-
tion receivers on socialmedia can be affected by their personality traits [4].Whenprobing
the relationship between personality traits and misinformation engagement behavior,
prior studies mainly use self-reported data and focus on misinformation forwarding
behavior [5, 6]. Few studies have subdivided misinformation engagement behavior and
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explored the relationship between personality traits and different engagement behaviors.
Hence, this study aims to analyze the influence of personality traits on misinformation
engagement behaviors, namely, misinformation forwarding, commenting and liking,
based on the data of users’ digital traces on social media. The findings of this research
can shed lights on the driving factors behind misinformation engagement behaviour
and support the automatic detection of people who are susceptible to emergency-related
misinformation.

2 Literature Review

2.1 Factors Contributing to Users’ Misinformation Engagement Behavior

The rapid proliferation of misinformation can cause unnecessary confusion and anxiety
among the public [7]. Various studies have explored the factors that contribute to the
spread of misinformation. Through the literature survey, we summarized the influencing
factors affecting users’ misinformation engagement from the perspective of information
receivers.

Firstly, how people perceive and process the misinformation would affect their
engagement with it. Comparing to positive and neutral information, people pay more
attention to negative information, which is called the negativity bias [8]. Meanwhile,
information sharing on social media is a social sharing of emotions [9]. Hence, when
users browse online, they are more likely to forward misinformation that conveys emo-
tions such as nervousness, anxiety and fear [10]. Secondly, motivation also plays an
important role in users’ information behavior on online social networks [11]. Though
the classification of motivation varies, findings reveal that users may share misinfor-
mation for entertainment purposes and the act of sharing makes them feel satisfied [12]
without considering the possible consequences of the act [13].Moreover, self-disclosure,
trust, and, fear of missing out (FOMO) are influential factors that contribute to misin-
formation sharing. To be specific, prior studies suggest that individuals’ forwarding of
misinformation may be a result of constructing or enhancing social connection [14–16].
Social support and willingness to take risk result from a relatively high level of trust
may encourage people to share misinformation [17, 18]. And the FOMO, born out of
rejection by social or peer group, may compel users to engage in misinformation to fit
into group behavioral pattern [19, 20].

2.2 Personality and Users’ Information Behavior on Social Media

In addition to the aforementioned receivers’ factors, an increasing attention has been paid
on the role of personality traits of receivers in the spread of misinformation. Personality
is a relatively stable internal factors that is shaped by an individual’s psychological
processes [21] and reflects the individual’s consistent behavioral patterns, experiential
characteristics, and stable intrinsic motivations [21]. As regarded as the most widely
accepted personality trait model [22], the Five Factor Model (FFM) describes individual
personality traits from five dimensions (i.e., extraversion, agreeableness, responsibility,
neuroticism and openness to experience), which has been proved to be universal across
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cultures [23, 24]. Traditional measurement requires participants to fill a questionnaire
to assess their personality and behaviors, which are time-consuming and expensive [25,
26]. Comparing to this, online digital traces are more accurate predictors [27, 28] and
can objectively record users’ behaviors in a non-experimental environment.

Studies of influence of personality traits on online information behaviors are mainly
conducted with data from platforms such as Facebook [11, 29, 30], LinkedIn [31], SNS
[32, 33], Instagram [34] and Sina Weibo [35, 36]. It is found that different personality
traits have different impacts on users’ information processing styles [37], self-disclosure
behavior [38, 39], Internet addiction [33, 40, 41], and etc. Regarding themisinformation-
related behaviors, personality traitswere found to have significantmain effects on sharing
[6, 42, 43] and spreading [44]. Moreover, negative impacts on society stability and
individuals’ psychology caused by the spread of misinformation on social media will be
magnified under the emergency context. Previous research has investigated the impact of
personality traits onmisinformation dissemination during theBostonMarathon bombing
[45], the Hurricane Maria [46], and COVID-19 pandemic [47, 48].

In general, the inadequacies of existing studies are as follows. First, previous re-
search has not explored the effect of personality traits on other types of misinformation
engagement, e.g., comment, and like. Second, the interaction effect of personality traits
on misinformation engagement has not been investigated yet. Third, although studies on
digital trace measurement of personality traits is abundant, their application in Chinese
context needs to be improved. Thus, in the present study, we utilize the data collected
from Sina Weibo to measure users’ personality traits and examine the main effects and
interaction effects of personality traits on different types of misinformation engagement.

3 Theoretical Analysis and Research Hypotheses

We propose a theoretical model describing factors affecting misinformation engage-
ment during COVID-19 from two aspects, i.e., the personality traits of misinformation
receivers and social characteristics of both misinformation publishers and receivers.
Additionally, we also concern the interaction effects between personality traits on misin-
formation engagement. In this study,misinformation engagement is theoretically divided
into forwards, comments, and likes according to common inter-actions on social media.

3.1 Personality Traits of Information Receivers and Their Misinformation
Engagement on Social Media

Previous studies have demonstrated the impacts of personality traits on information
behaviors [11, 49]and misinformation sharing [5, 50]. Therefore, we hypothesize:

H1: Personality traits of the receiver have significant effects on the forward-
ing/commenting/liking of misinformation.

Extraversion and Misinformation Engagement. Extraversion indicates the intensity
of interpersonal interaction, the need for stimulation, and the ability to obtain pleasure.
Past research on socialmedia has shown that extraverts havemore social connections than
others [30] and are more active on social media [33]. Additionally, studies have shown
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that extroverts tend to share information in the first place regardless of the authenticity
of such information [51]. Therefore, we speculate that when major emergencies like
COVID-19 occur, users who score high in extroversion are more likely to engage in the
misinformation.

H1a: People higher in extraversion would be more likely to forward/comment/like the
misinformation post.

Agreeableness and Misinformation Engagement. Agreeableness is a sign of com-
passion, kindness, and tolerance. Previous studies have shown that agreeable users are
more likely to express positive emotions in their posts on social media [52, 53]. Addi-
tionally, because of courtesy and concerning for others, agreeable people will refuse to
deliver negative comments [6] and share controversial news on social media platforms
[54], while they are more likely to share news that has been officially con-firmed. Thus,
in the context of COVID-19, we hypothesize:

H1b: People higher in agreeableness would be less likely to forward/comment/like the
misinformation post.

Conscientiousness andMisinformation Engagement. Conscientiousness tends to be
organized, reliable, and pursue long-term goals [32]. Previous studies have shown that
conscientious users tend to carefully manage their image by expressing fewer likes
[55] and participating in fewer activities [56] on social media. In other words, con-
scientious users tend to be more cautious and self-control in the current era of digital
transparency. Besides, conscientious users usually spend more time on aca-demic activ-
ities than leisures when surfing the Internet. In that case, they may prefer to spend time
on looking up information known to be reliable [57, 58] and be responsible for the
consequences of their information behaviors [59]. Therefore, we hypothesize:

H1c: People higher in conscientiousness would be less likely to for-ward/comment/like
themisinformation post.

NeuroticismandMisinformationEngagement. Neurotic users tend to be emotionally
unstable and are more likely to experience negative emotions, such as anger, anxiety,
stress, and depression [47]. Studies have shown that neurotic users are more likely to
share information online and use more negative words in their posts because they regard
media news as non-threatening [52, 60]. Additionally, users higher in neuroticism were
more likely to believe in misinformation [6], interact with it, and seek emotional support
[61, 62]. Besides, neurotic users tend to spend more time on social media and keep in
touch with others [11]. Therefore, to maintain connections with others, neurotic users
are more likely to respond to posts of hot topics like COVID-19, regardless of whether
the information is reliable.

H1d: People higher in neuroticism would be less likely to forward/comment/like the
misinformation post.

Openness and Misinformation Engagement. Openness is often used to describe a
person’s cognitive style. Users higher in openness usually have larger social networks,
both online andoffline [29]. They also tend to strengthen and expand their social networks
by liking and sharing messages on social media [63]. Additionally, they tend to share



Characterizing Users’ Propensity to Misinformation Engagement 407

information in the first place on social media [48] even before the information has been
officially reported [11, 64]. And their engagement is more likely to be motivated by
skepticism and criticism than acceptance and belief [58].

H1e: People higher in openness would be less likely to forward/comment/like the
misinformation post.

3.2 Users’ Social Characteristics and Their Misinformation Engagement
on Social Media

The account authentication granted to publishers by the platform may increase the trust
of ordinary users in them and the information they publish. Hence, result in a higher
probability of users to engage in misinformation [18] published or disseminated by
these verified publishers. The number of followers reflects the source popularity of a
misinformationpost,whichmayaffect the ofmisinformation [65]. Therefore,wepropose
the following hypotheses:

H2: Social characteristics of the publisher have a positive effect on the forward-
ing/commenting/liking of misinformation.

H2a: The certification status of the publisher has a positive effect on the forward-
ing/commenting/liking of misinformation.

H2b: The number of followers of the publisher has a positive effect on the for-
warding/commenting/liking of misinformation.

Besides, social characteristics of misinformation receivers, e.g., number of his-
tory posts and number of followers/followings, may also correlate with misinformation
engagement behaviors. Specifically, the number of posts and the number of followings
reflects the active level of a user on the social media platform. The more active the user
is on the social media platform, and the more likely the user is to engage in the misinfor-
mation before confirming its veracity. The number of followers, reflecting the breadth of
one’s social network. Forwarding, commenting, or liking a misinformation post can be a
way for socializing [66] or fact finding [67]. Thus, we propose the following hypotheses:

H3: Social characteristics of the information receiver have a significant effect on the
forwarding/commenting/liking of misinformation.

H3a: The number of receiver’s history posts is positively related with the forward-
ing/commenting/liking of misinformation.

H3b: The number of receiver’s followings is positively related with the forward-
ing/commenting/liking of misinformation.

H3c: The number of receiver’s followers is negatively related with the forward-
ing/commenting/liking of misinformation.
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3.3 Interaction Effects of Personality Traits on Misinformation Engagement

Personality traits of a person are complex. The FFMdivides it into five basic dimensions,
and there is a certain correlation between the five dimensions [25, 47]. Existing studies
on the interaction between personality traits cover the contexts of competitive sports,
workplace and academic performance, etc. [68–71]. Regarding the influence of person-
ality traits on users’ misinformation engagement, most research focuses on the main
effect, and only a few studies concern the interaction effects. For instance, Li et al. [47]
argue that high conscientiousness may result in misinformation sharing when interact
with high extraversion due to the influence of fear. To fill this research gap, we propose
the following hypotheses:

H4: Interaction between personality traits of the receiver has a significant effect on the
forwarding/commenting/liking of misinformation.

H4a: Individuals with high extraversion and high neuroticism are more likely to
forward/comment/like misinformation.

H4b: Individuals with high extraversion and high conscientiousness are more likely to
forward/comment/like misinformation.

H4c: Individuals with low agreeableness and low conscientiousness are more likely to
forward/comment/like misinformation.

4 Methods

Before this investigation, the research plan was ethically reviewed by the College’s Aca-
demic Committee. The misinformation posts, user’s account information, and history
posts involved in the research are publicly visible on Sina Weibo platform. Users’ nick-
names were replaced by numbers to remain anonymous in the follow-up data processing
and analysis.

4.1 Data Collection

To gather the verified misinformation cases on social media platform, the Weibo Com-
munity Management Center was used for its professional screening mechanism (Chen
et al., 2021). On 1st December 2021, we crawled all the COVID-19 related misinforma-
tion cases fromWeibo Community Management Center which were generated since 1st
August 2020. In total, there were 11 misinformation posts regarding COVID-19. Then
we crawled the account information and history posts of users, who engaged in misin-
formation by forwarding, or commenting or liking the misinformation posts. In addition,
we also crawled data of users who followed the misinformation publisher as the control
group as they may have been exposed to the 11 mis-information posts but not engaged
in them. For history posts, we took the publication time of each misinformation post
as the starting point, retrospectively crawled the six-months history posts of users who
engaged in the misinformation post. The dataset of history posts contains user’s original
posts, forwarded posts, comments add-ed when forwarding, etc. During the collection
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process, some user homepages cannot be accessed due to platform security policies or
voluntary application for closure. Besides, some users may have deleted their history
posts or not published/forwarded posts. Finally, we collected the account information
and history posts of 1,398 users.

4.2 Measurements

Misinformation Engagement. The dependent variable is misinformation engagement,
which is categorical and contains five classes, namely, following (U1), forwarding (U2),
commenting (U3), liking (U4) and the multi-type engagement (U5). Users who followed
the publisher of misinformation but did not interact with the misinformation (U1), are
regarded as the reference group in the regression analysis. Users with multi-type engage-
ment (U5) refers to those who engaged in the misinformation posts through more than
one way. Of the 1,398 users in the study, 556 (39.77%) forwarded the misinforma-
tion, 274 (19.60%) commented the misinformation, 256 (18.31%) liked the misinfor-
mation, 105 (7.51%) had multi-type engagement, and 207 (14.81%) did not engage in
the misinformation.

Personality Traits. To describe one’s personality traits, we apply the Five Factor
Model (McCrae & Costa, 1987), which contains five dimensions: extraversion, agree-
ableness, conscientiousness, neuroticism, and openness to experience. Questionnaires
and interviews need to arouse participants’memory or ask for their opinions, and thus are
likely to be affected by their current emotions andmotivations. The social activity and lin-
guistic expression recorded in social media are users’ performance in non-experimental
environments, therefore are traceable and objective [72]. For the accuracy and scientific
nature of the digital trace data in measuring individuals’ personality, we surveyed a large
body of literature [11, 23, 33, 43, 49, 52, 53, 57, 61–64, 73–77]. Considering indicator
intelligibility and data availability, we construct a scale to measure users’ personality
traits via digital traces (as shown in Table 1).

In Table 1, the sign of “±” represents the positive or negative relationship between
indicators and personality traits, for instance, the greater the number of followers a
user has, the more likely he/she is extraverted. “1” means that if the user provided a
profile, the person is more likely to be extroverted. The data completeness of personal
information is measured according to the item weight set by Sina Weibo platform. We
divide the history posts into two categories: one contains all the user-generated content,
including original posts and comments added when forwarding, named as “user posts”;
the other consists of all the reposts, named as “forwarded posts”, which reflects one’s
interests rather opinions. Different types of words in linguistic indicators are obtained
from LIWC-SC (2015). After processing and normalizing the indicator-related data,
the entropy method is used to determine the weight of digital trace index in different
personality traits and calculate the score of each user on five personality dimensions.

Social Characteristics. Social characteristics of misinformation publisher and receiver
are regarded as independent variables in this research. The number of receivers’
posts/followings/followers and the number of publishers’ followers were convert-ed
into categorical variables with two levels (i.e., low or high) according to the median
to weaken outliers. “Publisher verified” is a binary variable, which signs whether the
account of misinformation publisher is verified by the platform.
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Table 1. Measurements of Personality Traits

Category Indicators Extraversion Agreeableness Conscientiousness Neuroticism Openness

Indicators from
personal
information

Num. of followers + - +

Data completeness
of personal
information

+ - - +

Filled in “profile”
in personal
information

1 1

Word count of the
“profile” in the
personal
information

+

Num. of “tags” in
personal
information

+

Statistical
indicators from
history posts

Num. of history
posts

+ - +

Median of the
weekly post
frequency

+ - +

Ratio between
original posts and
reposts

+

Number of total
words in user posts

+ +

Ratio of English
words to the total
words in user posts

-

Num. of “@” used
in user posts

+ +

Num. of users who
was “@” in user
posts

+ +

Num. of pictures
in user posts

+ - +

Num. of videos in
user posts

+

Num. of links in
user posts

+

Num. of ‘!’ in user
posts

+

Num. of ‘;’ in user
posts

+

Num. of ‘?’ in user
posts

+

Linguistic
indicators from
history posts

Num. of
work-related
words in history
posts

+ -

(continued)
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Table 1. (continued)

Category Indicators Extraversion Agreeableness Conscientiousness Neuroticism Openness

Num. of
achieve-related
words in history
posts

+

Num. of
leisure-related
words in history
posts

+ -

Num. of function
words in user posts

-

Num. of personal
pronouns in user
posts

+ -

Num. of
first-person
singular pronouns
in user posts

+ +

Num. of
first-person plural
pronouns in user
posts

+

Num. of
second-personal
pronouns in user
posts

-

Num. of
second-person
plural pronouns in
user posts

+

Linguistic
indicators from
history posts

Num. of
third-person
singular pronouns
in user posts

+ +

Num. of
third-person plural
pronouns in user
posts

+

Num. of
impersonal
pronouns in user
posts

-

Num. of
prepositional
words in user posts

+

Num. of adverbs
in user posts

-

(continued)
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Table 1. (continued)

Category Indicators Extraversion Agreeableness Conscientiousness Neuroticism Openness

Num. of
connectives in user
posts

-

Num. of negative
words in user posts

- - + +

Num. of
quantitative unit
words in user posts

-

Num. of specific
words in user posts

-

Num. of question
words in user posts

+

Num. of affective
words in user posts

-

Num. of positive
emotion words in
user posts

+ + -

Num. of negative
emotion words in
user posts

+

Num. of anxiety
words in user posts

+ +

Num. of social
words in user posts

+

Num. of
discrepancy words
in user posts

+

Num. of tentative
words in user posts

+

Num. of
differentiation
words in user posts

+

Num. of relativity
words in user posts

+

Num. of motion
words in user posts

+

Num. of space
words in user posts

+

Num. of time
words in user posts

+ +

Num. of swear
words in user posts

- -

Num. of assent
words in user posts

+ -

Num. of
non-fluency words
in user posts

-
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Control Variables. To eliminate the interference of the misinformation content and
receiver’s gender in the results, the two factors are set as control variables in the study.
Both of them are categorical variables. Misinformation content is represented by labels
which was manually coded by three annotators independently, and then discussed to
obtain consensus results. Other factors, such as age, location, registration time and etc.,
provided by less than half of the users, are excluded in this research.

4.3 Data Analysis

We calculate means, standard deviations, and Pearson correlations to give a preliminary
overviewof our research variables.Multicollinearitywas checked by theVIFof the linear
regression analysis. Multinomial logistic regression is used to examine the relationship
between the dependent variable (misinformation engagement) and independent variables
(receiver’s personality traits, social characteristics of publisher and receiver) because of
the categorical feature of dependent variable [78]. All the interaction items are modeled
separately.

5 Results

5.1 Descriptive Statistics

Means, standard deviation (SD), correlation coefficients, and VIF of variables in the
research are shown inTable 2. TheVIF of Extraversion (16.982) and theVIF ofOpenness
(17.286) were both greater than 10, indicating a serious collinearity problem. To address
the collinearity, we delete the variable with the highest VIF from the model. After
removing the variable “Openness”, all variables’ VIF are less than 10, indicating the
absence of multicollinearity.

5.2 Main Effects of Social Characteristics and Personality on Misinformation
Engagement

Subsequently, the remaining variables were analyzed through the multinomial logistic
regressionwith the group of non-engaged (U1) as the reference group. Results are shown
in Table 3. Values in parentheses are odds ratios presented with their 95% confidence
intervals.

Comparing R2, AIC, and BIC of the baseline model (0.168, 3903.249, 3966.162),
model 1 (0.49, 3312.992, 3480.762), and model 2 (0.546, 3199.748, 3451.402), we
find that personality traits are more effective in predicting misinformation engagement
than the control variables and social characteristics. Specifically, by adding the social
characteristics and personality traits, model 2 can explain 54.6% of the reasons for the
change of users’ engagement in misinformation.

In terms of social characteristics, RPN, RFIN, and PFEN, show significant impacts
on misinformation engagement. To be specific, the more posts a receiver has posted, the
more likely he/she is to engage in misinformation (H3a is supported); the more social
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media accounts a receiver has followed, the less likely he/she is to engage inmisinforma-
tion (H3b is not supported); the more followers a misinformation publisher has, the less
likely its receivers are to engage in misinformation (H2b is not supported). Additionally,
the verified status of misinformation publisher (PV) positively affects users’ misinfor-
mation engagement, except for misinformation commenting (H2a is partly supported).
However, we found no significant relationship between receivers’ number of followers
and receivers’ misinformation engagement behaviors (H3c is not supported).

Table 2. Descriptive statistics and correlation coefficients of research variables

13

1-5

N = 1398

**p<0.01, *p<0.05 

RPN number of receiver’s posts, RFIN number of receiver’s followings, RFEN number of receiver’s followers, MT misinfo tag, PV 
publisher verified, PFEN number of publisher’s followers, E extraversion, A agreeableness, C conscientiousness, N neuroticism, O 
openness to experience, ME misinformation engagement

12

-0.047 

17.286 

0.065 

0.046 

0-0.497 

11

0.722** 

-0.041 

6.751 

0.041 

0.056 

0-0.659 

10

0.898** 

0.646** 

-0.051 

6.273 

0.037 

0.056 

0-0.888 

9

0.509** 

0.476** 

0.510** 

-0.061* 

1.524 

0.091 

0.09 

0-0.597 

8

0.514** 

0.679** 

0.714** 

0.964** 

-0.032 

16.982 

0.068 

0.047 

0-0.691 

7

0.016 

0.111** 

-0.024 

-0.029 

-0.008 

-0.172** 

1.309 

1-2

6

0.062* 

-0.01 

-0

0.044 

0.003 

-0.02 

-0.02 

1.302 

1-2

5

0.390** 

-0.390** 

-0.039 

-0.053* 

0.031 

0.028 

-0.007 

-0.003 

1.605 

1-2

4

0.004 

0.035 

-0.016 

0.289** 

0.195** 

0.150** 

0.168** 

0.296** 

-0.003 

1.332 

1-2

3

0.343** 

-0.056* 

-0.090**

0.059* 

0.192** 

0.073** 

0.098** 

0.125** 

0.177** 

-0.110**

1.203 

1-2

2

0.252** 

0.376** 

0.137** 

0.091** 

-0.135** 

0.375** 

0.181** 

0.358** 

0.361** 

0.378** 

-0.092** 

1.411 

1-2

1

-0.070** 

0.039 

-0.041 

-0.315** 

-0.159** 

0.143** 

0.006 

-0.025 

-0.021 

0.006 

0.01 

-0.008 

1.125 

1-2

1. Gender

2. RPN

3. RFIN 

4. RFEN

5. MT

6. PV

7. PFEN

8. E

9. A

10. C

11. N

12. O

13. ME 

VIF

Mean

SD

Range 
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Table 3. Multinomial logistic regression analysis predicting misinformation engagement from
social characteristics and personality traits

Misinformation Engagement Variables Baseline Model Model 1 Model 2

Forwarding vs. Non-engaged Gender 
-0.445* 

(0.2)
-0.344 
(0.241)

-0.422 
(0.251)

MT
2.561*** 
(0.283)

0.786* 
(0.365)

0.634 
(0.387)

RPN
3.118*** 
(0.258)

2.672*** 
(0.285)

RFIN 
-1.816*** 

(0.244)
-1.978*** 

(0.252)

RFEN
-0.075 
(0.238)

0.034 
(0.25)

PV
1.318*** 

(0.26)
1.415*** 
(0.273)

PFEN
-2.841*** 

(0.279)
-2.782*** 

(0.289)

E 
-1.449 
(2.665)

A 
-3.821*** 

(0.836)

C
5.129 

(5.649)

N 
13.477* 
(5.698)

Commenting vs. Non-engaged Gender 
-0.652** 

(0.24)
-0.569* 
(0.266)

-0.575* 
(0.271)

MT
3.659*** 
(0.603)

2.902*** 
(0.642)

2.992*** 
(0.647)

RPN
0.861** 
(0.265)

1.236*** 
(0.298)

RFIN 
-1.388*** 

(0.251)
-1.458*** 

(0.255)

RFEN
0.207 

(0.246)
0.234 

(0.256)

PV
-0.183 
(0.251)

-0.168 
(0.257)

PFEN
-3.14*** 
(0.381)

-3.18*** 
(0.383)

E 
0.559 

(2.896)

A 
-2.035* 
(0.853)

C
-30.444** 
(10.325)

(continued)
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Table 3. (continued)

Misinformation Engagement Variables Baseline Model Model 1 Model 2

N 
6.33 

(7.424)

Liking vs. Non-engaged Gender 0.15(0.206) 
0.211 

(0.228)
0.156 

(0.234)

MT
0.364 

(0.215) 
-0.988** 

(0.3) 
-1.069** 
(0.313) 

RPN
0.684** 
(0.261)

0.747* 
(0.291)

RFIN 
-1.597*** 

(0.24)
-1.676*** 

(0.244)

RFEN
0.325 

(0.239) 
0.422 

(0.248) 

PV
1.17*** 
(0.268)

1.279*** 
(0.277)

PFEN
-2.125*** 

(0.254)
-2.099*** 

(0.256)

E 
-3.37 

(2.754) 

A 
-2.611** 
(0.824)

C
-22.821* 
(8.826)

N 
19.569** 
(6.489) 

Multi-engaged vs. Non-engaged Gender 
-0.832** 
(0.315)

-0.751* 
(0.335)

-0.784* 
(0.343)

MT
0.976** 
(0.336)

-0.47 
(0.432)

-0.533 
(0.455)

RPN
1.961*** 
(0.314)

1.494*** 
(0.344)

RFIN 
-1.415*** 

(0.302)
-1.585*** 

(0.31)

RFEN
0.417 

(0.304)
0.477 

(0.316)

PV
1.186** 
(0.343)

1.255*** 
(0.351)

PFEN
-2.319*** 

(0.364)
-2.345*** 

(0.379)

E 
0.056 

(3.186)

A 
-3.157** 
(1.036)

C
3.443 

(5.982)

N 
13.156* 
(5.874)

R-squared 0.168 0.49 0.546
AIC 3903.249 3312.992 3199.748 

BIC 3966.162 3480.762 3451.402 

N = 1398

***p<0.001,**p<0.01, *p<0.05 
RPN number of receiver’s posts, RFIN number of receiver’s followings, RFEN number of receiver’s follow-
ers, MT misinfo tag, PV publisher verified, PFEN number of publisher’s followers, E extraversion, A agreea-
bleness, C conscientiousness, N neuroticism, O openness to experience, ME misinformation engagement
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Regarding the relationship between receivers’ personality traits and their misinfor-
mation engagement, H1b is supported, H1c is partly supported, H1a and H1d are not
supported. Specifically, receivers lower in agreeableness (Coef. = -3.821, p < 0.001)
or higher in neuroticism (Coef. = 13.477, p < 0.05) are more likely to forward mis-
information. Receivers lower in agreeableness (Coef. = −2.035, p < 0.05) or consci-
entiousness (Coef. = −30.444, p < 0.01) are more likely to comment misinformation.
Receivers higher in neuroticism (Coef.= 19.569, p< 0.01) tend to like misinformation
and receivers higher in agreeableness (Coef. = −2.611, p < 0.01) or conscientiousness
(Coef. = −22.821, p < 0.05) are less likely to do so. Additionally, receivers lower in
agreeableness (Coef. = −3.157, p < 0.01) or higher in neuroticism (Coef. = 13.156, p
< 0.05) are more likely to engage in misinformation through multiple ways.

5.3 Interaction Effects of Personality on Misinformation Engagement

Apart from the main effects, we modeled six two-way interaction items respectively
to analyze the interaction effects of personality traits on the misinformation engage-
ment. Table of the regression results is not presented because of the length limitation.
Comparing the R2, AIC, and BIC of main effect models (Model 1 and 2) and the R2,
AIC, and BIC of interaction effect models (Model 3 to 8), we find that the addition of
interaction items can improve the prediction ability of the model in most cases, except
for model 4 with E#C interaction items (0.499, 3331.398, 3604.024). Specifically, E#A
(Coef.=−20.920) and A#C (Coef.=−59.875) show a significant two-way interaction
on misinformation forwarding. It means that introverts lower in agreeableness tend to
forward misinformation. Users lower in agreeableness and conscientiousness are more
likely to forward misinformation. E#N (Coef. = 102.356), A#C (Coef. = 69.42) and
C#N (Coef.= 44.525) show a significant two-way interaction effect on misinformation
commenting. It suggests that, for extraverted or conscientious users, higher levels of
neuroticism would prompt them to comment on misinformation, and if users exhibited
high agreeableness, their conscientiousness would further push them to comment on
misinformation.

6 Discussion and Conclusion

By collecting digital traces of users on SinaWeibo, wemeasured users’ personality traits
and examined the main and interaction effects of personality traits on different ways of
misinformation engagement. The findings of this research can offer insights into the
efforts to automatically detect people who are vulnerable to misinformation and prevent
the crisis of public opinion.

Results of this study suggest that users higher in agreeableness are less likely to
engage in misinformation, which is in line with the findings of Lee et al. [6], Wehli [54],
and Buchanan and Benson [43]. That is, users who score high in agreeableness would
refuse to publish negative comments or share misinformation regarding controversial
issues. Results also indicate that users with high conscientiousness scores are less likely
to comment and like the misinformation. This may due to the cautious behavioral pattern
of conscientiousness, which leads to the less participation in social media activities [56]
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and less demand for gaining attention [62]. However, it should be noted that the relation-
ship between conscientiousness and misinformation engagement may be mediated by
receivers’ fear emotion [47]. We also find that users who score high in neuroticism are
more likely to engage in misinformation. As prior research has revealed, neuroticisms
tend to perceive their information behavior on social media as low risk [60], so they are
more likely to indulge in social media interactions and seek emotional support online
[61, 62]. Neuroticisms care more about the feeling of information sharing and the con-
nection with others rather than the content they share on social media. As a result, these
people are more likely to believe online misinformation [6] and tend to forward, like or
engage in misinformation through multiple ways.

Apart from the main effects mentioned above, four two-way interaction effects of
personality traits have been discovered in this research. Firstly, in line with Buchan-an
[50], we found that lower conscientiousness increases the likelihood that users with low
agreeablenesswould forwardmisinformation anddecreases the likelihood that userswith
low agreeableness would comment on misinformation. Secondly, we found that higher
neuroticism increased the possibility that extraverts would comment on misinformation,
which is consistent with findings of Buchanan [50] and Correa et al. [37]. It means that
users who are more active, more willing to build relationship with others, and spend
more time on social media are more likely to comment on misinformation. Thirdly, it
was found that a higher level of agreeableness decreased the probability that extraverts
would forward misinformation. Previous research suggest-ed that people who score
high on extraversion, agreeableness, and neuroticism tend to process information in an
empirical manner and are therefore more susceptible to misinformation [79]. However,
our research suggests that users with high extraversion and agreeableness are less likely
to engage in misinformation when the influence of neuroticism is excluded. Finally,
we also found that users who were both conscientious and neurotic were more likely
to comment on misinformation. We speculate that conscientious but emotional unstable
people are likely to comment on false information because of their demand for emotional
support online.

There are some limitations in the present study. First, personality trait estimation
is a challenging task so we will further verify the applicability of existing digital trace
indicators inChinese socialmedia platforms.And the automatic estimationof personality
traits based on machine learning algorithms is planned to be conducted in our future
research. Second, the quantitative limitation and uneven distribution of the research
samplemay affect the analysis results to some extent. In further research,wewill increase
the sample size from one or multiple platforms and horizontally compare the influence
of personality traits on misinformation participation among different platforms.
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Abstract. A natural way for humans to build an opinion on a topic is
through the gathering and exchange of new arguments. Speech interfaces
for argumentative dialogue systems (ADS) are rather scarce and quite
complex. To provide a more natural and intuitive interface, we include an
adaption of a recently introduced natural language understanding (NLU)
framework tailored to argumentative tasks into a complete end-to-end
ADS. Within this paper we investigate the influence of two different
input/output modalities (speech/speech and drop-down menu/text) and
discuss issues and problems we encountered in a user study with 202
participants using our ADS.
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1 Introduction

Conversations display a natural way for humans to resolve different points of
view and build an opinion. Most popular virtual agents are trained to han-
dle simple conversations, e.g. travel inquiries, still they are inept to demanding
conversations [17]. Especially, dialogue systems that exchange arguments and
can converse with humans via natural language display a big challenge in arti-
ficial intelligence. Such complex tasks demand for a flexible natural language
understanding (NLU), an argumentative dialogue structure, and the integration
of commonsense knowledge. The speech-driven argumentative dialogue system
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(ADS) we introduce in this paper combines these components and enables the
user to scrutinize arguments on both sides of a controversial topic. To the best
of our knowledge it is the first ADS which tries to cooperatively engage the user
to explore arguments in natural language in order to support an unbiased and
critically reflected opinion building process. We evaluate this spoken interaction
in comparison to a robust baseline (menu input via mouse click), especially in
terms of naturalness and usability aspects in a user study with 202 participants.

The remainder of the paper is as follows: Sect. 2 gives an overview of related
work and Sect. 3 describes the ADS architecture. Section 4 explains the experi-
mental study setting and Sect. 5 discusses the evaluation results. We close with
a brief conclusion and outlook on future work in Sect. 6.

2 Related Work

Unlike most approaches to human-machine argumentation, we pursue a coopera-
tive exchange of arguments. In contrast, Slonim et al. [18] use a classical debating
setting. Their IBM Debater is an autonomous debating system that can engage
in a competitive debate with humans via natural language. Another speech-based
approach was introduced by Rosenfeld et al. [16] presenting a system based on
weighted Bipolar Argumentation Frameworks. Arguing chatbots such as Deb-
bie [15] and Dave [11] interact via text with the user. A menu-based framework that
incorporates the beliefs and concerns of the opponent was also presented Hadoux et
al. [10]. In the same line, Chalaguine et al. [7] used a previously crowd-sourced argu-
ment graph and considered the concerns of the user to persuade them. A persua-
sive prototype chatbot is introduced by [6] to convince users to vaccinate against
COVID-19 using computational models of argument. Furthermore, Fazzinga et
al. [9] discuss an approach toward a dialogue system architecture using argumen-
tative concepts to perform reasoning. In contrast to all aforementioned ADS we
aim for a system that cooperatively engages the users to explore arguments and
state their preferences in natural language. Therefore we modified our previously
introduced menu-based argumentative dialogue system [2] and extended it for our
purpose. It served as a suitable basis as it also engages in a deliberative dialogue
with a human user by providing all the con and pro aspects to a given argument.

3 Architecture of ADS

In the following, the architecture of our ADS and its components are outlined.
An overview over the whole system’s architecture is given in Fig. 1.

