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Preface

“When the Mind Breaks” was the motto of the ninth biannual conference on Well-being
in the Information Society (WIS 2022). The conference topic couldn’t be timelier than
after having endured a pandemic following the COVID-19 virus outbreak. What first
seemed like an event that fostered, and even accelerated, the digital transformation in
ways almost unimaginable before, also challenged the well-being of those affected by
isolation and lack of human contact more than ever. Here, the Russian aggression against
Ukrainewith all its consequences inside and outside thewar-affected territories furthered
these tendencies even more.

We felt that the topic was relevant and academic discussion around it was much
needed; hence, it was selected as the main theme of this year’s conference, which once
again was organized by the University of Turku in cooperation with Åbo Akademi
University and Tampere University.

The submitted papers consisted of academic contributions on the topics at the
intersection of health, ICT, and society as seen from different directions and contexts.
Thanks to the international reviewers, wewere able to accept 14 papers to be presented at
the conference, which was to be held in a hybrid way allowing both remote and in-person
presentations. We are grateful for the efforts of the reviewers in identifying relevant and
topical research papers for WIS 2022.

This interdisciplinary conference shows nicely how the topic of Well-being in the
Information Society requires a thorough understanding of psychology, information
systems, medicine, societal development, and systems theory. Dealing with one of these
issues alone does not allow one to understand the complexity of the topic as a whole.
Only the combination of knowledge, understanding, and contextualization presents the
rich details of this topic. If the conference on Well-being in the Information Society
didn’t exist already, now would certainly be the time when it would be founded again.

The proceedings are structured in four sections: i) Mental Well-being and
E-Health, ii) Social Media and Well-being, iii) Innovative Solutions for Well-Being
in the Information Society, and iv) Driving Well-being in the Information Society.

The first section includes four papers reflecting the issues of mental health and
well-being through the use of information and communication technology (ICT). In the
first paper, titled “Well-Being of Hong Kong DSE Students in the Post-COVID-19 age:
Opportunities and Challenges for Mental Health Education and Promotion”, Wai Sun
Derek Chun, Siu Ho Yau, Wai Man Chan, and Ting Ting Fung discuss how the mental
health of the student population in Hong Kong, a system which is known for focusing on
examinations,was affected byCOVID-19.The secondpaper byVincent PeterC.Magboo
and Sheila A. Magboo focuses on “Important Features Associated with Depression
Prediction and Explainable AI”, whereby they analyze how artificial intelligence can
help to understand and predict being affected by depression. The third paper in this
section byDanaNaous and TobiasMettler discusses the dilemma around “Mental Health
Monitoring at Work: IoT Solutions and Privacy Concerns”, where employers try to
support their staff by monitoring for mental health issues, which raises serious concerns
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about their privacy. In the final paper of this section, PrimaPangsrisomboon,AungPyaea,
Noppasorn Thawitsri, and Supasin Liulak present the issues around mental health for
Thai students in their study titled “Design and Development of an NLP-Based Mental
Health Pre-screening Tool for Undergraduate Students in Thailand: A Usability Study”.

The second section collates three papers dealing with how social media is
increasingly affecting our society’s well-being, not least since the Cambridge Analytica
scandal has shown the vulnerability of our political systems, and the fears around
the pitfalls of social media become more and more evident. The first of these papers
is authored by Linda Achilles, Thomas Mandl, and Christa Womser-Hacker. In their
paper focused on “Thinspiration Inspired by K-pop: A Comparison of K-pop Related
Thinspiration Imagery and Texts to Regular Thinspiration Content on Tumblr”, they
explore how social media posts on Tumblr can affect eating disorders and body
dissatisfaction. The second contribution titled “Mental Health Communication on Social
Media in India: Current Status and Predictors”, by Sairaj Patki and Anika Iyer, presents
the Indian experience with mental health communication in social media and how
COVID-19 supported such communication. Aung Pyae and Shahrokh Nikou, in the
concluding paper of this section titled “Understanding University Students’ Health
Information Seeking Behaviors on Social Media During the COVID-19 Pandemic: A
Developing Country Perspective” address how social media affected university students’
health (mis-)information during the pandemic, due to lack of alternatives.

The third section provides an overview of three innovative solutions around well-
being. The first paper, “Classification of Healthcare Robots” by Rong Huang, deals with
how we can differentiate different robots in the area of health. The second contribution
reviews how the poor can use information society tools to improve their situation in a
paper titled “Digital Solutions for the Marginalised in Society: A Review of Systems
to Address Homelessness and Avenues for Further Research” by Michael Oduor. The
third paper deals with virtual reality and new ways of working, titled “Investigating
Students’ Engagement, Enjoyment, and Sociability in Virtual Reality-Based Systems:
A Comparative Usability Study of Spatial.io, Gather.town, and Zoom” and authored by
Summa Sriworapong, Aung Pyaea, Arin Thirasawasd, and Wasin Keereewan.

The fourth and last section provides an interesting insight into different approaches
to providing well-being in the information society. The first paper by Hamed Ahmadinia
deals with “A Review of Health Beliefs and Their Influence on Asylum Seekers and
Refugees’ Health-Seeking Behavior”. The second paper, by Eva Collanus, Emilia Kielo-
Viljamaa, Janne Lahtiranta, and Antti Tuomisto, is on the important topic of “Measuring
theMaturity ofHealthcare Testbeds”. The third contribution addresses “Study Structures
in the Interplay of Stress and Coping in Higher Education” and is authored by Eija-Liisa
Heikka, Pia Hurmelinna-Laukkanen, Outi Keränen, and Pia Partanen. The final paper by
Tina Long deals with the important issue of “What Drives User Engagement of Theme
Park Apps? Utilitarian, Hedonic or Social Gratifications”.

We want to express our deepest gratitude to our organizing institutions that have
constantly supported us with the conference in several ways. We also want to thank
the Finnish Foundation for Economic Education for financial support, all the authors for
contributions, and all the reviewers for their hardwork to ensure the quality ofWIS 2022.
Further, we acknowledge the support received through Horizon 2020 funding with grant
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number 857622 for the work of Robert Krimmer. Our conference management group
consisting (in addition to us) of Hongxiu Li, Chenglong Li, Maedeh Ghorbanian Zolbin,
Kaisa Mishina, Brita Somerkoski, and Tapio Vepsäläinen also deserves a big thanks.
Finally, we are grateful to Springer for again accepting our proceedings for publication.

August 2022 Robert Krimmer
Jukka Kärkkäinen

Reima Suomi
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Well-Being of Hong Kong DSE Students
in the Post-COVID-19 Age: Opportunities

and Challenges for Mental Health Education
and Promotion

Derek Wai Sun Chun1(B), Siu Ho Yau1, Wai Man Chan2, and Ting Ting Fung1

1 The Education University of Hong Kong, 10 Lo Ping Road, Tai Po, New Territories, Hong
Kong

{dwschun,shyau}@eduhk.hk
2 The Chinese University of Hong Kong, 10 Lo Ping Road, Tai Po, New Territories, Hong Kong

skywmchan@cuhk.edu.hk

Abstract. Hong Kong has been regarded as one of the strong examination-driven
systems worldwide. Under the current education system, local secondary school
students have to sit for the HongKongDiploma of Secondary Education Examina-
tion (HKDSE) at the end of Grade 12. Although the continuing assessment reform
since 2000 tried to reduce the number of high-stakes examinations for secondary
school students (from two to one at the end of the six-year secondary education),
it remained a high-stakes public examination because the examination results usu-
ally have a significant influence on learners’ future pathways, including further
education and employment. In respect of the COVID-19 pandemic since 2020,
many international public examinations have been tried to be called off, but the
Hong Kong government did persist in moving ahead with HKDSE. This aroused
criticisms about whether the government has taken students’ well-being as a top
priority because the annual survey on DSE students’ stress recorded the highest
levels in 2020, 2021 and 2022. In this paper, the positioning and myth of HKDSE
and its tie to Confucian philosophy will be examined. Students’ well-being is also
discussed regarding rescheduling the examination and the impacts on the mental
health of all DSE students, notwithstanding the challenges that can bring to any
successful outcomes. It is hoped to urge mental health education and promotion
could be carried out systematically to improve its effectiveness.

Keywords: Well-being · HKDSE students · COVID-19 · Hong Kong ·Mental
health education and promotion

1 Introduction

In light of the ‘deep-rooted cultural traditions’ of Confucian Heritage Culture (CHC),
Hong Kong has been regarded as one of the strong examination-driven systems for a
long worldwide. Under the current education system, local secondary school students
have to sit for the Hong Kong Diploma of Secondary Education Examination (HKDSE)
at the end of Grade 12. Although the continuing assessment reform since 2000 tried

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
H. Li et al. (Eds.): WIS 2022, CCIS 1626, pp. 3–22, 2022.
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to reduce the number of high-stakes examinations for secondary school students (from
two to one at the end of the six-year secondary education), it remained a high-stakes
public examination because the examination results usually have a significant influence
on learners’ future pathways, including further education and employment.

Humanity has been universally affected by theCOVID-19worldwide pandemic since
2020, and many are experiencing mental health problems stemming from the pandemic.
In particular, school closure and lesson time mode re-shifting and re-scheduling have,
in turn, influenced students’ daily routine and eating, sleeping, and exercising habits,
which may harm their learning and psychological health. Besides, many international
public examinations have been tried to be called off, but the Hong Kong government
did persist in moving ahead with HKDSE. This aroused criticisms about whether the
government has taken students’ well-being as a top priority because the annual survey
on DSE students’ stress recorded the highest level respectively in 2020, 2021 and 2022.
Since the “No health without mental health” strategy was initiated by World Health
Organization (WHO) for more than a decade, Hong Kong DSE students’ well-being is
surely worth paying much greater attention to [1].

In general, Hong Kong mental health education is embedded in the hidden cur-
riculum, practicing moral and civic education, promoting values education, and some
unorganized mental health activities in schools and initiatives in the community. The
government will provide relevant learning resources and organize student activities and
teacher professional development programmes to support schools in cultivating students’
positive thinking and resilience [2]. The Whole School Approach was encouraged to be
adopted to promote students’ mental health and enhance support for students with men-
tal health needs (including those with suicidal risk). Nevertheless, it appears ineffective
during the suspension of face-to-face classes. DSE students’ negative emotions had been
arising in the past two years from the epidemic and affecting them tomaintain a desirable
level of well-being. Therefore, the intrinsic case study method will be adopted in this
paper to examine how the high-stakes nature of HKDSE has been directly and influen-
tially hazardous to DSE students’ psychological health. It also aims to investigate how
the COVID-19 pandemic has been intensifying DSE students’ negative emotions and
stress, given that they have already been tied with poor mental health for a long. It is
hoped to urgemental health education and promotion could be carried out systematically
to improve its effectiveness.

2 Literature Review

2.1 HKDSE as a High-Stakes System and its Impact on DSE Students’ Mental
Health

High-stakes assessment and standardized tests are prominent features of globally com-
petitive educational systems. Around the world, examinations are commonly used at the
end of secondary schooling to measure academic attainment for certification, achieving
subject scores, or establishing rankings for university entrance. According to UNESCO
[3], high-stake assessment is understood as assessments with important consequences
for test-takers based on their performance. Success in the examination would benefit
students by progressing to a higher grade, a high school diploma, a scholarship, entering
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the labor market, or getting a license to practice a profession. On the other hand, failing
may result in negative consequences, such as being forced to take remedial classes or
not being able to practice a profession. As such, the high-stake examination is inevitably
associated with the problems of equity and meritocracy and normalized an essential
consequence of pressure on teachers and students to “teach to the test” [4]. UNESCO
Bangkok [5] raised their concerns about a growing culture of testing in the Asia–Pacific
region and continuous disproportionate attention placed on tests and exams because this
will oversimplify the essentials of teaching and learning and the notorious impact on the
functions of education.

HKDSE is a new public exam under the New Academic Structure (NAS) in Hong
Kong since 2012. Every senior secondary student takes the exam at the end of their third
year of Senior Secondary education. The new system is ‘standards-referenced,’ indi-
cating students’ performance will be assessed based on a pre-defined standard. There
are five levels, and each level is accompanied by descriptors that clarify what a typical
student at a given level can do [6]. The NAS consists of 6-year secondary education
proposes to offer students a longer period of secondary schooling, with the chance to
explore their abilities and interests more thoroughly than their counterparts in the old
academic structure. In the past, the Hong Kong Certificate of Education Examination
(HKCEE) served as the exit exam for secondary education within five years of school-
ing; approximately 10,000 candidates obtained zero points every year [7]. The reality
is that low achievers intend to feel disillusioned in the face of a more difficult exami-
nation at The Hong Kong Advanced Level Examination, which was formally the major
university entrance examination until the academic year 2011/2012. Under this new sys-
tem, HKDSE becomes the single examination among the whole secondary schooling
with the aims of basic competency benchmarking and university entrance screening;
academic stress for our youths has been structurally increased. Moreover, the desire for
university admission has aroused more stress. Hong Kong has been criticized for having
a low tertiary enrollment ratio, with the rate at around 18% over the last two decades
[8]. In fact, the rate has increased in recent years, but the stress on the students remained
high because the competition is still extremely keen on public-funded tertiary education.
Although government officials have initiated multiple pathways for our youths, students
within the NAS are endlessly overwhelmed by uncertainty and enormous stress.

Provided that CHC is placing great importance on the exam-driven education system,
there is a consequence thatHongKong students are spending themost prolonged learning
hours on an international study. In addition, they could not perceive a high level of life
satisfaction, sense of belonging, and motivation in their learning and reading. They also
reported a higher than average level of experiencing bullying, a higher level of loneliness,
and a higher occurrence of being unable to find a way out when facing difficulties with
a lower resilience level [9, 10]. Bhugra et al. [11] point out that the continuous passive
attitudes toward mental health are a significant barrier to connecting those in need. Hong
Kong adolescents still viewmental health with the least understanding compared to other
age groups. This insufficient awareness and acceptance of mental health among peers
make young people reluctant to seek help at the earliest possible and affects their life
outcomes and conditions. According to Save the Children [12], the drivers of mental
health hardships contain school performance, HKDSE, uncertainty about the future, and
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family relationships. The social and political turmoil and the pandemic have compounded
themental health burdens ofHongKong children and youthwhen almost 40%of primary
and secondary studentsmight have developedmental health disorders in these past years.
In a survey sampled more than 2,600 secondary school students before the pandemic in
2019,more than 50%of respondents reported symptoms of depression, 34%were unable
to stay focused, and 30%were feeling anxiety [13]. Another study reflects that pandemic
has also further led to “alarming” levels of fear, anger, self-doubt, and thoughts of death
in the Hong Kong population, with young people the worst affected, apart from social
turmoil and academic stress effects [14]. The discovery echoes Save the Children’s [12]
study that more than 60% of sample respondents indicated increased negative feelings
during school suspension. Summing up, the existing alienation of the high-stake natures
remained unchanged, which aligns with Ho’s [15] observation a long time ago that high-
stakes exams had adverse outcomes for Hong Kong students academically, emotionally,
and socially. With the increasingly detrimental effects and epidemic impacts, students’
learning performance, environment, daily life, and physical and psychological health
have also been drastically influenced. This paper hence will tend to focus on examining
the academic stress and pandemic effects rather than the longitudinal effects of the social
turmoil in 2019.

2.2 Mental Health Promotion in an Educational and Communal Settings

Mental health education was not officially stated as a formal curriculum in Hong Kong,
but some initiatives had been long in progress. Starting from the 2004/05 school year,
“UnderstandingAdolescent Project (Primary)”was launched, aiming at helping students
acquire the necessary knowledge, skills, and attitudes for facing adversities. However, it
is not directly related to mental health matters. A few years later, Healthy School Policy
(HSP) was carried out in the 2010/11 school year to encourage more schools to design
a school-based HSP by reintegrating their existing resources to develop a holistically
enjoyable and healthy school environment. It is anticipated that students could develop
healthy lifestyles, positive values, and proactive attitudes at a young age, enhancing their
resilience and immunization against adversity. Although the supportive measures seem
sufficient, all-rounded planning remains inexistent until the turning point occurs. The
Education Bureau (EDB) and the University of Hong Kong have been jointly holding
the Mindshift Educational Programme to promote the culture of positive mental health
among secondary schools. Later, during the school years of 2016/2017 to 2018/2019,
EDB cooperated with the Department of Health in holding the Joyful@School Cam-
paign. It consists of the elements of “Sharing,” “Positive Thinking” and “Enjoyment of
Life”, and the objectives were incorporated into the plan of the school curriculum, guid-
ance, and discipline work to increase students’ understanding and awareness of mental
health and significantly strengthen their coping ability for environmental changes [16].
In respect of its fruitfulness, this campaign has transferred to a stable policy initiative
called Health Promoting School (HPS) Programme starting in the 2019/20 school year,
which fosters a self-sustaining and health-enhancing learning environment for students
[17]. Participating schools will be assisted in identifying specific health priorities and
developing school-based health promotion action plans by referring to the health needs
of their students and working towards the goal of building a healthy campus. It echoes
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the World Health Organization’s agenda to strengthen the school’s capacity as a healthy
setting for living, learning and working through a concerted effort of all its members
and the community [18].