3.1 Dialogue Framework and Model

In order to be able to combine the presented system with existing argument min-
ing approaches to ensure the flexibility of the system in view of discussed topics,
we follow the argument annotation scheme introduced by Stab et al. [19]. It dis-
tinguishes three different types of components (Major Claim, Claim, Premise),



Evaluating a Spoken Argumentative Dialogue System 427

Fig. 1. Architecture of our ADS. After the user’s spoken input is processed by the
Automatic Speech Recognition module (ASR), it is passed to the Natural Language
Understanding unit, which extracts the respective information. This abstractly rep-
resented information can be processed by the dialogue management, which decides
a suitable corresponding system response by interacting with an argument structure.
Once an appropriate response is selected it is processed by a Natural Language Gener-
ation (NLG) module which formulates its textual representation and finally presented
it to the user in natural language through the Text-to-Speech (TTS) module. In the
case of the menu system, the ASR and TTS modules were omitted.

Fig. 2. Visualization of the argument tree structure. The major claim is the root node,
which is supported by claim C2 (denoted by a green arrow) and attacked by claim C1
(denoted by a red arrow). The respective leaf nodes are the premises P1, P2 and P3.
(Color figure online)

which are structured in the form of bipolar argumentation trees as depicted in
Fig. 2. The overall topic of the debate is formulated as the Major Claim repre-
senting the root node in the graph. Claims (C1 and C2 in Fig. 2) on the other
hand are assertions that formulate a certain opinion targeting the Major Claim
but still need to be justified by further arguments, premises (P1 and P2) respec-
tively. We consider two relations between these argument components (nodes),
support (green arrows), or attack (red arrows). Each component apart from the
Major Claim (which has no relation) has exactly one unique relation to another
component. This leads to a non-cyclic tree structure, where each parent-node
(C1 and C2) is supported or attacked by its child-nodes. If no child-nodes exist,
the node is a leaf (e.g. P1, P2, and P3) and marks the end of a branch.
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The interaction between the system and the user is separated in turns, consist-
ing of a user action and corresponding answer of the system. In general, we dis-
tinguish three main types of moves(actions), the user can choose from: preference
moves, information seeking moves, and others (navigation moves, help requests,
status quo, exit). We use explicit user feedback (prefer,reject) to estimate the
(overall) preference considering wBAGs [3,4]. In the herein presented study, a sam-
ple debate on the topic Marriage is an outdated institution is chosen [14], which
suits the argument scheme described above. It serves as a knowledge base for the
arguments and is taken from theDebatabase of the idebate.org1 website. It consists
of a total of 72 argument components (1 Major Claim, 10 Claims, and 61 Premises)
and their corresponding relations are encoded in an OWL ontology [5] for further
use. Due to the generality of the annotation scheme, the system is not restricted
to the herein considered data. In general, every argument structure that can be
mapped into the applied scheme can be processed by the system.

3.2 Interface and NLU Framework

Fig. 3. GUI of the menu system with folded drop-down menu. Above the drop-down
menu, the dialogue history is shown. On the left side, the sub-graph of the current
branch is visible.

The system’s graphical user interface (GUI) is illustrated in Fig. 3. The interface
can either provide a drop-down menu or speech input as needed. In the drop-down
system, users can choose their action by clicking, whereas in the speech system,
an NLU framework based upon the one introduced by Abro et al. [1] processes the

1 https://idebate.org/debatabase (last accessed 23th February 2022).
Material reproduced from www.iedebate.org with the permission of the International
Debating Education Association. Copyright c© 2005 International Debate Education
Association. All Rights Reserved.

https://idebate.org/debatabase
www.iedebate.org
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spoken user utterance. This input is captured with a browser-based audio record-
ing that is further processed by the Python library SpeechRecognition2 using the
Google Speech Recognition API. Its intent classifier uses the BERT Transformer
Encoder presented by Devlin et al. [8] and a bidirectional LSTM classifier. The
system-specific intents are trained with a set of sample utterances of a previous
user study. After a user intent is recognized, the spoken system response is pre-
sented using the speech synthesis provided by Google Web Speech API.

In the speech-based system, instead of the drop-down menu displayed in
Fig. 3, a button with the label “Start Talking” is shown. The button is pressed
to start and stop the speech recording. Except for this difference, both systems
share the same architecture. The visualization of the dialogue history shows
the system’s responses left-aligned and corresponding user moves right-aligned
(see Fig. 3). A progress bar above the dialogue history shows the number of
arguments that were already discussed and how many are still unknown to the
user at each stage of the interaction. Furthermore, on the left side, the sub-
graph of the bipolar argument tree structure (with the displayed claim as root)
is shown. The current position (i.e., argument) is displayed with a white node
outlined with a green line. Already heard arguments are shown in green and
skipped arguments are in red. Nodes shown in grey are still unheard.

The natural language generation is based on the original textual representa-
tion of the argument components. The annotated sentences are slightly modified
to form a stand-alone utterance serving as a template for the respective system
response. Additionally, a list of natural language representations for each type of
system move was defined. During the generation of the utterances, the explicit
formulation and introductory phrase are randomly chosen from this list.

4 User Study Setting

The study was conducted online via the crowdsourcing platform “Crowdee”
(https://www.crowdee.com/, 12–29th November 2021) with participants from the
UK, US, and Australia. All 292 participants (140 female, 152 male) were non-
experts without a topic-specific background. After an introduction to the system
(short text and demo video), the users had to listen to enough arguments to build
a well-founded opinion (at least ten). The first 139 participants interacted with
our ADS via drop-down menu input, and the other 153 via speech. The end of the
interaction could be chosen freely as soon as at least ten arguments were heard.

After the conversation, the participants had to rate 40 statements on a five-
point Likert scale (1 = totally disagree, 5 = totally agree) concerning the interac-
tion. They were taken from a questionnaire according to ITU-T Recommendation
P.8513 [13].

Analyzing the questionnaire answers and feedback, 90 participants seemed to
have issues, or their data showed anomalies. Their data were excluded according
to previously defined exclusion criteria: Contradictory answers in control ques-
tions in the questionnaire, taking less than 30 s to read through the introduction
2 https://pypi.org/project/SpeechRecognition/, last accessed 19.09.2022.
3 Such questionnaires can be used to evaluate the quality of speech-based services.

https://www.crowdee.com/
https://pypi.org/project/SpeechRecognition/
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and watch the introduction videos, taking less than 120 s to answer 40+15 ques-
tions in the final questionnaire. This leads to a total number of 202 data records:
menu: 104 (50 female, 54 male, and speech: 98 (39 female, 59 male), which were
used for the following evaluation.

5 Results and Discussion

In the following, we discuss the results of the previously described user study
and scrutinize the used evaluation method.

On average the participants interacted with the ADS for 31:45 (menu: 27.57
speech: 35.34) minutes. This significant difference can be explained by the fact that
the spoken interaction (speaking and hearing) inherently takes longer than click-
ing on an option in a drop-down menu and reading the response. Another signifi-
cant difference between the speech and menu system is observable in the number of
how many arguments that have been heard (average menu/speech: 22/15). Even
though the average time the users of the menu system interacted with the ADS is
lower, the number of provided arguments is significantly higher compared to the
speech system. 9.6%/17.3% of the menu/speech system participants quit the con-
versation after hearing the minimum number of arguments (in total: 13.4%). Most
of the participants heard between 20–30 arguments out of 72 available arguments.
Whereas some participants in the menu system listened to even more arguments
only one participant in the speech system did so. Additional to the six categories of
the ITU-T Rec. P.851 (see Sect. 4) we added the category “Argumentation” as it
is of special interest considering the purpose of the system. The respective results
are shown in Table 1. The mean M and standard deviation SD are determined for
each question and system. To determine whether the difference between the two
systems means ΔM is significant, we used the non-parametric Mann-Whitney U
test [12] for two independent samples with no specific distribution.

The category “Overall Quality” (“What is your overall impression of the sys-
tem?”) is not included in Table 1 as it is rated on a different 5-point Likert scale
(5 = Excellent, 4 = Good, 3 = Fair, 2 = Poor, 1 = Bad). We perceive a highly sig-
nificant (α < 0.01) difference between both systems, as the menu system with a
rating of 3.49 outperformed the speech system rated with 2.66 (r = 0.394).

Regarding all aspects, the speech system is outperformed significantly. In
more detail, the biggest differences occurred in ratings whether the system pro-
vided the expected information (IPS 1) or errors which occurred (SB 4). Clearly,
this points to a lack of processing the user utterances (errors in the ASR or NLU
module). By checking the dialogue logs of the interactions with users in the
speech system, we found that about 15% of all speech utterances were processed
erroneously. Even though the NLU module matched about a third of these erro-
neously recognized utterances to the right move, the impact is still significant.
Furthermore, we noticed inconsistencies in the user behavior, as users repeated
their request multiple times, without reacting to the system’s answer to choose
another move. In contrast to the menu system where the users were always only
displayed the possible actions, the speech users had to figure out what actions
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Table 1. Means and standard deviations of the questionnaire items grouped by the
following aspects: information provided by the system (IPS), communication with the
system (COM), system behaviour (SB), dialogue (DI), user’s impression of the system
(UIS), acceptability (ACC), and argumentation (ARG). |ΔM | denotes the absolute
difference between the two mean values with * indicating its significance with α < 0.05.

Asp. Question Menu Speech

M SD M SD |ΔM |
IPS The system has provided you the desired information 3.56 0.98 2.48 1.14 1.08*

The system’s answers and proposed solutions were clear 4.1 0.83 3.64 1.04 0.46*

You would rate the provided information as true 3.77 0.87 3.45 0.92 0.32*

The information provided by the system was complete 3.53 1.08 2.53 1.10 1.0*

COM The system always understood you well 3.51 0.92 2.81 1.10 0.70*

You had to concentrate in order to understand what the system
expected from you

3.58 0.93 2.92 1.07 0.66*

The system’s responses were well understandable 3.8 0.77 3.53 0.81 0.27*

You were able to interact efficiently with the system 3.48 0.99 2.93 1.07 0.55*

SB You knew at each point of the interaction what the system
expected from you.

3.45 1.03 2.49 1.13 0.98*

In your opinion, the system processed your
responses(specifications) correctly

3.84 0.81 2.86 1.12 0.98*

The system’s behavior was always as expected 3.52 0.91 2.86 1.06 0.66*

The system often failed to understand you 2.38 0.88 3.47 1.07 1.09*

The system reacted naturally 3.13 1.08 2.76 1.03 0.37*

The system reacted flexibly 3.14 1.01 2.66 1.09 0.48*

You were able to control the interaction in the desired way 3.3 1.07 2.49 1.15 0.81*

The system reacted too slowly 3.18 1.22 3.86 1.10 0.68*

The system reacted politely 4.11 0.68 4.06 0.66 0.05*

The system’s responses were too long 2.37 0.95 2.67 0.92 0.3*

DI You perceived the dialogue as natural 3.13 1.02 2.44 1.06 0.69*

It was easy to follow the flow of the dialogue 3.49 0.98 2.77 1.19 0.72*

The dialogue was too long 2.43 0.90 2.74 0.97 0.31*

The course of the dialogue was smooth 3.39 0.98 2.86 1.06 0.53*

You and the system could clear misunderstandings easily 3.34 0.88 2.65 1.09 0.69*

You would have expected more help from the system 2.95 0.94 3.6 0.94 0.65*

UIS Overall, you were satisfied with the dialogue 3.69 0.89 3.18 1.01 0.51*

The dialogue with the system was useful 3.11 1.17 2.56 1.23 0.55*

It was easy for you to obtain the information you wanted 3.73 0.86 3.34 0.94 0.39*

You have perceived the dialogue as pleasant 3.65 0.97 2.77 1.07 0.88*

You felt relaxed during the dialogue 3.25 1.21 2.65 1.24 0.60*

Using the system was fun 3.43 1.05 2.71 1.15 0.72*

ACC In the future, you would use the system again 3.55 1.01 2.97 1.08 0.58*

You would would recommend the system to a friend 3.39 1.07 2.61 1.05 0.78*

ARG I felt motivated by the system to discuss the topic 3.44 0.97 2.72 1.18 0.72*

I would rather use this system than read the arguments in an
article

3.1 1.28 2.23 1.25 0.87*

The possible options to respond to the system were sufficient 3.38 0.98 2.87 1.10 0.51*

The arguments the system presented are conclusive 3.16 1.07 2.79 1.09 0.37*

I felt engaged in the conversation with the system 3.51 1.05 2.7 1.17 0.81*

The interaction with the system was confusing 2.82 1.16 3.62 1.11 0.80*

I do not like that the arguments are provided incrementally 3.01 1.05 3.42 0.97 0.41*
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they can perform and formulate them. Even though the speech system’s design
incorporated a “Help” button, as well as the “available” options move, it seems
quite a lot of users did not use them. But only 35% of the users spend enough
time on the introduction website to read through the explanation and watch the
according video properly. This is further underpinned by feedback, stating that
“It was not possible to do what I wanted to do. I repeated myself many times”/“I
was stuck in the argument and could not get back”/“The idea is cool, still some-
times things got messy when I could not proceed to the argument I wanted
to go to.”. Therefore, in the future, the study setting should be double-staged,
which ensures that all participants passing the first stage have well understood
how to interact with our ADS. Another option is a study in the lab, where the
participants can be supervised and the environmental conditions are controlled.

The results show that the I/O modalities and respective difficulties/problems
decrease the rating of the general impression of the system, even in aspects
that have no relation to the former. For example, the incremental approach to
present arguments (ARG 7), the sufficiency of different options (ARG 3), or
the conclusiveness of arguments (ARG 4) which are content- but not modality-
dependent are rated significantly worse than in the menu system. Therefore, it
is crucial to solve the identified issues.

Even though the introduced speech system does not outperform the menu
baseline, we could show that the menu system provides a robust baseline and
tends to be rated positively in almost every question. Thus, it will serve as a
baseline to which enhanced versions of the spoken ADS will be compared to.

6 Conclusion and Future Work

In this work, we discussed an evaluation of the argumentative dialogue system
BEA in two different I/O modalities by conducting a crowd-sourcing study. Due
to an erroneous ASR module and issues in understanding how to communicate
with our ADS via speech, we observed that the speech-based interaction was
rated significantly lower than our well-performing menu baseline. Still, the gen-
eral argument exploration behaviour shows strong parallels when disregarding
isolated outliers in the baseline system. In future work, we will enhance the
system’s ASR and robustness of the NLU by training on larger datasets and
including fallback such as a request for repetition in case the intent recogni-
tion accuracy falls below a threshold value. Furthermore, by incorporating the
implicit detection of the user interest, the system will be able to proactively sug-
gest new arguments and engage the users to express themselves more naturally.
Finally, we will evaluate these extensions of the speech-based system in a broad
combined crowd-sourcing and laboratory study, incorporating a double-staged
setup and proactively uttered assistance, and investigate if we can improve user
satisfaction and motivation to engage in an argumentative discussion.
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Abstract. Within the last years, whistleblowing has received consider-
able attention, as calls for ethical behavior in the workplace have grown
louder. Despite this fact, research has shown that individuals who blow
the whistle are often frowned upon and treated poorly. Previous research
already tried to explain unethical behavior on social media by linking
moral receptors with moral disengagement in the context of unethical
behavior. For an explanation on the origins and variations in human
reasoning typically Moral Foundations Theory and its ’gold-standard’
measurement scale—the Moral Foundation Questionnaire—are used. The
scale has been used extensively in a range of empirical projects. However,
recent research also raises criticisms from both theoretical and empiri-
cal perspectives. In this paper, a comprehensive set of Moral Foundations
vignettes is developed to address some of the issues raised with the cur-
rent questionnaire. Each vignette depicts a behavior violating a particular
moral foundation. The validity of the developed vignettes is demonstrated
through exploratory and confirmatory factor analysis. The resulting set of
Moral Foundation Vignettes consists of 41 scenarios categorized in eight
different factors, where Care foundation is subdivided into three different
factors.

Keywords: Moral Receptors · Moral Foundations · Moral Foundation
Theory · Moral Foundation Vignettes · Unethical Behavior ·
Whistleblower

1 Introduction

Within the last years, calls for ethical behavior in the workplace have grown
louder and more forceful [45]. As a result, whistleblowing has received consid-
erable attention. But, instead of being applauded for exposing illegal actions,
whistleblowers are far too often castigated for trying to challenge and overturn
the status quo [1,13,34,37,39,44]. At this, organizations and its members use dif-
ferent forms of retaliation, ranging from more formal undesirable actions (such as
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termination, demotion, involuntary transfer, assignment of unmanageable tasks,
and professional blacklisting) to more informal ones (e.g., social ostracism, and
bullying).

Although much research has been conducted on the individual as well as the
contextual determinants of reporting illicit behavior, little work has been done
examining the specific factors for when and why retaliation occurs. Previous
research has already identified the role of moral disengagement as a possible
explanation, why decent people conduct malign behavior [2,3,35,40,41]. As a
result, researchers gained important insights into the mechanisms that allow
people to detach from their own moral standards without feeling pain or regret.
Additionally, Scheiner [40] proposed to use moral receptors as a starting point
to trigger unethical behavior discussing that there is also a link between moral
receptors and moral disengagement. Building upon this idea, we argued that this
framework is also capable in describing the boundary conditions and mechanisms
for when and why retaliation against whistleblowers occurs [4].

Typically, to explain the origins of and variation in human moral reasoning,
Moral Foundations Theory (MFT) is used. According to MFT, there are six,
innate but modifiable moral foundations (Care, Fairness, Loyalty, Authority,
Sanctity, and Liberty) [19,20,22,26], which guide peoples’ moral judgments and
emotions. These foundations allow us to be very sensitive to certain social stimuli
(e.g., injustice) and to immediately respond to them intuitively, often mediating
this response through specific emotions (e.g., anger).

The established measure of these foundations – the Moral Foundations Ques-
tionnaire (MFQ) – has been used extensively in a range of empirical projects
[5,7,12,15,26,42]. While the MFQ has been widely validated [17], the scale has
recently also come in for criticism [8,9,24,25,36]. In this paper, we aim to address
the problems of MFQ by introducing and validating a new set of Moral Foun-
dations Vignettes (MFVs) used for explaining the unethical behavior against
whistleblowers.

2 Theoretical Background

2.1 Moral Foundation Theory

According to the social intuitionism model [18], moral judgment is an intu-
itive process, characterized by automatic, affective reactions to stimuli. MFT
categorizes these moral intuitions into different “foundations” [20–22] explain-
ing why individuals and groups differ in what they see as moral or immoral.
Each foundation represents a set of intuitions that have evolved to solve certain
social challenges throughout evolutionary history. The current and most widely
accepted draft of the theory posits six foundations [19,26]:

1. Harm/Care (Harming, Hurting, Caring, Kindness) – This foundation includes
concerns about caring, protecting, and nurturing vulnerable individuals or
animals from harm.
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2. Fairness/Reciprocity (Justice, Fairness, Reciprocity) – This foundation
includes reciprocal relationship among people as well as aspects concerning
justice, fairness, and equality.

3. In-group/Loyalty (Group membership, Loyalty, Patriotism, Self-sacrifice) –
This foundation relates to our formation of groups in society and the different
obligations of group membership.

4. Authority/Respect (Obedience, Deference) – This foundation is based on our
tendency to create hierarchically structured societies of dominance and subor-
dination. It includes aspects centered on respect for authority, and leadership.

5. Purity/Sanctity (Temperance, Chastity, Piety) – This foundation roots from
our ancestors’ instinct to avoid diseases. It underlies the widespread idea
that the body is a temple which can be desecrated by immoral activities and
contaminants.

6. Liberty/Autonomy (Freedom, Oppression, Subjugation) – This foundation
includes acts restricting the freedom of others, particularly actions by those
in a position of power over another person.

Research on moral foundations has relied on the Moral Foundations Ques-
tionnaire, characterized by two sets of questions: the first asks respondents to
make abstract moral judgments, the second asks to report on the relevance
of each foundation to their moral decision-making [17]. The questionnaire has
proved to be particularly useful for the evaluation of variations in moral judg-
ment. At this, moral foundations theory has had a large impact in psychology
and a variety of other disciplines. In political science, researchers gained explana-
tions for different political attitudes, shifts in attitudes and ideologies [11,15,19],
examined differences in donation behavior [48], and tried to understand how the
public evaluates politicians’ character [6]. In other disciplines, Moral Foundation
Theory has been used, for instance, to examine the effects of general religiosity
on moral foundations [28,38], to understand the role of moral salience and its
mediating effects in the context of decision making in video games [27,32,47], to
examine cross-cultural differences [19], and to quantify moral foundations from
various topics in everyday conversations on social media [29].

2.2 Moral Foundation Questionnaire: Introduction, Extensions,
and Criticism

As a measurement instrument investigating the inter-individual variability,
the Moral Foundation Questionnaire allows for examining whether and to
what extent individuals’ moral judgments relate to the five originally postu-
lated moral foundations (Harm/Care, Fairness/Reciprocity, In-group/Loyalty,
Authority/Respect, Purity/Sanctity) [19]. The MFQ consists of 30 items -
divided into a relevance and judgment section - plus 2 ’catch’ items used to
filter out inattentive participants. The relevance section asks respondents to
rate the relevance of fifteen considerations to questions of right and wrong on
a 6-point rating scale (e.g., ”When you decide whether something is right or
wrong, to what extent do you consider whether or not someone was cruel?” for
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harm). In addition to this, the second section consists of fifteen agree/disagree
items (e.g., ”Respect for authority is something all children need to learn.” for
authority). At this, the relevance scale investigates the explicit theories people
have about what is morally relevant to them, while the judgment scale examines
the extent to which the five moral foundations are used concretely in the expres-
sion of judgments and evaluations. In total, there are six items for each of the
five foundations and scoring occurs by averaging the responses to each of the six
items per moral foundation. In order to include the sixth foundation, the desire
of people for autonomy and freedom, the original MFQ can be accompanied by
Iyer et al.’s [26] nine items for measuring endorsement of the liberty foundation.

Although the MFQ has been shown to be reliable and valid [17], the scale
has also come in for criticism both on theoretical as well as empirical ground. In
terms of predicting political orientation, several meta-analyses examining the
relationship between moral foundations and political orientation, researchers
found that correlations between the five foundations and political orientation
is close to zero in Black samples [10,31]. By manipulating the goals of moral
behavior, Voelkel and Brandt also illustrated the shifting relationship between
some moral foundations and political ideology [46].

Further, recent confirmatory factor analyses have found only reasonable lev-
els of model fit when using the default five-foundation model [9,25,30,36,43].
In a large-scale analysis of measurement invariance of the 5-factor structure of
the MFQ in 27 countries, Iurino and Saucier [25] concluded that there was lit-
tle support for a five-, but rather for a two-factor model related to harm and
social order. Including the liberty items introduced by Iyer et al. [26], Harper
and Rhodes [24] re-examined the dimensionality of the full MFQ in combination
with the liberty scale. Instead of giving support for a 6-factor solution, in two
concurrent studies only three meaningful clusters emerged, namely tradition-
alism, compassion, and liberty. Similar issues with fit have also been reported
at the level of individual foundations. Among studies that have not explicitly
tested the fit of the 5-factor model of the MFQ, the internal consistency of each
of the moral foundations has produced poor coefficients with Cronbach’s alpha
coefficients between 0.24 to 0.69 [15–17,23].

A final point regarding the scale is that its structure also limits the types of
questions for which it can be used. Here, an important point is that the MFQ
relies largely on respondents’ evaluations of abstract principles rather than judg-
ment of concrete scenarios. At this, measuring the relevance of various moral
issues does not necessarily correspond to the actual moral judgment that peo-
ple make [15]. Even if someone views respect as highly relevant to morality,
this person may refrain from making harsh judgments about others’ disrespect-
ful behavior. Also, several items contain an indefinite and ambiguous reference
point. Responses to the item “Whether or not someone showed a lack of respect
for authority” might differ depending on the interpretation of the authority to
which someone is showing disrespect [14].
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3 Method

In this paper, we aim to address some of the problems discussed before by
developing and validating a large set of moral foundations vignettes that would
satisfy the following criteria: a) measure judgment of concrete moral violations
of third-parties, and b) contain subsets mapping onto the moral foundations.

Following the approach of Clifford et al. [8], we started by writing a large
number of scenarios representing valid violations of specific moral foundations,
adapting previous stimuli whenever possible. Each vignette shows a behavior
that violates a particular moral foundation. As we are interested especially in dis-
covering which moral emotions can trigger or prevent unethical behavior against
whistleblowers, we focus the content of our scenarios on events that could plau-
sibly occur within the scope of organizations and whistleblowing. By varying the
content of the scenarios within a given foundation, we try to reduce redundancy,
avoid memory interactions, and ensure complete conceptual coverage of the foun-
dations. We also tried to avoid overtly political content as well as scenarios that
might require temporally or culturally bounded knowledge.

To encourage respondents to visualize themselves as witnesses of third-party
violations, all of our scenarios start with the phrase “You see someone...”. For
example, a Fairness violation reads: “You see someone using company funds to
enrich himself.” Using this structure ensures that respondents imagine a third
party committing the violation and that any induced emotions are the result of
imagining witnessing the violation. Next, we describe how the individual items
for the different moral foundations were constructed.

For the Care foundations, we focused on scenarios triggering compassion for
a person who is suffering (e.g., “You see someone being bullied by others”), or
eliciting anger against the person causing the distress (e.g., “You see someone
physically attacking others”). In order to avoid confounds with other founda-
tions, we avoided scenarios invoking a social hierarchy (Authority, Liberty), and
focus on scenarios involving strangers (Loyalty).

Fairness is triggered by situations involving cheating, dishonesty, unfair
behavior, or a lack of gratitude. Similar to the Care vignettes, we tried to avoid
scenarios in which loyalty (group behavior) or authority (disobedience towards
executives) concerns might arise.

Loyalty violations consist of individuals putting their own interests ahead of
their group (i.e., colleagues, or company).

Authority violations consist primarily of disobedience or disrespect to tradi-
tional authority figures (e.g., managers, supervisors, leaders).

Violations of Sanctity include behaviors that are considered degrading (get-
ting excessively drunk) or raise concerns about contamination (urinating in the
corner of the office, not washing hands after going to the toilet). Haidt also sug-
gested that certain symbols, such as a church, cross, or flag, can also become
sacralized [19]. Therefore, we also tested vignettes that involved violating cor-
porate symbols (corporate logo or flag).
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Liberty vignettes consist of behaviors in which people use coercion or restrict
freedom of choice, especially actions by people who hold a position of power over
another person (e.g., someone who prevents others from voicing their concerns).

In total, we ended up with 69 scenarios plus 6 ’catch’ items; the latter contain-
ing morally acceptable behavior and serving as a check on participant attention
(see Table 1). To further narrow down the number of items for a final version,
two surveys were conducted, which will be briefly presented.

Setting. Both surveys were performed over a period of approximately six weeks
in January and February 2023. They were designed as online surveys used to get
as many responses as possible in a short amount of time. Invitation to the first
survey was sent by e-mail to all students at the University of Lübeck, explaining
the reason for the survey and asking the recipients to participate and to share
the survey. The invitation was also included within a newsletter published by
the author’s institute. Anonymity was guaranteed. No incentives were provided
to this group. Additionally, we published the link to our second online survey on
Prolific. Here, participants received a monetary incentive completing the survey.

Sample. In total, 269 respondents (Study 1: 165 participants, Study 2: 104 par-
ticipants) were recruited. 31 participants did not start the survey (Study 1: 27
participants, Study 2: 4 participants, exploitation rate: 88.4 %). We also applied
further quality controls to remove participants who gave incomplete answers or
who provided responses that were suggestive of biased or inauthentic answers
(e.g., always rating items as 1, 3 or 5, including those that were reverse-coded).
At this, another 59 respondents have to be excluded (Study 1: 55 participants,
Study 2: 4 participants). With a value of 66.5 %, an excellent completion rate
was achieved. While the participants of the first study were of German national-
ity, the demographics of the 100 respondents participating in the second survey
suggest cross-cultural origins from a total of 19 different countries. The top 5
nationalities were as follows: South African (44), Polish (12), Portuguese (11),
Greek (6), and Italian (5).

Instruments. While the first study was conducted in German, for the second
study all items were carefully translated into English respecting the original
content and magnitude of moral violation, and ensuring that the English version
is still clear and objective. The items were randomly assigned within the ques-
tionnaire to avoid showing of a pattern of the mechanisms by grouping items
of the same process. Respondents were asked to rate how morally wrong the
behavior is on a 5-point scale labeled morally wrong, rather wrong, neutral,
rather correct, morally correct.

4 Results

To find out about the properties of the 75 moral foundation items as a basis for
item selection, descriptive statistics and item statistics were calculated. In addi-
tion, exploratory and confirmatory factor analysis as well as reliability analysis
were calculated for the 75 items developed.
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The average rating as well as standard deviations for each item are shown in
Table 1 (left). Item means range between 1.07 (“You see someone bulling others.”
and “You see someone physically attacking others.”, respectively) and 4.86 (“You
see someone making sure that everyone should be treated equally.”), standard
deviations of the 75 items range between 0.25 (“You see someone bulling others.”
and “You see someone physically attacking others.”, respectively) and 1.04 (“You
see someone intervening in a fight.”).

Exploratory Factor Analysis. Although MFT proposes a six factor structure, we
started with an exploratory factor analysis to examine the extent to which individ-
ual scenarios load cleanly onto the expected factors, and not on others. Respon-
dents’ wrongness ratings for all moral scenarios, with the exception of the ’catch’
items, were entered as manifest variables in a maximum likelihood exploratory fac-
tor analysis resulting into 19 factors with an eigenvalue greater than 1. Next, a par-
allel analysis was conducted, which indicated that eight factors should be retained.
Based on the results of the parallel analysis, a second exploratory factor analysis
(using maximum likelihood extraction with Varimax rotation) was run with the
instruction to extract eight factors. The Kaiser-Meyer-Olkin measure of sampling
adequacy (0.80) and Bartlett’s test for sphericity (χ2(2346) = 6199.86, p < 0.001)
suggested that the data was suitable for testing dimensionality. The resulting
rotated factor loadings are shown in Table 1 (right) with factor loadings greater
than or equal to .5 in bold and factor loadings less than .4 in gray. The eight fac-
tors explain a total of 41.69 % of the variances.

In the first factor, 7 out of 14 Authority scenarios have factor loadings greater
than 0.5 (loadings from 0.52 to 0.63), and three others have at least a factor load-
ing of greater than 0.4 (“interrupting an executive in front of everyone at a project
meeting.”: 0.47, “trying to undermine all the leader’s ideas in front of the others.”:
0.48 with a weak cross-load onto Liberty (0.37), and “not respecting the general
rules of conduct.”: 0.44 with a weak cross-load on Sanctity (0.32)). However, two
Sanctity scenarios also have loadings greater than 0.5 on Authority. Both scenar-
ios involving the violation against corporate symbols (“publicly spitting on the
company’s logo.”: 0.64, and “trampling on the corporate flag.”: 0.70).

9 of the 17 Sanctity scenarios load onto the second factor with loadings
greater than 0.4 (8 greater than 0.5and loadings from 0.53 to 0.64). As described
before, both scenarios involving violations of corporate symbols have high load-
ings on Authority, and almost negligible loadings on Sanctity, 0.18 and 0.06,
respectively.

Turning to the third factor, 5 of the 8 Liberty scenarios have factor loadings
greater than 0.5 (loadings from 0.54 to 0.70), while no other scenarios load moder-
ate onto this factor. Of the remaining three Liberty scenarios, one loads solely but
weakly on Liberty (0.31), one loads on both Liberty and Authority (0.36 and 0.35,
respectively), and the last loads negatively but weakly on Authority (−0.30).

Of the 13 Fairness scenarios, only 5 load onto the fourth factor with loadings
greater than 0.5. A sixth Fairness scenario only shows a weak factor loading
(“lying about the amount of hours they’ve worked overtime.”: 0.32).
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Regarding the fifth factor, 6 of the 7 Loyalty scenarios have factor loadings
greater than 0.4 (5 greater than 0.5 and loadings from 0.53 to 0.89). Overall,
there is a clear separation between the Authority and Loyalty foundations within
the data.

Finally, instead of loading completely on one factor, 9 of 10 Care scenarios
form three distinct factors. Within the first Care factor, the detrimental act of
the oppressor is emphasized, which might correspond to an expression of anger
towards the person causing the suffering. The three scenarios have factor loadings
of 0.57, 0.77 and 0.91, respectively. The second Care factor concerns scenarios
involving compassion for the person being oppressed. All three scenarios have
factor loadings between 0.57 and 0.83. The last factor corresponds to acts of
gloating with scenarios having factor loadings of 0.68, 0.70 and 0.78, respectively.
The last Care scenario has only a weak loading onto Liberty (“taking advantage
of the weakness of others for their own purposes.”: 0.39).

In summary, our findings from the exploratory factor analysis show strong
support for the expected divisions within the moral domains. We uncovered
factors associated with each of the moral foundations. We also found evidence
of a division within the Care foundation depending on whether the oppressor or
the person being oppressed is emphasized, or as an reaction to gloating.

Confirmatory Factor Analysis. Previous research on Moral Foundation The-
ory provides strong predictions about the factor structure of moral judgment,
suggesting a two-, five-, or six-factor model (the latter results from adding Lib-
erty) [16,25,26,36]. A confirmatory factor analysis was run on our data using the
lavaan SPSS package. We used an eight-factor model consisting of Care – Oppres-
sion, Care – Compassion, Care – Gloating, Fairness, Liberty, Authority, Loy-
alty, and Sanctity as default model resulting in a good fit (χ2(2182) = 3443.31;
RMSEA = 0.057, see Table 2). We also ran a confirmatory analysis on two sim-
pler models (a two- as well as a six-factor model) to replicate the findings of
other authors [25,36]. Results are illustrated in Table 2 showing that these mod-
els provided a worse fit to the data as indicated by degradations in the RMSEA
and AIC.

Recommended set of vignettes. The results of the exploratory factor analysis
as well as the confirmatory factor analysis already illustrate a good fit for
an eight-factor model. As shown in Table 1, a number of vignettes either did
not load strongly on the predicted factor (loading greater than 0.4), or cross-
loaded onto another factors. Thus, these vignettes may not be good measures
of the intended concepts. At this, vignettes are retained only if they demon-
strated factor loadings greater than 0.5 on the predicted factor, and did not
have cross-loading differences between the intended and another factor greater
than 0.2. Both vignettes involving the violation against corporate symbols were
included into the final set of vignettes, but were reassigned to Authority instead
of Sanctity. The resulting set of 41 vignettes contains 3 to 9 vignettes per foun-
dation. Removing weak loading scenarios also improve model fit statistics for
all models (see Table 2). Again, the eight-factor model best describes the data
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Table 1. First draft of moral foundation vignettes. Wrongness presenting the average
rating as well as the standard deviation of moral wrongness on a 5-point scale. Vignettes
with an ∗, represent ’catch’ items of morally acceptable behaviors. Additionally, results
of the exploratory factor analysis of moral judgments are given. Factor loadings ≥ 0.5
are shown in bold. Factor loadings ≤ 0.4 are shown in gray.