At the same time, EDB has continuously provided schools with additional profes-
sional support to cater to the learning, social, emotional, and behavioral needs of students,
such as implementing “School-based Educational Psychology Service (SBEPS),” “two
school social workers for each school” and “Student Mental Health Support Scheme”
in primary and secondary schools. Besides, the category of mental illness was also offi-
cially included in the Learning Support Grant to support students with special education
needs since the 2017/18 school year. To support teachers in providing mental health
guidance with professional skills and knowledge in schools, EDB has been organizing
several programmes, workshops, seminars, and experience-sharing sessions for primary
and secondary teachers every school year. In particular, at least one teacher and one
designated teacher from every public sector-funded mainstream school had to com-
plete the Elementary Course and the in-depth course of “the Professional Development
Programme for Mental Health” within the three years from the school year of 2017/18.

During the epidemic, the “Mental Health@School” web-
site (mentalhealth.edb.gov.hk) was created to provide appropriate resources and strate-
gies for the whole community to support students’ mental health in different ways to sus-
tain their resistance to the threat of disease (HKSAR Government, 2021). Generally, the
Whole School Approach to mental health operates in a three-tier support model, includ-
ing the Universal, Selective, and Indicated levels. Every school is continuously encour-
aged to provide mental health support for needy students. Regarding the Universal level,
diversified adventure-based, team-building, problem-solving development programmes
werewidelypromotedamongprimary and secondary schools to raise the students’ aware-
ness ofmental health and strengthen their resilience in facing challenges. At the Selective
level, itmainly provided teacherswith structuredmental-health-related educational train-
ing programs to enhance early identification and support for at-risk students. Regarding
the Indicated level, all-roundedmental health grants, schemes, and supportwere specially
provided for students with mental health needs to support them through a school-based
platform [19].

Apart from the school perspective, the government has also paid great attention
to public education on mental health promotion. The “Joyful@HK” Campaign was
regarded as territory-wide mental health promotion and publicity campaign launched
by the Department of Health in 2016. This new campaign aims to reduce the stigma
toward persons with mental health needs, making Hong Kong a mental-health-friendly
society and facilitating their reintegration into the community. The campaign seeks to
promote higher acceptance of people with mental health needs, enhance their employ-
ment opportunities, and generate economic, social, and health benefits in the longer term.
With the recurrent funding supports by the government for the ongoing mental health
promotion and public education initiative, “Shall We Talk” was the newest initiative for
mental health promotion and public education since July 2020. It aims to increase public
engagement in promoting mental well-being and reduce the stigma toward people with
mental illness [20].
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2.3 Class Suspensions and Resumptions Since Early 2020 and HKDSE
Arrangements in 2020, 2021 and 2022

After the first outbreak of COVID-19 in January 2020, the government quickly decided
to have class suspension at all levels of educational institutions till March 2020. The
Secretary for Education, Mr. Kevin Yeung Yun-hung, announced the two different plans
that the EDB and the Hong Kong Examinations and Assessment Authority (HKEAA)
considered arranging the 2020 HKDSE examination [21]. For instance, if those candi-
dates cannot take the exam, their final grade in the subject would only be determined
based on their school performance, and the maximum grade that they would obtain was
only Level 5.1 With a sharp increase in the number of confirmed cases in mid-March,
arrangement on class suspension has been prolonged on the one hand, but on the other
hand, the dates of those written examinations were postponed again from 24 April to
25 May [22]. Lots of candidates expressed dissatisfaction with the latest arrangement of
the HKDSE examination as the risk of virus transmission would be high as candidates
had to stay in indoor examination areas for long periods. Some of them reflected that
cancellation of the HKDSE examination could be a better option for the candidates,
given that the examination preparation has been heavily influenced by the outbreak of
this pandemic [23]. Fortunately, there was no report on any confirmed case related to the
HKDSE examination, and the results for the 2020 HKDSE examination were released
on 22 July 2020. With this success, the HKDSE examination was a regular practice
without any interruptions, even under the territory-wide outbreak of COVID-19.

In early August 2020, the EDB announced that all schools should suspend face-to-
face teaching upon the commencement of the new academic year 2020–21, having regard
to the epidemic situation of the COVID-19 at the time. With the subsided COVID-19
cases, schools in Hong Kong have gradually resumed face-to-face classes in two phases
on a half-day basis to minimize the risk of infection. However, class resumption did not
last long in light of anotherworsening outbreak of COVID-19, and suspension of face-to-
face classes and school activities started again in late November 2020 until the beginning
of schools’ Chinese NewYear holidays 2021 inmid-February [24]. Remarkably, schools
were given more flexibility on face-to-face classes arrangement from mid-January. Sec-
ondary schools could arrange for students of any individual level to return to school
(either in the morning or in the afternoon) to attend face-to-face classes or take examina-
tions. Thus, the number of students who could return to schools kept increasing after the
Chinese NewYear holidays because EDB announced that all kindergartens, primary and
secondary schools (including special schools and schools offering non-local curriculum)
as well as ‘tutorial schools’ would be allowed to arrange more students to return to cam-
puses on a half-day basis, with the number of students capped at one-third of the total
number of students [25]. After the completion of the HKDSE 2021 in May, all kinder-
gartens, primary and secondary schools (including special schools and schools offering a
non-local curriculum) as well as “tutorial schools” were allowed to fully resume face-to-
face classes on a half-day basis [26]. From the academic year 2021/22, all teachers and
school staff who provide on-campus services will be required to have received at least

1 Grade point conversion for Category A subjects (Elective subjects): Level 5** as 7 points, level
5* as 6 points, level 5 as 5 points, level 4 as 4 points, level 3 as 3 points, level 2 as 2 points, and
level 1 as 1 point.
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two doses of the COVID-19 vaccine to normalize the operation of half-day face-to-face
classes in the 2021/22 school year. Once schools have achieved a high vaccination rate
(70% or more), meaning teachers and school staff, and students have received two doses
of COVID-19 vaccine for more than 14 days), may arrange for whole-day face-to-face
classes [27].

Considering the 2021 and 2022 HKDSE, as the epidemic continues and keeps fluc-
tuating, on-campus teaching and activities were suspended again in early 2021. The
HKEAA and EDB made one-off contingency measures for the 2021 HKDSE to pro-
vide more flexibility for this specific cohort of students. The 2021 revised examination
timetable had been slightly compressed and shortened to 20 examination days. The start
of the written examinations of the 2021 HKDSE Category A subjects,2 were postponed
until 23 April to 18 May. Moreover, the speaking examinations in both the Chinese Lan-
guage and English languages were canceled. Due to the rescheduling of the examination,
the examination resultswere released on 21 July 2021 [28].While the fifth outbreakwave
occurred in January 2022, the EDB announced that in light of the changing COVID-19
situation, the detailed exam arrangement would be confirmed by early April, but with
the exam duration to be shortened from one month to three weeks. Every candidate
must undergo Covid-19 self-testing before their examinations; those who test positive
will not be allowed to sit the exam. Absentees may get an assessed mark from their
internal test result, but the highest score would be level 5 rather than 5**. Fortunately,
the exam commenced smoothly in mid-April, and the date of release of the examination
results remains to be July 20 [29]. The extended class suspension has severely disrupted
normal school operation in these years, adversely affecting the learning and teaching
cohort of students sitting the 2021 and 2022 HKDSE. Based on the arrangements in the
past few years, the students’ endeavors might be tantamount to getting neglected if they
are unexpectedly and unfortunately infected. The high-stakes essence of HKDSE in the
post-pandemic even further sharpens the devastating impacts on students’ prospects.

3 Existing and Potential Challenges to DSE Student’s Well-Being
and Mental Health Education and Promotion in Hong Kong

Given the great efforts paid for the last two decades in mental health education and pro-
motion, why does the well-being of the whole population keeps declining? In particular,
why does the number of suicides of the youngsters in Hong Kong keeps at a worrying
level? In addition to the COVID-19 epidemic, what are the factors causing the deterio-
ration of the well-being of the HKDSE students? What should be done for future mental
health education and promotion? The responses to these queries will be illustrated in the
following sections.

3.1 Realization of Cultural Heritage Culture: East Asian Educational Model

Hong Kong has been named one of the high-performance education systems for a long
[30, 31]. As a CHC, Hong Kong has long been dominated by test scores, textual trans-
mission, and drills [32]. Instead of tests and exams that have become “the baton directing

2 Twenty-four secondary subjects and four compulsory core subjects.
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learning and teaching,” the education reform in the early twenty-first century had tried
to incept the “new assessment culture” to advance student learning and progress for the
twenty-first century. However, the dominant powerfulness of CHC in its key features,
such as the importance of education; the high expectation for students to achieve; an
exam culture; an emphasis on personal effort; the use of repeated practice and memo-
rization, and the virtue of modesty have undermined the effects of the reform [33]. As
a result, Hong Kong has contended as one of the regions exemplified by the East Asian
Educational Model (EAEM). It is a model that [34]:

• rooted in and shaped by Confucian habitus: unconscious and ingrained worldviews,
dispositions, and habits that reflect the standards of appropriateness in a Confucian
Heritage Culture;

• aspiring high performance: a balance between academic excellence and holistic
development; and

• utilized educational harmonization: the art of bringing together different and
contradictory means and ends to achieve desired educational outcomes.

Confucian habitus is defined as unconscious and ingrained worldviews, dispositions,
and habits that reflect the standards of appropriateness in a CHC [34]. It can appear
from different angles in Hong Kong, focusing a socio-cultural emphasis on diligence in
studying, parental dependence on private tutoring, and public support for terminal exams.
In the local context, the impact of Confucian habitus and practices can be generally
displayed through the value of education, the prominence of high-stakes exams (i.e.,
Territory-wide System Assessment, Pre-Secondary One Hong Kong Attainment Test),
substantial homework, and the ubiquity of private tutoring. There is no doubt that in
CHC, the legacy of the exam system signifies the opportunity to become government
officials, so learning tends to be instrumental. Students are also more likely to acquire
the necessary skills and qualifications to conform to today’s knowledge-based economy
[35]. The high-stakes assessment reinforces the ideology that examination scores are
highly valued, and self-cultivation is suppressed. This situation can be conceptualized as
amodern formof oppression since a narrowsense of success oppresses students: to secure
a university degree, get a well-paid job and eventually reach top positions in their careers.
Private tutoring has been deemed a commodity that students can purchase to increase
their chance of “success” [31].Within this localized high-stakes environment, Yung [36]
problematized this particular oppressive education context as a source of oppression in
the education system, alongwith the demand for performativity inmainstream schooling
and the commodification of education in private tutoring.

In addition, the parents’ mindset is still heavily influenced by CHC, which empha-
sizes order, stability, hierarchy, self-discipline, and obedience [37]. With this deeply
rooted culture, the success in examinations, which are considered the fairest approach
for assessing the learning progress and the academic achievement of the students in
order to respond to the value placed by Confucian societies, is commonly considered
one of the significant ways to attain social mobility [38]. The Chinese parents always
place high expectations on their children’s academic success, so the HKDSE becomes
the unique “battlefield” that the parents are willing to pay any effort to ensure their
children could “win the battle” [39]. According to Hong Kong Research Association’s
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survey [40], the respondents’ children and youth daily spent 5 h for school, 2.2 h for
homework, 1.7 h for private tutoring, and 1.4 h for extra-curricular activities on average,
resulting in 62.2 h per week for study. Although the government estimated that the time
spent on studying among the primary and secondary school students was a bit less than
55 h [41], it was still higher than those studying in the UK. This scenario not just greatly
reduced the sleeping time of the students, which might cause an adverse effect on their
physical and mental health; insufficient leisure time could further negatively influence
the development of creativity.

Against this oppressive climate, Hong Kong students tended to adopt a surface learn-
ing approach to tackle the summative assessment mode, emphasizing memorizing the
critical learning points and mastering skills for tackling the questions to achieve good
grades in the assessment. Echoed this phenomenon, major respondents from another
study commented that they had private tutoring “to improve academic performance as
they are not good now” (37.8%), “to achieve best possible improvement on a current
good level” (25.1%), or “to take examination” (18.8%). As reported, 72% of Secondary
Six students in Hong Kong were receiving private tutoring as a better way of preparation
for the HKDSE in 2012, which was observed to be higher than the average level (63.3%)
at that time [42]. Without notable factors, this percentage was believed to be further
increased after introducing the HKDSE as some examination papers were commented
to be too difficult for Secondary Six Students. For example, the Chinese language paper
has been dubbed the “paper of death” as a significant portion of students could not get the
passing mark in the paper, which will further influence their admission to the bachelor’s
degree programme [43]. In a nutshell, CHC unwittingly becomes an enabling factor by
oppressing our DSE students to suffer a higher pressure resulting from their well-being
at an alarming level.

3.2 HKDSE Must go on in the Pandemic: Well-Being or Personal Prospects
Matter?

According to the survey conducted by a local student counseling group between 2020
to 2022, DSE students are sustainably anxious mainly due to the COVID-19 pandemic.
In 2021, more than 1,700 Form Six students rated their stress levels toward the HKDSE
reached the second-highest since it was first introduced in 2012, with an average score
of 7.6 out of 10 [44]. It was understandable that the high-stress level among Form Six
studentswas due to the insufficient time for preparation caused by the prolonged outbreak
of this pandemic. From the annual records prepared by Hok Yau Club, the average stress
scores ranged from 6.75 in 2018 to 8.10 in 2020, indicating the stress level of Form Six
students was relatively high, which deviated from the expectation. In 2022, more than
2,100 DSE students rated their stress score 7.87 out of 10, the second-highest score. Not
only around 40% of students reported perceiving “Very stressful” before a month of the
commencement of HKDSE, but 90% of students had also experienced burnout, 87%
expressed difficult concentration, and 78% said they were prone to mood swings. When
this year’s candidates have been affected by the epidemic since they were in Grade 10,
they need to face the significant uncertainties without guidance from teachers and the
support of their friends and classmates [45].
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When HKDSE became the only university entrance examination, the General
Entrance Requirements (GER) of undergraduate programmes under the NASwere set as
“3322”, which refers to a minimum level of Level 3 for Chinese Language and English
Language, and Level 2 for Mathematics and Liberal Studies. To better secure the admis-
sion to a bachelor’s degree programme funded by the University Grants Committee,
a more conservative estimation based on the past admission records was that students
should have Level 4 or better results for all four core subjects, together with Level 4 or
better result for the elective subjects. In addition, the Secondary Six Students’ Pathway
Survey revealed that 93.9% of the respondents would like to further pursue full-time
study after completion of the secondary school study and the percentage was similar to
the observation from the same study in 2019 (92.0%) [46]. Unfortunately, only 48.7% of
the respondents could continue their bachelor’s degree programme studies. The respon-
dents who took post-secondary programmes and other full-time courses were 30.1% and
20.6%, respectively. The deviation between GER and the estimated requirements and
the keen competition for university admission have driven the senior secondary students
to work hard on preparing for the HKDSE since their Grade 10 study, and their study
stress remains unchanged.

Given that aspiring to the bachelor’s degree programme is still set as the top priority
among the Secondary Six students and the GER focuses on the four core subjects, even
though some students might get excellent performance in the chosen elective subjects,
some would fail to admit to the bachelor’s degree programme as they could not fulfill the
GER on the four core subjects. Hence, this group of disadvantaged students could only
apply for the subjects underVocational andProfessional Education andTraining (VPET),
for example, the higher diploma (HD) programmes offered by the Vocational Training
Council (VTC). This mindset encourages the VPET programmes’ inferior position and
treats it as one of the transitional steps on their academic career paths. The graduates of
the VPET programmes still set their ultimate goals of obtaining degree qualifications,
but also monotonies the concept of multiple pathways [47]. In the same vein, the results
of Applied Learning (APL) subjects, which is one of the elective subjects offered in
HKDSE, are only set in three levels – “Attained,” “Attained with Distinction (I),” and
“Attained with Distinction (II),” which is comparable to Level 4 or above of the Category
A subjects of the HKDSE examination. This setting might underscore the advantages
for students to admit to the bachelor’s degree programme they want. According to the
latest registration statistics, the number of candidates registered for examination on
APL subjects (i.e., Category B subjects.3) were 3,430, accounting only for 6.58% of
the total number of candidates [48]. In sum, there are still significant gaps between
the outstanding achievements of multiple pathways; HKDSE maintained its high-stakes
nature under such a cultural context.

In contrast, while Territory-wide System Assessment.4 has been suspended in these
two years because of the volatility of the epidemic, the decision tomove towardsHKDSE
can further exaggerate its high-stakes natures, and the government is seen as unwilling
to shoulder the responsibility for prioritizing candidates’ well-being. As HKDSE has

3 Applied Learning (APL) subjects (about 40 subjects are offered).
4 It is an annual territory-level assessment to objectively assess the basic learning competencies
and learning progress of the students at different stages of learning.
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become the sole qualification examination for local university admissions, its stakes level
keeps rising as candidates view it as an examination that “determines whether they live
or die” [49]. Moreover, the consequences of canceling HKDSE may result in the only
determinants for matriculation that would rely on the performance in internal examina-
tions and the candidate’s secondary school academic record. This would give candidates
from resource-rich and prestigious secondary schools an advantage while dealing a dev-
astating blow to underprivileged students and those resitting the exam. Since HKDSE
as standardized testing can ensure ostensible fair environments and rules, it is noted
that the government officials are afraid to face the music. Undoubtedly, DSE students’
well-being is sacrificed by bureaucracy and so-called students’ prospects, proved by the
annual survey that HKDSE creates a medium level of test anxiety and negatively affects
their well-being and personal development [44, 45]. The intensification of alienation and
the myth of public exams in Hong Kong persisted.