Wrongness

Foundation Scenario Mean SD Factors

Authority You see someone interrupting an executive in front of everyone at a project meeting. 2.38 0.89 0.47 0.20 −0.08 0.16 0.16 0.05 −0.06 0.14

Authority You see someone secretly surfing the Internet on his or her smartphone during a project meeting. 2.48 0.91 0.59 0.16 0.18 0.12 0.09 −0.02 −0.13 0.12

Authority You see someone talking loudly to others at a project meeting. 1.98 0.76 0.34 0.21 0.17 0.04 0.05 0.12 0.12 −0.09

Authority You see someone turn and walk away while a manager asks about that person’s work. 1.77 0.74 0.52 0.23 0.18 −0.02 0.05 0.02 0.19 0.04

Authority You see someone proclaiming that an executive is a bad person. 2.36 0.88 0.60 0.06 −0.03 0.15 −0.01 0.01 0.10 0.13

Authority You see someone not following a leader’s instructions. 2.28 0.79 0.63 0.20 −0.03 0.05 0.16 0.07 0.06 0.19

Authority You see someone refusing to welcome people from the management. 2.15 0.77 0.60 0.07 0.04 0.11 0.20 0.00 0.00 −0.07

Authority You see someone trying to undermine all the leader’s ideas in front of the others. 1.80 0.74 0.48 0.21 0.37 0.12 0.15 −0.04 0.08 −0.01

Authority You see someone disrespecting another person’s expertise. 1.73 0.65 0.30 0.32 0.31 0.12 0.07 0.03 0.18 −0.12

Authority You see someone not respecting the general rules of conduct. 1.69 0.62 0.44 0.32 0.16 0.05 0.02 0.13 0.12 0.04

Authority You see someone not following the company’s guidelines. 2.06 0.72 0.58 0.35 −0.05 0.09 0.24 0.05 0.10 0.12

Authority You see someone deliberately disregarding a directive from an executive. 2.18 0.84 0.54 0.34 −0.05 0.11 0.10 0.14 0.04 0.17

Authority You see someone speaking badly about the person celebrating the birthday at a company. 1.74 0.68 0.32 0.21 0.19 −0.02 0.25 −0.06 0.06 0.13

Authority You see someone disrespecting specialist knowledge of others. 1.78 0.66 0.35 0.27 0.29 0.10 0.05 0.19 0.009 −0.04

Authority You see someone following the instructions of the supervisor.∗ 4.17 0.76 - - - - - - - -

Sanctity You see someone spitting on the ground. 1.84 0.79 0.09 0.33 0.13 0.04 0.06 0.07 0.17 0.04

Sanctity You see someone wipe his or her own nose on his or her top. 2.38 0.88 0.24 0.59 −0.03 0.14 0.05 −0.01 −0.03 0.09

Sanctity You see someone doing something disgusting. 1.89 0.76 0.06 0.58 0.16 0.14 0.16 −0.07 0.04 −0.04

Sanctity You see someone urinating in the corner of the office. 1.08 0.39 0.01 0.09 0.00 −0.06 −0.06 0.03 0.14 −0.18

Sanctity You see someone showing up to work unwashed and unkempt. 2.12 0.86 0.38 0.64 −0.08 0.10 0.11 −0.07 0.00 0.14

Sanctity You see someone showing up to work drunk and vomiting. 1.32 0.56 0.30 0.61 −0.04 −0.08 0.04 −0.04 −0.12 −0.03

Sanctity You see someone not washing their hands after going to the toilet. 1.83 0.76 0.07 0.53 0.18 0.14 0.12 0.17 0.08 0.00

Sanctity You see someone publicly spitting on the company’s logo. 1.70 0.85 0.64 0.18 0.06 0.03 0.20 −0.05 0.00 0.15

Sanctity You see someone trampling on the corporate flag. 2.02 0.93 0.70 0.06 0.08 0.09 0.07 0.00 −0.06 0.03

Sanctity You see someone coming into the office with a contagious disease. 1.50 0.72 0.06 0.32 0.26 0.26 0.15 0.20 0.00 0.01

Sanctity You see someone coming to the office with unwashed clothes for several days. 2.22 0.95 0.18 0.58 −0.11 0.17 0.11 −0.05 −0.02 0.29

Sanctity You see someone getting excessively drunk at a company party. 2.20 0.98 0.31 0.55 0.18 0.12 0.11 0.04 −0.08 −0.05

Sanctity You see someone eating everything away at a company party. 2.44 0.79 0.20 0.29 0.04 0.26 0.01 −0.03 −0.07 −0.03

Sanctity You see someone not flushing after going to the toilet. 1.58 0.68 0.07 0.60 0.02 0.05 0.11 0.11 0.11 −0.10

Sanctity You see someone leaving a toilet heavily soiled. 1.44 0.63 0.15 0.49 0.20 0.21 0.06 0.14 0.11 −0.18

Sanctity You see someone not cleaning up after the he or she has made something dirty. 1.79 0.76 0.12 0.35 0.33 0.08 0.06 0.11 0.03 0.04

Sanctity You see someone rinsing glasses with just water and no soap and then putting them back on the shelf. 2.32 0.98 0.09 0.30 0.10 0.25 0.05 −0.04 0.17 0.10

Sanctity You see someone showing up to work well-groomed.∗ 4.42 0.76 - - - - - - - -

Liberty You see someone imposing his or her values on others. 1.46 0.55 0.07 0.01 0.55 0.11 0.10 0.08 0.01 −0.02

Liberty You see someone preventing others from freely expressing their opinions. 1.42 0.54 0.06 −0.05 0.70 0.11 0.10 0.14 0.15 0.05

Liberty You see someone preventing others from voicing their concerns. 1.43 0.53 0.00 0.19 0.62 0.26 0.10 0.01 0.10 0.06

Liberty You see someone forcing others to act unethically. 1.17 0.39 −0.03 0.03 0.57 0.11 −0.05 0.03 0.05 0.20

Liberty You see someone preventing others from expressing their opinion publicly. 1.49 0.55 −0.03 0.03 0.54 0.08 0.17 0.03 0.19 0.14

Liberty You see someone not wanting to take the responsibility for a mistake of his or her own. 1.45 0.54 0.35 0.13 0.36 0.10 0.16 0.15 −0.10 −0.04

Liberty You see someone blaming someone else for his or her own mistake. 1.19 0.50 −0.02 0.05 0.31 0.14 0.03 0.04 0.21 −0.07

Liberty You see someone completely submissive to the executives. 2.68 1.01 −0.30 0.08 0.01 −0.04 −0.05 −0.17 0.07 −0.17

Liberty You see someone encouraging others to express their opinions freely.∗ 4.62 0.73 - - - - - - - -

Fairness You see someone claiming someone else’s results for his or her own. 1.19 0.46 0.09 0.04 0.33 0.12 0.11 0.26 0.10 0.00

Fairness You see someone using company funds to enrich him or herself. 1.46 0.61 0.14 0.18 0.28 0.13 0.08 0.02 0.24 0.08

Fairness You see someone not reporting the misconduct of others. 1.89 0.88 0.17 0.20 0.24 0.25 −0.08 −0.01 0.02 0.10

Fairness You see someone being unjustifiably evaluated worse than the others. 1.49 0.60 0.11 0.09 0.24 0.53 0.04 0.05 0.24 0.09

Fairness You see someone being unjustifiably assigned worse tasks. 1.64 0.68 0.00 0.08 0.25 0.58 0.11 0.03 0.10 0.05

Fairness You see someone being unjustifiably favored in career opportunities. 1.68 0.66 0.16 0.20 0.22 0.64 0.01 −0.01 0.19 −0.05

Fairness You see someone being unjustifiably left out of career opportunities. 1.61 0.66 0.15 0.13 0.16 0.85 0.05 0.01 0.15 0.05

Fairness You see someone being treated unfairly. 1.59 0.66 0.13 0.11 0.02 0.79 0.02 −0.02 0.21 0.01

Fairness You see someone not returning a favor. 2.29 0.95 0.09 0.26 0.21 0.29 0.18 0.07 −0.13 0.01

Fairness You see someone sweet-talking an executive to be considered for the next career opportunity. 1.97 0.91 0.05 0.14 0.24 0.26 0.05 0.04 −0.05 0.07

Fairness You see someone lying about the amount of hours they’ve worked overtime. 1.60 0.74 0.17 0.17 0.20 0.32 0.05 −0.05 −0.04 0.11

Fairness You see someone getting hired only because that person knows the manager personally. 1.86 0.85 0.23 0.27 0.28 0.19 0.00 −0.12 −0.15 0.16

Fairness You see someone getting a good rating for team performance without having contributed anything to the team result. 1.70 0.67 0.21 0.14 0.26 0.30 0.22 −0.15 −0.09 0.00

Fairness You see someone making sure that everyone should be treated equally.∗ 4.86 0.42 - - - - - - - -

Loyalty You see someone telling others how bad his or her own company is. 1.91 0.63 0.17 0.15 0.05 0.12 0.89 0.11 0.01 0.07

Loyalty You see someone discussing company internals with outsiders. 1.76 0.57 0.32 0.18 0.06 0.06 0.53 0.00 −0.04 0.11

Loyalty You see someone making professional secrets of colleagues public. 1.53 0.61 0.28 0.03 0.09 −0.01 0.60 0.12 0.10 0.06

Loyalty You see someone telling others that the competitor company is better than his or her own. 1.97 0.62 0.06 0.12 0.15 0.07 0.54 0.12 0.04 0.04

Loyalty You see someone leaving the company to work for the competing company. 3.10 0.95 0.00 0.13 −0.11 0.08 0.02 0.00 −0.02 0.17

Loyalty You see someone behaving disloyally to colleagues. 1.63 0.58 0.22 0.21 0.24 0.02 0.59 0.14 0.15 0.03

Loyalty You see someone speaking out against their own company. 1.75 0.57 0.22 0.14 0.18 0.10 0.45 0.14 0.07 0.23

Loyalty You see someone stay loyal to the company.∗ 3.93 0.86 - - - - - - - -

Care You see someone bullying others. 1.07 0.25 0.00 −0.02 0.16 0.03 0.12 0.91 −0.08 −0.02

Care You see someone offending others. 1.17 0.38 0.07 0.12 0.14 −0.02 0.13 0.57 0.10 −0.11

Care You see someone physically attacking others. 1.07 0.25 0.13 0.08 0.11 −0.08 0.15 0.77 0.03 0.09

Care You see someone being bullied by others. 1.31 0.55 0.04 0.11 0.10 0.22 0.15 0.14 0.67 0.08

Care You see someone being offended by others. 1.46 0.57 −0.01 0.03 0.17 0.10 0.05 −0.02 0.83 0.03

Care You see someone being beaten by others. 1.26 0.51 0.05 −0.05 0.10 0.18 0.03 −0.04 0.57 −0.01

Care You see someone taking advantage of the weakness of others for their own purposes. 1.41 0.67 0.16 0.04 0.39 0.18 0.21 0.13 −0.10 0.20

Care You see someone excited about someone losing his or her job 1.63 0.81 0.24 0.01 0.18 0.02 0.15 0.09 0.02 0.70

Care You see someone excited about someone losing his or her privileges. 1.79 0.79 0.27 0.04 0.24 0.01 0.12 −0.07 0.11 0.68

Care You see someone excited about someone losing his or her reputation within the company. 1.69 0.75 0.31 0.02 0.26 0.04 0.05 −0.06 0.15 0.78

Care You see someone intervening in a fight.∗ 4.09 1.04 - - - - - - - -
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Table 2. Confirmatory factor analysis of wrongness ratings.

# of Factors Description χ2 df χ2/df RMSEA 90 % C.I. AIC

2 Individualization and binding 4376.26 2078 2.11 0.079 0.075,0.082 21832.97

6 Original MFT, plus Liberty 3991.89 2262 1.76 0.065 0.062,0.069 22149.76

8 Division of Oppression, Compassion,
and Gloating

3443.31 2182 1.58 0.057 0.053,0.060 21432.40

Model fit statistics for recommended set of vignettes

2 Individualization and binding 2246.70 778 2.89 0.103 0.098,0.108 12823.69

6 Original MFT, plus Liberty 1506.96 764 1.97 0.074 0.068,0.079 12111.95

8 Improved model with Division of
Oppression, Compassion, and
Gloating

1104.39 751 1.47 0.051 0.045,0.058 11735.39

(χ2(751) = 1104.39; RMSEA = 0.051), with good coefficients for internal con-
sistency (Cronbach’s alpha) between 0.79 and 0.87 (Care – Oppression = 0.79;
Care – Compassion = 0.79; Care – Gloating = 0.86; Fairness = 0.86; Liberty =
0.79; Authority = 0.87; Loyalty = 0.81; and Sanctity = 0.84).

5 Discussion and Conclusion

In this paper, we aimed to address the criticism about the unreliable factor
structure [25,36] and poor internal consistency of the MFQ [15–17,23] by intro-
ducing a new scale for the measurement of Moral Foundation Theory, a con-
cept introduced by Jonathan Haidt to explain the origins of and variation in
human moral reasoning [20]. Our developed set of Moral Foundations Vignettes
(MFVs) provide a set of scenarios that represent concrete moral violations that
could plausibly occur within the scope of organizations and whistleblowing. The
MFVs have been carefully controlled with respect to the content of the scenar-
ios to reduce redundancy, avoid interactions with memory, and ensure complete
conceptual coverage of the foundations. Finally, including vignettes with overtly
political content as well as scenarios that might require temporally or culturally
bounded knowledge was avoided. In total, sixty-nine plus six ’catch’ items were
developed and tested in two first studies.

In spite of the traditional six-factor structure of MFT, parallel analysis indi-
cated an eight-factor model better describing the data in our sample. Here, Care
foundation was subdivided by three factors emphasizing the oppressor’s detri-
mental act (Oppression), compassion for the person being oppressed (Compas-
sion), and acts of gloating (Gloating). Exploratory factor analysis showed that
several vignettes loaded poorly onto their intended foundation, leading to their
removal from the final set of MFV. It should also be noted that two vignettes
involving violations of corporate symbols did not load on sanctity, as the authors
expected, but rather on authority. This initially contradictory result may be
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explained by the fact that while certain symbols, such as churches, crosses, or
flags, can be sacralized, this does not necessarily apply to corporate symbols
(e.g., trampling on the corporate flag or spitting on the corporate logo). At
this, this morally reprehensible act is more likely to be attributed to a violation
towards an authority figure (Authority) instead of a violation of Sanctity by the
respondents. In total, the final item set consists of 41 vignettes with 3 to 9 items
for each factor. In confirmatory factor analysis, the resultant scale demonstrated
broadly acceptable model fit indices in relation to RMSEA and AIC, and good
internal consistency. Further, the eight-factor model also fit the data better than
the two- or six-factor structure proposed by other authors [25,26,36].

Despite these remarkable results, the MFV presented here should be con-
sidered as preliminary or temporary solution. Further studies are necessary to
demonstrate the criterion validity of our new scale by comparing it to the exist-
ing measurement of the moral foundations—the MFQ. Our results also raise
new questions about the moral domain. For instance, we find evidence that the
Care foundation consists of at least three separate aspects (Oppression, Com-
passion, and Gloating). Other studies suggests a differentiation between physical
and emotional harm, sometimes further subdivided into physical harm against
humans or animals [8,24], where our result could not reproduce this classification.
In this context, further research is needed to clarify the various aspects of dif-
ferent foundations, particularly the Care Foundation, and to determine whether
the subdivision found in our study represents an artifact of item formulation or
is based on truly separable subclasses of Care.

Given the popularity and widespread use of MFT, a comprehensive study
may also be necessary systematically testing a larger pool of potential MFV
items, particularly for those factors currently represented by only a few items
(e.g., the three Care factors). The eight-factor structure itself may be ques-
tioned due to the limited set of vignettes used to develop it. Thus, it could be
that these items themselves introduced bias into the measures. A larger pool
of potentially morally relevant items will provide researchers with a sufficiently
large and diverse set of stimuli for testing their hypotheses, but also could yield
a different factor structure. Thus, we currently do not endorse the developed
MFVs as the final form for investigating triggers for unethical behavior. Rather,
it offers a measurement for MFT with a better internal consistency of each moral
foundation than the current ’gold-standard’, i.e. MFQ.

At the end, the present work should be viewed as exploratory in nature and as
such does require confirmation in large, independent, and cross-cultural samples.
Using Prolific to acquire survey participants already resulted in a small sample
of 100 cross-cultural respondents. A very first analysis of the survey data already
indicates that there might be cross-cultural differences in judging scenarios of
moral conduct differently, a behavior that other authors have also been able to
show [25,33]. Therefore, further studies are necessary to better understand the
cultural differences in how the various moral foundations are characterized.
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Abstract. Virtual reality is a concept of specialized hardware that generates an
experience with different levels of intensity and interactivity within environments
in which users feel immersed in an apparently real world and is defined based on
the technology. Currently, several fields, such as education and health, use virtual
reality. Due to the wide range of users (children, youth, adults, and even older
adults) who can interact with virtual environments, it is essential to consider the
usability of this type of software system. The evaluation of usability is carried out
through usability tests. Research on evaluating virtual environments’ usability is
scattered in several scientific databases. To the best of our knowledge, no research
work compiles and reports globally on which techniques are used to evaluate the
usability of such software systems. We conducted a systematic mapping study to
assess the general panorama of techniques related to usability evaluation that are
being used in virtual environments. We identified a total of 30 primary studies.
The main techniques for usability evaluation are interviews, heuristic evaluation,
surveys, usability experiments and expert evaluation. Some of these techniques
are being used together. In addition, we have identified some works that propose
frameworks ormethodologies for evaluating the usability of virtual reality systems.

Keywords: Usability Evaluation · Virtual Environments · Exploratory Study

1 Introduction

Virtual reality (VR) is a concept of specialized hardware that generates an experience
with different levels of intensity and interactivity within environments in which users
feel immersed in an apparently real world and is defined based on the technology [1, 2].
Currently, several fields, such as education [3], health [4], and seismic safety [5], use
virtual reality. Due to the wide range of users (children, youth, adults, and even older
adults) who can interact with virtual environments, it is essential to consider the usability
of this type of software system, which increases efficiency and user satisfaction, also
improving their productivity [6].
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Usability is one of themost critical indicators in determining the quality of a software
product [7–9]. It corresponds to howa group of users can use a software system to achieve
specific objectives with effectiveness, efficiency, and satisfaction [6]. The evaluation
of usability is carried out through usability tests since, despite the efforts of software
developers, the first designs tend to be flawed since they can, for example, [6]: (i) Assume
knowledge that users do not possess, (ii) use confusing or highly technical vocabulary,
and (iii) impose excessive mental workload on users. To avoid these situations, it is
necessary to evaluate usability so that the user will not feel dissatisfied with the final
product [6]. Research on evaluating virtual environments’ usability is scattered in several
scientific databases.

To the best of our knowledge, no research work compiles and reports globally on
which techniques are used to evaluate the usability of such software systems. Therefore,
professionals and researchers who need this information will have to: (i) Spend much
time searching and finding relevant sources of knowledge, (ii) review the resources
obtained according to specific criteria, (iii) extract information from multiple sources,
and, finally, (iv) conclude from the information found. This problem becomes more
acute when it is considered that the scientific community periodically contributes new
bibliographic resources.

This research seeks to assess the general panorama of techniques related to usability
evaluation that are being used in virtual environments. For this, we conducted a sys-
tematic mapping study (SMS). The databases used are Scopus, IEEE Xplore, and Web
of Science (WoS). We identified a total of 30 primary studies. The main techniques for
usability evaluation are interviews, heuristic evaluation, surveys, usability experiments
and expert evaluation. Some of these techniques are being used together. In addition, we
have identified some works that propose frameworks or methodologies for evaluating
the usability of virtual reality systems [10, 11].

This paper is organized as follows. In Sect. 2, we present the related work. Section 3
describes the research method (i.e., SMS). In Sect. 4, we discuss the results of the SMS.
Section 5 presents possible threats to validity, and finally, the conclusions are presented
in Sect. 6.

2 Related Work

As a result of our pilot search, we found three studies [12–14] related to our research.
Karre et al. [12] report usability studies carried out in the industry when developing VR
products. Karre et al. [12] focused on those studies that design VR scenes precisely and
develop a simple protocol to perform or set up a setup for the usability evaluation of those
scenes. This study aims to contribute when choosing a usability evaluation method for
future VR products at an industrial level. Although this study is complete, it is outdated
since it was carried out from 2000 to 2018.

The second work [13] reports specific usability evaluation techniques in augmented
reality (AR) systems, specifically in education. Sheikh et al. [13] state that some critical
challenges must be considered to implement RA, especially in the educational area. In
this area, the users may require a greater demand for motor skills due to the interaction
with 3D projections. In this work, the authors report a miscellany of usability techniques
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that are pretty efficient when evaluating AR systems for education. While this could be
extended to other areas that use such technology, it does not focus on all applicable areas
of AR technology.

In the latest study, Zanatta et al. [14] report works that evaluate the usability of VR
systems and robotic devices applied to neuromotor rehabilitation. The authors focus
on a variety of essential areas to be able to implement a VR system in the area of
rehabilitation, among which usability is mentioned. In addition, this research addresses
the usability techniques that were visualized in the primary studies identified in their
research. Although the study by Zanatta et al. [14] provides updated and complete infor-
mation and provides some recommendations, it is not generic enough since it focuses
on one of the many areas in which VR is applied.

After carrying out an analysis of the studies mentioned above, it is possible to point
out that the present research paper differs from the last two (i.e., [13] and [14]). On the
one hand, this research is not limited to particular areas, and not only VR is considered,
but also AR and mixed reality (MR) to obtain a broader vision of how the usability of
systems is being evaluated that use these technologies.On the other hand, ourworkdiffers
from the first study described (i.e., [12]) since we carried out an updated investigation
(from 2018 to September 2022), and the focus of the research questions is different.
Therefore, this research work is necessary since VR, AR, and MR technologies are
constantly growing, and knowing which techniques are used to evaluate their usability
correctly is necessary.

3 Research Method

Software engineering considers usability as one of the key attributes of software [7,
8]. Usability is a measure that can be used in any product without being exclusive
to computer systems. The secondary study reported in this work has been developed
following the guidelines established by Kitchenham et al. [15] for carrying out an SMS.
Following these guidelines, the following activities were carried out: (i) formulation of
the research questions; (ii) definition of the search strategy; (iii) selection of primary
studies, (iv) extraction; (v) and synthesis of the extracted data.

3.1 Research Questions

The information extracted from the primary studies aims to answer the following research
questions (RQ): (RQ1) What are the usability techniques used to evaluate virtual envi-
ronments? (RQ2) What are the main problems and challenges in applying techniques
to evaluate the usability of virtual environments? (RQ3) What are the extended reality
environments currently being evaluated?

3.2 Define the Search Strategy

The SMS begins with identifying the keywords, so it is necessary to identify a Control
Group (CG). The CG is defined as a set of studies specifically related to the area of
interest. In addition, the studies belonging to the CG must represent the research as
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accurately as possible and answer the research questions formulated [16]. The CG arises
from the need for objectivity in selecting the search string.

A manual search of studies related to the research context is performed to form the
CG. Likewise, these studies should answer the research questions. As a result of the
search, five primary studies were identified [17–21]. Before building the search string, it
is verified that the CG studies are in the Scopus database since it has the most significant
number of studies. As a result of this verification, all the CG studies are found in Scopus,
which is why it is the best option for research.

To obtain the keywords that will make up the search string, the Atlas.ti program
(version 22) is used. Based on the above, a table was generated with the frequency of all
the words and combinations that appeared in the CG articles. Only those words that were
directly related to the research questions and that were present in a significant percentage
of the articles belonging to the CG were chosen (we call this percentage coverage).
Subsequently, each word obtained was assigned a value from 0 to 1, determined by its
frequency of use, so that the most repeated word in the CG studies had the value 1.
Table 1 shows a fragment of the list of words obtained due to this selection process.
It shows the words, their coverage, frequency of use, and assigned weight (calculated
based on coverage and frequency of use – see Eq. 1).

Weight =((Word coverage)/(Maximum coverage)+
(Word frequency)/(Maximum frequency))/2 (1)

Table 1. Fragment of the list of words obtained from the selection process.

Words Coverage (%) Frequency Weight

Usability 100 222 1

Evaluation 100 123 0.7770

VR 100 101 0.7275

Virtual reality 100 90 0.7027

Study 100 59 0.6329

Evaluations 60 38 0.3856

Test 100 34 0.5766

Studies 80 28 0.4631

Assessment 60 19 0.3428

3.3 Formation of the Search String

After obtaining the keywords, several search strings were built, for which three com-
ponents related to the context of the investigation were considered (i.e., to identify the
current panorama of how the usability evaluation of virtual environments is carried out).
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The defined components were the following: (i) evaluation, (ii) usability, and (iii) virtual
environments. The logical operator AND was used to join each of the components and
OR to include synonyms of the terms of the same component. Six strings were built
to search for CG studies in the Scopus database. Table 2 shows the number of studies
found, and the number of CG studies found for each string tested.

Table 2. Search strings.

ID Search string Studies found GC found Ratio X Ratio Y Average

1 (study OR evaluation OR
studies OR assessment
OR evaluations OR test)
AND usability AND (VR
OR “virtual reality” OR
“virtual environment” OR
immersive)

1955 5 1 0.00256 0.50128

2 (study OR evaluation OR
assessment OR test)
AND usability AND (VR
OR “virtual reality” OR
“virtual environment” OR
immersive)

1801 5 1 0.00278 0.50139

3 (study OR evaluation OR
assessment OR test)
AND usability AND (VR
OR “virtual reality” OR
“virtual environment”)

1833 5 1 0.00273 0.50136

4 (study OR evaluation OR
assessment) AND
(usability) AND (VR OR
“virtual reality” OR
immersive)

1777 5 1 0.00281 0.50141

5 (study OR evaluation OR
assessment) AND
(usability) AND (VR OR
“virtual reality”)

1666 4 0.8 0.00300 0.40150

6 (study OR evaluation OR
studies OR assessment
OR evaluations OR test)
AND usability AND (VR
OR “virtual reality”)

1764 5 1 0.00284 0.50142

As seen in Table 2, five of the six search strings found all five CG studies, making
it necessary to search for a method to select one of the strings. This method consists
of calculating the proportions X (see Eq. 2) and Y (see Eq. 3) and the average between
them (see Eq. 4).
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X Ratio = (No. of articles found in the control group)

(Total of articles in the control group)
(2)

Y Ratio = (No. of articles found from the control group)

(Total of articles found per search string)
(3)

Average = (XRatio+ YRatio)

2
(4)

As observed in Table 2, the X proportion varies only once since only one of the
strings did not find all the CG studies in Scopus. However, proportion Y shows specific
differences since it is based on calculating the proportion of the CG studies found in the
total results obtained by each string. To ensure that the selected string is the ideal one
for our investigation, the mean between the X and Y ratio is calculated. Table 2 shows
that string 6 has the highest mean, so it is selected as the most suitable string. Table 3
shows the structure of the final search string.

Table 3. Final search string.

Keywords

study OR evaluation OR studies OR
assessment OR evaluations OR test

AND usability AND VR OR “virtual reality”

Although the tests of the strings were carried out in the Scopus database, a search
was still carried out in IEEE Xplore and WoS with the final selected string to find more
results. This search considered studies from 2018 to June 14, 2022. The databases were
analyzed sequentially using the search fields shown in Table 4. The search fields used
were determined by the options provided by each database due to the different query
syntaxes [22–24]. If a duplicate appeared, the first result was kept.

Table 4. Search field per database.

Database Search fields Number of results

Scopus “Title OR Abstract OR Keywords” 1425

IEEE Xplore “Abstract” 198

Web of Science “Title OR Abstract OR Keywords” 1035

3.4 Inclusion and Exclusion Criteria

This sectionpresents the inclusion and exclusion criteria for selecting the primary studies.
The inclusion criteria are the following:

• The study indicates the techniques used during the usability evaluation; AND
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• The study reports in detail the usability evaluation or a usability study; OR
• The study reports in detail a method/technique/tool proposal to evaluate the usability

of virtual reality systems.

Regarding the exclusion criteria, they are the following:

• The study only uses a survey or questionnaire to evaluate the usability.
• The study does not mention the usability evaluation technique used in the abstract.
• The study reports pilot or preliminary usability tests.
• The study is written in a language other than English.

It should be considered that it is sufficient for a study to meet one of the exclusion
criteria in order not to be considered.

3.5 Select the Studies

A total of 2658 studies were found in the three databases used. After excluding duplicate
studies, the number was reduced to 1781. Subsequently, a selection of studies was made
by applying the inclusion and exclusion criteria to the title and abstract of each non-
duplicate study, reducing the number to 289 pre-selected. Finally, the selection criteria
were strictly applied to the full text of the pre-selected studies. Figure 1 shows the entire

Fig. 1. Steps followed during the SMS.
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filtering and analysis process with the inclusion and exclusion criteria used to select 30
primary studies. The complete list of the primary studies can be found in Annex A. The
results of applying the different filters during the selection process for each database can
be seen in Table 5.

Table 5. Number of remaining studies after filtering the database results.

Database Studies found Duplicate-free Pre-selected studies Primary studies

Scopus 1425 1418 244 25

IEEE Xplore 198 26 8 0

Web of Science 1035 337 37 5

Total 2658 1781 289 30

4 Results and Discussion

This section presents the results obtained in the SMS, divided into two parts:An overview
of the primary studies and the answers to the research questions.

The first part is summarized in Fig. 2,which presents a synthetic viewof the identified
primary studies. In this figure, the results have been segmented into two areas. The
first (left side) consists of two XY scatterplots (top and bottom) with bubbles at the
intersections of the categories type-year of publication (left side - top) and type of
publication-techniques/frameworks for evaluation usability (left side - bottom). The
publication types are journals, book chapters, conferences, and workshops. The size of
each bubble is determined by the number of primary studies classified as belonging to
each category. The second area (right side - top) of Fig. 2 presents the number of primary
studies by year of publication.As can be seen, interest in evaluating the usability of virtual
environments decreased in 2019 and 2020. Subsequently, interest increased in 2021 and
only decreased slightly in 2022, although for this year, studies up to September.

The second part of this section presents the synthesis of the analysis of the primary
studies from which the research questions were answered.

4.1 Usability Evaluation Techniques

In this section, the research questionWhat are the usability techniques used to evaluate
virtual environments? is answered. From the analysis of the primary studies, 15 usability
evaluation techniques were identified that are applied (see Table 6). In Table 6, the
usability evaluation techniques are ordered from the most to the least used.

In addition to the techniques used for usability evaluation, some framework proposals
[PS1, PS4, PS5, PS12, PS15, PS20, PS23] were identified to carry out such activity.
The proposed frameworks are different in each of the primary studies. For example,
the study by Harms [PS12] describes an automated VR usability evaluation method. It
is important to note that this method has been applied before in desktop applications
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Fig. 2. Mapping for primary study distribution between usability evaluation techniques along
with publication type.

and websites; that is, this method has been adapted. The approach is based on three
steps. In the last step, usability smells are detected from the generated task trees. Harms
[PS12] consider usability smells to be certain user behaviors that indicate an underlying
usability problem. Some usability smells areMissingUser Guidance, HighGUI Element
Distance, and Required Inefficient Actions.

4.2 Problems and Challenges in Applying Usability Evaluation Techniques

This section answers the second research question What are the main problems and
challenges in applying techniques to evaluate the usability of virtual environments?
Upon exhaustive inspection, it was found that only seven of the primary studies [PS3,
PS5, PS8, PS13, PS15, PS16, PS28] report the results (i.e., whether the application of
the technique was successful or, on the contrary, there were problems) or challenges to
apply the usability techniques or frameworks proposed by the authors.

It is essential to mention usability problems related to the sample size [PS5] and the
type of sampling performed [PS8]. In the first case, the samples can be small. In the
second case, sampling is done for convenience, a non-probabilistic or random method,
where the researcher chooses the sample by proximity and without considering whether
it is representative. Another problem, indicated in the study by Verkuyl et al. [PS8], is
related to the number of rounds executed in the usability evaluations. However, this is
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Table 6. Usability Evaluation Techniques.

Usability Techniques Primary studies

Interviews [PS2][PS7][PS9][PS19][PS22][PS24][PS26][PS29]

Heuristic evaluation [PS6][PS8][PS10][PS13][PS14][PS25][PS30]

SUS survey [PS2][PS10][PS11][PS19][PS22][PS24]

Adapted survey [PS8][PS16][PS17][PS21]

Usability experiment [PS9][PS10][PS17]

Expert evaluation [PS3][PS11][PS19]

Cognitive walkthrough [PS6][PS13]

User feedback [PS7][PS27]

Thinking aloud [PS8][PS27]

Usability test recording [PS26][PS27]

Questionnaires [PS26][PS27]

Group-based usability testing [PS15][PS16]

Persons [PS6]

Eye Tracking [PS27]

Usability metrics [PS28]

linked to the budget and time of the projects. Likewise, another challenge related to the
sample is identifying the representative subjects necessary for developing VR software
[PS15].

Likewise, problems and challenges are directly related to the application of usability
evaluation techniques [PS3, PS13, PS16, PS26]. In the case of the expert evaluation
technique [PS3], the main problem lies in the subjectivity of said evaluation since it is
still an opinion, where the experts give their impressions over a well-founded opinion.

The first challenge is found when applying the technique of “group-based usability
testing” [PS16]. This corresponds to the organization of the scenarios/environments
and the high dropout rates of the participants. An additional limitation in the usability
evaluation reported in the study is that the authors carried out a pretest to collect the
participants’ demographic data, which could cause some preparation in the sample of
participants, making the results unreliable.

Also, we find usability metrics as an evaluation technique. The application formula
of this technique is carried out through direct or indirect questionnaires for data col-
lection. This generates a drawback related to subjectivity since the answers tend to be
related to the participants’ impressions rather than actual experiences. In addition, the
questionnaires are carried out post-test, which tends to distort the answers, since when
answering them after carrying out the tests with the software for a while, the experiences
become blurred and are not entirely true [PS28].
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Finally, the problems associated with evaluating usability through hybrid methods
are related to the increase in the overall cost of usability evaluation and the complexity
of applying them [PS13].