3.3 Unsystematic and Fragmented Mental Health Education Implementation
in the Formal Curriculum

Mental health education is not on the pivotal policy agenda in the current local educa-
tional setting. As aforementioned, mental health education is incorporated mainly into
different parts of the informal curriculum to infuse the understanding and knowledge
of mental health. Little emphasis is placed on the formal curriculum in a school set-
ting. According to the secondary education curriculum guide, helping students develop
a healthy lifestyle is instigated as one of the seven learning goals of the school cur-
riculum so that they can lead a healthy lifestyle with active participation in physical
and aesthetic activities and appreciate sports and the arts [50]. In this respect, schools
must offer students learning opportunities for quality physical and aesthetic education
beyond the classroom to nurture their confidence, perseverance, and aesthetic appreci-
ation in becoming lifelong learners and facing personal and social challenges. Besides,
moral and civic education (MCE) has been promoted as one of the Four Key Tasks for
school curriculum reform. Given the school-based flexibility and arrangements echo-
ing with schools’ vision and students’ individual needs, every school should carry out
MCE through school assemblies, life education periods, class teacher periods, or life-
wide learning activities to foster students’ positive values and attitudes [2]. Apart from
MCE, elements of psychological health are covered in various subjects. For instance,
Health Management and Social Care curriculum implemented at the senior secondary
level, including “Mental disorders” and “Services for mental patients” as part of the
study units; the meaning of “life and death” is reflected in Ethics and Religious Studies
subject [51]. Even though the elements related to mental health or psychological health
are embedded in such study areas, the coverage of mental health education in formal
education is still inadequate. With its unsystematic and fragmented curriculum design,
related elective subjects are not popularly offered by mainstream secondary schools.

With the newest curriculum review in 2020 initiated by the government, the notion
of “learning time” is delineated to provide more flexibility for schools in planning
curriculum-related activities. It is designated for schools to review, reflect on and fine-
tune their whole-school curriculum plans for student learning to plan the “learning time”
of students and foster their whole-person development [52]. Furthermore, schools are
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advised to carry out appropriate measures to broaden students’ exposure and cater to
their balanced development, with due consideration given to their physical and social
developmental needs and the promotion of a healthy lifestyle.However, themental health
or psychological health issues have not been addressed concretely. Actually, with the
ongoing school curriculum renewal since 2014, each school is requested to set aside 8%
and 10–15% of its junior and senior secondary school hours, respectively (i.e., 220 h
over three years in junior form and a minimum of 250 h in senior form) for cross-
curricular teaching and learning, including values education which has to contain the
cultivation of right attitudes in personal growth, family, school, and social interaction
with life exemplars. Notwithstanding, the government has indeed infiltrated preventive
and developmental educational contents like value education into different subjects to
help students develop basic psychological literacy. Nevertheless, it helps less for mental
health education development. The core problem is not precisely about textbook teach-
ing instead of preventive and developmental element for mental health education, which
has never been considered included in the class time and teaching materials allocated
by the government.

In reality, many schools rely heavily on outsourced services to provide mental health
education and support activities based on individual school needs. The effectiveness
may vary subject to the school commitment and teachers’ intention because they need
to prepare additional materials and organize activities to meet their school needs. Early
intervention and identification will be difficult if social workers and teachers cannot
spend extra time understanding students and their family problems in a more profound
sense in the post-COVID-19 context. Although the government has adopted preventive
mental health strategies in recent years, “school-based” flexibility causes a lack of com-
prehensive policy coordination for a better outcome. The top priority for schools is to
make more efforts to remove the stigma of emotional health and mental health issues
on campus. At the same time, emotions can be divided into positive and negative types.
Understanding each emotional state and need can accurately create a peer and mutual
support environment and increase the trust among teachers, students, social workers,
counselors, and parents. If the status quo remains, the effectiveness will depend on the
school’s willingness and goodwill toward mental health issues.

4 Implication and Recommendation

Under the existing CHC context, DSE students are forced to face extreme pressure
from schools and parents, and it raises the question if they have sufficient awareness to
cope with the ensuring mental health issues. The stigmatization of mental disorders is
a social barrier that stops young people who have suicidal thoughts from seeking help.
Therefore, the community should perform the gatekeeper role in raising community
awareness and breaking down taboos to make more considerable progress in helping
our youth with mental health problems. When they can foster self-awareness and self-
care from various channels, they can learn how to accept their limitation and appreciate
themselves. Hence, it is suggested that Hong Kong should have new policy initiatives
on mental health education curriculum and tackle children and youth mental health by
a whole-of-society approach.
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4.1 New Policy Initiative in Education: Mental Health Education Curriculum

In view of the school’s weakness in over-focusing on developing positive emotions,
reacting and tackling negative emotions are also crucial to our DSE students to enhance
their resilience in overcoming challenges and stresses. In light of the general lack of
awareness of mental health among students, a ‘’Mental Health Ambassador Scheme”
should be launched to instill relevant knowledge and a more positive attitude towards
mental health. The scheme can target primary and secondary students by planning activ-
ities related to mental health, such as visiting people who have recovered from men-
tal illness and holding awareness-building activities in schools [53]. The aims are to
raise awareness of mental health among primary and secondary students, thus dispelling
myths and lowering the stigmatization of people with mental illness among the student
body. Activities can be counted as extra-curricular hours to motivate DSE students to
participate.

Ifwe start treatingmental and physical health equally, it will become the norm to have
everyday conversations about feelings and emotions. Against this backdrop, Cairns [54]
argues that overly rigid alignment of high-stakes assessment with curriculum engenders
curricula and curricular practices in COVID-19. It leads to a complete reconsideration
of the future function of standardized assessment; at least, we should try to design a
robust mental health education curriculum as a little move. It is believed that mental
health education can provide an opportunity for youth to acquire the knowledge, under-
standing, language, and confidence about their own positive or negative emotions and
help develop proper processing strategies for themselves and others. Students should be
able to seek consultation with school counselors or other clinical professionals with the
assurance of anonymity so that they can speak freely and without judgment. It is worth
providing the necessary support and training to enable teachers to teach and communi-
cate about mental health knowledge and handling skills effectively. Alongside teaching
mental health andwell-being in the curriculum, the curriculumobjective ofmental health
education is to lead students to explore the understanding of mental health, such as what
stress is and its causes, knowledge of mental health and mental disorder, and respect
for the value of life [55]. It could become a means that mental health should play an
essential role in the syllabus to enhance students’ self-awareness. The guidelines are
further suggested not to restrict the teaching methods for the curriculum and encour-
age the adoption of communicative methods (e.g., communication with professionals,
teachers, and students) and experience-sharing methods hosted by experienced patients
[56]. Schools may choose what best suits their students so they can assimilate basic
information about mental health and establish a positive sense of life value. They should
also be taught the correct attitude when handling mental illness to reduce stigmatization
and discrimination. Because of the importance of educational function, schools should
incorporate student suicide prevention strategies into their school development plan with
guidance on when and how to intervene. They are also required to help promote a com-
mon language and understanding of mental health in their community by sharing vital
tools, resources, and information with parents because parental support is empirically
proved as the most effective channel to prevent mental health.
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4.2 New Policy Initiative in Community: Localized Whole-of-Society Approach
to Manage Children and Youth Mental Health

According to The State of theWorld’s Children 2021, urgent investment is called in child
and adolescent mental health across governments, public and private sector partners to
commit, communicate and act to promote mental health for all children, adolescents,
and caregivers. It can protect those in need of help and care for the most vulnera-
ble so that the whole-of-society approach can be effectively implemented in the post-
COVID-19 era [57]. OECD [58] states that an integrated whole-of-society response
means that access to existing mental health services should be assured either in-person,
via telemedicine, or both. Increasing access to evidence-based services should be a prior-
ity. Mental health promotion programmes in schools should be included for children and
adolescents, which have been particularly disrupted. Policymakers should look further
at the implications of long-term teleservice provision on mental health. Every country
should consider scaling-up mental health support services through public medical and
social services.

In this connection, a localized whole-of-society approach to manage Hong Kong
children and youth mental health initiatives is recommended. It is a comprehensive app-
roach to ensuring how different stakeholders and social systems can cope with children
and youth mental health issues in a more effective and organized manner to maximize
the outcomes adapted from Hochlaf and Thomas [59] and Bronfbrenner [60]. In this
model, five system levels are identified below:

Individual-level (Sex, Age and Health etc.): Children and youth have a role in raising
their awareness of mental health and nurturing positive well-being. They are strongly
encouraged to be more involved in the personalized mental health management process
so that a whole-of-society approach can be started from each individual.

Microsystem (Interpersonal, school, family, and peers): Schools should proactively
become the gatekeeper of children and youth’s mental health because they are a site for
mental health education and prevention. Family and peers are the critical determinants
in protecting their mental health when the family has supposed to have a vital role
in children’s well-being. The microsystem should enhance children and adolescents’
awareness of their stress status andwell-being, nudge and influence their lifestyle choices
and career and life development. It is also vital to help children and adolescents foster
positive well-being from family, schools, and peers.

Mesosystem (Community and mass media): Communities will provide different
mental health support programmes and services and become the transited destination
if children and youth have unique mental health conditions that are hard to manage by
families and schools. Media should have regular information exchange about children
and youth mental health as parts of public education and socialization. The mesosystem
should enable to co-create a facilitating environment for stress management and sui-
cide prevention to empower children and adolescents to engage in social inclusion. It
can prevent their social withdrawal and provide mental health assessment programmes,
follow-ups, and monitoring support services closely and effectively.

Exosystem (Organizational structure, public services, neighborhoods, and profes-
sional expertise): Organizational support should be executed through accessible public
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services because it could encourage different stakeholders to increase social connected-
ness to include children and adolescents with mental disorders. Different professionals
should educate the expert insights and knowledge to deepen public understanding of
children and youth mental health and improve their support for children and youth’s
good well-being. They should proactively manage children’s and adolescents’ mental
health conditions and bring up synergy through direct communication and intervention
(i.e., public promotion and activities). Non-government organizations can become the
bridge and platform for all related stakeholders to engage in children and youth mental
health issues more keenly and fruitfully with their mediate support role. It can assist
children and adolescents in managing their stress well and providing better well-being.
Within the exosystem, it is expected that a synergic effect can be realized.

Macrosystem (Policy, attitudes, and ideologies of social culture): The government
should fund and empower various stakeholders to work on their behalf. She could also
consider revamping or setting up a young health policy framework to meet the varied
needs of children and adolescents, particularly mental health and well-being supports.
Improving the social-ecological support system for children and youth mental health
requires a comprehensive reform in different social settings (i.e., preventing destigmati-
zation and undermining CHC impacts) should be attempted to prevent their well-being
from further deterioration [61]. The macrosystem is ultimately aimed at undermining
the structural suppression of CHC in children and adolescents and destigmatizing help-
seeking action to encourage children and adolescents to manage their mental health
conditions in the soonest occasions (Diagram 1).

Diagram 1. Socio-ecological model depicting the whole-of-society approach to manage children
and youth mental health in Hong Kong (Adapted from Hochlaf and Thomas [60])
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5 Concluding Remarks

Hong Kong children and youth’s mental health are deteriorating caused by different
factors, especially among senior secondary students. The COVID-19 effects are still
not yet fully emerged, and the gatekeeper role of the schools should remain but not be
overemphasized because it should work out altogether from the society and community
by a whole-of-society approach instead. It could provide more holistic and coordinated
support to children and youth’s mental health and good well-being. The success of a
mental health support initiative can only be actualized if all sectors can hold mental
health, healthcare, social care and welfare programmes, educational settings, and local
governmental and non-governmental organizations accountable [62].

DSE, three letters that strike fear into every HongKong senior secondary student and
result in debilitating anxiety, have already drawn special attention from the community
to raise awareness of the tremendous pressure and be mindful of its dangers. Under
the long-term effect of CHC and the pandemic, the stress level of DSE students was
inevitably recorded at the highest level in the post-pandemic age. While DSE students
of the 2022 cohort are the most affected group, it is hoped that future research could
investigate how prolonged school closures, social distancing measures, and pandemics
affect their psychological health and attempt to enhance their mental health literacy
[63]. Understandably, teacher’ supports and care for students’ well-being might not be
as similar as before the pandemic. Therefore, the suggested mental health education
curriculum and whole-of-society approach initiative should be significantly considered
to address the increasing needs of HongKong senior school students’ mental well-being,
so every child and youth can become psychologically healthily literate.
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Abstract. Depression is a debilitating disease that leaves individuals persistently
feeling sad or hopeless for more than two weeks affecting more than 300 million
people globally. We applied several machine learning models with model explain-
ability to a publicly available depression dataset. Several experiments were per-
formed to assess the use of feature selection methods and technique to address
dataset imbalance on diagnostic accuracy. The top performingmodel was obtained
by logistic regression with excellent performance metrics (91% accuracy, 93%
sensitivity, 85% specificity, 93% precision, 93% F1-score and 0.78 Matthews cor-
relation coefficient). Feature importance was also generated for the best model.
Explainable artificial intelligence method using LIME was applied to help under-
stand the reasoning behind the model’s classification of depression leading to
better understanding of physicians, thus demonstrating its use in clinical practice.

Keywords: Depression prediction ·Machine learning · Feature selection ·
Feature importance · LIME

1 Introduction

Depression, characterized by persistent sadness and a loss of interest in activities a person
normally enjoys or accompanied by the inability to do usual daily activities for at least
two weeks, is very common nowadays affecting more than 300 million people globally
[1]. It significantly affects the over-all well-being and functioning at school, family,
and workplace often leading to self-harm or even suicide. With COVID-19 pandemic,
depression has become even more pronounced as shown in the study by Rossi et al.,
indicating COVID-related stressful events to be associated with depression and anxiety
symptoms in the Italian general population [2]. Depression has also been shown to
be highly associated with numerous chronic diseases such as diabetes, heart disease
caner, stroke, and chronic obstructive pulmonary disease [3]. Prompt recognition of the
disease coupled with early professional intervention can significantly improve mental
symptoms, resolve somatic problems such as gastrointestinal problems and sleeping
disorders, thereby mitigating the negative implications for over-all well-being [4]. To
assess depression, it is crucial to determine important contributing factors to plan the
appropriate intervention. It is in this area of early diagnosis where machine learning
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(ML) can be utilized, thus enhancing the whole diagnostic process leading to institution
of the much-needed early intervention efforts and medical therapy.

Our objective is to predict depression using a variety of ML classification algorithms
namely: Logistic Regression (LR), Naive Bayes (NB), k-Nearest Neighbor (kNN), Sup-
port VectorMachine (SVM), Decision Tree (DT), Random Forest (RF), Adaptive Boost-
ing (AdaBoost), and ExtremeGradient Boosting (XGBoost) evaluated on publicly avail-
able dataset. It is also our aim to determine the important features relevant to depression
prediction and the logic employed by the classifiers to explain their prediction.

2 Literature Review

In the study by Grzenda et al. involving depressed 60 years and above, authors compared
ML classifiers - SVM,RF, and LR on sociodemographic characteristics, baseline clinical
self-reports, cognitive tests, and structural magnetic resonance imaging features to pre-
dict treatment outcomes in late-life depression [5]. RF obtained an area under receiver
operating characteristic curve (AUROC) of 0.83 while SVM and LR recorded AUROC
of 0.80 and 0.79, respectively. They also reported anterior and posterior cingulate vol-
umes, depression characteristics, and self-reported health-related quality scores as the
most important predictors of treatment response. Lin et al. [6], compared regression-
based models (LR, lasso, ridge) and RF in depression forecasting among home-based
elderly Chinese. Authors concluded that these models have good diagnostic perfor-
mance in differentiating depression versus no depression. They reported life satisfaction,
self-reported memory, cognitive ability, activities of daily living impairment to be the
major determinants. In [7], authors applied XGBoost model to classify current depres-
sion versus no lifetime depression with a 0.86 AUROC. They further concluded that
XGBoost and network analysis were useful to discover depression-related factors and
their relationships and can be applied to epidemiological studies.

Sabab Zulfiker et al., applied six ML classifiers coupled with three feature selection
methods and syntheticminority oversampling technique (SMOTE) to assess for presence
of depression [8]. Their results showed AdaBoost with SelectKBest feature selection
technique to be the best performing model with a 92.56% accuracy rate. Nemesure et al.
[9], applied a novel ensemble of MLmodels (SVM, kNN, LR, RF, XGBoost, and neural
network (NN)) to predict depression and Generalized Anxiety Disorder (GAD) with
moderate predictive performance (AUROC of 0.73 for GAD and 0.60 for depression).
Shapley Additive Explanations (SHAP) was used to generate feature importance.

Sousa et al. [10], determine predictors of depression and reported that sex, living
status, mobility, and nutritional status appear to be the important factors to be associated
with depression. They concluded that these important predictors would be crucial for
prevention and for customization of interventions. In the study byRichter et al., evaluated
several ML-based approaches that use behavioral data in the classification of depression
and other psychiatric disorders. Authors classified these studies into laboratory-based
assessments and data mining which was further divided into (a) social media usage
and movement sensors data and (b) demographic and clinical information. Authors
summarized the benefits and constraints and suggested future research directions to
develop interventions and individually tailored treatments in the future [11].
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In the study by Vincent et al. [12], they used a multilayered neural perceptron (MLP)
and experimented with the backpropagation technique to assess for depression involving
data collected from IT professionals. Authors reported that deep-MLP with backprop-
agation outperforms other machine learning-based models for effective classification
of depression with a 98.8% accuracy. Jan et al., reviewed several ML algorithms for
diagnosis of bipolar disorders [13]. Their survey identified 18 classification models, five
regression models, two model-based clustering methods, one natural language process-
ing, one clustering algorithms and three deep learning -based models. Magnetic reso-
nance imaging dataweremostly used for classifying bipolar patients whereasmicroarray
expression data sets and genomic data were the least commonly used.

3 Methodology

In our research, the first step is the loading of the dataset. This is to be followed by
pre-processing steps which include data cleaning, dataset normalization, feature selec-
tion techniques to select important predictors, and addressing data imbalance. We then
applied variousML algorithms followed by assessment of their performance using accu-
racy, precision, sensitivity/recall, specificity, F1-scores, andMatthews correlation coeffi-
cient. Feature importance and AI explainability assessment were also done. The pipeline
for this study is seen in Fig. 1.

Fig. 1. Machine learning pipeline for depression prediction

3.1 Dataset Description

We used a publicly available depression dataset from github [14]. The dataset contains
604 instances involving 455:149male–female sex ratio, with 30 predictor variables and 1
target variable (depressed or not) based on Burns Depression Checklist. The description
of these attributes is shown in Table 1.
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Table 1. Description of attributes of depression

Attribute Attribute

Age in years (AGERNG) Physical Exercise (PHYEX) Felt Cheated (CHEAT)

Gender Smoker (SMOKE) Faced threat (THREAT)

Educational Attainment (EDU) Alcohol Drinker (DRINK) Felt Abused (ABUSED)

Profession (PROF) With Illness (ILLNESS) Lost someone (LOST)

Marital Status (MARSTS) Has Insomnia (INSOM) Has Work/Study Pressure
(WRKPRE)

Type of Residence (RESDPL) Has Eating disorder
(EATDIS)

Inferiority Complex
(INFER)

Lives with Family or not
(LIVWTH)

Average sleep hours
(AVGSLP)

Suicidal thoughts
(SUICIDE)

Satisfied with Environment or
not (ENVSAT)

Taking Prescribed Med
(PREMED)

In Conflict with Family or
Friends (CONFLICT)

Satisfied with current position or
achievements or not (POSSAT)

Ave hours in social network
(TSSN)

Depressed

Financial stress (FINSTR) Feels anxiety (ANXI)

Had Debt (DEBT) Feels deprived (DEPRI)

3.2 Pre-processing Steps

Pre-processing methods were applied to the dataset in preparation for ML training.
There were no missing values but there were 10 duplicate records which were promptly
removed. It also shows mild data imbalance with 391 (65.82%) with depression and 203
(34.18%) without depression. We performed data encoding for the attributes and feature
scaling with normalization using the StandardScaler function of scikit-learn library.
All categorical predictors were dummified resulting to an increase in the number of
columns. For feature selection procedure, we applied and compared a wrapper method
using recursive feature elimination with cross validation (RFE-CV) and a filter method
using Pearson correlation. In our study, we used a threshold correlation with the target
variable of> 0.20 and a correlation between predictors of less than 0.80. As the dataset
is imbalanced, we applied SyntheticMinority Over-sampling TEchnique (SMOTE). The
correlation heatmap is seen in Fig. 2.

3.3 Machine Learning Models

The dummified dataset was divided into 30% testing involving 179 records and 70%
training involving 415 records with tenfold cross validation. We utilized python 3.8 and
its variousmachine learning libraries (scikit-learn, keras, tensorflow, pandas,Matplotlib,
seaborn, NumPy, and LIME) in our experiment. The models tested were LR, NB, kNN,
SVM, DT, RF, AdaBoost, and XGBoost. Hyperparameter tuning was performed on each
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ML model. To determine the best performing model, Matthews correlation coefficient
(MCC) was used.

3.4 Feature Importance and Model Explainability

For the best performingmodels, we generated the feature importance scores to determine
the most important attributes relevant to depression prediction. To understand the local
behavior of the model for a single instance of a patient with or without depresssion,
we applied Local Interpretable Model-agnostic Explanations (LIME). LIME is used to
explain individual prediction of a black-box machine learning model.

Fig. 2. Correlation heatmap of predictor variables for depression

4 Results and Analysis

The performance metrics of the 8MLmodels for our dataset are shown in Table 2 where
the effects of feature selection method are assessed. LR is the best performing model
when there is no feature selection technique used as well as when Pearson correlation is
used as a feature selectionwith accuracy rates of 91% and 89%, respectively. For Pearson
correlation, a mild increase in the accuracy rate ranging from 1- 4% is seen for DT, RF,
NB, kNN and SVM while a slight decrease of 2–5% is noted for LR, AdaBoost and
XGBoost. Nonetheless, LR still remains to be the top model when Pearson correlation
method is used as a feature selection. On the other hand, the top model for the RFE-CV
feature selection is XGBoost with 85% accuracy. When RFE-CV is applied, generally
there is a decrease in accuracy ranging from 3%-7% for most of the models while the
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rest of the models (DT, NB, kNN) did not show any significant changes. Overall, after
considering the effects of feature selection, LR with no feature selection is the best
performing model as it obtained the highest MCC score at 0.78, and 91% accuracy.
Hence in this dataset, it appears that all attributes seem to be important in depression
prediction and no attributes need to be eliminated.

Table 2. Performance metrics for predicting depression – assessment of feature selection

ML Model Accuracy Precision Sensitivity Specificity F-score MCC
No Feature DT 0.82 0.91 0.81 0.83 0.85 0.61
Selection LR 0.91 0.93 0.93 0.85 0.93 0.78

RF 0.87 0.89 0.92 0.78 0.91 0.71
NB 0.84 0.95 0.82 0.92 0.88 0.69
kNN 0.83 0.99 0.76 0.98 0.86 0.70
SVM 0.87 0.88 0.93 0.75 0.91 0.70
AdaBoost 0.87 0.89 0.91 0.78 0.90 0.69
XGBoost 0.89 0.91 0.93 0.81 0.92 0.76

Pearson DT 0.83 0.82 0.95 0.58 0.88 0.59
Correlation LR 0.89 0.91 0.93 0.81 0.92 0.76

RF 0.85 0.91 0.86 0.83 0.88 0.67
NB 0.87 0.94 0.85 0.90 0.89 0.72
kNN 0.87 0.93 0.87 0.86 0.90 0.71
SVM 0.88 0.90 0.93 0.80 0.91 0.73
AdaBoost 0.83 0.89 0.85 0.80 0.87 0.63
XGBoost 0.84 0.87 0.90 0.73 0.89 0.64

RFE-CV DT 0.83 0.91 0.82 0.83 0.76 0.63
LR 0.84 0.90 0.87 0.80 0.88 0.65
RF 0.84 0.90 0.87 0.80 0.88 0.65
NB 0.84 0.90 0.86 0.80 0.88 0.64
kNN 0.83 0.89 0.85 0.80 0.87 0.63
SVM 0.83 0.91 0.82 0.83 0.86 0.63
AdaBoost 0.80 0.86 0.84 0.71 0.85 0.55
XGBoost 0.85 0.89 0.90 0.76 0.89 0.67

To address the issue of imbalance, SMOTEwas applied to the dataset. Assessment of
SMOTE for the feature selection methods is seen in Table 3. The application of SMOTE
to the dataset when there is no feature selection resulted to a decrease in the accuracy
rate with a range of 3%-18% for most models. The only model which posted a slight
increase (2%) in the accuracy is NB while there was no change for RF and AdaBoost.
Nevertheless, LR obtained the highest accuracy and MCC at 84% and 0.74 respectively.
The application of SMOTE to the dataset when Pearson correlation was used as a feature
selection generally resulted to a very small decrease in the accuracy (1%-4%) for most
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Table 3. Comparative Performance Metrics of ML Models with and without SMOTE

ML Model Accuracy Precision Sensitivity Specificity F-score MCC
No Feature
Selection 
plus 
SMOTE

DT 0.64 0.97 0.47 0.97 0.64 0.44
LR 0.88 0.92 0.91 0.83 0.91 0.74
RF 0.87 0.90 0.91 0.80 0.90 0.71
NB 0.86 0.93 0.86 0.86 0.89 0.70
kNN 0.74 0.91 0.68 0.86 0.78 0.51
SVM 0.83 0.91 0.83 0.83 0.87 0.64
AdaBoost 0.87 0.89 0.74 0.81 0.81 0.53
XGBoost 0.85 0.89 0.89 0.78 0.89 0.67

Pearson
Correlation 
plus 
SMOTE

DT 0.83 0.89 0.85 0.78 0.87 0.62
LR 0.89 0.94 0.90 0.88 0.92 0.77
RF 0.86 0.92 0.87 0.85 0.89 0.70
NB 0.85 0.94 0.83 0.90 0.88 0.70
kNN 0.86 0.95 0.83 0.92 0.89 0.71
SVM 0.85 0.91 0.86 0.83 0.88 0.70
AdaBoost 0.83 0.89 0.85 0.80 0.87 0.67
XGBoost 0.88 0.92 0.90 0.83 0.91 0.72

RFE-CV
plus 
SMOTE

DT 0.83 0.91 0.82 0.83 0.86 0.63
LR 0.84 0.90 0.86 0.80 0.88 0.64
RF 0.84 0.90 0.87 0.80 0.88 0.65
NB 0.80 0.91 0.78 0.85 0.84 0.60
kNN 0.83 0.91 0.82 0.83 0.86 0.63
SVM 0.84 0.90 0.86 0.80 0.88 0.64
AdaBoost 0.83 0.91 0.82 0.83 0.86 0.63
XGBoost 0.84 0.90 0.87 0.80 0.88 0.65

models while a small increase of 1% is seen for RF. No change in the accuracy was
noted for DT, LR and AdaBoost. For the case when SMOTE was applied for RFE-CV,
there were no significant changes in the accuracy rates across all models – a very slight
increase of 1%-3% for SVM and AdaBoost, a decrease of 1%-4% for NB and XGBoost,
while the rest of the models had no changes. Overall, LR posted the highest accuracy and
MCC at 89% and 0.76, respectively for this experiment assessing the effects of SMOTE.

Table 4 highlights the confusion matrix of the best performing models for the six
experiments (no feature selection (FS), with Pearson correlation, with RFE-CV, without
SMOTE and with SMOTE). Comparative performance of the best models is also shown
in Fig. 3. It can be deduced that the performance of the six models in the experiments
seem to be similar or comparable to each other across all metrics. This suggests that
for this particular dataset, we may or may not do feature selection method nor may or
may not apply SMOTE to address imbalance. Nonetheless, the overall best performing
model is LR without any feature selection method and with no SMOTE.
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Table 4. Confusion Matrix of the best Performing ML Models in various Experiments

LR  
(No FS, 

No SMOTE) 

LR
(With Pearson 
Correlation,  
No SMOTE)

XGBoost
(RFE-CV, 

No SMOTE)

LR
(No FS,

With 
SMOTE)

LR
(With Pearson 

Correlation, with 
SMOTE)

RF/XGBoost 
(RFE-CV, 

With SMOTE)

Actual Predicted
+      -

Predicted
+       -

Predicted
+      -

Predicted
+       -

Predicted      
+          -

Predicted
+        -

With depression
No depression

[[50      9]
[ 8    112]]

[[48      11]
[ 8     112]]

[[ 45    14]
[12   108]] 

[[49      10]
[11   109]]

[[52      7]
[12     108]]

[[47    12] 
[16   104]]

Fig. 3. Performance metrics of best models for depression prediction

The feature importance of the attributes of LR is seen in Fig. 4. The most impor-
tant features relevant to depression prediction are ANXI (feels anxiety), DEPRI (feels
deprived), POSSAT (satisfied or not with current position/achievement), INFER (infe-
riority complex) and ENVSAT (satisfied or not with environment). These features are
also in consonance with clinical assessment of depression.

For the explainable AI part of this research, we used LIME which is a technique
that approximates any black box machine learning model with a local, interpretable
model to explain each individual prediction. LIME is model agnostic hence can give
explanations for any supervised machine learningmodel. To illustrate how LIMEworks,
we randomly selected two patients the first one without depression while the second one
has depression. Let us take the case of our first patient diagnosed as having no depression
and was correctly classified by LR to be 0 or “not depressed” as illustrated in Fig. 5.
The LIME output in Fig. 5 consists of 3 parts: left, center, and right. The left shows
the classification predicted by LR which in this case is 0 or “not depressed” and with a
confidence of 90%. The center shows the features that influenced the classification. For
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this patient, LIME was able to generate the important features for LR to arrive at the
classification “no depression” and these are: patient has no anxiety (ANXI_Yes= 0), has
no inferiority complex (INFER_Yes= 0), has no suicidal thoughts (SUICIDE_Yes= 0),
has not recently lost someone close to him (LOST_YES = 0), was not in conflict with
family or friends (CONFLICT_Yes = 0), was not physically, sexually, or emotionally
abused (ABUSED_YES = 0), never felt cheated by someone recently (CHEAT_YES
= 0), and average sleep of was not 8 h (AVGSLP_8 = 0). Note that there are also
feature values that are leaning towards “depression” for this particular case which are:
not satisfied with his current position or achievements (POSSAT_YES = 0) and felt
deprived of something he deserves (DEPRI_YES = 1). However, the effects of these
two features are not enough to oppose the effects of the other features contributing to a
“no depression” classification. The rightmost part of the LIME output shows the actual
values of the first 10 most important features for this patient. LIME can be an effective
tool to explain the logic by the model to arrive at the prediction.

For the second patient who was diagnosed as “depressed”, the LIME output in Fig. 6
shows the classification predicted by LR which in this case was 1 or “depressed” and
with a confidence of 100%. The center shows the features that influenced the “depressed”
classification which are: patient is not satisfied with current position or achievements
(POSSAT_True = 0), has anxiety (ANXI_Yes = 1), felt deprived of something he
deserves (DEPRI_YES = 1), has inferiority complex (INFER_Yes = 1), and is under-
going financial stress (FINSTR_True = 1). Note that there are also values contributing
to “no depression” for this particular case which are: did not lost someone (LOST_Yes
= 0), nor felt abused (ABUSED_Yes = 0), nor cheated (CHEAT_Yes = 0), is not in
conflict with family or friends (CONFLICT_Yes= 0) nor threatened (THREAT_Yes=
0). However, the effects of these features are not enough to oppose the effects of the
features contributing to a “depression” classification. The top features that influenced
the “depression” classification for this patient is in agreement with the top features
selected by LR as most influential to a “depression” classification as seen in Fig. 3. The
explainability feature of LIME can help health professionals understand and interpret
classifier’s prediction leading to increased trust in the use of these methods.

In our study, we applied a filter method using Pearson correlation with the target
variable (presence of depression) and among predictor variables. Feature selection aims
to remove redundant features which can be expressed by other attributes and irrelevant
features which do not contribute to the performance of the model in predicting depres-
sion [15]. RFECV reduces model complexity by removing attributes one at a time until
it automatically finds an optimal number of features based on the cross-validation score
of the model [16, 17]. It is a commonly used due to its ease of use. Using the associated
feature weights, those attributes with small feature weights close to zero contribute very
little to predicting depression. But we must take note that removing a single attribute
would also lead to a change in the feature weights, which suggest that elimination of the
features should be done in a stepwise fashion. On the other hand, pairwise correlation
identifies highly correlated features and keeps only one of them to achieve predictive
power using few features as possible since highly correlated features bring no new infor-
mation to the dataset. These highly correlated features only increase model complexity,
increase the chance of overfitting, and require more computations [18, 19].
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SMOTE is an oversampling method that creates artificial minority data points within
the cluster of minority class samples in a balanced way which render it to be an effective
method in reducing negative effects of imbalance leading to increased performance [8,
20–24]. It works by utilizing a kNN algorithm to create synthetic data by first selecting
a random data from the minority (no depression) class and then kNN from the data are
set. That is, synthetic data is created between the random data and the randomly selected
kNN. As such, there is not only an increase in the number of datapoints but an increase
in its variety. However, SMOTE has its disadvantages such as sample overlapping, noise
interference and blindness of neighbor selection as well as their suitability for clinical
datasets [22, 25, 26].

Feature importance allows us to detect which features in our depression dataset have
predictive power by assigning a score to each feature based on its ability to improve
predictions and allow us to rank these features. The increase in the model prediction
error after permuting the values of that feature determines its feature importance. An
increase in the model error also increases the importance of that feature for predicting
depression, while if the accuracy of the model remains the same or slightly decreases,
then the feature is deemed unimportant for depression prediction [27–29]. However, this
method has also some disadvantages such as prohibitive computational cost and cannot
be used as a substitute for statistical inference [30].