4.3 Evaluated Extended Reality Environments

This section answers the third research question What are the extended reality environ-
ments currently being evaluated? After conducting an analysis of the primary studies,
three types of extended reality environments were identified: VR, AR and MR.

A total of 25 primary studies report the usability evaluation of VR software systems
[PS1-PS8, PS10-PS13, PS15-PS20, PS23-PS26, PS28-PS30]. VR is defined as a reality
in which the participants are fully immersed in a fictional world and can interact with
that reality. That world can simulate the properties of specific real-world environments,
whether existing or fictional. In addition, to be able to immerse yourself in this virtual
reality, display devices are necessary, which function as barriers to keeping the user
within this virtual world [25, 26].

Only three primary studies [PS9, PS14, PS21] report usability evaluation of AR
software systems. AR is a variation of VR, and AR is a technology that unites real space
and objects with computer-generated (virtual) objects, which are superimposed on the
real world in real-time. The main difference between VR and AR is that AR does not
fully replace the real world [26, 27].

Concerning MR, only two primary studies [PS22, PS27] report the usability eval-
uation of software systems with this technology. The MR unites objects of the virtual
type with other objects in the real world. The main difference between MR and AR is
that, in the case of the latter, virtual objects are not only superimposed on the real world
but can also be interacted with. MR digital objects are tied to real space. For example,
a hologram can be seen superimposed on a specific object. On the contrary, in AR, a
hologram of a specific object can be placed on any flat surface [27].

5 Validity Threats

In our SMS we identified three threats to validity. First, the validity of the SMS is
threatened by only including studies written in English. Second, although the terms
used (derived from a CG) in the search string were the most commonly used in other
studies in the research area, other terms used to describe relevant work may have been
overlooked.

Third, the authors of an SMSmaymake judgmental errorswhen selecting the studies.
We define inclusion and exclusion criteria directly related to the objective and research
questions to counteract this threat. In addition, to verify the concordance in the selection
of the studies, meetings were held between the investigators to check the discarded
preselected studies.

Another aspect related to the study selection process is the declared scope of our
research since only papers published between 2018 and 2022 were considered. Some
studies directly related to the objective of our research have likely been discarded, con-
sidering only this period. In addition, only the scientific databases Scopus, IEEEXplore,
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andWoSwere considered.Despite having foundmany results,more usability evaluations
could have been reported.

6 Conclusions

This research paper describes the SMS carried out to identify the state of the art of
techniques that are being used to evaluate the usability of virtual environments. From
2018 to 2022,we found 30 primary studies publishedmainly in journals and conferences.
Interest in evaluating the usability of virtual environments has increased since 2020.
Below we report the conclusions based on the research questions posed above.

RQ1: What are the usability techniques used to evaluate virtual environments?
According to the results of the SMS, it was possible to know the general panorama

of the usability evaluation techniques used in developing virtual environments. The most
commonly used techniques for evaluating the usability of this type of software system
are: interviews, heuristic evaluation, and surveys (SUS survey and adapted survey). Also
noteworthy are usability experiments and expert evaluation. In addition to usability eval-
uation techniques, we identified some framework proposals, reflecting that traditional
techniques seem insufficient in some cases.

RQ2:What are the main problems and challenges in applying techniques to evaluate
the usability of virtual environments?

Only seven primary studies report challenges or whether the application of the tech-
nique was successful. The problems identified correspond to the sample size, the sam-
pling type, and the application of usability evaluation techniques. The techniques that
presented problems in their application were usability metrics and hybrid methods.

RQ3: What are the extended reality environments currently being evaluated?
We identified three types of extended reality environments: VR, AR, and MR. Most

of the primary studies (close to 80%) identified in the SMS report usability evaluation
of VR software systems.

As future work, we consider including more databases (e.g., SpringerLink and Sci-
enceDirect). In addition,wewill analyze if the techniques havebeen applied as prescribed
by the Human Computer-Interaction area or if, on the contrary, they have been adapted.
In the case of finding adapted usability evaluation techniques, we will identify which
adaptations were made and what reasons motivated such adaptations.
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Appendix A: Primary Studies

This appendix lists the references of the primary studies used for the SMS described in
this paper.

[PS1]He, L., Li, H., Xue, T., Sun, D., Zhu, S., Ding, G.: Am I in the theater?Usability
study of live performance based virtual reality. In: ACM Symposium on Virtual Reality
Software and Technology (VRST’18), pp. 1–11, Tokyo, Japan (2018).



462 J. W. Castro et al.
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10910, pp. 313–330. Springer, Cham (2018).
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[PS7] Birnie, K. A., Kulandaivelu, Y., Jibb, L., Hroch, P., Positano, K., Robertson,
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distraction intervention to reduceprocedural pain in children andadolescentswith cancer.
Journal of Pediatric Oncology Nursing, 35(6), 406–416 (2018).
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Science, vol 1044, pp. 234–246. Springer, Cham (2019).
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(2020).
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Abstract. As people continue to develop friendships over the Internet
in greater numbers than in-person, the complex factors behind them
become important to study. One such factor is emotional expression,
and we are motivated to better understand how it plays a role in both
continuing existing and building new friendships. In this study, we exam-
ined the role of emotions in the formation of different degrees of bonds
between members on Fanfiction.net, an online community where mem-
bers post fanfiction and receive reviews from readers. We developed an
emotional taxonomy and used it to qualitatively code 11,292 reviews
from Fanfiction.net. We introduce a novel metric of counting charac-
ters in reviews, an adjusted character count (ACC). We found that both
positive and negative reviews have implications on friendship building,
such as through in-depth mentorship and co-creation. Through a mixed-
methods analysis of different degrees of emotional expression and review
length, we observe users going from shallow connections based on short
reviews with low emotional expression to stronger relationships through
repeated demonstrations of high emotional investment to tight friend-
ships which transcend the fictional content being exchanged.

Keywords: distributed mentoring · friendship-building · fanfiction

1 Introduction

Participation in online communities has become an almost unavoidable part of
our daily lives, participation which is defined by creating and consuming con-
tent. Such engagement with content often involves emotional expression, both
publicly in the form of comments/reactions, and privately to people in users’
networks through exchanging content. However, while the benefits of partici-
pation in online communities for mental health [34], informal learning [22] and
community building are well-known, insufficient attention has been given to the
importance of emotional expression as a means of building community in online
communities. Specifically, there is a need to understand the role of the nature
or strengths of these emotions in such community building processes.
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In this study, we address this gap through an examination of one of the
largest online text-based communities: Fanfiction.net. When an author uploads
a new story or a chapter of an existing story on Fanfiction.net, they may receive
comments, or “reviews”, which is the platform’s primary affordance of communi-
cation. These reviews are impactful on writers, with greater numbers of reviews
received being correlated with an improvement in writing [18] and with the cre-
ation of more content [6]. Researchers have found that authors and reviewers
may develop bonds by exchanging reviews [6,10,15]. However, reviews are not
just important for what they say; it also matters how they convey their intent,
since the emotions expressed in a review may completely alter its impact. As a
community as rife with emotional expression, Fanfiction.net is perfect to study
for our purpose.

We build on prior work [10] which highlighted the presence of multiple layers
of user networks on Fanfiction.net, in accordance to social network theory [12].
We study the importance of nature and degrees of emotional expression in user
traversal across such layers in social networks. By manually qualitatively coding
reviews for emotions using a taxonomy developed through a grounded-theory
approach combined with a quantitative analysis of review lengths and volumes,
we contribute to a growing understanding of interaction patterns and emotional
expression in online fanfiction communities, and beyond.

We offer three contributions to the field with this work: (1) detailing the
characteristics of bonds between users in online Fanfiction communities, (2) pro-
viding a rigorously developed and tested taxonomy of emotions expressed by
members in online Fanfiction communities, and (3) contributing to a body of
work that expressing negative emotions can also lead to community formation
in online communities, if they are considered in context.

2 Related Work

2.1 Emotional Expression in Online Communities

Emotions are an inseparable part of social media, to the point where there is a
demonstrable “online disinhibition effect” [41] with people preferring to express
more emotions online than in-person. Emotional expression from a few users
encourages others to be more emotive [23], and expressive participation and
recognizing others with similar emotional reactions is also a powerful tool for
extending and receiving social support [33] as it serves to both bring together
users with shared successes [26] and unite members sharing similar difficulties
or losses [11]. Expressing emotions helps construct generalized shared realities
[37] between users, a key factor in both the initial formation and the continued
progress of their interpersonal relationships.

The nature of emotions – whether positive or negative – expressed also plays
an important role in their formation of user connections. Sharing positive emo-
tions leads to finding social support [20,26], while sharing negative emotions or
talking about difficult periods in their lives has resulted in members not being
able to find supportive communities [11]. Therefore, the majority opinion about
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online communities is that expressing positive emotions generates more positiv-
ity and in turn leads to building communities, while expressing negative emotions
might not be as effective for community building.

However, we believe that if negative emotions are considered in context, they
might also be important factors in forming communities of positive support.
While mutual anger or negativity can bring together trolls and create destruc-
tive communities of misinformation and hate speech [40], expressing negative
emotions such as sadness by being vulnerable can bring members together in
mutual solidarity. Typically, work along these lines exist in the context of online
health communities [27] or conversations about mental health/depression in
online spaces [11], where members bond through sharing their struggles and
difficulties in similar situations. Our work proposes another such example, con-
sidering online fanfiction communities, and argues that it can be extended to
other text-based online communities.

2.2 Identifying Emotional Expression in Online Communities

In text-based online communities, a common way of identifying and studying
emotional expression is through sentiment analysis: “a computational treat-
ment of opinion, sentiment, and subjectivity in text” [32]. Such processes typi-
cally involve training machine-learning algorithms on a list of sentiment-classified
texts, and then applying the trained model to a list of unclassified texts.

While this approach has been arguably successful with large corpora of texts,
there are disadvantages. Such algorithms, if trained on low-quality or biased data,
generate unideal outputs [21]. Most algorithmic sentiment analysis also ranges
between different degrees of Positive and Negative emotions and are thus unable
to recognize many parts of the emotion spectrum [21], though some algorithms
do accommodate different emotions like Love, Joy, and Frustration [44]. Finally,
algorithmic detection of emotions, especially by large social media spaces algo-
rithms that use such detection to personalize content recommendation, has been
viewed by users as invasive and discomforting [2].

An alternative to using algorithmic sentiment analysis is human-encoding
text. These approaches combine elements of grounded theory [7] and thematic
analysis [3] with techniques such as keyword-spotting [24] and contextual anal-
ysis [20]. Manual coding of emotions might be more time-consuming but has
several advantages over algorithmic sentiment analysis, such as higher reliability
of coded data [21]. We thus adopt a manual approach to emotion detection.

2.3 User Participation in Online Fanfiction Communities

Thomas [43] defines fanfiction as “stories produced by fans based on plotlines and
characters from either a single source text or else a canon of work”. Fanfiction
allows fans to actively engage with their favorite storylines and actively “seek
out fellow-fans to gush over their object of affection” [47].

One of the primary reasons that members participate in online fanfiction com-
munities is because of the different forms of social support abundant within such
communities. In such communities, a majority of members identify as women or
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LGBTQ [30], making them potential safe spaces that are welcoming and positive.
Genderqueer individuals who participate in online fanfiction communities lever-
age this social support and feel more confident to safely self-explore with lesser
fear of backlash, as compared to other online communities such as Facebook
where such self-exploration can beget high volumes of negativity [14]. Members
here also find support through difficult periods of their lives, as participation
provides reduced isolation during personally challenging moments in members’
lives as they share their stories with other community members and lean on each
other to get through their difficulties [39].

To understand the types of bonds and networks formed between members
in online fanfiction communities, Campbell et al. [6] proposed the theory of
distributed mentoring : a form of mentorship in member-networks spanning the
globe where everyone has something to contribute to and learn from each other.
They note how members find both content-based and social support from the
community as they experience personal growth and, in turn, mentor others. This
notion of paying it forward is an important aspect of sustaining longer and more
meaningful bonds as they jumping to each other’s defense when someone receives
negative comments while also forming giving and receiving positive, actionable
feedback through targeted reviews and rich discussions [18].

Davis et al. [10] applied social network theory [12] to online fanfiction com-
munities, defining 2–3 layers of user networks with the number of users decreas-
ing and the strength of bonds increasing towards the center of the network. We
extend this work by studying the effect of emotional expression in the traversal of
such networks, using the Affect aspect of the distributed mentoring framework.

3 Methods

3.1 Defining Levels of Engagement in Fanfiction Communities

Since Davis et al. [10] do not provide definitions for the aforementioned layers,
we begin by providing some terminology for them. Hereafter in this section, we
refer to two users: users A and B. We do so because labeling them as ‘author’
and ‘reviewer’ would not do justice to the fact that members on Fanfiction.net
frequently exist as both [6,18].

When they directly interact with each other for the first time, users A and
B establish a connection . At this point, they are simply the newest nodes on
each other’s social networks, and likely have no information about each other
beyond the first set of content exchanged. These connections are weak and, if
interactions end here or continue briefly and in shallow terms, they likely will
exist at the periphery of each other’s social networks and the connection will
soon fizzle out. Connections are also most likely to be unidirectional, since a
single short interaction might not have much effect on each other.

If the connected users A and B continue to communicate, they may start
to form a relationship. Such relationships are built on and sustained by large
volumes of content exchanged and each other’s responsiveness, as well as the
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evolution of the nature of content into more thoughtful conversations, as demon-
strated by previous work both outside of online fanfiction communities (e.g. [42])
and within them (e.g. [6,19]). These works demonstrate that these relationships
are founded and maintained by reciprocal exchanges of high volumes of content
at moderate to speedy rates of response.

For the relationship between users A and B to evolve into a friendship,
the nature of the content exchanged plays the most important role, more than
the volume and frequency of conversations. The users must have a sense of
‘Shared Life’ [45] and develop a meaningful connection beyond the content of
the stories/reviews exchanged.

Therefore, we label Davis et al.’s [10] layers as connections, relationships and
friendships, starting from the outermost and moving inwards to the central user.
In our analysis, we examine how members on Fanfiction.net exist in these layers
for each other, and how they traverse them.

3.2 Data Collection

We worked with data gathered by Yin et al. [48], which consists of 28 million
chapters from 6.5 million stories by 1.5 million authors, and over 176 million
reviews from 8.5 million users stretching across 16 years (since 2000) on Fanfic-
tion.net. This dataset is available at http://research.fru1t.me. For our analysis,
we first randomly selected 10,000 reviews from this dataset. After coding these
10,000 reviews for emotions (Sect. 3.3), we identified the stories/chapters which
were the most represented in our dataset. We then acquired the rest of the
reviews for those chapters from the master dataset, randomly shuffled them to
reorder them, and coded those with the intention of fully covering the reviews
for those stories/chapters. For these stories, we also read the authors’ notes in
the chapters (if present) to obtain a sense of the authors’ communication with
reviewers. We also obtained associated metadata, such as authors’ notes (A/N),
timestamps, reviewer’s history of reviewing an author’s work, and author’s his-
tory of reviewing this stories the reviewer might have authored.

Since we conducted manual qualitative coding, we did not want to exceed
12,000 reviews for this analysis and thus restricted this extension to stories with
more than 15 reviews per chapter in our original selection of 10,000 reviews. In
sum, we coded a total of 11,292 reviews across 6,992 unique stories spanning
9,313 chapters from 1,014 unique authors.

3.3 Forming the Taxonomy of Emotion Codes

We begin our analysis by first determining our taxonomies of qualitative
coding. For topics, we adopted Evans et. al’s [15] taxonomy of 13 topics
of reviews on Fanfiction.net (Shallow Positive, Targeted Positive, Targeted
corrective/constructive, Targeted positive and corrective/constructive, Non-
constructive Negative, Discussion about the story, Discussion not about the
story, One-sided connection, Two-sided connection, Fandom Remarks, Update
encouragement, Review fishing, and Miscellaneous), since it is well established

http://research.fru1t.me
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within fanfiction literature [10,18]. We then determine the taxonomy of emo-
tions, to be consistent in our decision to pre-determine taxonomies of codes
before beginning to code.

We began with the 8 primary emotions from Plutchik’s Wheel of Emotions
[35] (i.e. Joy, Sadness, Acceptance, Disgust, Fear, Anger, Surprise, and Anticipa-
tion), and adapted it for our purposes, pursuant to recommendations by Saldana
[38]. We randomly selected a test-set of 500 reviews from Yin et al.’s [48] dataset
(and not our subset of 11,292 reviews) and began individually coding each review
with this taxonomy. A team of five coders conducted this process: two under-
graduate, two Masters and one PhD student. During this process, we looked for
cases where at least one of the 8 emotions applied perfectly either to the entire
review or some of its parts, or when none of these emotions were applicable.
Alongside the Wheel, we allowed ourselves to introduce our own codes wherever
we felt appropriate, or where we observed in vivo emotion codes (i.e. emotions
directly mentioned) [9].

After our individual encoding, we began to compare our usages of the 8 emo-
tions and external/in vivo codes. We first observed that across the five of us,
there were no applications of “Acceptance” and “Fear” in the 500 test reviews,
so we decided to exclude them from our taxonomy. We each found ample usage
of “Sadness” and “Surprise”, so we decided to keep them unaltered. We found a
majority of us using “Disgust” on its own but also in conjunction with some form
of “Disturbed” e.g. for reviews where members described being ‘creeped out’, so
we amended “Disgust” to “Disturbed/Disgust”. All of us used “Anger”, but also
in conjunction with the external code “Frustration” e.g. for reviews where mem-
bers were angry at the author for not publishing an update soon enough, so we
amended “Anger” to “Anger/Frustration”. For similar reasons of co-occurrence,
“Anticipation” was amended to “Anticipation/Hope” and “Joy” was amended
to “Joy/Happiness”. However, with “Joy/Happiness”, all coders observed there
to be over 150 reviews each where we coded “Joy” or something similarly unsure.
We therefore determined the need for a milder form of “Joy/Happiness”, and
therefore introduced the code “Like”, following [25].

Further, “Dislike” and “Confused” were introduced because they occurred
most frequently in the consolidated list of in vivo codes. “No Emotion” was
introduced to avoid situations where we would have to force ourselves to assign
an emotion where we could not confidently apply at least one emotion. Finally,
we added “Unknown” for non-English reviews to avoid misunderstanding or
losing linguistic context in the process of translating these reviews [16,46].

We thus established a taxonomy of 11 emotions, depicted in Table 1 with
definitions and examples. Having arrived at this list, we selected another test-
set of 500 reviews, and repeated the above process. The second round of coding
did not yield any new emotions, nor did it question the validity of any of the 11
emotions, and the taxonomy was thus formalized.

For our analysis, we divided our taxonomy into Positive, Negative, and Unclas-
sified emotions as also depicted in Table 1. We classified ‘Surprise’ as a Positive
emotion following the lead of Robinson [36], and based on our observations from
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the test-sets where expressions of surprise are almost always determined to be pos-
itive ones, such as “omg I did NOT see that coming, good twist”. For similar rea-
sons, we assigned ‘Confused’ as a Negative emotion.

Table 1. The taxonomy of emotion codes, along with definitions, examples and type
of emotion (Positive, Negative, Unclassified). Note that all examples are snippets from
reviews in our dataset.

Emotion Code Definition Example Emotion
Type

Like The reviewer expresses generic or slightly
positive emotions, without going into too
much depth

Wow, I really
like this chapter

Positive

Joy/Happiness The reviewer has more than just a slightly
positive reaction to the story and has taken
time to adequately express this

I LOVE this
story! Excellent
work!

Positive

Anticipation/Hope The reviewer is expressing their hope of
seeing upcoming work

Good job I’ll be
waiting for more

Positive

Surprise The reviewer is surprised, either pleasantly
or otherwise

Whoa I did not
see that coming

Positive

Dislike The reviewer expresses generic or slightly
negative emotions, without going into too
much depth

I was a little
disappointed

Negative

Disturbed/Disgust The reviewer expresses discomfort with the
content of the story, either with some
specific parts or the general tone

Ugh Snape
makes me want
to crawl out of
my skin

Negative

Anger/Frustration The reviewer expresses an extreme negative
reaction either to the story or the lack of
updates

This is
absolutely
garbage

Negative

Sadness The reviewer expresses sadness, either
mildly or through tears

Broke my heart
:,( I cried a bit

Negative

Confused The reviewer expresses confusion, as most
often indicated by one or more questions

Why would
Harry do that??

Negative

Unknown The text is either indecipherable or is in a
language other than English

me encanta! Unclassified

No emotion Any emotion cannot be reliably assigned to
the text

I’m a Boy Unclassified

We allocated a list of ordinal (and not discrete) scores to our Positive and
Negative (and not Unclassified) emotions because we had a rationale for keeping
degrees of emotions different in our taxonomy without quantifiably comparing
differences, as mentioned above e.g. with ‘Like’ and ‘Joy/Happiness’. We define
‘Joy/Happiness’ to be stronger than ‘Like’ in Table 1, so ‘Joy/Happiness’ is clas-
sified as Strong Positive. ‘Like’, ‘Anticipation/Hope’ and ‘Surprise’ are all Mild
Positives. Similarly for Negative emotions, we classify ‘Anger/Frustration’ and
‘Disturbed/Disgust’ as Strong Negatives, while ‘Dislike’, ‘Confused’ and ‘Sad-
ness’ are all Mild Negatives. We only combine emotions when they are either
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entirely Positive or Negative, as explained in Table 2, and not in instances where
reviews are coded with a mixture of Positive and Negative emotions. We make
no claims about the overall Positive/Negative effect of a combination of Posi-
tive and Negative emotions, since we do not classify any emotions as perfectly
complementary to one other e.g. we cannot say that ‘Like’ indicates the same
amount of positivity as the amount of negativity captured by ‘Dislike’.

Table 2. Classification of scores obtained as a combination of emotions

Combination of emotions Resultant scores obtained

1 Mild emotion Mild

≥ 2 Mild emotions and 0 Strong emotions Moderate

≤ 1 Mild emotions and 1 Strong emotion Strong

≥ 2 Mild emotions and ≥ 1 Strong emotions Very Strong

≥ 0 Mild emotions and ≥ 2 Strong emotions Very Strong

3.4 Applying the Taxonomy of Codes to the Data

After formalizing the taxonomy of emotion codes, we began coding our dataset
of 11,292 reviews with emotions and topics. We coded the data in batches of 500
reviews (292 for the last batch), with each batch being coded by three indepen-
dent coders. Reviews could be coded for any non-zero number of emotions and
topics, since no emotions or topics were defined as mutually exclusive.

Like during our test encodings, we continued to take advantage of affect
labels (wherever present) that corresponded to emotions in our taxonomy,
either directly or as a synonym. We also used seed words [1] where certain
words/phrases immediately correlated to certain emotions, e.g. phrases like
“update soon!” and “I can’t wait” were determined to be seed phrases for “Antic-
ipation/Hope.”

Further, we incorporated Liu et al.’s [28] suggestion of leveraging real-world
knowledge and our understandings of what emotions are evoked by real-world
events, e.g. a review containing “My mother is sick” was coded ‘Sadness’ because
we felt that in most cases of the mother’s illness, the child experiences sadness.
With a fully formed taxonomy, we deemed it a powerful contextual attribute to
add to our qualitative coding process. However, we still avoided using personal
preferences or knowledge regarding fandoms during coding.

At the end of each batch of 500 reviews, the coders met to discuss disagree-
ments. For each disagreement, each coder laid out their rationale for their encod-
ing and the group voted by simple majority on an agreed-upon encoding. All
reviews were first consolidated before progressing to the next batch, to hopefully
observe progressively fewer disagreements in future encodings as a result of these
consolidation conversations. The observed disagreement rate (percentage of 500
reviews where disagreements needed to be resolved) decreased from 19% in the
first session to under 4% in the last session. To measure inter-rater reliability



474 S. Ghosh et al.

(IRR), we use the Generalized Cohen’s Kappa [17], because of its robustness
over Cohen’s Kappa [8] (the most-used IRR metric) in being able to handle a
mixture of mutually and non-mutually exclusive categories.

3.5 Adjusted Character Count (ACC)

Our metric of length was an adjusted character count (ACC) as opposed to
word count, because we observed reviews in our dataset containing different
intentional (mis)spellings of words such that counting them as words would lead
to a loss of emotional strength. For example, reviews such as “I love it!” and
“I LOOOOOOOVE IT!!” are both three words, but the latter expresses a far
stronger emotion through the use of capitalization or repetition of characters [4].

We counted emojis through their individual characters, instead of as one,
since they provide stronger expressions of emotions than words [29] and therefore
we counted them as more than just a single character. For a similar reason [5],
we count capitalization as an extra character. We were careful to not make this
extra addition for grammatical capitalizations such as at the start of sentences,
in “I”, at the start of proper nouns or for acronyms. Table 3 provides a detailed
explanation of the metric of the ACC.

Table 3. Illustrative examples of adjusted character count

Review ACC Explanation

I love this! 10 I = 1 + love = 4 + this = 4 + ! = 1 => 10

I LOVE THIS :) 20 I = 1 + love = 4 + this = 4 + :) = 2 => 11 +
10 (capitalizations) - 1 (adjusting I) = 20

I love Harry! 11 I = 1+ love = 4 + Harry = 5 + ! = 1 => 11 + 2
(capitalizations) - 2 (adjusting I and H) = 11

4 Findings

Table 4 contains percentages and counts of each emotion in our qualitative coding
process, accompanied by agreement scores. The numbers sum up to exceed the
total number of reviews coded since emotions were not mutually exclusive.

We excluded 1,022 reviews that were coded as Unknown, and 253 reviews
coded as No emotion from our analysis. Based on our classification of emotions
as Positive or Negative, we categorized the reviews as Positive or Negative if they
had exclusively Positive or Negative emotions expressed, respectively. If reviews
contained both Positive and Negative emotions, we classified them as Mixed.

We identified 1,014 unique authors and 6,586 unique reviewers. We classify
reviewers into two groups: those who only leave a single review on an author’s
work (hereafter referred to as single-reviewers), and those who write multiple
reviews on the same author’s work (hereafter referred to as repeat-reviewers). We
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Table 4. Percentages of emotions in reviews, with agreement scores.

Emotion Percentage of Reviews Agreement scores

Like 29.01% (N = 3,275) 0.579

Joy/Happiness 40.75% (N = 4,602) 0.588

Anticipation/Hope 38.16% (N = 4.309) 0.739

Dislike 1.65% (N = 186) 0.881

Disturbed/Disgust 2.90% (N = 327) 0.903

Anger/Frustration 3.44% (N = 368) 0.862

Sadness 7.93% (N = 896) 0.860

Surprise 2.52% (N = 285) 0.876

Confused 2.51% (N = 284) 0.823

Unknown 9.06% (N = 1,022) 0.997

No emotion 1.73% (N = 253) 0.622

identified 3,674 single-reviewers and 2,912 repeat-reviewers in our coded data. It
is important to mention that before labeling a user as a single-reviewer of a story,
we examine within Yin et al.’s [48] larger dataset whether they are indeed single-
reviewers, accounting for the fact that our sample selected reviews at random
and could easily mischaracterize members as single-reviewers just because they
are represented only once in our selection.

We now define, based on our observations over a combination of qualitative
analysis of review texts and quantitative analysis of review counts and lengths,
the characteristics of connections, relationships, and friendships in the follow-
ing sections. All quotes presented in this section are obfuscated to protect the
anonymity of members who wrote them, in accordance with best practices for
protecting their privacies.

4.1 Defining Connections

We defined connections to be shallow, mostly one-time interactions between
members. We also imagine that this layer of the social network will contain the
largest number of members.

We first observe that there are more single-reviewers (N = 3,674) than
repeat-reviewers (N = 2,912). There is a correlation present between being a
single-reviewer and writing ‘Shallow Positive’ reviews with Mild Positive emo-
tions, reviews requiring the least effort and investment from the reviewer
[18]. Single-reviewers write Shallow Positive reviews with Mild Positive emo-
tions (N = 1,398; mean ACC = 133.67 characters) with a significantly (Mann-
Whitney U test, p = 0.002) higher mean ACC than repeat-reviewers (N = 548;
mean ACC = 119.52 characters). Finally, we observe that there are a few
repeat-reviewers (N = 89) who only write Mild Shallow Positive reviews (mean
ACC = 78.07 characters). Most of these repeat-reviewers leave 2 reviews (74%)
on an author’s work, and some write 3 (26%). Some illustrative examples of Mild
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Shallow Positive reviews, either from single or repeat-reviewers, are:

“Good.”
“I like your writing.”
“Keep it up.”

Therefore, we characterize such single-reviewers who write Mild Shallow Pos-
itive reviews and repeat-reviewers who write 2–3 Mild Shallow Positive reviews
as having connections with the author.

4.2 Defining Relationships

We defined relationships to be based on repeated interactions with high volumes
of content exchanged, and the nature of the content being more thoughtful than
shallow connections. For this analysis, we focus only on repeat-reviewers since,
by definition, single-reviewers do not exchange content repeatedly. This is moti-
vated by our observations that Positive reviews from repeat-reviewers (N = 2,258;
mean ACC = 168.50 characters) are significantly longer (Mann-Whitney U test,
p = 0.043) than those from single-reviewers (N = 3,107; mean ACC = 163.19 char-
acters). The same is true for Negative reviews (Mann-Whitney U test, p = 0.036),
as Negative reviews from repeat-reviewers (N = 265; mean ACC = 161.89 char-
acters) are significantly longer than those from single-reviewers (N = 284; mean
ACC = 154.10 characters), though no such statistically significant difference was
observed for Mixed reviews (Mann-Whitney U test, p = 0.052) from single or
repeat reviewers. These results lead us to infer that repeat-reviewers are more
engaged with an author’s work than single-reviewers. The summarized data for
the reviews from single and repeat-reviewers is shown in Table 5.

Table 5. Summary of type of reviews from single and repeat-reviewers

Type of Reviewer Type of Review N Mean
ACC

Single Positive 3107 163.19

Single Negative 284 154.10

Single Mixed 281 247.91

Repeat Positive 2258 168.50

Repeat Negative 265 161.89

Repeat Mixed 523 312.76

We further note most (61%) repeat-reviewers moving from writing Mild Shal-
low Positive reviews (mostly Positive, but also some Negative) to more expressive
(i.e. Moderate and beyond) reviews coded with a variety of topics. While this
does not mean that they do not ever again write Mild Shallow Positive reviews
after their first Moderate or stronger review, the progression from Mild Shal-
low Positive reviews into more expressive ones indicates an increasing degree of
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thoughtfulness. We also observe that repeat-reviewers express Strong Positive
emotions (N = 346; mean ACC = 188.37 characters) with a significantly (Mann-
Whitney U test, p = 0.029) higher mean ACC than single-reviewers (N = 427;
mean ACC = 160.99 characters). The same is true for Very Strong Positive emo-
tions (Mann-Whitney U test, p = 0.021) i.e. repeat-reviewers express Very Strong
Positive emotions (N = 67; mean ACC = 284.45 characters) with higher mean
ACCs than single-reviewers (N = 212; mean ACC = 153.67 characters). These
results further strengthen our finding that as a member keeps reviewing an
author’s work, they get more invested and write more emotive reviews.

A case study is presented below as qualitative evidence. All quotes are pre-
sented from repeat reviewers in the order in which they were submitted, though
quotes presented after each other do not imply that they are consecutive.

Case Study 1

Exciting first chapter! Can’t wait for more! - coded as Like + Anticipa-
tion/Hope + Shallow Positive + Update encouragement (this is this reviewer’s
first review for any story by this author, and is on the first chapter of this
story).
You captured it all. Everything from <quote from story> to <character
name1> and <character name2>’s reaction. I especially enjoyed the <quote
from story> line. - coded with Joy/Happiness + Targeted Positive.
Thanks, <reviewer> for your consistent reviews and support! (author, in A/N
of a chapter).
You are so goddamn talented! Your writing style is incredible...I am sorry for
not reviewing every chapter, I keep hitting next as soon as I finish!!...Keep ‘em
coming! - coded Joy/Happiness + Anticipation/Hope + Targeted Positive +
Discussion about the story (this is an excerpt from a longer review, the entire
review has an ACC of 456 characters).
Thank you to all my lovely fans ... <reviewer>, your reviews were very helpful
to me... (author in A/N in last chapter of story).
This was a wonderful journey ... I am so happy to have been a part of this...
- coded as Joy/Happiness + Shallow Positive (this is an excerpt from a longer
review with ACC 684 characters, on the last chapter of this story).

In this example, the reviewer began with Moderate Positive emotions which
were more than just Shallow Positive and continued being expressive with Mod-
erate/Strong Positive emotions, leading to a bidirectional conversation with the
author outside of the context of the story.

While we have thus far considered Positive emotions in the context of
relationship-building, our data shows evidence that Negative emotions too can
lead to relationship formation, if they are considered in the contexts in which
they were written. We present one such example of a short interaction between
an author and a reviewer where the reviewer expresses mostly Negative emotions,
but they still develop a relationship.
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Case Study 2

Noooo! That is so sad... damn cliffie! - coded as Sadness + Anger/Frustration
+ Update encouragement + Discussion about the story (this is this reviewer’s
first review for any story by this author, and is an excerpt from the longer
review which has a total ACC of 291 characters)
UGH WHY DO YOU ALWAYS LEAVE AT SUCH A CLIFFIE - coded as
Anger/Frustration + Update encouragement
Special s/o to <reviewer name> for your reviews (author, in A/N of a
chapter).
I’m SO ANNOYED rn when is the next chapter coming?? - coded as Antic-
ipation/Hope + Anger/Frustration + Update encouragement
Thank you for the reviews, <reviewer name>. Your continued hatred towards
<character name> told me that I was writing him well (author in A/N in
last chapter of story).
What a beautiful ending, I’m still crying ... thank you for writing this - coded
as Sadness + Joy / Happiness + Shallow Positive (this is an excerpt from a
longer review with ACC of 551 characters, on the last chapter of this story).

Thus, we characterize reviewers who leave thoughtful and expressive reviews
over the course of the author’s work, sometimes even leading to a conversation
from the author’s side, as having formed relationships with the authors.