Fig. 4. Feature importance of LR model for depression prediction

Our results are comparable with the other studies [5, 6, 9, 13] in the literature with
respect to depression prediction. Our top performing models have very good sensitivity
and specificity rates allowing the mental health professionals to use these models as
a screening tool for depression in their clinical practice. Additionally, we highlighted
the importance of utilizing LIME as an XAI tool in depression prediction. In [31],
authors have validated the use of their XAI-ASD in improving diagnostic performance
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Fig. 5. A sample of feature explainability for a correctly classified patient without depression by
logistic regression

Fig. 6. A sample of model explainability for a correctly classified patient with depression by
logistic regression

in predicting presence of depression and reported that explainability allows humans to
appropriately understand and trust the emerging AI phenomenon. It has brought the
machines closer to humans because of its capability to explain the logic behind the diag-
nosis. It needs to be emphasized that insufficient explainability and transparency in most
existing AI systems seem to be a major reason for unsuccessful implementation and
integration of AI tools in the routine clinical practice. Our findings suggest the utility
of XAI models to make a diagnosis of depression with acceptable results. The clinical
relevance of our experiment is even more highlighted with XAI models that can pro-
vide faster and with high reliability to help physicians in the screening of patients for
depression. An early accurate diagnosis leading to prompt intervention efforts is very
crucial to improve patient’s quality of life, diminished risk for developing chronic dis-
eases, improve productivity and prevention of suicide cases [5, 8, 24, 32]. This research,
thus, provided useful insights in the development of an automated models that can assist
healthcare workers in the assessment of depressive disorders.
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5 Conclusion

Depression is debilitating disease that leaves individuals persistently feeling sad or hope-
less for more than two weeks affecting more than 300 million people globally. We
applied several machine learning models with model explainability to a publicly avail-
able depression dataset. After a series of experiments to assess the effects of the use
of feature selection methods and the technique to address dataset imbalance, the best
performing model was logistic regression (LR) with a 91% accuracy, 93% sensitivity,
85% specificity, 93% recall, 93% F1-score and 0.78 Matthews correlation coefficient.
Feature importance identified the most important attributes necessary to make a depres-
sion classification are also in consonance with clinical assessment of depression. LIME
method provided tools to visualize the reasoning behind the classification of depression
by the machine learning model for better understanding of physicians. Incorporation
of XAI tools in clinical practice can further enhance the diagnostic acumen of health
professionals. The primary limitation of our research is the use of small datasets due
unavailability of large and open-source depression datasets.

Future enhancement of this study should focus on inclusion of other tools for feature
importance as well as techniques in XAI such as SHAP for better understanding of the
models by healthcare providers. Moreover, mixed type of datasets combining symptoms
with neuroimaging features seen in functional magnetic resonance imaging can also be
explored to generate more superior diagnostic accuracy. Our findings are promising and
have generated useful insights in the development of automated models that are faster
and with high reliability which can be of use to physicians in predicting depression.
Nonetheless, early intervention efforts and treatment for depression ensure the best
quality of care for our patients.
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15. Demircioğlu, A.: Measuring the bias of incorrect application of feature selection when using
cross-validation in radiomics. Insights Imaging 12, 172 (2021). https://doi.org/10.1186/s13
244-021-01115-1

16. Chang, W., Ji, X., Wang, L., Liu, H., Zhang, Y., Chen, B., Zhou, S.: A machine-learning
method of predicting vital capacity plateau value for ventilatory Pump failure based on data
mining. Healthcare 9, 1306 (2021). https://doi.org/10.3390/healthcare9101306

17. Li, D., et al.: Application of machine learning classifier to candida auris drug resistance
analysis. Frontiers in Cellular and InfectionMicrobiology 11 (2021). https://doi.org/10.3389/
fcimb.2021.742062

18. Rieta, J.J., Senan, E.M., Abunadi, I., Jadhav, M., Fati, S.M.: Score and correlation coefficient-
based feature selection for predicting heart failure diagnosis by using machine learning algo-
rithms. Computational andMathematical Methods inMedicine 2021, article 8500314 (2021).
https://doi.org/10.1155/2021/8500314

19. Magboo, V.P.C., Magboo, M.S.A.: Machine learning classifiers on breast cancer recurrences.
Procedia Computer Science 192, 2742–2752 (2021). https://doi.org/10.1016/j.procs.2021.
09.044
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Abstract. The fast-paced business environment and newwork arrangements have
elevated mental health risks, especially occupational stress and burnouts. Mental
health becomes a critical aspect for occupational safety and health in office set-
tings. Therefore, employers aim to improve employees’ well-being and safety at
the workplace through dedicated health initiatives. Internet-of-things (IoT) tech-
nology is increasingly being used for such purposes. However, its implementation
in the workplace is accompanied by privacy concerns. In this study, we aim to pro-
vide a meta-synthesis of existing IoT solutions for supporting employees’ mental
health in office settings. We classify existing studies into use cases with possi-
ble implementation options. We discuss main challenges emerging from privacy
concerns along the IoT data lifecycle. We contribute to the design of the future
workplace through emphasizing the opportunity for the connected workplace in
improving occupational health.

Keywords: IoT ·Mental health · Connected workplace ·Meta-synthesis

1 Introduction

For companies to be successful in the digital era, adapting to the ever-changing business
environment and worldwide trends is essential. This creates a fast-paced working envi-
ronment in companies undergoing digital transformation. Companies strive to provide
the optimal working conditions for their employees to be more efficient and produc-
tive. The current COVID-19 pandemic brought additional challenges and change to the
workplace. With the increased numbers of cases worldwide, companies were obliged
to shift to remote working and home-office mode. In today’s workplace, flexibility is
key. Flexible work arrangements, with respect to work schedule and location (such as
remote working or working from home), are essential today to help employees concur-
rently manage work and personal life with the increased digitalization. However, this
flexibility comes with a price: the normalized extended availability.

Tamers et al. [1] illustrated that the blurred boundaries between work and personal
life can result with constant pre-occupation with work and work-family conflicts which
increases stress. In fact, work stress and mental health are important topics when it
comes to occupational health. Not only because of the work arrangements, but also with
the increased pressure given the fast-paced business environment [2]. Schneider and
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Kokshagina [3] explained that the digital workplace creates a pressure of constant con-
nectivity and availability, which can result in technostress. Han et al. [4] explained that
work-related stress can occur when there is a poor match between people’s working abil-
ity and assigned tasks. They emphasized that heavy stress might lead to depression and
other health problems, such as cardiovascular diseases and musculoskeletal disorders,
which can affect productivity and performance.

Excessive stress has been proven to lower work efficiency and also lead to negative
emotions and illnesses [4]. People working under stress or with precarious employment
conditions are likely to smoke more, exercise less and have an unhealthy diet. More-
over, in the specific case of office workers, previous research has highlighted several
risks associated with the working behavior and environmental conditions for facility
management that can affect the employees’ mental health. While employees spend 90%
of their time indoors, the environmental conditions in the workplace critically affect
the employees’ well-being and productivity [5]. Sun et al. [6] explained that indoor air
quality has a significant impact on the person’s health, comfort, and performance. Also,
environmental conditions such as thermal comfort and noise can impact the individual’s
blood pressure and stress levels, which affects concentration and productivity [5, 7].

The World Health Organization (WHO) emphasized that the health of employees is
an essential prerequisite for economic development [8]. To address the different possible
health risks in today’s workplace, WHO urged companies to develop workplace health
initiatives that allow them to monitor employees’ health and provide the necessary ser-
vices [8]. Accordingly, employers have been continuously investing in digital solutions
and interventions to measure physical or physiological parameters such as movement,
body temperature, and heart rate, and sensor networks that enable measuring quality
parameters for ensuring the well-being of their employees and avoiding health and
safety risks [9–11].

Yassaee et al. [12] explained that the Internet-of-things (IoT) initiatives can help in
detecting and preventing root causes for certain health issues, and in mitigating health
risks. They also mentioned that introducing IoT into the workplace can help employ-
ees be more conscious about their health and proactive in terms of actions. However,
the implementation of such initiatives for mental health monitoring in the workplace
remains challenging. The use of IoT technology is always accompanied by privacy con-
cerns as it often trespasses the boundary between monitoring online and offline behavior
during work time but also outside working hours (e.g., while commuting or at home).
The use of wearable devices and sensor networks for continuously tracking and mon-
itoring employees is considered to be a major privacy concern [13, 14]. Due to the
sensitive nature of health data, many employees have serious doubts about participating
in company-sponsored (or mandated) health and well-being initiatives. Employees fear
that personal data is processed by the employer for other purposes, such as, performance
appraisals or lay-off decisions [15].

In this paper, we investigate the following question: What are existing solutions for
mental healthmonitoring at work andwhat are associated implementation challenges? In
answering this question, we aim to provide an overview of IoT implementation options
for monitoring and improving the mental health of employees in office settings. We
highlight privacy concerns associated to the collection of sensitive data and discuss
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future research avenues. Through reviewing IoT initiatives aiming at improving office
workplaces, we contribute to research in the information systems (IS) field through
theoretical knowledge on the meta-requirements for privacy-preserving IoT design in
occupational settings. For practice, we assist employers by providing an account of
existing technologies and realization options as well as outline privacy considerations
for successful implementations.

2 Research Approach

We opted for a review of existing literature to better understand the state-of-the-art
concerning IoT solutions for mental health monitoring in office environments. The IS
discipline continues to grow various applications of information technology for individ-
uals, organizations, and societies, which results in an increased need for synthesizing
this type of research to pave the path for future research and to build cumulative knowl-
edge [16]. “Meta-synthesis” is a novel method that is becoming more popular in IS
research [17]. It allows the combination of results from qualitative studies to synthesize
theoretical knowledge on a specific domain of research. Based on Siau and Long [18],
the general procedure of the meta-synthesis involves: First, selecting a group of studies
related to a defined research problem. This includes the definition of the research ques-
tion(s) and the relevant literature to be synthesized. Second, synthesizing translations of
the studies. This includes reviewing the literature, identifying relationships and patterns
within the collection of studies. Finally, expressing the overarching synthesis through
classifications or categorization to postulate or advance theoretical knowledge for fur-
ther development in a research domain. Accordingly, we perform a meta-synthesis of
the existing studies on IoT initiatives for mental health monitoring in office settings.
This approach allows us to have an overview of the domain to understand the existing
implementation scenarios and associated challenges.

3 IoT Solutions for Mental Health Monitoring

Based on our review, we were able to identify use cases with alternative implementation
options to provide an overview and support the derivation of implementation guidelines.
Table 1 presents the different studies with indications on the study purpose, devices used,
and data collected for each use case.

Emotional health monitoring is crucial for detecting occupational stress or burnouts
that can affect the health of employees and compromise the quality of work in the
long run. For that purpose, wearable devices are distributed among employees that
enable the measurement of biomedical data including heart rate and body temperature
for estimation of emotional levels. Han et al. [4], Zenonos et al. [19] and Stepanovic
et al. [20] illustrate how wearable wrist bands can help in supporting emotional health
by measuring physiological indicators for detecting stress.

Another specific use case is the monitoring of the emotional and psychological
state of employees through behavioral indicators. Fugini et al. [21] illustrate a scenario
of a sensor network linked with a video camera for capturing facial expressions and
processing posture and hand gestures as well as audio sensors for speech recognition
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to assess the employee’s state and provide suggestions for healthier habits based on the
analyzed data.

Another use case of IoT technology in the workplace for supporting mental health
monitoring is related to thermal comfort. This is necessary to have a well-suited ambient
environment that allows focusing and productive work. Rabbani and Keshav [22], van
der Valk et al. [23], and Nižetić et al. [24] all focus on measuring ambient conditions
including temperature and humidity sensors for detecting abnormalities and optimal
settings. There is also a possibility in such implementations to use wearables [23, 24]
to obtain a metabolic reaction to detected discomfort and provide insights on corrective
measures as a supporting evidence.

Finally, the “connected workplace” is a combination of the different use cases that
enable health monitoring at work. It relies on a combination of technology options
including wearables and sensor networks. Bhatia and Sood [25] and Benhamida et al.
[26] envision the connectedworkplace as a smart officewith hybrid technology involving
wearables and an inclusive sensor network to combine multiple information on the
physical, emotional and environmental conditions to promote a holistic approach to
well-being and safety atwork. Thus, allowing stress detection and environmental comfort
based on the type of data to be processed.

Table 1. Overview of studies on IoT solutions in the workplace.

Purpose Study Device Data collected

Stress detection [19] Wearables Heart rat, skin temperature,
acceleration

[4] Wearables ECG sensor: impedance
pneumography, accelerometer,
body temperature sensor,
photoplethysmography sensor

[20] Wearables Heart rate, blood oxygenation,
skin temperature, skin blood
perfusion, respiration rate,
heart rate variability, blood
pulse wave

Emotional and
psychological state

[21] Sensor network Frontal face camera, profile
face camera, speech and voice
body pose (images), hand
gestures (images)

Thermal comfort [22] Sensor network Temperature, occupancy

[24] Sensor network +
Wearables

Metabolic rate, air temperature,
relative humidity, level of
carbon dioxide

(continued)
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Table 1. (continued)

Purpose Study Device Data collected

[23] Sensor network +
Wearables

Metabolic rate, air temperature,
mean radiant temperature air
speed, humidity

Connected workplace [26] Sensor network +
Wearables

Ambient light intensity,
background noise, amount of
phone calls, computer built-in
camera (e.g., eye gaze), smart
devices

[25] Sensor network +
Wearables

Data about health (temperature,
blood pressure, heart rate, vital
signs), data about environment
(cleanliness, room temperature,
noise, oxygen level, toxic
waste), data about meals
(nutritional value, quantity),
data about movement
(pedometer, accelerometer)

4 Employees’ Privacy Concerns

Throughour analysis of the different IoT solutions in office settings for supportingmental
health at work, we were able to determine a set of challenges that employers face in their
implementation. These challenges stem from the employees’ privacy concerns related
to “big brother” work surveillance practices that aim to collect, store and process their
data [27]. This data-based management ideology can result in excessive data collection
and an illusionary sense of control [28], which ultimately leads to a climate of distrust,
fear, and cynical employee attitudes [29].

Sensitive data collection is of major concern when implementing IoT initiatives at
work. In fact, IoT generates a large volume of data and allows collecting personal data,
which is frequently not work-related. Solutions for mental health monitoring involv-
ing data collection from wearable devices, where the individual can be identified, are
considered the most critical. Data collected indicate health information that might be
problematic in certain situations and are considered private. Emotional health data on
stress levels and mood are strictly sensitive information. Therefore, employers should
pay attention to the privacy management of all the data collected from sensors used for
emotional health purposes [4, 20]. On the other hand, data about environmental condi-
tions collected from temperature or thermal sensors could be considered less problematic
[22, 23].

In addition, with the blurred lines between the use of wearable devices in private
and professional lives, the ownership of data collected remains a dilemma. Stepanovic
et al. [20] raise an important issue with the use of wearable devices, where there exist
measurements done outside of working days. In their study on work-related stress, the



42 D. Naous and T. Mettler

elimination of these data points sounds logical. While the type of data collected from
wearables (including activity data, physiolytics and location) can be considered sensitive,
entities in possession of this data have an advantage and can eventually process it in
combination with other personal data to create user profiles for different purposes –
whether occupational or commercial.

While the main purpose of IoT initiatives is supposed to improve the health and
well-being of employees, the possibility of the data misuse or being used for other pur-
poses than initially agreed upon is a matter of concern for both, employees (e.g., worried
by possible measures their employer can introduce against them) and employers (e.g.,
fearing improper re-use and data breaches of device manufacturers). Fugini et al. [21]
explain that the use of IoT technology in the workplace has the potential to capture the
employee’s behavior.Asmentioned earlier, activity trackingdata could infer certainwork
behavior not only for health purposes, including absence/presence and working time at
desk. Sensor networks can additionally be used for facial expression detection, voice
recognition, and vital signals, which can be indicators of actual and mental workloads.

Finally, these initiatives can be seen as a pathway to behavioral control through
nudging and interventions imposed on the employees who somehow lose their freedom
and do not have the choice anymore to decide on their reactions to certain events. All
these considerations becomemore andmore critical with the discussion of the connected
workplace where data is collected in an integrated manner and for the different purposes
[25, 26], as discussed previously.

5 Conclusion

Our meta-synthesis provides an overview of the currently discussed implementation
options as use cases. IoT initiatives rely on wearable devices that gather data on the
employee’s physical and emotional health status with the aim to trigger corrective behav-
ioral interventions for preventing harm and improving outcomes. Other studies rely on
sensor networks that measure ambient environmental parameters for the purpose of
increasing an employee’s comfort and well-being in the workplace. The combination of
these use cases results in a fully integrated workplace design fueled by different techno-
logical components. We discuss concerns related to employee health data privacy along
the different phases of the data lifecycle. We emphasize that companies need to take
a responsible and active role in reflecting about what is reasonable and ethical when
implementing IoT-enabled occupational health initiatives for mental health monitoring.
While we highlight different implementation options for the same purpose, we conclude
that there exist alternative designs that minimize the collection of individual data for
each use case. These options should be considered and further tested to assess their
reliability.

Our synthesis highlights the concept of the connected workplace. This concept is
worth considerationby researchers in thefieldof IoT technology as it embeds a true vision
of the future work environment in our ever-changingworld. The changingwork practices
and arrangements, as well as the new health and safety regulations accelerated by the
COVID-19 pandemic require further studies on the optimal future work environment
design. Based on the list of studies and the identified concerns, we suggest solutions that
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minimize individual data collection. Certain studies promote alternative design options
for specific design objectives that require less interactions and collection of sensitive
data. These studies suggest using IoT solutions that can be considered less intrusive and
are specific to the workplace context only. Once data is collected by the IoT device, the
employer should plan for an appropriate technical architecture that is trustworthy and
that guarantees the safety and integrity of data.