4.3 Defining Friendships

We defined friendships as the strongest form of user bonds, where members must
demonstrate some sense of ‘Shared Life’ [45] through meaningful conversations
beyond the content of the story. We imagine such bonds to the strongest, and
the fewest in number. Through our findings, we demonstrate one such set of
interactions between an author and a reviewer. Some excerpts of the conversation
are illustrated below.

Loving it so far! Keep it up - coded as Like + Anticipation/Hope + Shallow
Positive + Update encouragement (this review is on the first chapter of this
story, this reviewer has reviewed other work by this author before).
Pretty good overall. You have a remarkably interesting story... <making sug-
gestions for improvement>... DM me if u want to talk more! - coded as Like +
Discussion about the story + Targeted positive and corrective/constructive.
Thank you so much for your help with this story! I’m off to review yours!
(author, in A/N of a chapter).
Your writing has helped me so much, you have no idea. - coded as Like +
Discussion not about the story.
Take care of yourself ! The updates can wait, most important is ur health. -
coded as Like + Discussion not about the story (in response to the author in
the previous A/N talking about going through a difficult personal situation
and not being able to write as frequently).
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Thank you <reviewer> for your lovely messages, they help me in my tough
time (author, in A/N of next chapter).
It has been a privilege to come on this journey with you, looking forward to
what you do next! - coded as Joy/Happiness + Anticipation/Hope + Dis-
cussion about the story + Update encouragement (this review is on the last
chapter of the story).

We observe an author and a reviewer starting out with low interaction and grad-
ually growing into friends. They provide each other behind-the-scenes support,
both with their writing and as a supportive individual during times of difficulty,
and publicly uplift each other. We characterize such bonds as friendships.

5 Discussion

5.1 Traversing Across Connections, Relationships and Friendships

We define the three forms of bonds that members can form in online fanfiction
communities as connections, relationships and friendships. In this section, we
explore the processes by which such bonds form and strengthen over time.

We observe that the formation of the initial connection is the result of the
first interaction, which can be short and surface-level. If the members do not
communicate further after this, or if they only exchange stories and Shallow
Positive reviews a few more times, the bond does not grow any stronger.

Section 4.2 narrates an interaction which began as two members not having
previously had bidirectional interaction growing into a relationship based on
sustained reviews which become more emotive and demonstrate the reviewer’s
deep investment into the author’s work. This investment is publicly appreciated
by the author, and by the end of the conversation, it is apparent that the two
share a bond stronger than a peripheral connection.

Finally, Sect. 4.3 captures a brief excerpt of a conversation where two mem-
bers developed a strong bond through the course of long, sustained interactions.
We cannot speculate whether they had a relationship prior to the first review on
this story, but since the reviewer had written at least one review on this author’s
prior work, we can state that there was at least a unidirectional connection. How-
ever, through their interactions, they definitely pass through the relationship
stage through their bidirectional interaction and reviewing each others’ work.
They grow into a friendship stage where the author acknowledges the reviewer
as an important source of support through difficulties in their personal life. Such
support is indicative of a stronger bond beyond the fictional content exchanged,
and likely to be sustained beyond the conclusion of the story.

5.2 Building Connections, Relationships and Friendships

Connections. In Sect. 4.1, we observe the abundance of single-reviewers who
leave short reviews with Mild emotional expression on an author’s work, or
repeat-reviewers who write 2–3 similarly short and Mildly emotive reviews.
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Though connections are the outermost layer of the three-tiered social network
and contain the weakest bonds [12], they form an important part of a mem-
ber’s community experience. Our finding that members in the connection layer
write short, Shallow Positive reviews with Mildly Positive emotions contributes
towards the established understanding of online fanfiction communities being
largely supportive spaces, a major reason behind which are such single-reviewers.
Their short but positive reviews might not individually have an impact on the
author, but together they aggregate to form an abundance [6] of positive reviews
that create an environment which uplifts the author and may deter trolls.

Relationships. Section 4.2 indicates that repeat-reviewers move from writing
Mild Shallow Positive reviews to expressing stronger emotions in more depth and
higher levels of engagement with the author’s work, sometimes even leading to a
bidirectional conversation. Within Davis et al.’s [10] three-tiered structure, such
relationships would fall in the second layer. Members in this layer are impor-
tant for the author because the accretion of commentary [6] and the continued
threads of conversation where the same familiar names show up in the reviews of
every chapter creates a strong sense of community for the author. In some cases,
as in Sect. 4.2, this leads to the authors having a small conversation with the
reviewer and building a relationship. Like on other online communities where
exchanging support and positive messaging leads to relationship formation [31],
repeat-reviewers and authors on Fanfiction.net form bidirectional relationships
through positive feedback loops of updates and reviews, creating mutually pos-
itive feelings among all parties and leave them eager for more.

Friendships. In Sect. 4.3, we explore the formation of a friendship between
users, going above and beyond the relationship stage with the nature of their
back-and-forth conversations. Within Davis et al.’s [10] three-tiered structure,
this would be the innermost layer where the bonds are the strongest. Since this
layer is expected to contain the least number of members, it perhaps explains why
we were able to find only one concrete example to illustrate this. The members
described show a sense of ‘Shared Life’ [45] beyond the exchange of fanfiction
content and reviews. The authors foster each others’ development as writers
through bidirectional exchanges of feedback, and stand by each other during
periods of personal difficulty in their lives. We see the friendship grow from the
initial reviews, which start from being simply complimentary and then grow into
providing more thoughtful feedback, as they then indicate a having a growing
impact on each others’ lives.

We thus establish the importance of different types and degrees of bonds
between members in online fanfiction communities that contribute to improv-
ing their experiences and participation. Each degree plays an important and
irreplaceable part, and create a positive and supportive community that makes
everyone feel valued.
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5.3 Contextual Importance of Negative Emotions

While we observe the importance of expressing Positive emotions to various
degrees affect the formation of connections, relationships and friendships among
members of Fanfiction.net, we also observe that, when they are considered in
context, some Negative emotional expression too can be a factor in those pro-
cesses. In Sect. 4.2, a majority of emotions expressed by the reviewer are Neg-
ative, but upon considering them contextually, we observe how they contribute
to the formation and sustenance of a relationship between the author and the
reviewer. The reviewer expresses Sadness as a result of a deep immersion within
the story and the plight of the characters, and their Anger/Frustration at the
many cliffhangers reflects the author’s success at hooking them to the story.
Their investment and emotive reviews are helpful to the author, as they acknowl-
edge, and contributes towards the author’s future chapters [18]. Considering such
expressions of Anger/Frustration as negative or hateful does not do justice to
this investment and would fail to notice the impact of such expectations in the
formation of the relationship. Thus, the Negative emotions expressed by the
reviewer are not indicative of hatred, but rather signs of a strong engagement.
Through this example, we demonstrate how, in some cases, even expressing Neg-
ative emotions can lead to the formation and sustenance of relationships in online
communities, if the content of such text be considered in the contexts in which
they were written.

5.4 Accounting for Unequal Bond Strengths Between Members

We also believe that it is important to account for potentially unequal bond
strengths between members on Fanfiction.net, especially between authors and
reviewers. For instance, while an author might only have a weak connection with
a reviewer by virtue of receiving a single or a few short reviews, the reviewer
might actually have a lot stronger unidirectional feeling towards the author’s
work. For instance, the reviewer might really like every chapter update posted
by the author, and the work might speak to them beyond the content of the
fanfiction, but they might not leave long reviews or any reviews at all. Silently
reading, or lurking, is a common practice on Fanfiction.net [13], which makes it
difficult to definitively study whether connections, relationships and friendships
are always equally reciprocated between members. While we believe that the
relationships and friendships presented in Sects. 4.2 to 4.3 are equally recipro-
cated, it is also important to acknowledge that some bonds in online fanfiction
communities might not be equally strong on both sides. This might be espe-
cially true for connections and relationships, though friendships as we define
them require a sense of strong reciprocity.

5.5 Implications for Distributed Mentoring

Our findings have implications for the furthering the theory of distributed men-
toring [6]. Our biggest contribution is on the Affect attribute of the framework
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which was previously only defined to encompass feelings of positivity to moder-
ate the effect of negative comment. Our investigation shows the importance of
emotive expression towards building a strong sense of community. We also found
that Positive emotions extend beyond just counteracting negative comments to a
whole spectrum of excitement and encouragement where reviewers seem to ride
the characters’ successes, celebrate the authors’ enthusiasm and extend comfort
to authors experiencing personal struggles. We believe that Affect in distributed
mentoring is so much more than just providing emotional support – it is a way
to understand the importance of emotionally charged reviews on an author’s
personal and professional development.

6 Conclusion

In this study, we observe different types of user engagement on Fanfiction.net,
and the importance of emotional expression in the formation of relationships and
friendships between members. We find evidence of users forming connections,
relationships and friendships based on emotional expression, both Positive and
Negative. We observe the formation of connections as a result of a single interac-
tion between authors and reviewers, relationships based on the exchange of long
and frequent bidirectional communication with strong emotional expression, and
friendships founded and sustained on deep and meaningful emotionally-charged
conversations extending beyond the fictional content of stories.

Our mixed-method analysis deepens our understanding of Affect in dis-
tributed mentoring and underscores the role of both positive and negative emo-
tions in friendship and learning, implying that the success of an online com-
munity may depend on the presence of an environment where members feel
encouraged to express their emotions and connect with others over similar ones.
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Abstract. Educators worldwide are interested in understanding factors that con-
tribute in a successful learning experience for undergraduate students in the online
platform. To explain such interest scholars have focused their attention on explor-
ing ways of supporting students learning process utilizing the digital technology.
In our study we aimed to explore the perceptions of multicultural undergraduate
students on ways that they prefer to be assessed in the digital learning platform.
The sample size was 90 undergraduate students enrolled in a variety of universities
in the UAE. For this study, the researchers used a mixed method approach using a
structure questionnaire to collect the data. The 15 items of the questionnaire were
formulated to gauge undergraduates perceived levels of stress, knowledge andwill-
ingness to use online sources for conducting research. Participants were selected
through purposeful random sampling. The selection of participants was based
on the inclusion criteria that helped in understanding the problem. Finally, the
findings were described and recommendations for future research were presented.

Keywords: Multicultural Students · Formative Assessments · Digital Platform ·
Reducing Stress · Plagiarism

1 Introduction

For many undergraduate students, higher education is their first step towards an adult
life guided by responsibilities and hard-work, and for many others higher education is
the path towards a successful learning experience that may lead to a successful career
and improved life-study and living standards [49]. Therefore, higher education serves
for many as a gate towards a better life for oneself, loved ones and the society as a whole.
Higher education in most countries is viewed as the bridge between higher school and
professional life and universities worldwide being those private or federal universities,
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are considered as the cradle of the theoretical base of knowledge necessary for the
practical knowledge which extensively takes part during professional life [19, 38]. The
theoretical part of academic knowledge is the base for the practical knowledge and its
successful application depends on the understanding of its importance and functions.
However, it is a well-known fact that students worldwide, despite been eager to receive
a university degree, are not always ready to be effective recipients of this kind of knowl-
edge [11, 14]. The reasons for reluctance or hesitation may vary from the inability to
comprehend profoundly the matter being taught to realizing that the degree that they
have chosen is not the one they are any longer passionate about. While educators in
tertiary level cannot do much with regard to the latter issue, since it is a personal choice,
they can definitely have a greater say in supporting students understanding of the matter
being taught which may as well have a correlation with the desire of students to study
for the degree of their choice and subsequently support student retention [32, 33].

During tertiary education undergraduate students are faced with many academic and
personal challenges that may impact greatly their understanding of the academic sur-
rounding and impact their career choices later in life [8, 41, 44]. Furthermore, higher
education is a multifaceted reality whose responsibility is to empower students with aca-
demic knowledge but also to inform them about themselves; the extent of their strength
and the possible degree of their limitations [1, 40]. Therefore, the knowledge that under-
graduates acquire informs their academic and personal growth. A fulfilling learning
experience in university may lead to a successful career and to happy individuals which
understandably have the possibility of creating a better society [43, 48]. Nevertheless,
the application of knowledge acquired during university years requires continues nur-
turing to allow errors that may occur along the way and to support non-bias growth of
undergraduates [9, 12, 45].

One of the many ways that undergraduates can be supported by educational institu-
tions in their learning and overall experience in the university is through the provision
of formative feedback [29]. Formative feedback becomes even more crucial for multi-
cultural students whose first language is not English because their linguistic capacities
may hinder their understanding if the matter being taught and result in loss of interest to
participate in classroom activities, submit assignments or even drop out from subjects
considered as very challenging and to a certain degree incomprehensible [2, 29, 34].
Another major issue in tertiary education is the high degree of occurrence of plagiarism.
According to Buckley and Cowap [7], Tindall and Curtis [42], Fatima et al. [15], Hysaj
and Elkhouly [21] and Kratovil [31], one of the reasons that may influence multicul-
tural undergraduate students to plagiarise especially in academic writing tasks, is the
lack of academic knowledge in English language. Another factor that may influence
undergraduates’ decision to involve in academic misconduct is the pressure from family
and universities to perform at the best of their capacity [20, 22, 31, 42]. Although from
an outsiders’ perspective this seems not only fair but even the most logical expecta-
tion that families, universities and societies at large, may have, it yet does not support
undergraduates learning experience and it may influence in undue stress that can hinder
even further the learning process [15, 31, 42]. Issues that may lead students to commit
academic misconduct are many, however from an educator perspective it is valuable to
explore the possible connection that may exist between the undue stress from tests or



488 A. Hysaj et al.

assignments and the occurrence of academic misconduct, therefore, this study aims to
look into stress as one of the components that may lead to academic misconduct.

2 Literature Review

2.1 Digital Technology from the Lenses of Multicultural Undergraduate Students

Educators and researchers in higher education have been looking into teaching and
learning from a holistic perspective that considers students as the most important stake-
holder in the equation of a successful learning experience, hence considering students
improved academic performance as not only possible but also expected to be achieved
[9, 45]. Placing students’ needs in the centre of teaching and learning allows educators to
focus on students’ needs and it supports teaching and learning process since these needs
are taken into consideration when designing curriculums or when assessing students and
more importantly when delivering, applying and constructing knowledge. Knowledge
construction and its appropriate application by the students are the ultimate goal of edu-
cators [23]. The spread of ICT has been incorporated into this goal and it has therefore
become necessarily to explore its impact in teaching and learning [18]. Naturally, such
impact became even more evident during the outbreak of COVID 19, showing that the
relation between higher education and ICT was stronger than previously thought. The
outbreak of COVID 19 created the necessity to look into the digitalization of education
and especially higher education not only from a holistic perspective but even from a
more inclusive perspective considering all the parties involved in teaching and learning
process [3, 17].

Due to the wide spread of digital information and the easy access to its use, digital
technology has become a focal point of higher education and educators and researchers
are constantly trying to navigate its uses, benefits and its drawbacks [2, 3, 19]. Therefore,
it is safe to say that despite being it challenging to be analysed and understood, digital
technology is exciting to explore and offers a wide range of possibilities to support
students’ learning experience [37]. Furthermore, since the digital technology is highly
incorporated into teaching and learning process, it becomes valuable to analyse how
it affects the cognitive, affective and behavioural attitude of undergraduate students
[5]. Studies that have aimed at exploring the use of digital technology in teaching and
learning, have taken place in a variety of countries worldwide which highlights the
necessity to considerways of utilization of digital technology. Furthermore,many studies
have aimedat exploring the corpus of researchof digital technology in relation to teaching
and learning, nevertheless most of these studies have addressed issues related to the use
of digital technology but not necessarily to the impact the technology has on students
or even the perceptions that students have about digital technology in general from
a personal and academic perspective [5, 44, 48]. This approach can support not only
teaching and learning process but most importantly it can allow educators to view the
use of digital technology from a more holistic and inclusive platform.

Many studies have analysed theuseof digital platform inhigher educationby employ-
ing a quantitative or mixed method approach and fewer studies have looked at it from
a qualitative approach. Moreover, even fewer studies have ventured to explore it from a
theoretical approach or looked at it from a student-cantered approach [24, 25, 46, 47].
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Considering that students are by far the most important stakeholders in teaching and
learning it is valuable to explore and understand ways they perceive the successful use
of digital technology in higher education. These ways and approaches should include
all the aspects of teaching and learning starting with the knowledge transferred from
educators to students in the digital platform and including in it the formative feedback
offered during the learning process and finally the variety of assessments used to gauge
the accumulated knowledge. Finally, a very important factor yet not enough explored
is the tendency of students to engage in plagiarism instances while using the digital
technology [13, 14, 28].

2.2 Digitalizing Assessments in Higher Education

The outbreak of COVID-19 imposed the use of remote learning in schools and uni-
versities worldwide. The degree and depth of use that remote learning experienced in
different parts of the world was conditioned by economic, technological and educative
factors [17–20, 37]. Most universities around the globe were able to adapt their teach-
ing and learning from face-to-face to a digital platform in a relatively short period of
time, considering the necessity imposed due to the sudden outbreak. Nevertheless, not
many of them had the adequate tools or the necessarily knowledge to ensure a smooth
adaptation and an adequate utilization of the digital platform [46, 47, 50]. Although,
many educators tried employing relatively successful ways of teaching and learning,
the sudden switch from face-to-face to the online platform did not give enough time to
consider carefully one of the most important factors of teaching and learning, the way
students get assessed [19, 37].

Assessments are by far crucial to the teaching and learning process as they measure
the degree of knowledge accumulated by students at any given time and in any given
subject [6].Moreover, assessment allow students to understand their strengths andweak-
nesses and train them on a variety of soft skills starting from time management, stress
management and even collaboration and communication [16]. Therefore, the purpose of
the assessments needs to include many personal and academic factors related to students
personal and academic growth. Assessments utilizing the digital technology require to be
considered even more carefully as they employ digital tools which can improve teaching
and learning and make it possible for students to enjoy the process and subsequently per-
form better academically [39, 50]. Furthermore, while aiming to explore the perceptions
of undergraduate students on assessments using the digital technology it is beneficial
to understand the types of assessments that encourage the improvement in cognitive,
behavioural and affective attitude of undergraduate students. Therefore, considering
assessments as supportive tools more than assessing tools of accumulated knowledge
in higher education can encourage improved academic performance in undergraduate
students [39, 50].

Although the main role of assessments is to assess the accumulated knowledge
against a given marking criteria, it is as well necessary and useful to consider the impact
these assessments have on undergraduate students’ desire to learn [6, 16, 39].The desire
to learn is highly connected with the desire to get engaged in the learning process, which
can be translated to improved student satisfaction and subsequent enhanced academic
performance. From an academic perspective it could be very beneficial if such role is
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played by summative assessments, however, as theoretical and practical research has
shown, such role is generally played by formative assessment more than it is played
by summative assessment [6, 39, 50].The reasons for such occurrence could be related
to stress, anxiety and the low levels of self-confidence experienced in undergraduate
studentsmainly due to outside factors like peer or family pressure as well as the necessity
to maintain a certain expected status. Therefore, exploring formative assessments could
support the process of engaging students with the learning process as much as it could
support their knowledge acquisition and their empowerment through deep learning and
sharpening of soft skills much required in the work environment.

2.3 Reducing Multicultural Students Stress Through Formative Assessments

Formative feedback is by far a very important and powerful tool in supporting stu-
dents’ learning experience and improving their academic performance, and yet, it is not
researched extensively [27, 36]. Ways that formative feedback can facilitate learning are
integral to the types that this form of assessment can be provided to achieve the main
goal of education which is to encourage active and deep learning. Formative feedback
could be offered in a variety of forms such as process-writing through the provision of
draft and final versions of the same assessment, more than one attempt exams as well
as peer or reflective assessment to name a few [6, 15]. A common goal that all types
of formative assessments have is to improve students’ learning process by encouraging
their pro-active engagement with the learning process. Another very valuable aspect
of the provision of formative feedback is the effect it may have in reduction of stress
levels in undergraduates since, it does not focus on the achieved grade but instead on the
process of learning and its many unexplored and unpolished angles [27, 39].

This matters especially for multicultural students who have not studied English and
may be new to tertiary study in English speaking countries or students whose first lan-
guage is not English [18]. Understandably, the effective formative feedback is seen as a
way to equip these students with the required knowledge without increasing the stress
levels that at most times is present during higher education [20, 35]. One of the ways that
formative assessment may be offered in academic writing classes is through process-
oriented writing. According toMcGarrell and Verbeem [26], Hysaj and Hamam [20] and
Mahapatra [35], process- oriented writing can facilitate the reduction of stress because
it values the process of reflecting on errors and correcting those without being pres-
sured to perform for receiving a mark between-draft revision. Draft compositions are
utilized to explore students’ understanding of a given topic in a broad perspective as
well as to gauge their ability to look for relevant details based on the respective assess-
ment marking criteria. Therefore, process-oriented writing serves to measure students
acquired knowledge on the topic as well as their critical and analytical thinking abil-
ity to analyse the adequate information appropriately. Furthermore, academic writing
requires an adequate use of all the writing mechanics related to vocabulary, grammar
and referencing skills which take time to develop and require continuous practice [35].
Therefore, process-orientedwriting can support the exploration of students’ assumptions
on a specific piece of academic writing and on academic writing in general. Moreover,
it can encourage active engagement of students with academic writing and facilitate the
understanding of students with regard to refining their communicative intentions [26].
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For instance, the study by Bader et al. [4] that analysed the perceptions of students
upon receiving formative feedback on assignments emphasized a very important fac-
tor related to student successful experience in higher education and that is the praise
that students received from their teachers. Not only did students feel that their opinion
mattered but most importantly they formalized their understanding of the assignments
through the opportunities they received but also, they established an improved degree of
self-awareness of material, data and feedback interpretation that subsequently improved
their degree of self-respect and self-worthiness. Therefore, not only their levels of stress
got reduced but most importantly they acquired a transferable knowledge at a deep level
and enjoyed the process as a whole [4].

A large number of undergraduate students whose first language is not English involve
in plagiarism related instances due to the lack of information on what constitutes pla-
giarism as well as the shortage of informative tools that facilitate learning of academic
writing skills [33–35, 41]. For example, according to Casado [9] many undergraduates
are eager in speaking about their perspectives in the tertiary level and yet, they are not
given the chance to do so. Furthermore, many multicultural students are unaware of
appropriate ways of paraphrasing texts and do not possess any theoretical or practi-
cal understanding of the mechanics of paraphrasing and referencing skills [26, 34, 45].
For this very large category of learners, formative feedback is the best way to go as
it not only supports their understanding of the techniques of academic writing but it
also develops their level of knowledge of academic language in English language while
effecting positively their self-esteem and self-worthiness [4, 15, 17]. More importantly
during the process of receiving formative feedback undergraduates improve their level
of engagement and feel part of the process of knowledge acquisition [24, 25].

Students engagement with the learning process has two sides, one that reflects the
degree to which students engage with the process of learning, in other words their indi-
vidual effort and the other one that reflects the extent to which the educational institutes
engage with students to understand their learning needs [4]. Understandably both these
components are highly interconnected and equally valuable. Furthermore, if utilized
appropriately they jointly have the power to substantially improve students’ learning
experience by encouraging active engagement in their studies that can lead to successful
experiences with the learning process which translates to students’ success [33, 35, 37,
41]. The degree of success that students experience due to active engagement with the
learning process is very closely related to improved students’ retention. According to
Bader et al. [4] and Hysaj [24], the range of related terms that are linked to student
engagement and retention is quite broad and it includes not only personal and academic
factors but also institutional and societal ones. Nevertheless, formative assessments are
unquestionably one of the factors that may influence students’ level of engagement with
the learning process [43, 45].

More generally, formative assessment supports the tendency of educational institutes
to create a diverse and inclusive environment that encourages critical thinking through
reflective learning. Students as main stakeholders in the education system play a crucial
role in the success or failure of it, yet their perspectives are not always given careful
consideration when planning lessons or designing curriculums [20]. For instance, the
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study by Bader et al. [4] that analysed the perceptions of students upon receiving for-
mative feedback on assignments emphasized a very important factor related to student
successful experience in higher education and that is the praise that students received
from their teachers. Not only did students feel that their opinion mattered but most
importantly they formalized their understanding of the assignments through the oppor-
tunities they received but also, they established an improved degree of self-awareness
of material, data and feedback interpretation that subsequently improved their degree of
self-respect and self-worthiness. Therefore, not only their levels of stress got reduced
but most importantly they acquired a transferable knowledge at a deep level and enjoyed
the process as a whole [4, 26–28, 32].

Another very pressingmatter in higher education is the degree of plagiarism reported
in higher education. According to Tindall and Curtis [42], Khan et al. [30], Kratovil [31],
a large number of undergraduate students whose first language is not English involve in
plagiarism related instances due to the lack of information onwhat constitutes plagiarism
as well as the shortage of informative tools that facilitate learning of academic writing
skills. Furthermore, many multicultural students are unaware of appropriate ways of
paraphrasing texts and do not possess any theoretical or practical understanding of the
mechanics of paraphrasing and referencing skills [29, 30, 32, 42]. For this very large
category of learners, formative feedback is the best way to go as it not only supports
their understanding of the techniques of academic writing but it also develops their
level of knowledge of academic language in English language while effecting positively
their self-esteem and self-worthiness. More importantly during the process of receiving
formative feedback undergraduates improve their level of engagement and feel part of
the process of knowledge acquisition [21, 22, 26].

3 Methodology

For this study, we utilized a mixed method approach using a structured questionnaire to
collect data relevant to the levels of stress, knowledge, and encouragement to use online
sources from four years university students in UAE. The sample group consisted of uni-
versity undergraduate students. Participants were selected through purposeful random
sampling. The selection of participants was based on the inclusion criteria that helped in
understanding the problem.This allowed for participants to provide insight fromfirst year
to senior students at universities. The questionnaire was made available to participants in
an online format and sent by email or /and (SNS). The questionnaire was created using
Google forms. It consisted of 15 questions aimed at understanding students’ perception
about stress, knowledge, and use of online sources. The questionnaire emphasized the
identification of types of assessments that influence knowledge and stress level of stu-
dents. Participantswere provided a selection of four pre-determined response options and
one open ended response option. In total, 90 questionnaires were completed. Responses
were thematically analyzed using QDAMiner Lite 2.0.7, qualitative and mixed method
analysis software.
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4 Results

The first objective of the study was to better understand the stress level of students
undergo when they complete different kinds of assessments like exams, research papers
and projects. The results are displayed in Table 1.

Table 1. Stress level of students during assessments

Cover and included terms Occurrence Frequency Percentage of comments

1. Before an exam

1.1 Very Stressed 33 36.70%

1.2 Stressed 31 34.40%

1.3 Moderately Stressed 21 23.30%

1.4 Not Stressed 5 5.60%

2. During an exam

2.1 Very Stressed 27 30%

2.2 Stressed 20 22.20%

2.3 Moderately Stressed 36 40%

2.4 Not Stressed 6 6.70%

3. Exams replaced with research papers or projects 28.90%

3.1 Very Stressed 11 12.20%

3.2 Stressed 15 16.70%

3.3 Moderately Stressed 35 38.90%

3.4 Not Stressed 29 32.20%

4. Writing a research paper

4.1 Very Stressed 9 10%

4.2 Stressed 17 18.90%

4.3 Moderately Stressed 41 45.60%

4.4 Not Stressed 23 25%

5. Completing a project

5.1 Very Stressed 8 8.90%

5.2 Stressed 14 15.60%

4.3 Moderately Stressed 37 41.10%

4.4 Not Stressed 30 33.30%

Approximately 70% of participants felt stressed before exams and 52% felt stressed
during exams. Through a lens focused on students’ perception of stress, this outcome
inevitably affects the concentration level of students that might influence their academic
performance. According to data collected through the questionnaire 24% of participants
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felt stressed while completing a project. Other 29% felt stressed when writing a research
paper. Similarly, 29% felt stressed when they did not need to complete an exam, alter-
natively they we required to write a research paper or complete a project. The second
objective of the study was to better understand whether students felt stressed while using
online sources to complete their assessments. Results are presented in Table 2.

Table 2. Stress level of students during using online sources

Cover and included terms Occurrence Frequency Percentage of comments

1. Online exams

1.1 Very Stressed 6 6.70%

1.2 Stressed 25 27.80%

1.3 Moderately Stressed 37 41.10%

1.4 Not Stressed 21 23.30%

2. Online exams with multiple attempts

2.1 Very Stressed 0 0%

2.2 Stressed 4 4.40%

2.3 Moderately Stressed 18 20%

2.4 Not Stressed 68 75.60%

3. Writing a research paper

3.1 Very Stressed 3 3.40%

3.2 Stressed 10 11.20%

3.3 Moderately Stressed 35 39%

3.4 Not Stressed 39 43%

4. Completing a project

4.1 Very Stressed 0 0%

4.2 Stressed 7 7.80%

4.3 Moderately Stressed 34 37.80%

4.4 Not Stressed 47 52.20%

In the questionnaire, (34.50%) of the participants felt stressed when they were
required to complete an online exam. A few (4%) felt stressed when they knew that
they have multiple attempts to complete the online exam. Some (15%) felt stressed
when they are writing a research paper while (8%) felt stressed when they completed
a project. It was important to understand how encouraged students were to use online
sources to complete their assessments, whether they were working on research paper,
completing a project or an online assessment. Results are shown in Table 3.

Themajority of questionnaire participants (80%) informed that theywere encouraged
to use online sources to complete a project. Similarly (78%) were encouraged to use
online sources to write a research paper. Almost half of participants (53%) indicated
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Table 3. Students’ level of encouragement to use online sources

Cover and included terms Occurrence Frequency Percentage of comments

1. Online assessments

1.1 Very encouraged 17 18.90%

1.2 Encouraged 31 34.40%

1.3 Moderately encouraged 32 35.60%

1.4 Not encouraged 10 11.10%

2. Writing research papers

2.1Very encouraged 45 50%

2.2 Encouraged 25 27.80%

2.3 Moderately encouraged 18 20%

2.4 Not encouraged 2 2.20%

3. Completing projects

3.1Very encouraged 44 48.90%

3.2 Encouraged 28 31.10%

3.3 Moderately encouraged 17 18.90%

3.4 Not encouraged 1 1%

that they would use online sources to complete assessments. These high rates of online
sources preference among students indicate the importance of utilizing technology in
higher education. In this study it was also important to further understand the level
of knowledge that students achieved after they completed exams, writing research, or
completing a project. Results are shown in Table 4.

Most of the participants (91%) achieved deep learning after they completed a project.
Similarly, (85%) achieved knowledge when writing a research paper. More than half of
participants (58%) achieved deep learning and knowledge when completing an exam.
Very few (2%) felt that they gain no knowledge when writing a research paper or com-
pleting a project. Few (17%) indicated that they achieved low level of knowledge when
writing research or completing a project. One third of participants identified their level
of knowledge as low when taking exams. Few participants answered the questions in an
open-ended format that we provided in the study.

Example of participants’ responses to open ended response option:

1. Stress during exams: “If I don’t know the answer, I start getting stressed”.
2. Stress while working on a project: “I haven’t worked on one in university yet, but as
far as I know, if I have all the information available, I wouldn’t be stressed”.
3. Stress level using online sources to complete a research paper: “As long as I find
appropriate and easily interpretable sources, I wouldn’t be stressed” “I would enjoy the
process rather than be stressed”.
4. Level of knowledge gained fromwriting a research paper: “Depends, if I am interested
in the topic or not”.
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Table 4. Achievement of deep learning

Cover and included terms Occurrence Frequency Percentage of comments

1. Exams

1.1 High level of knowledge 14 15.60%

1.2 Average level of knowledge 38 42.20%

1.3 Low level of knowledge 33 36.70%

1.4 No knowledge 5 5.60%

2. Writing research papers

2.1 High level of knowledge 37 41.10%

2.2 Average level of knowledge 43 43.80%

2.3 Low level of knowledge 9 10%

2.4 No knowledge 0 0%

3. Completing projects

3.1 High level of knowledge 48 53.90%

3.2 Average level of knowledge 33 37.10%

3.3 Low level of knowledge 6 6.70%

3.4 No knowledge 2 2.20%

5 Discussion

Unfortunately, despite the crucial role that undergraduates play in education in general
and especially in formative assessment practices their input is not always explored and in
most cases is under-researched, hence this study aimed at addressing this issue. Further-
more, the transference of knowledge that may occur due to the provision of formative
feedback is another factor that requires exploration for the benefit of undergraduates and
higher education at large. According to the survey data, a large percentage of students felt
stressed before and during exams. Stress that students undergo can have a negative effect
on the learning process and can lead to academic misconduct [15, 31, 42]. Stress per-
centage significantly dropped when exams were replaced by research papers or projects.
The goal of formative assessments is to encourage students to be actively engaged in
their learning rather than being stressed focusing on their grades [27, 39]. To address
the level of knowledge gained by assessments, data suggested that students felt that they
gain better knowledge when they write research papers or work on project compared to
the knowledge they gain when they sit for exams. Complementary to the prioritization of
achieving deep learning, itwas also imperative to understand students’ perception of deep
learning achieved by different assessments. The percentage of deep learning achieved
through projects was the highest while students expressed that they achieved less deep
learning after taking an exam. Furthermore, improving current assessment approaches
to reduce stress and enhance knowledge, many factors are considered. These include
further expanding and improving the use of online sources, strategies used by faculty to
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promote student engagement in their studies through research papers and projects. This
aligns with literature related to assessments as a tool to measure knowledge in addition
to time and stress management as well as collaborative and communication skills that
they develop when completing formative assessments [16]. Concurrently, using online
sources contributed to the decrease of stress level percentage. The majority of students
felt no stress when while using online sources to complete exams or write research
papers or projects. Students’ stress level significantly dropped when they completed
online exams that allows multiple attempts. Directly responding to the results, formative
assessment and use of online sources are preferred by the majority of students. Further
identification of which type of assessments of which assessment enhance knowledge
and the stress that student experience assisted in achieving long lasting deep learning
that students can benefit from and use in their future career that will contribute in their
success in the challenging work environment. Similarly, the conditions of students when
they complete assessment can influence their level of knowledge significantly. Con-
structive knowledge using technology can enhance students learning and achieve the
goal of educators that seek proper delivery and application of knowledge [26]. More-
over, using digital tools can assist students in improving learning and improve their
academic achievement [39, 50]. As students’ perception of their learning experience
and their preferred assessment tools is not fully explored, this study aimed at exploring
the level of stress students felt when completing assessments as well as the level of
knowledge and deep learning that they achieved. It was also important to better under-
stand students views of utilizing technology to enhance their learning. Based on the
results of the study, it would be advantageous to sharpen the higher education leadership
lens and plan additional significant assessments that would support students learning and
place them at the centre of the learning process. Further research is needed to explore
faculty’s assessment preference as well as challenges that faculty members might face
in providing students with deep significant learning experience. In addition to utilizing
technology and modern strategies to help students achieve and use knowledge gained in
the studies in their future careers.