A promising technology choice was suggested by Bhatia and Sood [25] and Ben-
hamida et al. [26] for the connectedworkplace, the Fog-Cloud. It is described as a “highly
virtualized platform that provides compute, storage, and networking services between
end devices and traditional Cloud” [25]. It is specifically relevant to the IoT scenario
as it relies on edge decision mechanism, that is, the data is processed at the edge of the
networkwhere it is collected. Thus, the user has the option to filter and transform the data
before sending it to the Cloud, which ensures privacy of user data and eliminates owner-
ship concerns. Our analysis of the studies also suggests minimizing work interruptions
as much as possible. Benhamida et al. [26] promote the use of non-intrusive designs
that do not affect the employee’s routine. These designs combine passive data collection
through the use of technologies surrounding the employee such as sensor networks or
connected digital devices. This is an important point in determining how users interact
with the system and how their concerns are formed based on this interaction.

We contribute to both research and practice. For the research community, we illus-
trate the use of a novel method in the IS discipline corresponding to meta-synthesis.
The knowledge synthesis we performed adds to the academic debate on the “future
workplace” through discussing the potential of IoT technology for improving employee
mental health. Researchers in the domain can benefit from this overview to build a cumu-
lative research tradition on the applications of IoT in organizational environments.While
IoT technology has a great potential in ameliorating the work environment in the future
workplace and can play an effective role in increasing productivity, we also highlight
existing downsides to this digital trend. Our synthesis also accounts for data-related
challenges in the implementation of IoT initiatives in office settings.

For practitioners, we provide implementation options, through the presented use
cases, that can guide their implementation decisions and choices when engaging in IoT
initiatives for occupational health. We present “sensitive issues” related to employees’
privacy risks which they need to have in mind when implementing IoT, and we recom-
mend actions against malicious practices as a way forward for protecting employees’
privacy and establishing further engagement in health initiatives at the workplace.
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Abstract. Fear of stigmatization has been a barrier for Thai undergraduate stu-
dents to actively reach out to health practitioners for support when they experience
a mental health problem. Commercially available mental health systems struggle
to find a balance between effective clinical diagnostic capability and engaging
user experience. In natural ambience, it is proven that users could better articulate
their thoughts, which results in a higher efficacy of prescreening results in mental
health assessment. Natural language processing (NLP) techniques are promising
to enable this by developing a human-like digital assistant for mental health. The
usability and user interface design of such mental health assessment tool should
support the frictionless interaction while being compatible with the Thai context
(e.g., language). Tofill these gaps, in this study,we developed anNLP-based digital
healthcare assistant as a pre-screening tool that can be used to detect undergrad-
uate students’ anxiety levels and identify their needs for psychological support.
We conducted a pilot usability evaluation of the system focusing on the system’s
usability effectiveness, efficiency, and reliability. The findings can be concluded
that creating a natural and user-friendly experience for users, with flexibility that
allowed for individual preferences through a chat-based NLP system, results in
an engaging user experience and less friction towards the adoption of the tool.
These findings can be used to support the future development of an effective and
user-friendly pre-screening tool for this particular user group.

Keywords: Mental health · Natural language processing · Usability · User
experience

1 Introduction

Mental illness is one of the most prevalent public health challenges in the 21st century
[1], yet it is also one of the most neglected areas [2]. According to the World Health
Organization (WHO), nearly 1 billion people worldwide experience mental disorders.
Although mental health issues are common across all age groups, they are exceptionally
high amonguniversity students [3].Also, Jurewicz [4] states that 75%of peoplewhohave
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a mental health disorder have had the first onset during young adulthood. The situation
has worsened as the COVID-19 emerges. A survey conducted by [5] showed that 56%
of undergraduate students claim that the COVID-19 pandemic has affected their mental
health. Son et al. [6] also confirm that the pandemic has accentuated new sources of
stressors, such as excessive stress due to distance learning and fear of future uncertainty
[7]. Most students are unaware of the consequences and risks of changes in emotional
health, whereas, for those who are aware, the fear of stigmatization impedes them from
reaching out for immediate support [8].Moreover, some users especially undergraduates
find it frustrating to overcome the self-stigma barrier or perform a solid pre-screening
standardized questionnaire when approaching the therapists. Thus, mental illness could
significantly hinder undergraduate students from proper and early intervention.

In the clinical setting, several standardized questionnaires have been developed to
detect early signs of mental illness such as the WHO self-reporting questionnaire, and
the Depression, Anxiety, and Stress Scale (DASS-21). The existing literature shows that
the DASS-21 is an effective and reliable tool for mental health assessment, as well as
it is a psychometrically adequate and valuable instrument for measuring depression,
anxiety, and stress among university students [9]. However, these tools are not currently
used widely among the target group particularly in the university student population in
Thailand, who are reluctant to seek medical advice due to several constraints including
fear of stigmatization or limited medical access. The existing research has suggested
the potential of using up-to-date technologies for mental health solutions with promis-
ing results and efficiency (e.g., telemedicine for mental health) [10]. Wearable passive
sensing is another promising technology that concedes to the well-rounded and bias-less
monitoring system, including sleeping duration, heart rate, skin temperature, and more.
Of these up-to-date technologies, NLP and machine learning algorithms are regarded
due to the comparable level of effectiveness of such tools. Also, it provides the ability
in speech analysis to identify the correlation with the psychological disorder [11]. Fur-
thermore, they are affordable and easily accessible when compared to traditional mental
health treatment. Using up-to-date technologies (e.g., IT security), most of them satisfy
the requirement of data control regulation regarding user privacy and transparent policy,
which are among the top users’ concerns.

Despite the promises of digital mental health tools, most of them are not carefully
designed for undergraduate students [12]. More importantly, these tools are still not
applicable to most Thais. The existing literature has shown the critical dispute on the
ineffectiveness of the existing digital tools in terms of usability and user experience.
Those perspectives result in limited use for a mass community and ineffectiveness in
the actual practice [13]. Furthermore, when users use such mental health assessment
tools, they prefer to naturally express feelings in a user-friendly way without external
pressure (e.g., talking to a friend or family member) [14]. On the other hand, the existing
applications ofNLP formental health are still limited to the language variety that does not
align with the local norms and cannot produce effective results when the local language
(e.g., Thai) is not supported. Thus, this factor impedes an engaging user experience
for Thai undergraduate students to use such existing mental health assessment tools.
Considering the limitationsmentioned above, in this study,wedesigned anddeveloped an
NLP-basedmental health pre-screening tool for undergraduate students in Thailand. The
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main objective of this system is to provide a user-friendly and easily accessible system
that undergraduate students can use as a pre-screening tool when they immediately need
to access mental health advice and support before reaching out to a health professional.

2 An NLP-Based Mental Health Screening Tool

2.1 Overview

Our solution is designed using an NLP model that can predict the mental health status
through idiomatic inputs from the target users (e.g., an undergraduate student in Thai-
land), which is aimed to assist the pre-screening process [15]. Referring to the real-world
situation when a psychiatrist pre-screened a patient’s mental health status, they would
ask him/her some questions. That set of questions lets the patient express their thoughts,
perceptions, emotions, and moods that reflect their mental health status. Similarly, our
NLP-based system will ask users queries, process the text inputs into risk indications,
and result in the mental health status along with the treatment suggestions to users. Our
system was developed through an NLP model training with the use of cloud architecture
for storing the dataset. A set of raw inputs would consist of the word of choices mapped
with the risk indications on mental illness status. Afterward, the trained model would be
stored in the database for later prediction. The presentation layer for this system is a web
interface interacting with users by asking them a set of questions using a chat feature of
the system. Users will answer those questions in the form of text phrases or sentences,
which are then processed and responded to with their personalized mental health con-
dition along with treatment suggestions suited for them. Hence, our system consists of
an NLP model as the main processor of the system, features and functionalities of the
system, and the web-based user interface. The NLP is trained to have a pre-screening
ability based on the DASS-21, which is a standard self-reporting questionnaire designed
to assess the emotional states of depression, anxiety, and stress [16].

2.2 Implementation of an NLP Model

Preparing the Dataset. First, dataset preparation is the first and foremost activity for
developing any machine learning model since the intelligence of the machine depends
highly on the data. In this study, users will be answering the questions in the text-based
format with varying lengths while our system will produce the processed mental health
status back to the users. Thus, the dataset required for this system is the idiomatic text
mapped with the mental health status referred from the DASS-21 scores. Our dataset
was collected from Thai undergraduate students from diverse backgrounds by using a
questionnaire.After that, the datasetwas cleanedup to yield higher accuracy in themodel.
A bunch of words or phrases were then labeled with negative, neutral, and positive signs
of mental health status. For example, the word “happy” was labeled with a positive, “I”
or “do” were labeled with a neutral sign, while “bored” was labeled to indicate a negative
sign of a mental disorder. Next, a bunch of words was then labeled with the mental health
status with severity level calculated from DASS-21; in this case, our model covers three
labels including ‘normal’, ‘moderate’, and ‘severe’ groups. The normal label represents
a DASS-21 score from 0 to 3, the moderate label represents a score from 4 to 7, and the
extreme label represents a score greater than 8.
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Selecting and Training the Model. The second main task for NLP development is the
selection of a model that is most suited to the characteristics of the dataset to yield the
highest accuracy of prediction. From a total of 483 respondents to the questionnaire,
all of them were classified regarding the disorders and the severity of each symptom.
To maintain acceptable accuracy in results, the development proceeded with the most
equally distributed dataset which is the classifications of ‘anxiety’. An early prototype
integrated with the NLP would be launched with anxiety pre-screening, followed by
depression and stress in the forthcoming phases. In this study, PyCaret, an open-source
machine learning library, is one of the tools used for enhancing the analysis of model
selection. With PyCaret, the experiments of model selection are fast and efficient since
it will go through several machine learning models such as Naïve Bayes, SVM, and
Decision Trees and will give an analysis of each model’s performance [17]. We would
randomly split the dataset into ‘train’ and ‘test’ sets. As shown in Fig. 1, the model
would be trained with a training set and would be evaluated using a testing set. The
main criteria are model accuracy, which is the error the model has made with the testing
set [18]. After obtaining the analysis, the classification model was chosen since it is
compatible with assigning a class label to the input [19]. Moreover, each label will have
its dedicatedmodel since it has better performance than using onemodel withmulti-class
output. For example, the predicted output will be 0 or 1 from each model. In the end,
it can be aggregated into {0, 1, 0} which indicates that the user has a moderate anxiety
level in this case. The following Table 1 shows the selected model which will be used
in the system.

Table 1. Selected model and accuracy of each class.

Description Model Accuracy

Normal Logistic regression 0.6854

Moderate Logistic regression 0.6780

Extreme SVM – radial kernal 0.6195
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Fig. 1. Overview of the system architecture.

3 Features of ‘WELLO’

Through the chat feature (see Fig. 2), which is presented in the form of a short con-
versational chat, users can express their moods, thoughts, and perceptions. This feature
was developed under the concept of the system is a ‘listener’ to the users that can
respond to each answer naturally. The chat feature also supports interactive two-way
communication. To fulfill this, the chat feature of ‘WELLO’ allows users to perform
self-pre-screening questionnaires via text-based communication and terminate the sys-
tem at their convenience. The system processes and analyzes the dataset after receivin
five inputs from the user.

Fig. 2. The interface of the chat feature.
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The other feature includes the processed output from the chat feature. It was devel-
oped with the primary initiative to notify users of their mental health status to have the
illness detected at an early stage. The mental health status will be visualized in the scale,
along with the historical graph showing their changes relative to the previous results
(Fig. 3).

Fig. 3. The interface of the results & analytics features with the link to suggestions.

As there is a need to track and monitor one’s mental health over some time, the
dashboard shows all the historical results oneself. It records the pre-screening result
and visualizes it in the form of continual line charts showing the emotional levels on a
particular day. With this feature, users will be aware of the changes in emotional levels
over a particular timeframe for them to maintain their mental healthiness over time.

4 Method: Experimental Set-Up and Procedures

We conducted a pilot usability evaluation of ‘WELLO’. Firstly, we aimed to understand
the usability, users’ acceptance, and their satisfaction with the system. Secondly, we
aimed to evaluate the reliability of system results from the user perspective. Lastly, we
aimed to identify problems in the current design and uncover opportunities for further
improvement. This pilot study included three main usability testing tools: interviews,
questionnaires, and observations. For the usability aspect of the system, we used the
System Usability Scale (SUS), which is a reliable and widely accepted usability assess-
ment tool [20]. For user satisfaction, we used the Customer Satisfaction Score (CSAT),
which is used to measure users’ overall satisfaction [21]. In addition to these question-
naires, we also used the DASS-21 questionnaire [22, 23], which was used to validate
the results of our system with the self-reported results of the participants’ DASS-21. We
conducted a short interview with all participants, as well as observation techniques to
understand usability problems encountered by the participants during the test. The team
would observe the participants’ behavior in a controlled environment with a limited set
of tasks assigned for participants to minimize external factors that could affect the result
of the study.
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Due to the restriction of the COVID-19 pandemic, the evaluation was performed
remotely via ZOOM software and in a controlled environment where participants were
requested to stay in a silent roomwith a stableWi-Fi connection and power plug-in. There
are four main tools and equipment involved in the data collection process: The system’s
final prototype is accessible through ‘www.wello.site’, ZOOM software as the primary
communication channel to interactwith the test participants, and recordings of keystrokes
and expressions. In this study, we used the Google Form, containing the DASS-21, SUS,
and CSAT questionnaires. During the test, each session took approximately an hour per
participant. We recruited a total of 9 participants based on the target user profile, and
most of them are undergraduate students in Thailand. The age of participants must be
between 18 and 22 years old to meet the inclusion criteria. We recruited the participants
through a social media platform (e.g., Facebook) and an instant messaging app (e.g.,
LINE). During each usability session, there were 2 researchers; the moderator and the
observer; each with different roles and responsibilities. The detailed descriptions of the
test session are provided in Table 2. There was a total of 4 tasks to be assessed, containing
user’s profile management, chat, information hub, and navigation. Each task will take
about 3–5 min to complete. The data collected from this section was used to evaluate the
effectiveness and efficiency of the interface design. In the post-test session, participants
were asked follow-up interview questions to understand their overall experience using
our system. The detailed design and procedure of the system are provided in Table 2.

Table 2. Details of the test procedure and description.

Activity Duration Task description Responsibility

Pre-test
questionnaire

– Completing DASS-21
questionnaire

Participants shall
complete the standard
self-assessment test
before joining the
session to have an
experience with the
standard tool in mind

Introduction to
usability testing

10 min - Icebreaking
- Explanation of
testing procedures

Mainly an interaction
between the moderator
and the user

Pre-testing
consent taking

5 min - Consent for
recording agreement

Moderator and
participant orally agree
on the consent in
participating in the
studies and allowing
information recording
during the session

(continued)

http://www.wello.site
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Table 2. (continued)

Activity Duration Task description Responsibility

Usability testing 20 min (5 × 4 tasks) - Evaluation of
usability, efficiency,
effectiveness, and
learnability

The moderator asks the
user to perform 4 tasks
while the observer takes
note of user interaction
and errors

Post-test
questionnaires

3 min - Evaluation of
usability: SUS, CSAT,
and Trustworthiness

The moderator hands on
the questionnaire form
for the user to sign and
answer

Post-test interview 7 min - General questions
about the user’s
experiences using the
system

The moderator asks the
user open-ended probing
questions regarding user
experience focusing on
the rationale of the
answers

5 Results

In this pilot study, we used descriptive analysis for the quantitative data and thematic
analysis for the qualitative data [24]. Based on the findings from the demographic data
analysis, we found that all participants in this study are Thai, and it was aligned with
our research’s objective to develop a pre-screening tool for the mental health assessment
that applies to the context of Thailand. Five of them are male while the other four
participants are female. The average age among this sample was 22.3 years old, with a
range of 20–25 years old.

5.1 Questionnaires

According to [20], SUS contains ten items that could be classified into a group of positive
and negative items. The positive opinions are assigned to the odd items, while the even
items contain a negative perspective toward the system’s usability. When considering
the group of odd items, the overall mean score lies between 3.4 and 4.8, indicating
that most participants found it easy to use, usable, and learnable according to the SUS
interpretation [25]. On the other hand, the overall mean score of even items lies between
1.4 and 1.6, indicating that the negative aspect of the system’s usability was low. When
considering the overall result (see Table 3), our system gained an average SUS final
score of 82.5, referring to the acceptable range of the system’s usability and learnability.

Table 4 summarizes the SUS score with interpretation on the acceptability scale and
adjective rating from each participant. The SUS scores majorly fall into an acceptable
range in the acceptability scale.When complimenting the interpretationwith an adjective
scale, it shows that most participants perceived our system as the best imaginable tool.
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Table 3. Summary of SUS scores with an adjective rating and acceptability interpretation.

Item’s description M SD

1. I think that I would like to use this system frequently 3.4 0.7

2. I found the system unnecessarily complex 1.6 0.5

3. I thought the system was easy to use 4.3 0.7

4. I think that I would need the support of a technical person to be able to use this
system

1.4 0.5

5. I found the various functions in this system were well integrated 4.3 0.7

6. I thought there was too much inconsistency in this system 1.6 0.5

7. I would imagine that most people would learn to use this system very quickly 4.8 0.4

8. I found the system very cumbersome to use 1.6 0.7

9. I felt very confident using the system 3.8 0.8

10. I needed to learn a lot of things before I could get going with this system 1.6 1.0

SUS raw score = 33.0; Calculated SUS overall score = 82.5

Table 4. SUS adjective rating and acceptability.