6 Conclusion and Recommendations

This paper aimed at exploring the perceptions of undergraduate students of formative
assessment and the role it plays in learning process and specifically its relation to stress
and deep learning. As such, this paper aimed at contributing to bridging the gap between
research in the use of digital technology and practice of formative assessments in the
digital platform. The survey findings amplified the students voice about the ways they
prefer to be assessed, the stress they suffer from, and their enthusiasm to use tech-
nology in their learning. Students are the focal point in the learning process, yet their
needs and preferences are not taken into consideration when planning assessment. Stu-
dents feel stressed when they complete exams as they focus on the grade rather than
knowledge. Alternatively, they enjoy and acquire more knowledge when completing
formative assessments especially using online sources. The role of educators is also
crucial in achieving the best learning outcome by students. However, further exploration
is needed to better understand their perception. Higher education institutions need to
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consider the needs of students and provide them with modern technologies to get them
ready to face the challenges of their future professional life.
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Abstract. The automation of vehicles is increasing and is expected to
become a part of our daily lives in the near future. Furthermore, the
progress in automated driving operations will change the driver’s role to
that of a passive monitor. However, a lack of active involvement in driving
situations and monotonous driving environments increase driver sleepi-
ness. Considering the low automation levels in vehicles (i.e., Levels 2 and
3), drivers’ arousal levels and ability to monitor the road environment are
critical. In this study, we examined the effectiveness of a robotic-human-
machine-interface (RHMI) in alleviating the sleepiness level of drivers
through random news information presentation. We conducted a within-
subject experiment with 12 participants in a driving simulator environ-
ment and compared three conditions: no information was provided (the
control condition); information was provided through a voice-only inter-
face; and information was provided through an RHMI prototype. The
qualitative and quantitative results of this experiment revealed that the
information provision interfaces (voice-only and RHMI) had the poten-
tial to alleviate the sleepiness level in Level 2 highway automated driving.
In addition, the RHMI prototype alleviated sleepiness and improved the
arousal of drivers more than in the voice-only and no-information provi-
sion conditions.

Keywords: robotic-human-machine interface · sleepiness · automated
driving

1 Introduction

Sleepiness occurs because of an interruption in the circadian rhythm and a lack
of rest [7]. It affects the ability to perform daily tasks and driving performance,
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which can ultimately cause fatal traffic accidents [21]. Because fully automated
vehicles are regarded as the future of transportation, they are expected to operate
without driver involvement to reduce human error and provide more energy-
efficient, comfortable, and convenient methods of transportation [10]. This level
of automation provides drivers with opportunities to relax or focus on other
non-driving-related tasks [13]. However, depending on the automation level of the
vehicle, the extent of sleepiness of the driver is important. Particularly, when the
automated system controls the vehicle, certain environmental conditions or road
characteristics can trigger takeover requests at automation levels 2 and 3, where
drivers are expected to monitor the road and take over control if the quality
of the sensors degrades and safe transportation can no longer be guaranteed
[10]. Moreover, owing to the lack of active involvement in driving situations
and monotonous driving environments, drivers may become fatigued faster than
when they are manually driving the vehicle [5,14].

Taking drivers out of an automated system’s operational loop reduces vig-
ilance and situational awareness [2,8,12]. Therefore, using highly automated
driving functions for extended periods may leave drivers in a state where they
are immediately unable to perform smoothly and safely. Studies have been con-
ducted to decrease the level of sleepiness and keep drivers awake. Gershon et
al. [6] developed an interactive cognitive task to improve driver performance
and mental state while driving. The report revealed that using a cell phone
helps maintain alertness while driving for long periods [1]. According to [15],
drivers showed better lane keeping and higher EEG-related alertness levels when
engaged in a secondary verbal task. Despite the well-documented dangers of cell
phone use [16], such usage may be effective as a motivating secondary task when
experiencing boredom or fatigue. [22] used a human-machine interface device
that comfortably wakes the driver from sleep. However, drivers require a safer,
more seamless, familiar and intuitive interface that maintains their wakefulness
and is feasible for long periods of driving.

Intelligent agents that help users perform particular tasks have been widely
used as voice assistants in daily lives [11]. Driving is one of the promising
usage domains that considerably benefits from these agents. In-vehicle intelli-
gent agents are expected to proactively engage in driving tasks over a wider
spectrum to secure road safety and support drivers in both driving- and non-
driving-related activities [20]. Furthermore, they are expected to provide versa-
tile information on vehicle status and road events. However, these agents must be
constructed carefully to reduce distraction, improve vigilance and prevent unin-
tended consequences, such as overreliance, particularly when driver intervention
is still required in conditional automation [20].

Previous research has shown that a robotic-human-machine interface (RHMI)
is a more noticeable, familiar, and acceptable medium as a driving support com-
pared to voice-only and animated driving agents [17]. Moreover, it is effective in
improving safe driving skills (i.e., reducing the speed of the car and increasing the
frequency of checking left and right when approaching intersections) in driving
simulation environments [19] and in real-world driving situations [18]. Therefore,
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in this study, we examined whether a RHMI was capable of alleviating driver
sleepiness through random news information presentation. This study aimed to
understand whether the physicality of an RHMI is effective in alleviating driver
sleepiness.

2 Method

We focused on understanding whether an RHMI reduces the sleepiness level of
drivers during highway driving at automated level 2. We conducted an experi-
ment with no information provided as the base condition and compared it with
the voice-only and RHMI prototype conditions. For the voice-only condition, we
used text-to-speech software, AI Talk (1), used the voice “Nozomi,” and placed a
mini Bluetooth speaker that was not visible from the driving seat. Furthermore,
we used an RHMI prototype for the RHMI conditions (Fig. 1). In both voice-only
and RHMI conditions, news reports were announced in a timely manner. As the
time interval. In the voice-only condition, just before starting to announce the
news, a “pon” sound was applied as a cue for drivers to prepare themselves for
an upcoming information announcement [17]. As shown in Table 1, news from
different topics were announced four times. One of the topics was used for the
voice-only condition, whereas the other was used for the RHMI condition.

Fig. 1. Robotic human-machine interface (RHMI) prototype consisted of a lid, body
and pedestal. Its LED eyes are shown under the lid. The figure also shows the exper-
imental environment. The RHMI was oriented from participants toward the driving
environment.

1 https://www.ai-j.jp/.

https://www.ai-j.jp/
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2.1 RHMI Prototype

The RHMI prototype consists of three parts: body, lid, and pedestal (Fig. 1).
The body of the robot was 40 mm when the lid was closed and 54 mm when the
lid was opened by 20◦ (max). The width of the body was 70 mm. The height and
width of the pedestal were 62 mm and 150 mm, respectively. The pedestal was
connected to a computer via a USB cable. The robot was positioned on the left
side of the driver (the driver’s seat was on the right side). It was oriented away
from the driver. We designed expressions for the RHMI Prototype using eye and
lid colors and body motions. The RHMI prototype has two LED eyes and a lid
with a ring. The small body and lid have one degree of freedom. The head inside
the body can turn left and right, whereas the lid can move up and down. The
colors of the eyes and ring LED, the speed of the body and lid, and the angle
of the lid and body movements were adjustable. Furthermore, we used the same
voice as in the voice-only condition of AI Talk for the robot’s voice. The default
behavior of the robot was set to watch the road by turning its head to the right
and left at a degree of 135◦ and a speed of 5 rpm. In addition, the lid angle was
set to 5◦. When the robot started announcing the news, just before starting its
speech, the lid of the robot’s opening angle increased from 5◦ to 12◦ in 1 s as an
equivalence of the “pon” sound in the voice-only condition.

The behavior and speech lines of the robot were arranged using the Wizard
of Oz design settings. We created a graphical user interface (GUI) composed of
buttons to trigger the movements for each RHMI behavior. The GUI was auto-
mated with a time-based script using the PyAutoGUI library2. Furthermore, the
mouse and keyboard can perform automated interactions with other applications
by using this library in a Python script.

2.2 Participants

The participants in this study were recruited from a human resources service
company. Twelve participants (six females) aged 32 to 51 years (M = 45.916,
SD = 6.855) with regular driving licenses participated in the experiment. The
experiment was conducted as a within-subject study in a driving simulator envi-
ronment where a 35-km-long highway simulation road was run by an automated
level 2 for 15 min.

2.3 Experimental Protocol

A consent form, demographic questionnaire, and driving-style questionnaire were
required at the beginning of the experiment. Furthermore, during the experimen-
tal sessions, the eye-gaze data of the participants was collected using Tobii Pro
Glasses (Tobii Co., Ltd.), and driving simulator log data was collected.

After completing each experimental condition, the participants were asked
to fill out an acceptance questionnaire. The acceptance questionnaire items were

2 https://pyautogui.readthedocs.io.

https://pyautogui.readthedocs.io
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Table 1. The topics and the content of the news that was announced within three
minutes intervals. The first and second contents were randomly chosen for the voice-
only and RHMI conditions.

Topic Content

1. Weather 1.1 While record-breaking heat continues in Europe, the maxi-
mum temperature exceeded 40 ◦C for the first time in recorded
history in various parts of the United Kingdom, and trans-
portation was disrupted. The civic life was greatly disturbed.
1.2 The World Meteorological Organization (WMO) said at a
recent meeting that heatwaves across Europe are likely to
peak at the end of this month, but temperatures are expected
to continue until the middle of next week. It may continue to
exceed the average year.

2. Stock price 2.1 On the Tokyo stock market, the Nikkei stock average con-
tinued to rise sharply, closing the first session at 27,599.52 yen,
up 637.84 yen (2.37%) from the previous day rice field.
2.2 In the stock market for emerging companies, the Tokyo
Stock Exchange Mothers Index continued to rise today. The
previous closing was 12.54 points (1.83%) higher than 696.11,
the previous day.

3. Politics 3.1 At the press conference the day before, the Biden adminis-
tration in the United States gave Ukraine approximately $ 270
million yen Japan announced that they will provide additional
military assistance of more than 36.7 billion yen.
3.2 The fourth round of the election for the leadership of the
British ruling party and the Conservative Party was held on
the 19th, and the votes were counted on the same day.
Former Finance Minister Rishi Sunak received 118 votes to
maintain his top spot for the previous polls.

4. Technology 4. 1 Netflix, a major American video distribution company,
announced that the number of paying subscribers worldwide
at the end of last June was about 220.67 million. Compared
to the end of March, the number of members decreased by
970,000.
4. 2 Twitter Inc. filed a lawsuit against Elon Musk, a major
electric vehicle company, to fulfill the purchase agreement. A
court in eastern Delaware today ordered a five-day trial
promptly

formed internally in our laboratory, and their reliability was verified in previ-
ous experiments [3,4]. In addition, we used a user experience questionnaire [9]
to compare the valence, pragmatic quality, and hedonic aspects of the system
under three conditions. Finally, we used a sleepiness questionnaire to evaluate
participants’ sleepiness levels before and after each experimental condition. Each
participant took approximately 1.5 h to complete the experiment.
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We took the necessary precautions against the possibility of COVID-19 dur-
ing the experiments.

This study was approved by the Institutional Review Board of the Institute
of Innovation for Future Society at Nagoya University.

3 Results

We analyzed the results from questionnaires that were completed after the exper-
imental conditions and from the eye-gaze tracker used during the experimental
sessions.

3.1 Qualitative Results

We analyzed the acceptability questionnaire, user experience quality, and sub-
jective sleepiness check for a subjective assessment of the experimental results.
All statistical analyses were performed using IBM SPSS Statistics (version 27).

Fig. 2. Figure shows the box plot for the acceptance questionnaire results.

Acceptability. The acceptability questionnaire consisted of six 7-point Likert
scale questions: (1) Strongly Disagree, (2) disagree, (3) somewhat disagree, (4)
neither agree nor disagree, (5) somewhat agree, (6) agree, and (7) strongly agree.
The questionnaire items were as follows: AQ1, I think this interface is preferable;
AQ2, I think this interface is reliable; AQ3, I think this interface makes it easy
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to understand the operation mode; AQ4, I would like to use this interface; AQ5,
This interface gives a sense of security; AQ6, I find this interface confusing. For
this set of questionnaires, a paired t-test was used to compare the voice-only
and RHMI conditions. The results showed no significant difference in any of the
questionnaire items at α =.05 level. However, RHMI showed a tendency toward
slightly higher acceptance rates regarding system reliability, willingness to use
it, and sense of security (Fig. 2).

User Experience Quality (UEX). The UEX questionnaire consisted of 7-
point Likert scale with 26 adjective pairs. A paired t-test was used to compare
the voice-only and RHMI conditions. The results showed a significant difference
on the efficiency factor (t(11) = –2.049, p = .032), and novelty factor (t(11)
= 4.117, p = .000) at α =.05 level. According to these results, the voice-only
condition was more efficient (M = 4.687, SD = 1.201) than the RHMI condition
(M = 4.229, SD = 1.125). In contrast, the RHMI condition was more novel (M =
4.687, SD = 1.163) than the voice-only condition (M = 3.77, SD = 1.12) (Fig. 3).

Fig. 3. Figure shows the results for the UEX factors.

Subjective Sleepiness Check. The sleepiness check consisted of 6-point Lik-
ert scale items: (0) not sleepy at all, (1) feeling a little sleepy, (2) feeling sleepy,
(3) sleeping, (4) very sleepy, and (5) extremely sleepy. Participants were asked to
rate their sleepiness levels before and after each experimental session. To analyze
the subjective effect of each condition on the participants’ sleepiness levels, we
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substituted the sleepiness level of the participants before and after the experi-
mental sessions (difference sleepiness = sleepiness after - sleepiness before) and
conducted a one-way repeated ANOVA at α =.05. The results showed no sig-
nificant difference between conditions, F(2,33) = 1.028, p = .374. However, the
voice-only and RHMI conditions tended to alleviate the perceived sleepiness of
the participants compared with the no information provision condition (Fig. 4).

Fig. 4. Perceived sleepiness of the participants.

3.2 Quantitative Results

We used eye-gaze data recorded during the experimental sessions for quantitative
assessment. Furthermore, we also used 36 recordings from 12 participants (one
recording from RHMI prototype condition was omitted because of a recording
problem that occurred during the session). We analyzed the left and right pupil
sizes and eye eccentricities of the participants during each experimental session.

Pupil Size. To objectively analyze the sleepiness level of the participants, we
examined both the left and right pupil size data of the participants during each
experimental session. We performed a one-way repeated ANOVA to analyze the
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eccentricity during the three experimental conditions. The results showed no
significant difference between the conditions for either pupil size (left: (F(2,33)
= 0.082, p = .921), right: (F(2,33) = 0.482, p = .623)) (Fig. 5).

Fig. 5. The graph depicts the mean of the left and right pupil size of the participants
during each experimental condition.

Eye Eccentricity. We define eccentricity as the variance in the combined angle
of the horizontal and vertical fixation points of the gaze data. The combined
angle is the square root of the sum of the squared vertical and horizontal points
(Pythagoras theorem), and thus there is a one-dimensional angle between the
zero intercept and gaze point. We used the SD of the gaze-shifting angles to
understand the awakening levels of the participants. If the variance is high within
a specific time, the driver is awake and their sleepiness level is low. We expected
that in the experimental conditions with RHMI, the participants’ awareness
would be higher owing to the robots’ behaviors that would nudge them to be
alerted, compared to the other two conditions.

We performed a one-way repeated ANOVA to analyze the eccentricity during
the three experimental conditions. There was no significant difference between
the conditions (F(2,36) = 1.524, p = .238). From these results, it was not clear
whether there was an effect for RHMI that could be effective in alleviating
the sleepiness of participants. However, the RHMI showed a tendency toward a
higher rate of increased eccentricity in the participants compared with the other
two conditions (Fig. 6).
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Fig. 6. The box plot depicts the mean of standard deviations of gaze eccentricity during
the three experimental conditions.

4 Discussion

In this study, we aim to understand the effectiveness of an RHMI prototype
on driver sleepiness while driving on a highway using automated driving. We
therefore conducted a within-subject study with no information provision, voice-
only information provision, and an RHMI prototype. Subjective and objective
data were collected using questionnaires and eye-gaze data trackers.

Regarding the objective evaluation of this study, the pupil size and gaze
eccentricity of the participants showed no significant differences between the
conditions. Therefore, it was unclear whether the RHMI prototype had a clear
effect on decreasing the sleepiness levels of the participants. However, the slightly
higher gaze eccentricity of the participants during the RHMI condition (Fig. 6)
revealed that the RHMI prototype tended to alleviate the sleepiness of the par-
ticipants.

Regarding the subjective evaluation of this study, the acceptance question-
naire showed that the RHMI prototype tended to be perceived as more reliable
and wanted to be used and secured compared with the other two conditions
(Fig. 2). In addition, the voice-only condition was perceived to be significantly
more efficient than the RHMI prototype. The reason for this result may point to
the workload of the drivers, where an element in the peripheral vision increases
the visual demand of the driver. On the other hand, the RHMI prototype was
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perceived as significantly more novel (Fig. 3). This result indicates that using a
robotic agent on the dashboard of a car evokes interest from drivers.

Finally, the results of the sleepiness check analysis showed no statistically
significant differences between conditions. Therefore, it is unclear whether the
RHMI is an effective method for alleviating sleepiness. However, the results
showed a tendency of the voice-only and RHMI prototype conditions to alleviate
the sleepiness of the participants compared with using no information provision.

4.1 Limitations and Future Work

Twelve participants participated in the experiment. This may explain the lack
of significant results. In addition, the news we chose for this experiment was
neither exciting nor interesting to most participants. Moreover, information was
announced periodically. The periodic announcement of news information may
have created a carryover effect for the remaining experimental conditions. Fur-
thermore, sleepiness levels were measured within a relatively short period. This
may have created a floor effect on the results. In the future, we aim to collect
more participants, extend the experimental sessions, and use personalized news
content and interaction methods between drivers and RHMIs to evaluate the
reduction in sleepiness levels in a familiar and seamless manner.

5 Conclusion

In this study, we examined the effectiveness of a robotic agent in alleviating
the sleepiness of drivers while driving on a highway with automated driving.
The results of this experiment revealed that information provision interfaces
(sound only and RHMI) have the potential to alleviate the sleepiness level in
highway automated driving at Level 2. Moreover, the RHMI, owing to its physi-
cality, holds the potential to be perceived as safer, easier to use, and more novel.
Therefore, a robotic interface can be considered an information provision that
can help alleviate driver sleepiness.
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Abstract. The course and evaluation of negotiations is determined to a great
extent by perceived subjective value. Negotiators want to feel respected, accepted,
and valued by the other negotiator (feelings about the self). The relationship should
be valued during the negotiation (feelings about the relationship) and the negoti-
ation process should be conducted in such a way that the process-related interests
are taken into account (feelings about the process). At the same time, economic
interests need to be met (feelings about the instrumental outcomes). Only when
the elements of subjective value are taken into account in negotiations, value
can be created and claimed. Within this paper, a model of negotiation is devel-
oped which incorporates the specifics and characteristics of social media as form
of computer-mediated negotiation. Afterwards, Taylor Swift’s negotiations with
Spotify and Apple will be used as case studies to highlight the potentials and pit-
falls of social media negotiations and to draw conclusions and recommendations
for future negotiations.
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1 Introduction

Negotiations occur more and more on social media as a form of computer-mediated
negotiation. Reasons for this development, can be found in the decision of organizations
to use this communication channel actively to negotiate with e.g. customers or the public,
or in the fact that Social Media has become a dominant communication tool in general.

Previous research could show that social media communication is for instance a
means to attract public attention, to increase brand evaluations, to influence sales, to
foster brand loyalty or to leverage brand communities [e.g. 1–7]. Luo, Zhang & Duan
[8] even show that social media-based metrics are an important indicator for firm equity
value.
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With social media, a new playground has been added to negotiations which is charac-
terized by a high potential but also by imminent risks. Research on social media negotia-
tions is, however, a nascent and developing field. For that reason, a theoretical negotiation
model is developed in this paper incorporating the specifics and characteristics of social
media as means for negotiating.

Afterwards, Taylor Swift’s negotiations with the two music streaming services, Spo-
tify and Apple Music, will be used as case studies to highlight the potentials and pitfalls
of social media negotiations and to draw conclusions and recommendations for future
negotiations.

2 Theoretical Background

2.1 Negotiation

Negotiation is a decision-making process in formof a social interaction. Twoormore par-
ties try to allocate scarce resources and resolve perceived incompatible, interdependent
interests [9].

Negotiations take place in all areas of life from the professional to the private. Hence,
whenever people cannot achieve a goal without the cooperation of others, they are in
a negotiation [10]. Walton and McKersie [11] distinguish between two fundamental
negotiation categories: distributive and integrative bargaining.

Distributive bargaining is characterized by a complete a “fixed-sum, variable-share
payoff. […] It describes a situation in which there is some fixed value available to the
parties but in which they may influence shares which go to each. As such there is a
fundamental and complete conflict of interests” ([11], p. 13). The subject matter of
distributive negotiations is defined by Walton and McKersie [11] as issues in form of a
fixed total objective value.

In absence of a fixed-sum or zero-sum condition, where maximum results are avail-
able through joint problem solving, Walton and McKersie [11] speak of integrative
bargaining. Instead of issues, problems are the subject matter of this negotiation cate-
gory. “Problems […] are agenda items which contain possibilities for greater or lesser
amounts of value which can be made available to” (p. 127) the negotiating parties. A
“problem in its purest form would be an agenda item for which the parties would assign
the same preference ordering to all possible outcomes and about which the two parties
would be equally concerned” (p. 127). A welfare orientation is guiding the behavior of
negotiators in the process [11]. The negotiator is not “concerned about the payoff avail-
able for him [/her], his [/her] primary concern is to increase the total sum” (p. 17). The
process of integrative bargaining contains three steps: (1) Identifying the problem, (2)
searching for alternate solutions and their consequences, and (3) ordering the preferences
of solutions and selecting a course of action [11].

Based on the work of Brett [12], Brett and Thompson [13] propose a general negotia-
tion model (see Fig. 1). The core elements of the model are the interests and priorities of
negotiators which set the framework for the outcome potential, and the chosen strategy
by negotiators bywhich the degree of value capturing is determined.Whilemotives, con-
cerns, and given position comprise the given interests, priorities stand for the underlying
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value hierarchy of negotiators. Strategy can be understood as goal-directed, guidelines
for negotiators’ behavior.

Fig. 1. A model of negotiated outcomes. (Brett & Thompson [13] based on Brett [12])

2.2 Subjective Value in Negotiations

A common, initial assumption is that economic outcomes are the sole purpose and char-
acteristic of successful negotiations [14].Hence, rationality and optimality are seen as the
most important characteristics for negotiators’ performance [14–16]. Descriptive nego-
tiation research literature draws, however, attention to the phenomenon that negotiators
do not behave fully rational, and in game-theoretic, optimal way [10]. The economic
outcome is, as a consequence, only one element determining the success of and the
satisfaction with the negotiation outcome.

Next to economic elements, satisfaction is also influenced by the perceived and felt
negotiation experience as affective states serve as an important source of information
for negotiators [17]. Curhan et al. [17] argue that affect can provide a robust and long-
lasting “gut-check” about a negotiation experience. This idea is based on the mood-
as-information theory by Schwarz and Clore [18]. The theory states that affect plays
a role in information processing in at least three ways. First, affective states have an
informational function. Peoplemay use their momentary affective state tomake different
kinds of judgement, Second, affective states have a directional function. They direct
one’s attention to specific pieces of information in order to gain an understanding of the
causes for present affective state. Third, affective states may foster the availability of
mood-congruent thoughts or information.

Given a large body of research incorporating subjective, social psychological factors
aswell as negotiator satisfaction, Curhan, Elfenbein, andXu [19] conducted a large-scale
investigation to provide a comprehensive framework of subjective outcomes in negotia-
tions. Based on their findings, they introduced the umbrella construct of subjective value
which consists of four dimensions (see Fig. 2). The first dimension is “feelings about the
instrumental outcomes” and comprises elements such as the belief of having achieved
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a strong objective settlement, being satisfied with the negotiation outcome, or believ-
ing to have won. The second dimension is “feelings about the self “. It concerns issues
such as the feeling of being respectfully treated by the other party, feeling competent
during the negotiation, or doing “right thing”. The third dimension “feelings about the
relationship” focuses on whether a negotiator feels that own needs have been recognized
by the other party, conflict has been avoided, and/or the relationship is valued and not
damaged by the negotiation. The fourth dimension is “feelings about the negotiation
process”. Here issues such as fairness, being heard, brainstorming options together, or
showing a positive attitude play a vital role. Feelings about the relationship and about the
process appeared in the study of Curhan et al. [19] to be elements of a larger dimension
of rapport.

Fig. 2. The four dimensions of subjective value by Curhan et al.[19]

The value of subjective value in negotiations can be threefold [19]. First, subjective
value can serve as a good in itself. The quality of the relationship can be more valuable
than the issues in the current negotiation. As a consequence, negotiators may limit or
neglect instrumental, economic interests to protect or strengthen relationships. Even in
cases where the other person is unknown to negotiators, participants in ultimatum games
made financial trade-offs to serve their feelings of fairness to others. Lax and Sebenius
[20] trace this back to the “almost universal quest for social approval or the simple
pleasure one derives from being treated with respect, even in a one-time encounter”
(p. 74). Second, negotiators use their intuition about the objective outcome to assess
their negotiation performance [19]. In most cases, an objective evaluation is aggravated
or impeded by imperfect information. Imperfect information can result from the lack
of adequate economic measures, the lack of reliable information, the poor-quality data
basis or incomplete information. As a result, negotiators turn to their gut feeling or
intuition in order to evaluate their performance. The intuitive evaluation can be in line
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with the objective performance, but does not necessarily have to be. In any way, the felt
performance is shaping future behavior, intentions as well as the possibility to improve
of negotiation skills. Third, subjective value can be a predictor for future economic value
[19]. Positive feelings about a previous negotiation can influence subsequent negotiations
with the same counterpart positively. Given past experiences, negotiators can be more
willing to share information, be more empathetic or be more willing to consider the
perspective of the other side. Curhan et al.[19] argue for that reason that “a positive
subjective experience in negotiation may be considered a kind of asset that improves the
tangible quality of working relationships” (p. 525).

In light of the importance of subjective value the negotiation model of Brett and
Thompson [13] is adjusted by incorporating subjective value and by specifying the
element of outcome (see Fig. 3).

Fig. 3. Adjusted model of negotiated outcomes based on Brett and Thompson [13].

2.3 Computer-Mediated and Social Media Negotiation

Research on negotiation bears typically the assumption that negotiations are conducted
in a face-to-face setting, when all negotiators are in the same place at the same time [21].
The influence of the type of communication media used in negotiations is, therefore,
often not considered.

However, this general assumption cannot be sustained in social media negotiations as
they are in principle not face-to-face negotiations. Social media negotiations are a form
of computer-mediated communication and negotiation. The distinction between face-to-
face negotiations and computer-mediated and social media communication needs to be
made as indirectness becomes a central factor [22]. This indirectness of interaction causes
important limitations and disadvantages. In most cases, usual visual and social cues are
deprived from the interaction in computer-mediated negotiations as the negotiators are
not in the same room at the same time. Thus, they cannot perceive and draw conclu-
sions from the other person’s posture, gestures, and/or facial expressions [21]. Even if
a video-based communication media is used (e.g. Zoom, Microsoft Teams, Webex), the
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perception is limited to a fraction of the whole situation and the surroundings. If a text-
based communication is chosen for the negotiation (e.g. e-mail), negotiators lack the
opportunity to gather cues from speech-related elements such as intonation or timing.
Estimating the level of agreement, understanding or importance is, therefore, impeded
and needs to be clarified by other means.

Weisband and Atwater [23] emphasize, in addition, that text-based communication
affects the perception of the other negotiator in way that the person is perceived less
individualized and known compared to face-to-face negotiations. The other negotiator
becomes more abstract. This in turn increases the perceived difference from the other
person. Hence, people are less likely to believe that the other person shares similar traits
to them. This is known as the “identifiable other” effect [21] and exerts an influence also
on the behavior of negotiators. The findings of Griffith and Northcraft [24] suggest for
instance that the chosen negotiation strategy is influenced by the level of identifiability.
In cases, where the other counterpart is anonymous, negotiators aremore likely to choose
a distributive strategy.

Kiesler, Zubrow, Moses, and Geller [25] add another important facet to the dif-
ference between communication behavior on text-based communication and face-to-
face communication by showing that people seem to be more disinhibited in text-based
communication. Study participants tended to use more impolite and offending as well
as (extremely) positive comments. They also found that conversation partners via a
computer-mediated technology were rated more negative than those in face-to-face
conversations.

Computer-mediated negotiation affects, in addition, the perception of message con-
tent. In absence of peripheral factors given in face-to-face communication, people pay
closer attention to quality and content of messages in computer-mediated negotiations
[21, 26]. With the focus on the message, the sensitivity increases towards perceived
negative cues. Two factors lead to this increased sensitivity. First, when receiving an
e-mail, people assume that the message content is written deliberately and thoughtfully.
Embedding negative elements into the message must have been, therefore, intentionally
which in turn can elevate anger. Second, when receiving a message with negative or neg-
atively interpreted content, recipient have more time to think about the content which
can further boost negative emotions.

Besides the effects that have their origin in the computer-mediated nature of social
media, social media-specific characteristics need to be considered in negotiations. Carr
and Hayes [27] define social media in general as “Internet-based channels that allow
users to opportunistically interact and selectively self-present, either in real-time or
asynchronously, with both broad and narrow audiences who derive value from user-
generated content and the perception of interaction with user” (p. 50).

Following this definition, multidirectionality is a core element of social media. Mes-
sages “can flow from user to user, user to audience, audience, to user, or audience to
audience”. Hence, communication can be interpersonal and mass-oriented at the same
time, which needs to be reflected in the messages during the negotiation.

Having a broad audience observing a negotiation, implies that additional stakehold-
ers can participate in the negotiation, can gain insights into the (ongoing) negotiation,
and may exert influence on the negotiation process and outcome directly or indirectly.
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Ashbrook and Zalba [28] examined for instance the influence of social media on two
diplomatic negotiations. They found that social media had a disruptive and unantici-
pated influence on the Transatlantic Trade and Investment Partnership and a German
Constitutional Court’s ruling on the European Central Bank’s Public Debt Purchasing
Program.

Another important influence is the foundational characteristic of channel disentrain-
ment or asynchrony.Users can decide if,whether, and how theyparticipate. Simultaneous
interaction can be part of the participation, but does not necessarily need to be given. The
“channel is persistently available whether a user is active or not” [27, p. 50]. Discussion
about the negotiation issues can continue without the presence of the negotiation parties
shaping the room for possible negotiation outcomes.

Car and Hayes [27] emphasize, in addition, that social interaction on social media
is already given if users think that an interaction took place, independently whether this
perception is artificially designed or is based on true human interaction. This adds to
the problem of indirectness of computer-mediated negotiations as the element of social
resides in the perception of a user and not in the existence of an actual person.

In summary, negotiations on social media are influenced by general computer-
mediated as well as social media specific factors. These factors can complicate the
negotiation process and can affect the negotiation outcome negatively as the interaction
between the negotiating parties are completely mediated by social media (see Fig. 4).

Fig. 4. Adjusted model of negotiations on social media based on Brett and Thompson [13].

3 Taylor Swift vs. Music Streaming Services

To apply the developed model of negotiation on social media, the negotiation of Taylor
Swift with Apple as well as Spotify will be examined in the following. The negotiation
started in 2014 and concerned the usage of Taylor Swift’s music on Spotify and Apple
Music.
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3.1 Taylor Swift’s Standpoint or the Framework for Negotiations

The general framework of the negotiations was laid by an op-ed of Taylor Swift for
The Wall Street Journal in 2014 where she shared her view and thoughts on the future
of the music industry. Contrary to other opinions, Taylor Swift strongly believed in a
promising and prosper future of the music industry [29]. It would be, however, important
to be aware of the value of music; not just as a music listener but also as an artist.

“In recent years, you’ve probably read the articles about major recording artists
who have decided to practically give their music away, for this promotion or that
exclusive deal. My hope for the future, not just in the music industry, but in every
young girl I meet...is that they all realize their worth and ask for it.

Music is art, and art is important and rare. Important, rare things are valuable.
Valuable things should be paid for. It’s my opinion that music should not be free,
and my prediction is that individual artists and their labels will someday decide
what an album’s price point is. I hope they don’t underestimate themselves or
undervalue their art” [29].

She also highlighted that file sharing and music streaming services had signifi-
cantly impacted the album sales negatively. She even stated that “every artist has han-
dled this blow” to emphasize the financial magnitude and emotional quality of those
developments.

3.2 Taylor Swift vs. Spotify

On November 2014, Taylor Swift decided to remove her entire catalogue from Spotify
without explaining it publicly at that exact moment. A spokesman of Spotify confirmed
two days later in an email to CNET that “Taylor and her management team asked us to
remove her content from Spotify so it was all removed this morning” [30]. In a blog post
Spotify tried to reach out to Taylor Swift in a masspersonal message saying that.

“[w]e hope she´ll change her mind and join us in building a new music economy
that works for everyone. […] We believe fans should be able to listen to music
wherever and whenever they want, and that artists have an absolute right to be
paid for their work and protected from piracy. [...] Now there´s 40 million of us
who want you to stay, stay, stay. It’s a love story, baby, just say, yes” [30].

With this blog post, Spotify tried to address three elements of the subjective value of
Taylor Swift which were in line with elements of Spotify’s subjective value. It acknowl-
edged the feelings about the instrumental outcome, by pointing to a fair compensation
for artists and the protection from piracy. With respect to the feelings about the relation-
ship, Spotify placed emphasis on the highly valued relationship with Taylor Swift not
only by Spotify itself but also representative for all its 40 million users. Feelings about
the self were also addressed as Spotify acknowledges that Taylor Swift is doing the right
thing in demanding a fair compensation, and expresses, furthermore, its respect towards
her personally and as an artist.
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On November 6, Taylor Swift, gave an interview explaining her decision. Asked
whether her new album would have been sold less if it would have been available also
on streaming services, she replied that.