Participant no. SUS scores Adjective rating Acceptability

P1 90 Best imaginable Acceptable

P2 85 Best imaginable Acceptable

P3 60 OK Marginal

P4 87.5 Best imaginable Acceptable

P5 90 Best imaginable Acceptable

P6 97.5 Best imaginable Acceptable

P7 77.5 Good Acceptable

P8 82.5 Excellent Acceptable

P9 72.5 Good Acceptable

The Customer Satisfaction Scale is a single-item question used to ask about users’
satisfaction with the overall system (see Table 5). The rating ranges from 1 to 5, refer-
ring from ‘strongly dissatisfied’ to ‘strongly satisfied’. Nine participants rated the mean
score of user satisfaction as 3.8 (SD = 0.83), which implies somewhat positive satis-
faction. However, after participants were asked an additional question to explain their
score. Most feedback mentioned satisfaction with the system’s functionality, which is
designed to assist an intensive pre-screening methodology with agreeable learnability
and suggestions for improvements. For example, it included the more advanced chat
feature, personalization, smoother conversation, etc.
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Table 5. Customer satisfaction scale (CSAT scores)

P1 P2 P3 P4 P5 P6 P7 P8 P9 M SD

Mean score 5 3 3 5 4 4 3 4 3 3.78 0.83

The system results’ reliability was assessed by comparing the results processed by
the system and the scores calculated from theDASS-21 questionnaire. Themental health
status processed by two tools (our system and DASS-21) was aligned with 8 out of 9
records of nine participants (see Table 6). On one record, our system labeled this user
as being in a normal condition; however, the result from DASS-21 reported this user
to have mild symptoms. It indicates that the results of the system were mostly reliable
while suggesting improving the accuracy of the results in the enhanced version in the
future.

Table 6. Adjustment between DASS-21 results and the system’s results

Participant no. Anxiety scores DASS-21 results System’s results Reliability

P1 2 Normal Normal Aligned

P2 1 Normal Normal Aligned

P3 3 Normal Normal Aligned

P4 5 Mild Mild Aligned

P5 4 Mild Normal Not aligned

P6 3 Normal Normal Aligned

P7 3 Normal Normal Aligned

P8 4 Mild Mild Aligned

P9 2 Normal Normal Aligned

5.2 Interview

Most users agreed that “WELLO” is a potential intervention for mental health pre-
screening in terms of its functionalities and interface design. It satisfied them with the
all-in-one features that provide an end-to-end assistant for them, starting from figuring
out the issues to assisting them in resolving anxiety accordingly. Moreover, with the
concept of “a friend who can listen to the users whenever they are not in a good emotion”,
this feature suits the needs of people, particularly undergraduates who are seeking help
for mental health. Based on the interview results, we found that this group of users
need to call for some help from their friends or families when they felt down. They
would prefer to talk to close friends or family members before reaching out to health
practitioners. To fulfill this, the participants mentioned that this is an effective tool with
easy accessibility. For instance, P1 stated, “I think it is better not to interrupt my friends
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all the time, and having this tool makes me even feel comfortable in expressing thoughts
out of my mind because I do not have to be considerate like I am, with people”.

All users agreed that this intervention created a genuine feeling while using the chat.
For instance, each time, the chat gradually asked a question that guided them to think
about the circumstances in exemplary steps so the users could understand themselves
better. For example, P7 mentioned, “I understand myself better when I am asked with
the step-by-step question guiding me to think about what is going on rather than asking
me to consider whether I am feeling down without any context which I do not know how
to describe my feeling at that time”. Furthermore, the participants praised that although
there was room for improvements, the chat performed a human-like behavior (e.g., a
conversation between two friends) to enhance the user engagement and effectiveness
of the tool. Thus, most of the users were interested and would like this intervention to
become more advanced for a more engaging experience, leading to the second interest,
personalization of the system. P4 said, “It would be more fun if I could continue chatting
with the system after the deep conversation. Like when I talked with my friend, we would
end up with simple conversation and jokes to relax”. P1 suggested, “It is excellent to
have a new counseling experience with the chat and it could understand me”. Most
participants also suggested compliance in offering more input as they would like to
receive the complete results personally. The system could ask for more information
such as health condition, age, gender, occupation, or non-identifiable information since
they believed that the more the system perceived them, the more profoundly processed
results from the system. By interpreting all results, it could be summarized that their
opinion towards those dimensions affected perceptions of the system’s reliability. Their
agreement on the results was 4 out of 5, indicating some room for improvements. P7
suggested, “The system is reliable in my opinion. However, if the chat could perform a
human-like conversation with me, I would entirely trust him. It is the same dilemma as
when we want to consult with a professional physician.” Overall, based on the interview
results, the feedback on the system’s usability, its features, and reliability of the results
was positive, considering insights by the participants into future enhancements.

5.3 Observation

The observation was conducted simultaneously with the interview process to validate
the participants’ experiences with the system’s effectiveness, efficiency, and reliability.
Each time the users were asked to complete a task, a researcher would observe their
keystrokes and movements to justify task completion, measure the time spent on each
task, andmonitor their user experiences during the interview process. The keystrokes and
movements would help in reflecting the effectiveness of the system since they revealed
their genuine actions whether they were understanding, confused, or randomly accom-
plished the task. Moreover, justifying the termination action for each task reduced bias
on data in the collection of time spent on each task. The time would be calculated into a
mean time spent and standard deviation for analyzing the overall efficiency of the sys-
tem. The results indicated that the usability of the system was acceptable in all aspects.
For the system’s effectiveness, no one failed in completing the assigned tasks. However,
we noted that there was a common confusion on the dashboard on the home page which
took some users longer to learn the function. However, the average time spent on the
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registration, chat feature, information hub, and navigationwere 0.7, 3.7, 1.6, and 0.6min,
respectively, which yielded a standard deviation lower than one except for the chat fea-
ture. The time spent on this feature deviated in 2–9 min, reflecting the dynamic due
to individual preferences. Additionally, applying three-click rules on each task aligned
with the user’s behavior and helped to optimize the time spent [26]. Regarding the sys-
tem’s reliability, regarding the participant’s feedback, most of them were positive with
noteworthy insights for future enhancements.

6 Discussion

From conducting the usability test, the study was fulfilled with the validation of its
importance and effects on users’ acceptance of the system. In the user’s perception, the
term ‘Usability’ does not mean whether the tool is usable or not, but the test has proven
that it is a cornerstone of the overall user experience on the system, which involves
the system’s effectiveness, efficiency, reliability, learnability, and satisfaction. When
users perceived that a product could support the achievement of their goals, they are
motivated to accept that product [27]. For instance, it makes users feel safe, competent,
and confident. Following that statement, it occurred in the real scenario as proven by our
findings from the usability testing. As discussed in the results, the users tend to adopt
this tool according to its usability and positive and engaging user experiences. They also
showed a great interest in the intelligence of the chat feature as it complemented their
experience with effective and efficient interaction. Thus, it highlights the consideration
of the balance in all usability components.

From the usability test, the study was fulfilled with the validation of the research
that the effectiveness of the tool is related to the level of user engagement, which can
be maintained through the appropriate user interface design, user experience, and the
system’s usability [28]. By analyzing the task success rate and the error rate, the effec-
tiveness of the current prototype is considered acceptable. All elements exist with their
main essential and they are placed in a position relative to their importance which helps
facilitate the users to complete the task. Also, designing an input touchpoint to be a chat-
based questionnaire has led to more effectiveness in the data collecting process, because
most participants were more engaging to continue describing their stories. They stated
that higher engagement naturalized their emotion which indicates the positive sign or
feasibility of further improvements.

Also, the efficiency of the tool conforms to the incremental of the system’s effective-
ness, either the technology behind or the apparent presentation. Through the analysis of
the system’s efficiency, the averages of time the users spent on the system could indicate
the moderately high-efficiency rate of the system’s usability due to low deviation among
the results. However, there is a notice on the time spent with chat that is significantly
higher than the average time on the others. This occurrence might be due to the more
complicated and intensive interactions of this function. All the same, the long period
spent on this feature is not a factor causing dissatisfaction according to the feedback since
the journey on chat introduces a friendly and easy-to-use property on this touchpoint.
Users mentioned their satisfaction and low pressure in the test session, which means the
collected data was considered accurate and reliable.
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The reliability gap was analyzed through the cross-validation manifested the align-
ment between the results processed by the system and the score calculated from the
prerequisite DASS-21, which refers to the acceptable reliability of the NLP on its clin-
ical diagnosing ability [29]. From our study, most participants accepted our system
according to their higher engagement and natural feeling toward the system. With those
feelings, they could provide more comprehensive input to the system which they con-
sidered genuine insights. As a result, they believed that the system produced increased
efficacy of the clinical interpretation. However, there was a user who did not completely
agree with the result processed by the system even though the result was an accurate one.
This denial might occur due to the lack of insight or lack of awareness of their mental
health [30], which could be one of our future works in increasing mental health literacy
and self-awareness for our target users. Good usability and user satisfaction over the
current prototype demonstrated the right direction in developing this intervention with
moderate to high user acceptance and feasible improvements. The components causing
satisfaction for this tool over other conventional tools are the new dimension of the pre-
screening process and the interface design that creates an enjoyable journey. Most users
were impressed with the mental health elicitation process that eliminates the self-stigma
resulting in low to zero friction during the pre-screening process.Moreover, the interface
design with increased friendliness leads to higher accessibility and a safe feeling for the
users.

Considering all points that we discuss in this section; we fulfilled the research objec-
tives as follows. First, the study has proven that creating a more natural experience for
the users could result in an engaging user experience through the complimentary of user
experience and user interface design. Moreover, to eliminate the self-stigma towards a
mental health assistant, increasing flexibility according to individual preferences might
address the barrier of each user. Second, the findings from the study showed that with
the application of chat as a touchpoint for users, this approach satisfies the users for
those who seek help or would like to maintain healthier mental health. It can be con-
cluded that the users do not give priority only to the competency of the tool like most
existing tools are. Yet, either the user interface or user experience shall comply with the
user’s behavior and its purpose of usage. Thus, this chat-based anxiety pre-screening
assistant has uncovered a significant need for a more intensive tool among this group
of users, which should be further addressed by the health practitioners in this field. It
has introduced a new experience for Thai undergraduate students in approaching mental
healthcare services with a more accessible, engaging, human-like, affordable, yet still
acceptable clinical intelligence.

To successfully develop this intervention to its full potential and make it widely
adopted by Thai undergraduate students, it would be fulfilled by enhancing NLP’s intel-
ligence, parallelly with the continuous development of user experience and user inter-
face of the system. Additionally, by collaborating with a mental health wellness center,
it would be beneficial in terms of clinical intelligence to be able to cover other common
mental disorders in the field. In the end, the promising implementation could highlight
the opportunities of integrating such a frontage for early detection to support the main-
stream clinical care in communities, such as schools, universities, or any organizations.
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The limitations of the study include a small sample size in user testing, the functionali-
ties of the current system, and limited dataset to feed ML algorithm in this study. In the
future study, we will address the limitations of the current system.

7 Conclusion

Our study aims to design and develop a user-friendly NLP-based digital mental health
pre-screening tool particularly for anxiety to fulfill the needs of Thai undergraduates
seeking mental health advice and support. Our prototype design consists of four primary
features: a chat feature&NLP-based questionnaire, results & analytics, suggestions, and
a dashboard feature. The prototype was then developed and evaluated amongst users to
generate results to support the study’s objective. The results have uncovered a positive
sign of user acceptance and adoption as most participants showed satisfaction with the
usability and usefulness of this pre-screening intervention. With the design of a human-
like interaction that enhances naturalism and flexibility to users, they experienced a low
to frictionless journey with engaging emotions. Additionally, our system has gained
user credibility with the integration of NLP for mental health assessment. Moreover, the
compliment interface design is user-friendly, it enhances the overall experience to be
more accessible, free of stigma, and compatible with the Thai users. This study suggests
the potential for using digital mental health assessment tools for student populations in
Thailand, as well as in other countries with proper research and system development.
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Abstract. The use of socialmedia platforms can be related to body dissatisfaction
and disordered eating habits. In online communities, users share common interests
and discuss it. One trend has emerged around the hashtag Thinspiration, which
refers to content that shall inspire consumers to be or become thin. One derivate
is the K-pop Thinspiration. The research aim in information science is to explore
how K-pop Thinspiration is different from the regular Thinspiration content on
Tumblr. Therefore, images and texts of the posts are automatically analyzed by
means of the calculation of colorfulness and emotional measures of the images,
as well as a sentiment analysis and readability score calculation of the texts. In
addition, a qualitative content analysis of 153 K-pop related Thinspiration posts
is performed. Results show that the K-pop Thinspiration posts are closer to the
ones of the control data set, than to regular Thinspiration posts.

Keywords: Social media · Image analysis · Text analysis · Content analysis ·
K-Pop · Thinspiration · Tumblr

1 Introduction

Research suggests a connection between body dissatisfaction, eating disorders and social
media usage. Mabe et al. [18] could show with their experimental set of studies, that
a typical Facebook use of 20 minutes in a laboratory setting, seems to support weight
and shape concerns as well as state anxiety in young women, compared to a different
internet activity. In addition, more frequent Facebook use was associated with greater
disordered eating. Another study [23] investigated on the effect of ‘Instagram vs. reality’
imagery consumption on participants’ body perception. Results show that watching the
paired images (two photos of the same woman, one idealized version and one more
natural depiction), aswell aswatching the natural picture causes less body dissatisfaction
compared to watching the idealized photographs only. Holland and Tiggemann [15]
confirmed in their systematic review of the impact of social media sites on body image
and disordered eating that there is a connection between social networking platform
usage and eating disorder symptoms.
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Socialmedia platforms have become a placewhere communities of different interests
build around specific hashtags.Thinspiration has become the hashtag to share imagery of
very thin body ideals as an inspiration for users to lose weight [4]. K-pop idols, with their
extremely restrictive diet plans1 also inspire their fans worldwide who share images of
their idols under hashtags like#K-popThinspiration on socialmedia.Although platforms
like Tumblr formulate in their guidelines2 that the promotion of harmful content, such
as the glorification of disordered eating behavior, is forbidden, content must be reported
by users to be removed. At the same time users who seek this content are not likely to
report it and so it often remains on the platform.

This paper aims to investigate the K-pop Thinspiration content on Tumblr. This work
contributes to the bodyof research in the followingways: 1)K-popThinspiration imagery
is automatically analyzed based on colorfulness and emotional image measures, namely
pleasure, arousal and dominance. 2) The text of K-pop Thinspiration posts is analyzed
based on sentiments and readability. 3) A content analysis of a subset of K-pop Thinspi-
ration posts reveals what these posts show on their images and discuss in their textual
information. 4) A distinction between Thinspiration, K-pop Thinspiration and average
Tumblr content is made, which helps understanding the difference between potential
harmful content and simple fandom in social media. This insight can be beneficial to
in the future automatically detecting posts that can endanger users of social networks.
By understanding the differences of the Thinspiration contents, algorithms can help to
provide supportive information to users with tendencies to eating disorders and prevent
other users from being confronted with disturbing content when they expected to only
see posts about their favorite music groups.

2 Related Work

Eating disorders (ED) are severe mental disorders affecting large portions of the general
public. In the USA for instance, the National Eating Disorder Association (NEDA)
reports that approximately 20 million women and 10 million men will suffer from an
eating disorder at some point in their lives.3 Hoek and van Hoeken [14] revealed that
treatment for an ED only reaches one out of three people in general public that fulfill
the diagnostic criteria. The most well-known form of an ED is anorexia nervosa, which
is characterized by strict regulation of food intake to reduce body weight [1].

2.1 Thinspiration

On social media users often share content that is intended to inspire others to achieve
e.g. a specific goal. The term Thinspiration or Thinspo, a pun combining the words thin
and inspiration, shall inspire users to achieve a thin body. Typically, images depicting
very skinny bodies or body parts, quotes or other weight loss techniques are shared

1 https://www.allkpop.com/article/2018/09/8-K-pop-idol-diets-that-will-shock-you.
2 Tumblr’s Community Guidelines: https://www.tumblr.com/policy/en/community.
3 NEDA: What are eating disorders? URL: https://www.nationaleatingdisorders.org/what-are-
eating-disorders.

https://www.allkpop.com/article/2018/09/8-K-pop-idol-diets-that-will-shock-you
https://www.tumblr.com/policy/en/community
https://www.nationaleatingdisorders.org/what-are-eating-disorders
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under the Thinspiration hashtag [4]. Furthermore, Thinspiration is strongly related to
the pro-ana (= pro anorexia) movement on social media, a movement that glorifies eat-
ing disorders as a lifestyle of choice [5]. The exploration of Thinspiration content on
social media was target of different previous studies. Ging and Garvey [12] retrieved
posts from Instagram starting from three root hashtags relating to eating disorders (#ana,
#starve and #fasting). They employed a content analysis of all in all 7,560 images and
found nine content categories of which ‘Thinspiration’ was one of the most prominent
ones and had a share of 25% of the whole data set. The images classified in this category
showed underweight bodies, very thin female bodies and body parts with protruding
hip and collarbones as well as thigh gaps. Another study [6] investigated the expression
of eating disorder symptoms in Twitter tweets and found that the top three keywords
contain besides #hipbones, the two variations #thinspiration and #thinspo. The posts
discuss predominantly the concern about the body shape, including images in half of
the writings. Talbot et al. [22] compared #fitspiration, #bonespiration and #thinspiration
content on Twitter, Instagram and We Heart It and differentiate them from each other.
They performed a content analysis on 734 images tagged with one of these hashtags
and found that Thinspiration and bonespiration content shows more thin and objectified
bodies when compared to fitspiration imagery, which contains more photos of muscu-
lar persons. Moreover, bonespiration, when compared to Thinspiration content, depicts
more protruding bones and less muscles.