“[i]f I had streamed the new album, it’s impossible to try to speculate what would
have happened. But all I can say is that music is changing so quickly, and the
landscape of the music industry itself is changing so quickly, that everything new,
like Spotify, all feels to me a bit like a grand experiment. And I’m not willing to
contribute my life’s work to an experiment that I don’t feel fairly compensates the
writers, producers, artists, and creators of this music. And I just don’t agree with
perpetuating the perception that music has no value and should be free. […] I try
to stay really open-minded about things, because I do think it’s important to be
a part of progress. But I think it’s really still up for debate whether this is actual
progress, or whether this is taking the word "music" out of the music industry.
Also, a lot of people were suggesting to me that I try putting newmusic on Spotify
with "Shake It Off," and so I was open-minded about it. I thought, "I will try this;
I’ll see how it feels." It didn’t feel right to me. I felt like I was saying to my fans,
"If you create music someday, if you create a painting someday, someone can just
walk into a museum, take it off the wall, rip off a corner off it, and it’s theirs now
and they don’t have to pay for it." I didn’t like the perception that it was putting
forth. And so I decided to change the way I was doing things.” [31]

Her answer revealed that hermain concern seemed to be on the instrumental outcome.
Yet, she emphasized that companies such as Spotify did not respect her as an artist
which – in light of her article on The Wall Street Journal – seemed to be a central
element of her identify (feeling about the self). She perceived no valuable relationship
with streaming services as everything was reduced to pure business (feelings about the
relationship). This type of business was in her opinion, additionally, not even on a serious
level but rather an ongoing experiment (feelings about the self). In stating these things,
Taylor Swift consciously neglected Spotify’s subjective value outcome with respect to
feelings about the instrumental outcome, feelings about the self, and feelings about the
relationship.

A few days later, Daniel Ek, CEO and founder of Spotify, reacted and responded
himself in a blog post. Ek wrote:

“We started Spotify because we love music and piracy was killing it. So all the
talk swirling around lately about how Spotify is making money on the backs of
artists upsets me big time. […] When I hear stories about artists and songwriters
who say they’ve seen little or no money from streaming and are naturally angry
and frustrated, I’m really frustrated too. The music industry is changing – and
we’re proud of our part in that change – but lots of problems that have plagued
the industry since its inception continue to exist. […] Here’s the thing I really
want artists to understand: Our interests are totally aligned with yours. Even if
you don’t believe that’s our goal, look at our business. Our whole business is to
maximize the value of your music. We don’t use music to drive sales of hardware
or software.We use music to get people to pay for music. We’re getting fans to pay
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for music again. We’re connecting artists to fans they would never have otherwise
found, and we’re paying them for every single listen. We’re not just streaming,
we’re mainstream.” [32]

The focus of his responsewas on the feelings of the instrumental outcome by explain-
ing how Spotify was serving the interest of artists. At the same time, his reaction seems
to show that he felt unfairly treated and wrongly accused of malign behavior. This view
resented in his opinion on a poor information base. He also expressed frustration that
artists did not adequately value Spotify’s performance and thus the relationship with
Spotify.

At this point, the negotiation reached a level where a beneficial outcome and a return
of Taylor Swift’s music to Spotify’s catalogue was completely impossible. Instead of
using the elements of subjective value to create and claim mutual value, the negotiation
became confrontational, highly emotional-laden and distributive. The relationship had
suffered a damage.

It took three years, till Taylor Swift’s returned with her music to Spotify in 2017.
Looking back at the time, Daniel Ek said on “CBS This Morning” in 2018:

“I should’ve done a much better job communicating this, so I take full ownership
for that. […] I went to Nashville many, many times to talk to [Swift’s] team, spent
more time explaining the model, why streaming mattered. And the great news is
I think she saw how streaming was growing.” [33]

3.3 Taylor Swift vs. Apple

A few months after the negotiation with Spotify, on June 8 2015, Spotify’s competitor
Apple announced its new product Apple Music. Apple described Apple Music as “a
revolutionary streaming music service. […] Apple Music is really going to move the
needle for fans and artists […] Online music has become a complicated mess of apps,
services and websites. Apple Music brings the best features together for an experience
every music lover will appreciate” [34]. The product would be launched on June 30 and
would start with a 3-month free-membership. Compensation of artists would start after
those three months.

Three weeks later, on June 21, Taylor Swift published an open letter to Apple on her
TUMBLR blog with the title “To Apple, Love Taylor”. In her masspersonal letter, she
outlined her concerns and reasons not to support Apple’s new streaming service. Here
is the text in full:

“To Apple, Love Taylor

I write this to explain why I’ll be holding back my album, 1989, from the new
streaming service, Apple Music. I feel this deserves an explanation because Apple
has been and will continue to be one of my best partners in selling music and
creating ways for me to connect with my fans. I respect the company and the truly
ingenious minds that have created a legacy based on innovation and pushing the
right boundaries.

I’m sure you are aware that Apple Music will be offering a free 3 month trial to
anyone who signs up for the service. I’m not sure you know that Apple Music will
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not be paying writers, producers, or artists for those three months. I find it to be
shocking, disappointing, and completely unlike this historically progressive and
generous company.

This is not about me. Thankfully I am on my fifth album and can support myself,
my band, crew, and entire management team by playing live shows. This is about
the new artist or band that has just released their first single and will not be paid for
its success. This is about the young songwriter who just got his or her first cut and
thought that the royalties from that would get them out of debt. This is about the
producer who works tirelessly to innovate and create, just like the innovators and
creators at Apple are pioneering in their field…but will not get paid for a quarter
of a year’s worth of plays on his or her songs.

These are not the complaints of a spoiled, petulant child. These are the echoed
sentiments of every artist, writer and producer in my social circles who are afraid
to speak up publicly because we admire and respect Apple so much. We simply
do not respect this particular call.

I realize that Apple is working towards a goal of paid streaming. I think that is
beautiful progress. We know how astronomically successful Apple has been and
we know that this incredible company has the money to pay artists, writers and
producers for the 3 month trial period… even if it is free for the fans trying it out.

Three months is a long time to go unpaid, and it is unfair to ask anyone to work for
nothing. I say this with love, reverence, and admiration for everything else Apple
has done. I hope that soon I can join them in the progression towards a streaming
model that seems fair to those who create this music. I think this could be the
platform that gets it right.

But I say to Apple with all due respect, it’s not too late to change this policy and
change the minds of those in the music industry who will be deeply and gravely
affected by this. We don’t ask you for free iPhones. Please don’t ask us to provide
you with our music for no compensation.

Taylor” [35]

With Apple, Taylor Swift chose a completely different approach to negotiate. First,
she decided to address Apple directly. Second, in contrast to Spotify she chose a more
friendly and respectful tone. She begins by emphasizing the value of the existing rela-
tionship (feeling about the relationship), before expressing her admiration for Apple’s
trackrecord of innovations (feeling about the self). She refers, in addition, at various
points within her open letter to the respect she has for Apple in general (feelings about
the self). In light of this respect, she was surprised of Apple’s decision not to compensate
artists during the first three months (feelings about the self). Contrary to the negotiation
with Spotify, she withdrew herself from the negotiation to some extent and stated that
she wants to give a voice to those artists who will be affected most by Apple’s ideas. In
doing so, she protected once more the existing relationship with Apple.

Taylor Swift also acknowledged the legitimacy of Apple’s instrumental interest in
establishing a streaming service (feelings about the instrumental outcomes) but reminded
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Apple that art possesses a certain value. Taylor Swift went even so far to put Apple’s
products on par with music and therewith with her own art.

Another important difference to her approach with Spotify concerns the subjective
value element “feelings about the process”. She reminded Apple that the compensation
policy can be still changed for the better. The process was, from her point of view,
ongoing and the result not yet found. There was also no external form of deadline in her
letter to respond or reach a decision.

However, Taylor Swift and the public audience did not have to wait long for Apple’s
answer. Only a few hours later, Senior Vice President of Internet Software and Ser-
vices, Eddy Cue, responded with the following tweet: “#AppleMusic will pay artist for
streaming, even during customer’s free trial period” [36]. ToRolling Stone, he explained:
“When I woke up and read Taylor’s note, it solidified quickly that we needed a change.
[…]Music is a big part of our DNA and we always strive to make sure artists are paid for
their work” [37]. The decision to change the compensation policy, was not solely based
on Taylor Swift’s letter, but he acknowledged in a Vanity Fair article that it accelerated
the process [38]. It was also important to him to talk to Taylor Swift before any response
was released to the public (feelings about the self and the relationship). For he saw her
as an equal partner and was aware of the implications of her actions for herself [38].

In conclusion, Taylor Swift was able to influence Apple’s compensation policy. She
protected and strengthened her relationship with Apple and became a trailblazer and
important advocate for the interests of artists in the public eye as well as for her fellow
artists.

Apple was able to prevent a damage to its image. I also boosted public attention for
its product. Apple profited, in addition, from what Philip Elmer-Dewitt called the Taylor
Swift effect. Music groups dropped their resistance and added their catalogue to Apple
Music. Apple Music would, hence, have the biggest library of available songs from the
start [39].

4 Conclusion

The course and evaluation of negotiations is determined less by rationality than by
the perception of the subjective value. It is important for negotiators to feel respected,
accepted, and valued by the other negotiator (feelings about the self). The relationship
shouldbeperceived as beingvaluable (feelings about the relationship) and thenegotiation
process should be conducted in such a way that the process-related interests are taken
into account (feelings about the process). At the same time, the negotiation should lead
to an outcome where economic interests are seen to be met. When the subjective value
is not properly considered, negotiations can easily become emotional-laden and turn
to conflicts. This leads either to the failure of negotiations or to inferior, unsatisfactory
results.

When negotiations are conducted not face-to-face but on social media, negotiations
become more challenging due to the systemic risks arising from computer-mediated
negotiation characteristics in general as well as social media negotiation characteristics
in specific.

Taylor Swift’s negotiations with music streaming services on social media, are an
interesting case to illustrate the potential and risk at the same time.While the negotiations
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with Spotify escalated fast and easily, the negotiations with Apple led incredible fast to
a win-win-win result for all stakeholders.

When asked what made the difference, Taylor Swift told Vanity Fair “Apple treated
me like I was a voice of a creative community that they actually cared about. […] And
I found it really ironic that the multi-billion-dollar company reacted to criticism with
humility, and the start-upwith no cash flow reacted to criticism like a corporatemachine”
[38]. It took time and several trips of Daniel Ek to Taylor Swift and her team to establish
a relationship based on mutual trust. Only then was an agreement possible.

Learning from the Taylor Swift case, negotiators should consider carefully whether
to conduct negotiations on social media or not. In most cases, the risk of escalation
is high. For that reason, negotiators should be aware of the pitfalls of social media as
negotiation medium and begin the negotiation with an appropriate strategy and toolbox
in place. Only then, they can create and claim value in negotiations while establishing a
valuable relationship.
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Abstract. Encountering or engaging in risky online behavior is an inherent aspect
of being an online user. In particular, youth are vulnerable to such risky behavior,
making it important to know how they understand and think about this risk-taking
behavior. Similarly, with parents being some of the first and most prominent influ-
encers onyouth’s online knowledge andbehavior, it is important to knowabout par-
ents’ understanding and how they attempt to protect and influence their children’s
knowledge and behavior. In this qualitative study, we conducted semi-structured
interviews with 40 youth/parent dyads with youth in 3rd-12th grades in the United
States. The purpose of this study was to understand more about how youth think
about and engage in online risk and risk-taking behavior, and how their parents
view and attempt to influence this knowledge. We found that youth of all ages
have nuanced ideas about online risk—including viewing online risk as a source
of resilience development, growth and learning—and that these ideas are often in
contrast to how their parents view the same concept. Youth are more likely than
their parents to view online risk as context-dependent and agentive but are less
likely than their parents to think about or understand the consequences of online
risky behavior. We use these findings to discuss implications for parents, youth,
education and tool providers, and future research.

Keywords: Online Risk · Risky Online Behavior · Cybersecurity · Youth ·
Parents · Dyads

1 Introduction

Engaging in risky behavior is part of the human experience, and the rate at which
youth participate in risky behavior steadily increases in frequency as youth grow from
childhood, through adolescence, and into young adulthood [33]. Although youth risk-
taking is popularly thought of as impulsive and negative behavior, investigations of
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risk-taking suggest that it is often planned and exploratory in nature, and that learning
how to navigate risk is an important part of learning [7, 26]. In other words, youth’s
relationship with “risky behavior” is complex, and deserving of attention. As “being
online” has become a simple fact of existence for US youth, and their repertoire of
online activities only increases as they get older [2], it is important to explore how the
complexities of youth risk-taking behavior extend into the online space.

We know that youth participate in a variety of risky behaviors online (e.g. [19]), and
also that the very act of being online carries the inherent risk of exposure to inappropriate
content [12]. We also know that parents are worried about their children’s online use,
and more than nine-in-ten parents feel responsible for protecting their children from
inappropriate and risky online content [4]. The studies that help generate the above
understandings are often specific in scope, focusing, for example, on narrow age groups
(e.g. [21]), specific categories of risk like sexual exposure (e.g. [20]), or parents’ concerns
and risk-mediation efforts (e.g. [36]). While these specific investigations are valuable,
what is missing from the conversation is a broader understanding of how youth and
parents conceptualize youth online risk-taking behavior, how these conceptualizations
compare in youth/parent pairs, and how they can help inform youth education from a
family perspective.

To contribute to these broader understandings, we interviewed 40 youth/parent dyads
with youth in 3rd-12th grades to answer the following research questions:

1. How do youth define and understand online risk?
2. How do parents understand youth online risk-taking?
3. What is the alignment between youth and parent understandings of youth online

risk-taking?
4. What is the perceived role of parents in youth online risk-taking knowledge and

behavior?

2 Related Research

2.1 Youth Online Risk-Taking

Research suggests that there are two distinct differences in the internet use and risk-
taking behavior of younger children and their teenage counterparts. First, though most
young children and pre-teens have internet access, their access tends to be more limited
andmonitored than their older counterparts [28]. Second, reports of risk-taking behavior,
understandings of risk, and the types of danger and risks encountered all increase for
older youth [11].

Children and Pre-Teens. For the most part, younger children take fewer and less
extreme online risks, likely due in part to their frequently more restricted access and
use [11, 17]. However, it does not mean that younger children are immune from unsafe
experiences or takingmore dangerous risks; in a study of 1700 primary school students in
4th-6th grades, 40% of participants had experienced and felt shocked by inappropriate
content, and 7.5% of study participants reported meeting a stranger from online in
real life with 21% of that group doing so alone [30]. Encouragingly, multiple studies
show that even young children tend to be aware that risks exist, which is important
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because awareness is the first step in taking action [2]. However, this awareness of
risk is sometimes met with an incomplete understanding of what online risks are, more
specifically, or a lack of understanding of how to respond [2]. In a study of pre-teen
online practices and risk-taking in New Zealand, the 39 nine- to 12-year-old participants
reported few options responding to experienced risks, and the responses were usually
reactionary (i.e. closing inappropriate pages) versus preventative [22]. Additionally,
participants viewed some risk-laden encounters like cyberbullying as inevitable and
equally likely to happen to everyone regardless of behavior.

Unlike these youth’s assessment of risk as being inevitable and equal, the literature
suggests that exposure to risk is not randomized and equal across subpopulations. Rather,
there are characteristics that create unequal risk exposure and risk-taking behavior even
in younger youth. Across the board, younger children are at a higher risk of cyber scams
[11], and those with vulnerable off-line circumstances like family challenges, low self-
esteem, special education needs, physical disabilities, and communication disabilities
are more likely to engage in risky online behavior [11, 13]. Socio-economic status may
also influence the availability of risk-taking opportunities. In a study that examined
online risk alongside socioeconomic factors, students from the lowest-economically
ranked participating school were more likely to talk about social networking and things
like “Facebook popularity” despite only being nine and 10 years old [22]. Additionally,
although these students comprised only one fifth of the study’s sample, they reported
being online the most—which increases the amount of time available to encounter or
take risks—and represented 83% of reported Facebook contact risks, 70% of unknown
friend request reports, and two thirds of cyberbullying comments [22]. Finally, some
studies suggest that gender influences younger youth’s risk-taking exposure and behav-
ior; multiple studies suggest that even though girls are heavier users of social media,
boys display more risky behavior and girls are more inclined to practice better security
behavior [6, 11].

Teenagers. Teen risk-taking behavior looks slightly different and is more prolific than
thatofyoungerchildren.Inastudyof68teens’weeklyonlineriskbehaviorandencounters,
82%reportedexperiencingat leastone riskevent, andparticipantsaveraged three total risk
events over the course of the two-month study. Encouragingly, 87% of the risks recorded
were lowtomedium1 innature—likea friendpostinganunflatteringphotoonline—mean-
ing they posed zero orminimal long term consequences and elicited little to no emotional
response from the teen. Of these low tomedium level risks, 84%were encountered by the
youth but not sought [35]. Research also indicates that teenagers are generally aware of
what risky behaviors are, particularly when it comes to social media [37], but also tend to
downplay the severity of online risks or become desensitized to them [35].

Unsurprisingly, teens who are categorized as “high risk” offline also tend to be more
high-risk online in terms of risk-taking and risk exposure. Interviews with 8 foster fami-
lies found that foster teens—whose life experiences often leave them prone to attention-
and affection-seeking behavior—partake in risky online behaviors like meeting up with
strangers in real life and sexually explicit exchanges [5]. Similarly, teens who have low
self-esteem or self-image can sometimes encounter more risk online if they use internet
connections as a means of escape [7]. For example, if a student has fewer friends at

1 Risk level metrics/measures mentioned in this literature review reflect the language of cited
articles and are not defined by the National Institute of Standards and Technology.
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school and low self-esteem, the internet offers a space to “reinvent” oneself, which can
be a positive thing, but can also lead to risk-taking behaviors like meeting strangers
online to make new friends. Alternately, students who have positive social relationships
with parents, teachers and friends tend to carry those positive relationships online where
they engage with friends and peers and are less prone to encountering or taking risks
[7, 29]. Other forms of “high risk” behavior can be created and perpetuated by online
experiences themselves: experiencing a negative or dangerous event—particularly on
social media—can lead to PTSD symptoms, which in turn makes children vulnerable to
engaging in more risk as a coping mechanism [23].

Finally, teenagers experience internet addiction more than their younger counter-
parts, which creates more exposure to encountering or taking online risks. Specifically,
teenage boys are more likely to display addictive tendencies than girls [14], with those
addictive tendencies often revolving around high-risk activities like sexual exchanges
and violent games that increase in frequency with age [25]. While resilience has been
found to help protect teens and plays a moderating role between both online risk expo-
sure and negative impacts and addiction and risk exposure [34], resilience is deeply
intertwined with efficacy, and youth need guidance and knowledge about cybersecurity
and safety in order to develop and benefit from resilience.

2.2 The Developmental Role of Risk

Adolescent development theories have been increasingly rejecting negative stereotypes
of “impulsive” youth risk-taking, instead pointing out the developmental importance of
exploratory risk-taking behavior that results in learning and resilience [26]. Research is
beginning to make its way into examinations of youth’s online risk-taking behavior as
well [32].Wiseniewski and colleagues [34] applied adolescent risk theory—an approach
traditionally used to examine offline adolescent risk choices like substance abuse and
sexual promiscuity—in a survey of 75 teenagers’ responses to online risk exposure. The
study found that themore resilient teenagers in their studywere able to encounter “higher
levels of online risk without incurring serious, psychological harm,” and suggested that
allowing teens more freedom to explore online was an important way to develop the
resilience needed to navigate future encountered risk [34]. Other studies have similar
conclusions, finding that resilience helps create a balance between the numerous benefits
of online opportunities and the potential exposure to risky content or behavior that
inevitably arises alongside these opportunities [31], and that learning how to actively
cope with risky online situations enhances resilience and lessens the long-term effects
of experiencing online stressors [23].

Studies that examine youth’s responses to experiencing online risk also show that
such responses to risk exposure are nuanced and do often reflect resilience in the face of
encountered risk. For example, a large-scale survey of 25,101 European children aged 9–
16 found that few youthwho reported encountering risky content or interactions online—
for example, sexting or communicating with a stranger—reported that the experience
was harmful, negative or troubling [28]. Further, when those youth did encounter an
online risk, many of the youth had a range of strategies including blocking suspicious
strangers and reporting the incident online, and a majority reported knowing what to do
in the face of undesirable interactions on the internet [28].
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Finally, when thinking about resilience it is important to consider the level of risk
that leads to the promotion of resilience and agency. From a developmental perspective,
resilience is most likely to be built through the process of learning to navigating low
to medium-level risks, and is more difficult to develop in the face of repeated exposure
to extreme risk [23, 26]. Fortunately, studies suggest that a vast majority of the risks
that youth tend to encounter carry a low to medium level of risk [35], suggesting that
being free to experience and learn how to navigate online risks is actually an important
part of youth’s participation as strong and safe online users. Indeed, in these low to
medium level risk scenarios, youth reactions to encountered risk included ignoring the
situation, taking active measures to confront the situation, removing themselves from
the risky scenario, fixing the problem, and asking for help [35]. Through this process
of choosing appropriate reactions to lower-level risky scenarios, teens are able to build
positive online social skills and risk resilience which in turn equip them with the skills
needed to navigate future potentially risky scenarios.

2.3 The Role of Parents in Youth Online Behavior

Despite a resilience approach to youth online risk-taking suggesting the importance of
experiencing risk to learn and grow, youth should not be alone in their efforts. For all
youth, social relationships including friends and teachers but especially parents provide
a source of support and bear weight on risk-taking awareness and behavior [28]. Youth of
all ages report parents as an important resource in understanding andmitigating exposure
to online risk [28]. In general, younger youth tend to experience more supervision than
their teenage counterparts, and that supervision has been shown to have the potential
to positively impact youth’s online risk-taking behaviors. In a study of 1700 4th–6th
grade students’ internet use and supervision, those who reported some level of parental
oversight were more likely to know everyone they interacted with online (versus inter-
acting with strangers), and less likely to pass personal details and photos to unknown
people than students who reported no parental oversight at all [30]. Similarly, in a study
of the risks that 68 teenagers took over the course of eight weeks, only eight reported
incidents involved high-risk situations, and parents were actively involved in mediating
these high-risk incidents [35].

Finally, when it comes to parental riskmediation, theway parents choose to approach
mediation and the relationships fostered by those approaches are important. In general,
strong parent relationships have been shown to be risk-protective [10], while a lack
of strong parent relationships can increase youth’s exposure to risk and decrease their
resilience in the face of online risks [16]. Further, mediation technique matters: more
restrictive and suppressive forms of mediation (e.g. monitoring apps, access restriction)
resulting in youth being less likely to disclose their online behaviors to their parents
[18], and also being less able to learn how to develop resilience in the face of risk
[34]. Alternately, “enabling mediation” [15] and other active mediation techniques—
including interactions like asking questions, discussing, or modeling practices—have
positive and resilience-building impacts on youth [24].
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3 Methods

To understand how youth and parents define and understand youth online risk-taking,
we conducted semi-structured interviews with 40 youth/parent dyads in spring 2021.

3.1 Recruitment and Participants

This studywas approved by the Institutional ReviewBoard (IRB) of (blinded for review).
A contracting research firm recruited 40 youth/parent dyads using a preexisting user
database. These dyads included four youth from each grade from 3rd through 12th and
one of their parents. The youth participants ranged in age from eight to 18, with 21
identifying as male and 19 identifying as female. The parent participants ranged in age
from31 to 59,with 35 identifying as female and five identifying asmale. For the purposes
of data collection and analysis, dyads were sorted by youth grade into three categories:
elementary school (ES; 3rd through 5th grades), middle school (MS; 6th through 8th

grades), and high school (HS; 9th through 12th grades). In total, there were 12 ES dyads,
12 MS dyads, and 16 HS dyads.

3.2 Instruments

Data were collected using a pre-interview questionnaire and a semi-structured inter-
view. The two instruments were designed to be mutually inclusive. The questionnaire
collected demographic data, basic definitions, and positions about risky online behaviors
and served as a pre-thinking exercise for participants for the interview. The interviews
were curated to allow participants to expand upon and discuss their answers from the
questionnaire.

The questionnaires were scaffolded to appropriately suit participants’ age and role,
resulting in three versions: one for youth participants in grades 3–5, one for youth
participants in grades 6–12, and one for parent participants. The twoyouth questionnaires
were identical in question number and content, with the only differences being the re-
phrasing of questions and response options in age-appropriate language. The youth
questionnaires included questions about demographic information; general technology
use; and online risk. The parent questionnaire consisted of the same topics but was longer
because parents were asked about both themselves and their children.

The semi-structured interview protocols were similarly scaffolded to appropriately
suit participants’ ages and roles. A semi-structured interview format was chosen for
this study because of the afforded ability to both predictably discuss common topics
with each participant, while also acknowledging that the variety of participants’ knowl-
edges and experiences surrounding online privacy, security, and risk would require some
flexibility in the nature of follow-up questions and discussion 1. The two youth inter-
view protocols were identical in scope, sequence, and content, with the only differences
being attributable to adjustments for age-appropriate language or question phrasing.
Youth participants were asked anchor questions about their knowledge of and behavior
surrounding online risk, and parent participants were asked anchor questions about both
their own knowledge of online risk as well as how they view their child’s knowledge
and behavior surrounding online risk.
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Two members of the research team—one quantitative expert and one qualitative
expert—created an initial draft of the questionnaires and semi-structured interview pro-
tocol tools using the research questions and extant literature as a guide. From there,
the content and quality of both data collection tools were refined over the course of an
iterative four step process. First, a survey expert evaluated the questionnaire tool and
provided feedback on the formation of the questions, clarity, and response options. Sec-
ond, research colleagues and four K-12 teachers evaluated the content of both tools and
provided feedback on the phrasing of questions in both tools considering the audiences,
as well as the alignment of the questions with the research questions. Third, two mem-
bers of the research team used a talk-aloud protocol to conduct cognitive interviews
of both tools with three youth (one elementary schooler, one middle schooler, and one
high schooler). Finally, the tools and data collection procedure were piloted with three
youth/parent dyads 8. After each iteration of review, both the questionnaire and inter-
view tools were revised by the researchers based on comments, feedback, and youth
responses/behavior during the cognitive interviews and pilots.

3.3 Procedure

All data collection occurred remotely over Zoom2 and was audio-recorded for tran-
scription. The youth/parent dyads signed informed consent and assent forms (for youth
older than 12) and were briefed about the study together. After the briefing, the parents
and youth completed the pre-interview questionnaires and interview process separately
to reduce the chances of influencing each other’s responses. We requested that parents
complete the interview process first followed by the youth second to reduce any youth
impression that we may be talking with their parents about their (youth’s) interview
responses. All dyads agreed to this structure except two, who swapped due to time obli-
gations. Each of the 40 data collection Zoom calls were scheduled for 90 min, and the
first author conducted all 80 interviews for consistency. Participants were compensated
for their time with cash gift cards: parents received $75 and youth received $25. All
data were collected anonymously, and the data collection process yielded 80 complete
questionnaires and 546 pages of single-spaced interview transcripts.

3.4 Data Analysis

The qualitative data analysis for this study proceeded across two cycles and contained
both inductive and deductive coding [27]. Cycle one began with the creation of a code
deckby all three researchers using the researchquestions, extant literature, pilot interview
data, and researcher memos from the interviews, and resulted in 84 first-cycle codes.
This initial code deck was used by the first and third author to code a random selection of
nine full dyad transcripts (three from each grade band) using NVivo coding software. As
this coding took place, the two researchers also used inductive codes to label findings not

2 Any mention of commercial products or reference to commercial organizations is for infor-
mation only; it does not imply recommendation or endorsement by the National Institute of
Standards and Technology nor does it imply that the products mentioned are necessarily the
best available for the purpose.
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otherwise covered in the deductive code book. The full research team thenmet to discuss
the results of the initial coding cycle, resolve any coding discrepancies, and refine the
code deck. This process was repeated two more times with different samples of three
dyad transcripts to fully refine the code deck. Once this process was complete, the first
and third author coded all 40 dyad transcripts.

After first-round coding was complete, the research teammet to discuss patterns and
themes using the research questions to frame the conversations. To fully capitalize on the
analytic possibilities of our dyadic structure, we chose a progressive analysis strategy
that involved four steps: (1) examining participants at the individual level, (2) comparing
participants within the same peer groups (youth within each grade band, then all youth,
then all parents), (3) comparing participants across peer groups (comparing all grade
bands, then all grade bands with their respective parents, then all youth with all parents),
(4) comparing pairs at the dyad level (individual youths with their parents), and finally,
(5) comparing all dyads.

4 Results

The results of this study are evidenced with direct quotes from participants and cited
with an alphanumeric identifier. In the identifiers, the “Y” or “P” indicates “youth” or
“parent,” the number is the dyad code, and the ES/MS/HS indicates whether the youth
participant of that dyad was an elementary (3rd–5th), middle (6th–8th), or high school
(9th–12th) student. For example, P04MS would be the parent of dyad number 4, whose
child is in middle school.

4.1 How Do Youth Define and Understand Online Risk?

Youth Definitions of Online Risk. Our youth participants primarily defined online risk
through the use of example. These examples included both taken (i.e., choice-based)
and encountered (i.e., external forces finding them) risks. Their risk examples fell into
7 main categories: gaming, going to suspicious websites, being hacked, interacting with
strangers, being targeted by strangers to reveal information, sharing sensitive information
with others, and social media. Youth’s provided risk examples showed no consistent
patterns across ages or grade bands with the exception of social media, which was more
frequently cited bymiddle and high schoolers. The range of these categories suggests that
youth feel like being online, in general, poses some inherent risks, and that an online
user is accepting some level of risk by engaging in common activities like gaming,
web-browsing, and using social media.

How Youth Understand Online Risk. The range of youth’s definitions and the way
they talked about risky activities revealed that youth understandings of online risk are
nuanced. Youth recognized that risk-taking is not monolithic, and that some risks are
riskier than others. For example, when asked about whether he makes risky choices
online, Y07ES explained that “I usually don’t, really. Maybe rarely, just once in a while,
but it’s usually not that big of a risk. Like maybe…my friend will just send [a Zoom
link] in Gmail or something and I could press the link…they’re not risky [risks].” Y30HS
similarly discussed the idea that online risks are varied in nature and added the element



‘They’re Not Risky’ vs ‘It Can Ruin Your Whole Life’ 537

of individual context, explaining that online risk and its consequences “depends on what
kind of person you are. If you’re a school kid, then yes [there are consequences to certain
risks], but if you’re an adult just trying to makemoney, that’s a different thing.” For these
youth, the idea of “online risk” was context-dependent and varied across situations and
people. In these ways, youth saw themselves as having agency in the risk-taking process
by deciding which risks were low-impact or worth the potential benefit, and generally
felt positively about their ability to make sound risk assessments and choices.

There were two notable factors that influenced how youth understood the “riski-
ness” of different risks, and how they determined which risks were worth taking. The
first factor was the availability of risk mitigation strategies. Youth participants named a
variety of risk mitigation strategies, including exiting suspicious-looking websites, not
responding to messages from strangers, getting help from their parents, and only post-
ing or providing certain amounts of personal information (e.g., only using a first name).
Most of these mitigation strategies were described as being reactive versus proactive in
nature. For example, Y20MS did a virus scan after accidentally clicking on a link that
took him to a website full of “not so good stuff” to “make sure that there’s nothing on
my computer.” Y33MS explained that “once I’ve seen that it says ‘insecure’ at the top,
I’ve gone immediately out of it…once it says insecure I’m out of there.” When youth
felt like they were aware of a mitigation strategy to counteract certain risks, these risks
were deemed more acceptable or less risky. This was demonstrated by Y04HS, who
admitted that “I use pirate movie sites because some of the movies I want to watch are
like $40 and I don’t want to pay $40…I know it’s risky, but I’ve been doing it for years,
and I know I’ve learned how to avoid the pop-ups by quickly closing it and [using a
monitoring app].” Youth across grade bands cited risk-taking rationales, with middle
and high school youth being more likely than their elementary counterparts to offer a
risk-taking rationale or mitigation strategy for the risks they described.

The second factor influencing youth’s thinking about risk was their understanding of
trust andwho can and cannot be trusted online. Trust emerged as an important component
of youth’s assessment of how risky certain risks are—or if certain activities were risky
at all—and their decisions about whether to make certain potentially risky choices. For
example, Y12ES clarified that “no one really that you don’t trust should know your
private information,” and Y26ES noted that “some websites you can’t trust at all.”

In terms of risk-taking reasoning, while some youth attributed risky behavior to
ignorance or stupidity, youth across ages and grade bands explained that risks were
often taken for some sort of benefit that justified the risk. These risk-taking reasons
included social benefits like making new friends and getting followers on social media,
as well as non-social benefits like receiving a reward or accessing content, or satiating a
curiosity. For example,Y21MSexplained aTikTok trend that she participated in inwhich
“there would be like 30 people inside of a group chat,” and the 30 people would make
different group chats so everyone could “just like each other’s posts and stuff to get more
likes and followers.” Y21MS noted that while such groups “could get overwhelming”
and that joining group texts with strangers was risky, she chose to participate “for the
beginning so I got the follow and the like.” Similarly, Y16ES described making a risky
choice in an online game to share an in-game reward with a stranger. She acknowledged
that “I knew it was risky because they might just leave the game…but I thought maybe
they could be telling the truth.”
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The youth in this study downplayed the consequences of risky online behavior,
articulating that many consequences either did not apply to them or could be mitigated
through a variety of strategies. This understanding often led the youth to conclude that
they were not making risky online choices. For example, when asked if they make any
risky choices online, Y11HS concluded “No. I always asked to download things…I
probably haven’t done any risky things on the computer.” Similarly, Y24HS noted that
“I try not to [take risks] just because I know the consequences, and if I’m ever involved
in one, I would just try to remove myself from it.” Some youth also implied that the
potential reward of some risks made the risk worth it, and couple of youth even went so
far as to point out that some risks have positive outcomes like meeting “a nice person”
(Y18ES) and “providing moments of failure in order to learn” (Y22HS). This idea of
positive risk-taking was eloquently summed up by Y02MS, who explained that “there’s
not just bad people on the internet, so maybe you could make a friend. Which might be
a risk, but it might be a good one to take if you ever meet that friend and they turn out
to be who they say they are and they’re nice.”

Finally, some of youth’s understandings about consequences seemed attributable
to experience bias, with many of the youth who reported making risky choices online
noting that these risky choices either did not have consequences, or had very minor
consequences that were able to be mitigated. These consequence-less risks included
everything from clicking on a presumed safe meme website from a friend that turned out
to be an inauthentic link (Y20MS), to sharing a full name and home address in a math
game chat room (Y35HS). Regardless of the reason, the youth’s comments about the
consequences of risky online behavior collectively demonstrated understandings that
either risk is not an overly worrisome threat because “nothing probably will happen
because nothing happened to me” (Y03MS), or that online risk-taking is something that
other kids do, but that “I stay pretty safe” (Y06ES).

Youth Risk-Taking Behavior. When asked if they could remember taking any risks
online or engaging in any risky behavior, the youth participants’ responses were mixed
and held no patterns based on grade range. There was a near-even split between youth
who admitted taking a risk and youth who felt like they did not take risks, and there
were no patterns in risk admissions or denials across ages or grade bands. Among youth
who described making a risky choice, a majority of the described risks were in the past
and made when the youth were younger. Examples include Y02MS who named a risk
that happened when she was in third grade, and Y35HS whose risk story began with
“when I was a small child…” All of the described risks were related to games or online
entertainment, social media, sharing personal information within games or social media,
or web browsing. Several youth spoke of their risks reflectively as points of growth.
Y39HS described the risky choice of clicking on a “fishy” link before concluding that “I
did have to click on it and learn frommymistake.” Y02MS faced no consequences from
her risky choice of secretly opening a Pinterest account in third grade, but described the
incident as “not the best choice and it made me think more about it.”

The rationales of the youth who felt that they did not take risks online varied, but,
when provided, were all connected to some sort of preventative risk mitigation strategy
that the youth had in place. These mitigation strategies included, in order of frequency:
knowing to remove themselves from a potentially risky situation or website before any
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damage could be done; getting parental permission; staying on a few known sites; and
using false information to protect personal information.

With a couple of notable exceptions—like Y35HS who shared their full name and
address online—youth participants’ defining examples, personal examples, and under-
standings about risky online behavior and its consequences were low-impact, and none
carried serious consequences. The youth in this study overwhelmingly viewed online
risk-taking behavior to be a nuanced and multi-faceted aspect of existing in the online
world. This led to the youth being risk-tolerant of the risks that they could identify, and
undeterred from participating in the online space, even when aspects of that space may
contain risk.

4.2 How Do Parents Understand Youth Online Risk-Taking, and What is
the Alignment Between Youth and Parent Understandings?

The parents in this study believed that youth their kids’ age took the following risks
online: interacting with strangers, over-sharing personal information, making poor secu-
rity choices, viewing inappropriate content, and using social media and games. While
this list topically overlaps the youth’s risk definitions, there was less alignment of stated
risks at the dyad level than at the full group level (i.e., individual youth/parent pairs
were not frequently naming the same youth risks). For example, when asked what kinds
of risks youth her daughter’s age take online, P32MS named the choice-based risk of
“downloading random things.” While this was a response echoed amongst youth partic-
ipants, it was not reflected by P32MS’s daughter, who envisioned online risk as being
interactive, and defined risky online behavior as “people you don’t knowverywell asking
for personal information.”

Parents of younger youth tended to be more worried about their kids viewing inap-
propriate content and interacting with strangers. P06ES worries that youth her son’s
age are at risk of “giving up too much information, telling a person they don’t know
where they live because they assume it’s a kid [and] a person can lure them.” P26ES
worried about her son talking to strangers on games and apps. In contrast, parents of
older youth were generally more worried about poor security choices and the long-term
consequences of over sharing on social media. For example, P11HS worried about her
son “just doing something stupid and then it’s on the internet forever and it can ruin your
whole life…when I think of risky behavior, that’s what I think of. I think of him doing
something stupid and it’s going to haunt him when he’s an adult.”

Across the board parents agreed that most youth online risk-taking was attributed
to one of four things: “not knowing what they’re clicking on [or] knowing what exactly
they’re doing” (P10ES), “a lapse of judgement” (P36HS), “the peer pressure…the
friends” (P19MS), or “their desires and things they want” (P16ES). These understand-
ings of risk-taking reasoning varied by the age of the children, with parents of elementary
school youth attributing risk-taking reasoning to ignorance, middle school parents being
the most worried about peer pressure, and high school parents finding the primary rea-
sons for risk-taking to be social positioning and lapses of judgement or foresight. Middle
and high school parents were also the most likely to conclude that “they (youth) are at
the age of risky behavior, right?” (P02MS), suggesting that encountering risk online is
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an expected outcome of being a young online user. Unlike youth participants, no par-
ents suggested that risk-taking might be beneficial or named any positive risk-taking
reasonings.

Like the youth, there was an even split between parents who believed that their kids
did not take risks online, and those thatwere sure that their kids did take risks online.Also
like the youth participants, parents who believed that their child took online risks most
commonly cited low-impact risks with only mild potential consequences like “going to
different sites…[or] getting onto Discord on different server groups (P19MS), posting
“weird pictures or little TikTok dances” (P10ES), and “befriend[ing] people who she’s
met online” (P21MS).

Though both parent and youth participant groups as a whole were evenly split on
whether or not the youth in this study were risk-takers online, this alignment did not exist
at the dyad level. Of the 19 youth who said they did not take risks online, six had a parent
that specifically named a risk their child had taken, and another two parents were sure but
did not provide examples. Similarly, 14 parents were sure their childrenwere taking risks
online, but only seven of these children agreed. Dyad 33 was an interesting example of
this potential disconnect in action. When asked if he had made any risky choices online,
Y33MS responded in the overall negative, explaining that he has “gone on riskywebsites,
but then once I’ve seen that it says insecure on the top, I’ve gone immediately out of it.”
In comparison, P33MS felt sure that her son had made unmitigated risky choices online,
describing an incident in which he and some friends were talking about another boy in
their class in a way that “could eventually lead to something that is bullying” and that
such behavior might be “use[d] against [him]” in the future. This example illustrates
discrepancies born of different ideas about what risky online behavior is: P33MS saw
risk in the possibility of future reputational damage and the shared idea across parents in
this study that “once you put it on the internet, it is there forever,” whereas Y33MS was
conceptualizing risk as something that can be avoided with a set of mitigation strategies.

4.3 What is the Perceived Role of Parents in Youth Online Risk-Taking
Knowledge and Behavior?

Ten parents and 10 youth overall named parents as a resource for support with risky
online choices and their consequences. However, only three dyads were aligned on this
point. Specifically, the parents of elementary schoolers who felt like their children were
not risk takers also frequently described themselves as risk-mitigators, though there was
little alignment in terms of what their youth were actually doing or little impact on
their or their child’s awareness of risk. For example, P22HS explained that various kids
Y22HS’s age make risky choices including things like sending “garbage texts,” but that
“I know he doesn’t…[because] I check his phone.” Y22HS, however, commented that
“I know I’ve done something stupid in terms of social media” and described giving his
number to a bot in a “click to win something” site that proceeded to send him lots of
spam texts. In this example, P22HS was attempting to mitigate through device—and
specifically text—monitoring, and felt secure about her son’s online risk-taking because
of that monitoring. In reality, however, there was evidence of risky behavior in the very
texts that she was checking, and she either did not notice it, did not check at the right
time, or did not flag the risk.
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Further, youth and parents talked about parents-as-mitigators slightly differently.
The youth who cited their parents as a risk resource noted things like “[they] (parents)
just said that I could tell them if anything happened that made me feel uncomfortable
or scared or unsafe…and were telling me if I needed a username for something what
it should be or what it should look like” (Y02MS) and “plus I have my mom, who can
also fix things for me” (Y04HS). For these and other youth who mentioned parents as a
mitigating support, parents emerged as a trustworthy place to troubleshoot outcomes of
risky choices that youthwere not able to fully dealwith on their own.One parent reflected
a similar sentiment, explaining that “completely shutting them off…I just don’t think
that’s a solution either. Because then, I’m just afraid that she will stop sharing things
with me…the channel of communication would be completely cut off’ (P18ES). Many
other parents, however, imagined themselves as risk supports through the mitigating
work of limiting access to spaces and opportunities to take risks. For example, P33MS
noted that her son “is just not going to be allowed to join social media for some time,”
and P22HS checks her son’s phone to see if he is engaging in risky behaviors. Despite
these monitoring efforts, however, parental monitoring was not related to whether youth
reported making risky choices, with youth of high-monitoring parents still reporting
making risky online choices at similar rates to their non- or less-monitored peers.

Of the 15 parents who did not think their children took risks online, five were ele-
mentary school parents. Of these five, all but one positioned themselves and their role
as mitigators or gatekeepers of safety as a rationale for their response. By contrast, the
10 middle and high school parents who felt that their children were not risk takers cited
either personality-based reasons or did not provide a rationale for their response.

Similarly, of the parents who felt like their children were risk-takers, the parents of
elementary and middle school youth referenced themselves and their roles as mitigators
in their understandings of their children’s risk-taking.

Finally, in both youth and parent understandings of parents-as-mitigators of youth
online risk-taking, the primary mitigation strategies included conversations and device
monitoring. In particular, conversations about risky choices and their consequences had
the most directly observable impact on youth’s understanding of risk and online risk-
taking. For example, P24HS described sexting as a particularly risky choice for youth her
son’s age and reported that “he and I have definitely talked about that…I told him about
[an] incident and how serious it was, and how this kid’s future is pretty much ruined
just for a stupid mistake.” This conversation was seemingly echoed when Y24HS gave
“sending inappropriate things to others…[and] sharing private pictures” as examples of
risky online choices that should be avoided. Additionally, a few youth described their
parents as “fixers” who were available in the case of emergency, like Y07ES who noted
that “my dad had to once again get rid of the virus [and] put in a new security thing”
when his online gaming led to a computer virus.

5 Discussion

Previous studies have suggested that youth do not perceive many online risks as being
particularly harmful or negative and do not frequently encounter high-risk scenarios
in their online lives [28, 35], and that youth of all ages are prepared with strategies
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to combat online risk when they do encounter it [28, 23]. Our study supported these
previous findings with 40 youth in the United States through a unique, dyadic lens that
examined broad understandings of youth risk-taking understandings from the family
perspective.

The youth participants in our study primarily named mild risks and displayed a con-
fidence in their conversations of risky online situations that—even if it was at times
misplaced—created a sense of empowerment surrounding online risk. While it is pos-
sible that the youth’s naming of few and mild risks could have been attributable to the
context of the study (i.e., youth may be uninclined to admit to engaging in risky behavior
to a relative stranger over Zoom), their named risks in general, lack of concern about
consequences, and reported use of mitigation strategies collectively point to other pos-
sibilities about how youth envision online risk. The youth displayed a real and active
understanding of risk mitigation that suggested a prevailing view of online risk-taking
as navigable, part of the process of being online, and occasionally even beneficial. Col-
lectively, these understandings suggest that youth—albeit subconsciously—approach
online risk-taking from a resilience perspective and are prepared to capitalize on risk
as an opportunity for learning and growth [26]. This holds important implications for
how we think about teaching youth about online risk, and points to the importance of
including resilience building, understandings of trust, and mitigation strategies into con-
versations about youth’s online behavior. Common across allof these learning points
is the necessity of reflection and intentional action. This necessity also points to the
importance of helping youth recognize and weigh the outcomes of different responses
to encountered risks, as well as the consequences of different risky choices so they can
make informed decisions surrounding how to respond to risky online situations.

The parents in this study were not aligned with their youth in terms of their under-
standings of risky online behavior and were more likely than their children to view risk
more simplistically as something that needs to be prevented to protect their youth from
negative consequences. This was reflected in the number of parents who used restrictive
monitoring techniques to help prevent certain risks from happening, particularly with
their younger children. Because of this disconnect, youth were most likely to learn from
their parents (if at all) when risk outcomes were negative but did not experience opportu-
nities to learn from their parents how to do risk cost/benefit analysis, or what to do when
the benefits of taking a risk might outweigh the costs. This is particularly problematic
given the youth’s views of risky choices as being agentive and, when viewed alongside
the fact that a high number of parents did not believe that their children were taking
online risks, revealed some challenges.

As a few youth and parents in this study confirmed, parents can be a valuable resource
for helping youth learn how to navigate encountering online risks [10]. This is espe-
cially true when parents practice “enabling mediation” [15] and talk with their children
about online risk, responses options, and how to navigate encountering risk online. How-
ever, the combination of restrictivemonitoring approaches—which did not demonstrably
impact youth’s risky encounters in this study and which can negatively impact youth’s
willingness to seek their parents out as supports [18]—with the amount of parentswho do
not recognize or want to admit that their children actually take risks hampers the degree
to which parents are able to serve as a guide in building their child’s risk resilience.
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This creates a situation where parents are well-positioned to help empower their chil-
dren to be more resilient and conscientious risk-takers but are unable to do so due to an
incomplete understanding of the importance of informed youth risk-taking and reflec-
tion. This points to the importance of working with parents to be more risk-tolerant,
to shift their understanding of risk to being growth-mindset in nature, and to recognize
their own potential in proactively helping their children become more risk resilient and
risk reflective as online users.

5.1 Implications

This study has implications for parents, those designing tools and education for youth
and parents, and future research. First, our study and others like it [28] show not only that
youth understand online risk as a concept, but also that they are interested in thinking
about how tomitigate it and be resilient [26] to keep themselves, their accounts, and their
devices safe online. This study also suggests, however, that youth may not always be
the best at recognizing some of their own risk-taking behavior or its consequences and
need the most support and feedback in these areas. This requires that parents adopt the
same understandings—that risk is an inevitable and even important part of youth’s online
lives, and that youth need support with navigating the potential consequences of their
choices—and approach working with their youth as risk supports. To do this, parents
might choose to re-frame online risk as a growth opportunity instead of as something
that youth will “get in trouble” for doing, and work to clearly establish themselves
as a support and conversation partner instead of a rule enforcer. Parents might also
choose to replace or supplement their device monitoring (e.g., checking cell phones
and setting use limits) with conversations and proactive feedback about different online
actions, the consequences of those actions, andwhat steps youthmight take tomitigate or
avoid those consequences. Tool providers and those who create educational and support
tools for parents should also keep these goals in mind, and design parent and family
supports that encourage conversations about risky online behavior and give feedback
about different risky choices and risk responses. Further, tool and content providers that
cater to youth could also integrate opportunities to help youth recognize, reflect on, and
choose appropriate mitigation strategies in response to various online risks into their
tools and platforms.

This study also leaves room for important future research in the online youth risk-
taking space. Our study captured youth and parent perceptions about youth online risk-
taking at a single moment in time, but also revealed that both parent and youth under-
standings about youth online risk-taking may change as youth age from young children
into young adults. This presents opportunities for meaningful longitudinal projects to
track risk understandings and self-reported behavior of dyads over time to investigate
how perceptions and youth/parent interactions about online risk develop over time, and
how these changing interactions impact youth knowledge and behavior. Additionally,
as we know that parents want and need more support in terms of helping their children
be safe online users, research examining the effectiveness of different parent and youth
education tools could provide valuable insight into how to best help parents and youth
work to support youth’s online risk understandings and behaviors.
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6 Limitations

This study had several limitations related to its methodology and procedure. First,
because of the COVID-19 pandemic, interviews for this study happened via video plat-
form. This meant that, although we requested that individual participants complete the
interview privately, there was a nonzero chance of youth/parent participants overhear-
ing and influencing each other’s responses or responding with the possibility of being
overheard by others. Further, we asked participants to self-report taken risks online—a
potentially uncomfortable or sensitive topic to discuss with a researcher via video—
which likely influenced the responses or the degree of description in the responses that
we received. Collectively, these limitations mean that it is possible that risky choices
and encountered risks were underreported. Data for this study also belong to a broader
investigation of youth and parent understandings about youth’s online privacy, security
and risk knowledge. In this greater study, the conversations about risk featured in this
paper came after conversations about online privacy and security, which could have led
to potential order effects impacting participant responses.

Second, to be eligible for this study, participants had to have access to video-capable
technology, have a parent in the home with time to participate, and be interested in
participating in a youth/parent dyadic study. By design, these sampling criteria excluded
dyadic pairs with parents who were working or otherwise busy during data collection
hours (4–9 pm) or who did not have the technological tools to participate, and included
pairs with a parent who was drawn to participate in such a study, possibly impacting the
results.

Finally, our study was limited by its cross-sectional design focusing only on parents
and youth at one point in time. This study was not longitudinal, meaning we could
compare dyads within and across age groups, but could not examine the progression
of parental influence and youth knowledge of the same dyads over time. Further, our
theoretical approach requires an understanding that youth knowledge is impacted by
a variety of factors including things like school and peers, but we only examined the
influence of parents. Each of these design limitations offer important potential directions
for future research focusing on longitudinal data and/or more holistic approaches to
understanding how a variety of factors are influencing youth at different ages.

7 Conclusion

The 40 parent-child dyad pairs in this qualitative study demonstrated a misalignment
across their understandings of risk, risk-taking behavior, and the consequences of risky
behavior online. The 3rd-12th grade youth were more likely than their parents to view
risk flexibly, agentively, and as a context-dependent concept, but demonstrated little
awareness of the consequences of online risk and were not always able to recognize
risky situations or choices they have engaged in online. Conversely, the parents were
more conscious of the consequences of youth online risk-taking behavior but were less
likely than their children to view risk as nuanced or as an opportunity for learning or
growth. In short, neither group on their own had a complete understanding of risky online
behavior and have much to learn from each other.
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Ongoing efforts to support families with nuanced understandings about risk and
risk mitigation strategies are an important next step in thinking about how to prepare
youth to be confident, resilient online users. With taking and encountering risks being
an inevitable aspect of being an online user, youth should continue to view risk-taking
as an agentive concept, but also incorporate realistic understandings about the possible
consequences of risky behavior so that they can learn tomitigate potential harmful effects
of such risky behavior. Similarly, because parents play such an active and important role
in youth online learning, parents should move towards understanding most online risk as
a learning opportunity for growth rather than something “bad” that needs to be avoided.
Overall, the more that we can help prepare parents to hold these more flexible ideas
and to have constructive conversations with their children surrounding online risk and
mitigating the consequences of risky online behavior, the more resilient youth online
users can become.
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Abstract. Evacuation alert services that send disaster information to personal
mobile devices (i.e., smartphones) are generally used during disasters. This study
addresses the expression of alerts that foster disaster awareness among individuals.
In this study, we consider the content and delivery method of disaster information
to improve awareness and ensure that users perceive it as directly said to them. For
the text content, we use the user’s operational information on the smartphone as
behavioral information to make them feel its relevance. We focus on the efficacy
of providing text through a humanoid agent and its spoken voice as the delivery
method. Three patterns are proposed each for the text content and deliverymethod.
A comparative verification experiment was conducted to verify the proposed evac-
uation alert’s effectiveness. Verification indicates that including participants’ app
browsing information in the alert and delivering the information via a humanoid
agent and voice tend to increase the perceived message’s directness and awareness
of the disaster to each person.

Keywords: Disaster prevention · Personalized alert · Disaster information ·
Humanoid agents

1 Introduction

Delayed evacuation can exacerbate human losses in a disaster. The most effective app-
roach to urge evacuation is to contact each of the evacuees directly, such as calling them,
because it raises awareness that the disaster is relevant to them. However, calling each
person during a disaster situation is difficult. One method of direct message delivery
to each individual is via their mobile devices. That is, instead of calling, we consider
information provided to mobile devices of evacuees to ensure that they perceive it as if
it were being said to them directly.

In this study, we focus on evacuation alert services that send disaster information to
personal mobile devices (i.e., smartphones) and consider the information expressions of
alerts that generate awareness of personal disaster relevancy.Given the ubiquity of smart-
phones, we anticipate being able to issue personalized alerts utilizing the data stored on
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individuals’ devices. Studies have examined how textual expressions improve evacua-
tion awareness. For example, Tanaka et al. [1] showed that using unfamiliar adverbs in
relatively concise Japanese textual expressions encouraged rapid evacuation. In another
study, textual expressions considering psychological factors were proposed, and the
effects of enhancing evacuation awareness were compared [2]. The psychological fac-
tors considered in their study were fear-arousing communication [3], majority synching
bias [4], and impatience. The studies above disregard the textual expression such that
the evacuees perceive it as if it were directly said to them.

If an alert containing text addressing the individual user is received, the users should
feel as if it were directed to them. Therefore, in this study, we consider the disas-
ter information delivery method, which identifies each individual user. We discuss the
information-providing of alerts in terms of what content should be included and how to
provide such content. As for the content, we focus on the disaster information, including
the user’s operational information on the smartphone. This information in evacuation
alerts may make people feel that the alert is relevant. In addition, the delivery method
of the message to the user is also an important factor in generating awareness of the
disaster. In this study, we examine the effect of providing the above contents through a
humanoid agent with a voice, compared to providing them as text messages. Previous
studies have demonstrated that the impression given to the message receiver is affected
by the presence of humanoid agents. For example, the study on product recommenda-
tion in online shopping showed that presenting a humanoid agent increases familiarity,
intelligence, and willingness to purchase products, compared to text-message guidance
[5]. Introducing agents as a means of information guidance may alter users’ perceptions
and behavior when providing disaster information.

Thus, we propose providing evacuation alerts, including users’ operational infor-
mation on smartphones as behavioral information via a voice of a humanoid agent. To
verify the effect of our proposal, we set three patterns, each for a behavioral information
and information delivery method, and set nine patterns of alerts by combining them.
This study shows the results of a comparative verification experiment for the nine alert
patterns.

2 Information Expressions of Evacuation Alerts

2.1 Assumed Disaster Situation and Our Previous Study

In this study, we assume a situation in which heavy rainfall may cause rivers to overflow
and flood. This situation is one in which the possibility of a disaster can be predicted,
and there is time to evacuate before the disaster occurs.

In our previous study, we considered the information expression in an area mail,
including the description of the user’s state using location and behavioral information
to identify each individual user [6]. The verification experiment results indicated that
location information encourages a sense of urgency regarding a disaster, but behavioral
information does not. The reason behavioral information is ineffective is that increasing
the specificity of the expression of the receiver’s state is difficult via area mail. Thus,
in this study, we assume that a user receives disaster information from an application
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installed on their smartphone and consider the information expressions of alerts that
generate awareness of disaster relevancy utilizing the user’s behavioral information.

2.2 Text Content of Evacuation Alerts

In our previous study, as the behavioral information, we presented “this message is for
you, who are reading it” and “this message is for you, who are reading it holding your
phone”. These expressions seem to specify the user’s state, but they represent the natural
behaviors of the user reading themessage. This behavioral informationwas not perceived
as indicative of the user. In the previous study, since we assumed the user received the
information via the area mail, we could not include more personalized information in the
evacuation alerts. Therefore, in this study, we assume the user receives evacuation alerts
from an application installed on their smartphone, which obtains information regarding
smartphone usage. As a concrete representation of the user’s state, we focus on the user’s
operational information on the smartphone. Concretely, we use the browsing information
on the video viewing application (e.g., YouTube), which is one of the most widely used
applications. The contents of the texts in this study are in the following three patterns
(Table 1):

– A) No information condition: The message does not contain information about the
user’s behavior.

– B) Reception status condition: The message gives reception status, “This message
is for you, who received it.”

– C) Browsing information condition: The message shows the user’s browsing infor-
mation. One example is “This message is for you, who are watching music videos on
YouTube.”

In the browsing information condition, the underlined words are the category names
on the videos, such as sports, animals, cooking, and music. Because we aim to examine
the influence of the specificity of the behavioral information about the user, the texts
shown in Table 1 are simple expressions without including words that intensify the
degree of danger or urgency.

Table 1. Contents provided by the application

Condition Text Content

No
information

A heavy rain warning is issued for Kusatsu city. The area near Kusatsu River is
dangerous. Please evacuate

Reception
status

This message is for you, who received it. A heavy rain warning is issued for
Kusatsu city. The area near Kusatsu River is dangerous. Please evacuate

Browsing
information

This message is for you, who are watching music videos on YouTube. A
heavy rain warning is issued for Kusatsu city. The area near Kusatsu River is
dangerous. Please evacuate
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2.3 Information-Delivery Method

Next, we consider the delivery method of the text contents above. The behavioral infor-
mation described in the previous session that directly points to the state of a user, such as
browsing information, may change the user’s perceptions and behavior when presented
as if a person directly said it. From this motivation, we examine the effect of providing
alerts via a humanoid agent with a voice, compared to providing alerts as text messages,
which wasmotivated by the fact that the presence of humanoid agents affects the impres-
sion given to the receiver of the message [5]. Therefore, introducing agents as a means
of information guidance when delivering disaster information may change receivers’
perceptions and behavior. To verify the presence of a humanoid agent and the effect of
an agent’s voice, the following three information-delivery methods are considered:

– i) Text message condition: The text-based message is shown in a callout.
– ii) Text-speaking agent condition: A humanoid agent is shown, and the message

appears in a callout.
– iii) Voice-speaking agent condition:A humanoid agent and message in a callout are

shown with a voice reading the text.

3 Content of Experiment

We examine the effect of the specificity of the behavioral information described in
Sect. 2.2 and the information presented by a humanoid agent described in Sect. 2.3 on
the effect of generating awareness that disaster is relevant to oneself. There are three
conditions for the behavioral information and three conditions for the delivery method.
Therefore, we set nine patterns of providing disaster information by combining the
behavioral information (A–C) and the presence of a humanoid agent and voice (i–iii).
The pattern of information including the behavioral information B presented with the
method i is denoted as [i-B].

3.1 Experiment Outline

In this experiment, participants were isolated in a room with a rain soundscape to com-
plete the assigned daily task. The participants watched YouTube videos as a task. They
were allowed to watch only videos designated by the experimenter from four genres:
sports, animals, cooking, andmusic videos. The designated videoswere selected because
they do not include current weather conditions or information regarding the disaster.
Therefore, they were considered to have no impact on the awareness of the disaster. The
participant received an evacuation alert while watching videos and saw the content of
the alert. After the participant confirmed it, they answered the questionnaire.

Twenty-seven university students from the authors’ university participated in this
experiment. We set the participant in nine groups and assigned five patterns to each
group. Figure 1 shows the patterns evaluated by each group. Group 1 is used as an
example to explain the assignment. The row including [i-A], [ii-A], and [iii-A] has
fixed behavioral information and varied delivery methods of information. The column
including [i-A], [i-B], and [i-C] has a fixed delivery method of information and varied
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behavioral information. Thus, each of the nine patterns was assigned to the five groups.
Each group contained three participants to ensure that each pattern was evaluated by 15
participants. The order of patterns applied for a participant was randomly determined.

3.2 Evacuation Alert System Used in the Experiment

In the experiment, we used an experimental application designed for Android devices.
The application allows an experimenter to send notifications and specified evacuation
alerts to the participant’s smartphone. When a participant tapes the alert notification
shown in Fig. 2, disaster information is presented on the device. Figure 3 shows the
information displayed on the evacuation alert application. The left of Fig. 3 is one
example of the text message condition, in which only text appears in callouts. The right
of Fig. 3 is one example of text-speaking and voice-speaking agent conditions. In the
voice-speaking condition, voice speech is also an output.

For the humanoid agent, we imitated a person in the Japan Meteorological Agency
or disaster announcers, generally recognized as people who convey disaster information
in Japan. In this study, we set a male human-like agent with a suit as a model. The voice
used in the voice-speaking agent condition was recorded by a voice actor imitating an
announcer speaking in a calm tone.

The experimenter instructed the participants to answer the questionnaire immediately
after confirming the disaster information.When the participants pressed the confirmation
button on the screen shown in Fig. 3, a screen requesting responses to the questionnaire
was displayed.

Fig. 1. Patterns of the evacuation alerts evaluated by each group
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Fig. 2. Example of the notification (The notification is written in Japanese, saying, “Announce-
ment from the Japan Meteorological Agency. Please check it.”)

Fig. 3. Left figure shows one example of the text message condition, and the right is the text-
speaking and voice-speaking agent conditions. In the callouts, some of the information defined in
Table 1 are shown. In the voice-speaking condition, voice speech is also output. What is spoken
is the same as the text in the callout.

3.3 Experimental Procedure

We first explained the flow and content of the experiment to the participant and obtained
their consent to participate in the experiment. The experimenter left the room after
explaining the experiment and confirming the start time, leaving only the participant in
the room. However, the experimenter informed the participant that they were waiting
outside the room and explained that the experiment could be interrupted at any time.
Subsequently, the participants performed the specified daily task, watching YouTube
videos, independently in a room with a rain soundscape. While the participant was
watching the videos, they received one of the evacuation alerts on their phone. The
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participant confirmed it and then completed the questionnaire. After completing the
questionnaire, they restarted watching videos.

Each participant repeated this process five times. The time interval for receiving the
alerts was set randomly at 3, 4, and 5 min each time. The experimenter manually issued
evacuation alerts and monitored the participant’s smartphone screens remotely, sending
tailored messages based on their behavior.

4 Results of the Experiment

4.1 Questionnaire Results

In this section, we present the questionnaire results and the analysis. We had 27 partici-
pants, and each alert pattern was evaluated by 15 participants. In the questionnaire, we
asked the following questions in Table 2. The participants answered each question on a
seven-point scale (1 = strongly disagree, 7 = strongly agree). Tables 3, 4, 5, 6 present
the average scores for Q1–Q4, respectively. Two-way ANOVA was conducted for the
text content and method of presentation. Table 7 shows the p-values obtained from the
analysis.

Comparing the differences in delivery methods from Table 2 in Q1, which asked
whether themessagewas directed to the participant,more positive answerswere received
in the text-speaking agent condition (ii) and the voice-speaking agent condition (iii).
Even in the text message condition (i) and the text-speaking agent condition (ii), the
browsing information condition (C), in which the behavioral information includes the
category of the watched video, had positive answers that exceeded 5. Providing more
specific behavioral information by a humanoid agent and voice enhanced the likelihood
of positive responses to Q1. The results for Q2, which asked whether the message was
relevant to the participant, were similar to Q1 and had more positive answers in the
voice-speaking agent condition (iii). Patterns [iii-A] and [ii-C] had the same score of
5.27; the scores were high when specific behavioral information was presented, even
without providing the information through a humanoid agent. The results of a two-way
ANOVA forQ1 andQ2 in Table 7 showed significant differences in both deliverymethod
and text content factors.

Table 2. Questionnaire items

Questions

Q1 Did you think this message was directed at you?

Q2 Did you think the message was relevant to you?

Q3 Did you think that the disaster was happening close to you?

Q4 Did you think you would suffer from the disaster?
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Table 3. Questionnaire results for Q1

Method of presentation Average

[i] [ii] [iii]

Text
content

[A] 3.20 3.73 5.33 4.09

[B] 3.73 4.53 5.67 4.64

[C] 5.40 5.13 6.20 5.58

Average 4.11 4.47 5.73 4.78

Table 4. Questionnaire results for Q2

Method of presentation Average

[i] [ii] [iii]

Text
content

[A] 3.40 3.73 5.27 4.13

[B] 3.60 4.40 5.60 4.53

[C] 4.93 5.27 6.13 5.44

Average 3.98 4.47 5.67 4.70

Table 5. Questionnaire results for Q3

Method of presentation Average

[i] [ii] [iii]

Text
content

[A] 3.47 3.93 4.93 4.11

[B] 3.20 3.67 5.13 4.00

[C] 3.93 4.13 5.13 4.40

Average 3.53 3.91 5.07 4.17

Table 6. Questionnaire results for Q4

Method of presentation Average

[i] [ii] [iii]

Text
content

[A] 2.73 3.40 4.33 3.49

[B] 2.73 3.13 4.53 3.47

[C] 3.67 3.73 4.60 4.00

Average 3.04 3.42 4.49 3.65
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However, some results for Q3, which askedwhether the disaster was happening close
to the participant, had scores of 4 or less. However, the voice-speaking agent condition
(iii) with the reception status condition (B) or browsing information condition (C) scored
higher than 5. The analysis in Table 7 showed that while no significant differences in
the text content factor were found, significant differences in the delivery method factor
existed. The results for Q4, which asked whether the participant would suffer from the
disaster, showed similar trends to the results for Q3, namely higher scores for the voice-
speaking agent condition (iii) and the browsing information condition (C). However, the
overall scores for Q4 were lower than those of other questions. The results of two-way
ANOVA for Q4 showed significant differences in the text content and delivery method
factors.

Table 7. Results of a two-way ANOVA

Q1 Q2 Q3 Q4

Text content 0.000** 0.000** 0.256 0.034*

Method of presentation 0.000** 0.000** 0.000** 0.000**

Text content *
Method of presentation

0.114 0.487 0.794 0.521

*:p < 0.05, **:p < 0.01t

4.2 Discussion

In the factor of the delivery method, the text-speaking agent condition and the voice-
speaking agent condition achieved high scores for all questions from Q1 to Q4. These
results suggest that providing a humanoid agent and voice information in evacuation
alerts may effectively generate awareness of the disaster’s relevancy to oneself. Notably,
the voice information increased the scores significantly. Therefore, providing audi-
tory information about evacuation alerts may strongly generate awareness of relevant
disasters.

However, in the factor of text content, the scores for Q1 and Q2 tended to increase
as the concreteness of the behavioral information increased. Still, the scores for Q3
and Q4 did not change even when the concreteness of information increased. How-
ever, expressions using browsing information, such as “This message is for you, who
are watching music videos on YouTube," consistently had high scores. Alternatively,
expressions that identified individuals effectively generated awareness of the disaster’s
relevancy to oneself.

However, the scores tended to be lower for Q3 and Q4, which asked whether the
disaster was happening close to the participant or whether they would suffer from the
disaster, compared to Q1 and Q2, which wondered whether this message was directed at
the participant. Though the evacuation alert patterns in this study appear to indicate that
the information is directed at the participants, their perception of the potential damage
to their surroundings did not significantly increase.
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5 Conclusion

In this study, we focused on evacuation alert services sending disaster information to
personal mobile devices (i.e., smartphones) and considered the information expressions
of alerts that generate awareness of the disaster’s relevancy to oneself. As alert patterns,
we considered the text content and delivery method of the alert. Concretely, the user’s
operational information on the smartphone was applied as the behavioral information.
We also considered the effect of providing the text via a humanoid agent with voice. We
conducted a comparative verification experiment on the nine patterns of evacuation alerts
combining the text contents and delivery methods. For the delivery method, the results
showed that the humanoid agent and voice information effectively generated awareness
of the disaster’s relevancy. The text contents showed that including participants’ app
browsing information in the text tended to increase the user’s awareness of the disaster’s
relevancy.
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