Thinspiration on Tumblr was also already studied [27]. The researchers qualitatively
classified 222 image and text posts retrieved under the #thinspiration hashtag from
Tumblr. They characterized the images as showing predominantly thin bodies, very
few muscular people and curvy or overweight bodies only in before-after pictures. The
vast majority of images shows culturally based beauty ideals, almost one third sexual
objectification and 20.5%women in underwear. One quarter of the images shows people
posing in a special way to appear thinner. They characterized the texts of the posts as
predominately discussing dieting and losing weight. Other themes were, in descending
order of popularity, food and body guilt, thin praise, fat stigma, only very rarely exercise
for appearance and sexual objectification. This study’s methodology was also applied in
the work of this paper and further details are given in Sect. 3.4.

2.2 K-Pop

The Korean popular music industry evolved with strong influence from the Japanese idol
system.The term idol inKorea refers to youngpop singerswho are strategically produced
by big entertainment companies. Idols do appear in other media, like for instance drama
series, but enter the entertainment industry traditionally by being a member of bands
called idol groups [20].

The role of K-pop idols is to create desirable images for consumers as well as
building intimacy to their fan base.While in earlier times ofK-pop culture, entertainment
companies tried to recruit trainees, who have talent in singing and dancing, the focus
shifted in visual traits like beautiful faces. The idol groups are composed of different
types of idols to address multiple groups within the audience. They are described as
strategically produced commodities, with a strong focus on visual qualities.While plastic
surgery is common among idols, before and after their debut, the visual perfection of
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the idols is gained by strict body control, so that body weighing belongs to the weekly
schedule of trainees and idols, as well as the restriction of calorie intake per day. For
instance, agencies also manifest discipline in eating and different other areas of life with
a ‘code of conduct’: (1) punctuality at rehearsals, (2) no smoking, (3) a ninety-degree
bow, (4) no cell phone use except during dinner, (5) no dating, (6) politeness during
class, (7) no drinking, (8) no lateness or absence, (9) no food, and (10) staff members
only in practice rooms [20].

2.3 Studies on Eating Disorders on Tumblr

The Thinspiration hashtag was also used to retrieve social media content and explore
the pro-ana communities. One study analyzed Tumblr photo posts and tried to identify
deviant content, that most likely is going to be bannedmy Tumblr’s moderators. Thinspo
and Thinspiration were the two most frequent tags in their data set for pro-ana content
[7].

Another study also addressed the platform Tumblr to characterize anorexia on that
social network. The results show that anorectic users differ from users of the control
group e.g. by their contrasting tag usage or a stronger linguistic focus on the past [9].

Chancellor, Mitra and De Choudhury [8] explored the role and efficacy of Tumblr
in regards to a sustained recovery from anorexia. They studied body image concerns,
behavioral patterns, as well as cognitive and emotional factors of users who self-identify
with anorexia. They found that only half of the studied cohort experiences recovery in
the studied time period (four years).

A different study compared Tumblr and Twitter posts that discuss eating disor-
ders and shows that aid organizations communicate more on Twitter, and if images are
shared, they predominantly belong to Thinspiration content. On Tumblr authors post
more anonymously and share more images than on Twitter, that mostly show (thin)
bodies [5].

3 Research Methodology

3.1 Collection of Data

For the purpose of this study, three data sets were constructed: K-pop, Thinspo and
Control.

To retrieve K-pop posts, a list of hashtags referring to K-pop Thinspiration content
wasmanually assembled, by entering the first hashtag #k-pop thinspiration into the Tum-
blr search bar and filtering more related hashtags from the posts that were retrieved this
way. Furthermore, K-pop band names were combined with the keywords ‘Thinspiration’
and ‘Thinspo’ to generate more hashtags. The 15 most popular K-pop bands4 were used
for this. Not all bands related Thinspo hashtags were included into the final list, since
some were not used to create Thinspiration content at all. All hashtags were entered into
the search bar, to make sure that they lead to posts. All tags that gave no results were

4 According to this website: https://www.seventeen.com/celebrity/music/g38505052/best-K-
pop-bands/.

https://www.seventeen.com/celebrity/music/g38505052/best-K-pop-bands/
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excluded. Terms like ‘K-pop Diet’ and ‘K-pop Body’ were intentionally excluded to
focus specifically on Thinspiration content. Table 1. shows the final 15 hashtags used
for this study.

Next, the Tumblr Application Programming Interface (API)5 was used to download
posts that have one of these tags. The time period was the years 2017–2021 in the UTC
time zone.

In addition to the K-pop specific data set a second one with normal Thinspiration
content was built by using the hashtag ‘Thinspiration’ and downloading all posts of the
year 2019. Those posts, that contained one of the K-pop related Thinspiration tags, were
removed from this data set.

Besides, a collection of posts serving as control data set, showing average Tumblr
content was created. A website for marketing purposes6 was consulted to find most
popular hashtags, that co-occur with #tumblr which resulted in the tag love. The #love
posts of 2019 were downloaded and a subset of 4,000 was randomly selected as the
control data set.

Next, all the images that were used within the posts were downloaded for each of
the three data sets separately. Table 2. summarizes the basic descriptive statistics of the
three data sets.

Table 1. Hashtags used to build the K-pop data set in alphabetical order.

blackpink thinspo enhypen thinspo kpop thinspo kpopThinspo thinspo kpop

bts thinspiration k pop thinspo k-pop thinspo red velvet thinspo twice thinspo

bts thinspo kpop thinspiration kpopThinspiration thinspo blackpink txt thinspo

3.2 Image Analysis

Branley and Covey [5] described in their work, that the Thinspiration content on Tumblr
seemed to be gloomier and darker compared to other posts. Therefore, in this work
images are analyzed based on their colorfulness and the corresponding colorfulness
category. Wang et al. [26] used the emotional measures pleasure, arousal and dominance
to distinguish self-harm related posts from regular social media content. For this paper,
these measures shall be used for characterizing the eating disorder related posts.

The colorfulness measure was taken from Hasler and Süsstrunk [13] who conducted
a study where they asked 20 participants to rate a set of 84 images and classify them
into seven categories ranging from not colorful to extremely colorful. Through different
experimental calculations they found a colorfulness measure that correlated to their
empirical observations by 95.3%. This measure is derived from the opposing color
spaces red, green and blue. Using these color spaces’ mean and standard deviation they
calculate their colorfulness measure C (see Eq. 1). The higher the value of C, the more

5 Link to the Tumblr API: https://www.tumblr.com/docs/en/api/v2.
6 https://displaypurposes.com/hashtags/hashtag/tumblr.

https://www.tumblr.com/docs/en/api/v2
https://displaypurposes.com/hashtags/hashtag/tumblr
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Table 2. Basic descriptive statistics of the three data sets. Numbers are rounded to two decimal
places.

K-Pop Thinspiration Control

Number of posts 431 3,707 4,000

Number of posts containing images 361
(83.76%)

1,493
(40.28%)

2,804
(70.1%)

Number of images 886 2,824 3,229

Mean number of images per image post 2.45 1.89 1.15

Number of notes on posts 52,046 310,318 203,290

Mean number of notes per post 120.76 83.71 50.82

Number of hashtags on posts 2,922 36,120 49,905

Mean number of hashtags per post 6.78 9.74 12.48

Number of unique users 162 1,121 2,975

Mean posts per users 2.66 3.31 1.34

colorful the image is. Table 3. depicts the colorfulness category and the corresponding
C value.

C = σrgyb + 0, 3 · μrgyb (1)

Table 3. Relation between colorfulness category and colorfulness measure C as introduced by
Hasler and Süsstrunk [13]. Numbers in brackets refers to the number of the category, that is used
in Fig. 1.

Colorfulness category C

Not colorful (1) 0

Slightly colorful (2) 15

Moderately colorful (3) 33

Averagely colorful (4) 45

Quite colorful (5) 59

Highly colorful (6) 82

Extremely colorful (7) 109

In addition, the emotional measures pleasure, arousal and dominance have been
calculated. This can be done by combining the average saturation (S) and brightness
(B) values of an image. These measures were introduced by Valdez and Mehrabian [25]
and also derived from a series of empirical experiments showing that the saturation and
brightness of colors have an emotional impact on the participants, as represented in the
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Eqs. 2, 3 and 4.

Pleasure = 0.69 · B+ 0.22 · S (2)

Arousal = −0.31 · B+ 0.60 · S (3)

Dominance = −0.76 · B+ 0.32 · S (4)

Previous work on affective image analysis [19] as well as the understanding of
self-harm content [26] utilized this method.

3.3 Text Analysis

For automatically analyzing the texts of the Tumblr posts two methods were chosen: A
sentiment analysis and the calculation of the readability of the text. The sentiments of
eating disorder social media posts were researched by Fettach and Benhiba [10] show-
ing that topics such as Thinspiration are discussed differently, regarding the sentiment,
depending on the community. For that reason, this measure was included into this work’s
study. The readability score was added to investigate on the assumption that posts from
disordered people are less readable compared to regular content.

The sentiment analysis was performed using VADER [16], a lexicon and rule-based
tool, that was especially designed to process social media content. For instance, it also
analyzes elements such as emoticons, emojis or words written in capital letters and
similar. The compound score, that VADER comes with, ranges between −1 and +1.
Values between 0.05 and −0.05 are considered to be of neutral sentiment, while −1 is
the most negative sentiment and +1 is the most positive one.7 The sentiment analysis
was applied at the post level, after removing any kind of markup language like HTML
elements within the posts.

To evaluate the readability of a post, the Flesch Reading Ease score (FRES)8 [17]
was utilized. Equation 5 shows how FRES is composed.

206.835− 1.015

(
total words

total sentences

)
− 84.6

(
total syllables

total words

)
(5)

The measure has no minimum score, negative values are valid, and the maximum
score is 121.22. Table 4. shows the relation between FRES value and readability [11].

3.4 Content Analysis

To perform the qualitative content analysis of the K-pop related Thinspiration posts,
those posts from the K-pop data set were selected that have exactly one image and
optional also a text. Depending on the type of post, text refers to captions of images or

7 VADER on Pypi.org: https://pypi.org/project/vader-sentiment/.
8 FRES score as part of the textstat package on Pypi.org: https://pypi.org/project/textstat/.

https://pypi.org/project/vader-sentiment/
https://pypi.org/project/textstat/
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videos as well as longer written posts. This resulted in 153 posts. For the video posts,
the thumbnail image of the video was analyzed.

The classification scheme for the content analysis was taken from a previous study
on Thinspiration visual content on Tumblr [27]. It contains variables for image and
text classification. The researchers selected these variables from prior work [2, 3] in a
similar context. Table 5. shows the image and text variables as they were described by
Wick and Harriger [27]. The variable descriptions are partly extended by K-pop specific
explanations.

Two coders were rating the 153 Tumblr posts. Following the classification scheme,
posts including images were coded for the images variables and posts combining text
and image were coded with all variables. This way it is possible that one post contains
different variables that are then coded with a ‘1’. If the post for example does not
contain text, the text variables are all coded with a ‘0’. Both coders were participating in
a discussion session prior to the rating process. An inter-rater agreement was calculated
for each variable showing an overall good to nearly perfect agreement between the two
raters. Cohen’s Kappa ranged between 0.61 and 1.0 (see also Table 7.).

Table 4. Relation between FRES and reading difficulty according to Flesch [11].

Score Reading difficulty

90–100 Very easy

80–89 Easy

70–79 Fairly easy

60–69 Standard

50–59 Fairly difficult

30–49 Difficult

0–29 Very confusing

4 Results

4.1 Automatic Analysis of Texts and Images

The visual analysis shows that in general the Thinspo data set contains imageswith lower
values in all five measures colorfulness (and consequently the colorfulness category),
pleasure, arousal and dominance. The K-pop data set has the highest values while the
control images lie in between the two different Thinspiration image sets. The differences
become most apparent in the colorfulness measures, which are related, as it is shown in
Table 3.. A higher colorfulness score results in a higher colorfulness category. Figure 1
shows the results of the visual analysis by plotting the normalizedmeans of eachmeasure
for each data set.
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Figure 2 depicts the sentiment values and frequencies for all three data sets. It shows
similar distributions at first sight. However, the control posts show less negative senti-
ments than positive ones. The extreme positives show a peak. The Thinspo posts seem
to be more equally distributed when the positive and the negative sides are compared,
while the K-pop posts have more writings with positive sentiments, especially in the
mid-raged values.

Table 5. Description of text and image variables used to classify the K-pop posts. Taken from
Wick and Harriger [27]

Variable Description

Image Variables

Thin Showing very thin bodies, corresponding to Figs. 1 and 2 on
Swami’s photographic figure rating scale [21]

Muscular Visible muscle tone

Curvy/Overweight Corresponds to figures 6–10 on Swami’s photographic figure
rating scale [21]

Culturally Based Beauty Ideals Shows persons with blemish free skin, neat and shiny hair,
symmetrical features, white and straight teeth, lithe figure,
supple breasts, or other culturally based beauty norms; For
K-pop features like idols on stage or photo shooting pictures
were also included into this category

Bathing Suits Wearing only a bathing suit

Underwear Wearing only underwear

Sexual Objectification Wearing little clothing (including underwear or bathing suit)
or displayed in a sexual context

Before/After Before/after photo of the same person, demonstrating weight
loss

Thin pose Posed to appear smaller (e.g., angling body at 45°, putting
hands on hips, crossing one leg over the other etc.)

Text Variables

Sexual Objectification Promotes a person as object of sexual pleasure

Fat Stigma Implies negativity in regard to being overweight

Thin Praise Implies positivity in regard to being thin

Exercise for Appearance Encourages exercise for appearance related reasons

Food Guilt Guilt-inducing messages about food

Dieting/Restraint Discusses dieting or restraint around food

Losing Weight or Fat Discusses losing weight or fat

Objectifying Messages Encourages viewership to see the body as an observable
object

Body/Weight Guilt Guilt-inducing messages about body or weight
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Fig. 1. Results of the visual analysis of the images of the three different data sets. Bars represent
normalized means of the measures.

Fig. 2. Results of the sentiment analysis of the texts. X axis represents the sentiment compound
value; Y axis shows the volume of posts.

All posts of all data sets have the highest peak in the neutral area, although the K-pop
posts, as well as the control posts, have their peak on the negative side, while the Thinspo
posts have it on the positive side.

The results of the readability analysis are shown in Table 6.. The majority of posts
in all three data sets was classified as very easy. However, the control data reaches close
to half of the posts (44.14%), while only a quarter of the Thinspo posts can be found
in this category. Instead they are more equally distributed to the other easy categories.
The K-pop posts seem to be the least confusing ones compared to those of the other data
sets.

4.2 Content Analysis

All in all, there were 153 posts of the K-pop data set analyzed that contained an image,
of which 81 were also composed of a text. Table 7. summarizes the frequencies for each
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variable aswell as Cohen’sKappa for each.Most images (74.51%) show culturally based
beauty ideals, very often K-pop idols, but also other (Korean) people who incorporate
these beauty standards being promoted by the idols.Also prominentwas the category thin
(73.86%) while no images depicted curvy/overweight people, not even the before/after
pictures. Before/after pictures showed in all cases a K-pop idol starting the career with a
healthy body weight (before picture) and at a later point in time where they significantly
lost weight (after picture). Uncommon among the K-pop posts were pictures showing
people in bathing suits (0%) or underwear (3.27%). Only one image (0.65%) showed a
picture of an idol where muscles were visible. About one third of the pictures (35.29%)
showed people in thin pose and 15.03%were classified as sexual objectification. Another
category was added since it did not correspond to the image variables of Wick and
Harriger. It was called other and predominantly contained eating disorder relatedmemes
with a text on the image of a K-pop idol.

Table 6. Results of the readability analysis

% Frequency % Frequency % Frequency

Reading difficulty K-pop (304) Thinspo (3,350) Control (3,509)

Very easy 34.87 106 25.31 848 44.14 1,549

Easy 12.5 38 19.16 642 9.43 331

Fairly easy 19.08 58 19.04 638 11.94 419

Standard 10.53 32 13.22 443 7.24 254

Fairly difficult 9.87 30 9.64 323 5.9 207

Difficult 10.2 31 9.67 324 10.34 363

Very confusing 2.96 9 3.94 132 11 386

For the 81 text posts the most prominent variable (43.21%) was thin praise (e.g. “that
little hint of thigh gap is EVERYTHING”), followed by 27.16% of posts addressing
losing fat or weight (e.g. “i want to be 95 lbs/43 kg”). About one quarter of posts
(25.93%) discussed dieting and restraint (e.g. “I aspire to be this9 and if that means
drinking water and one cup of coffee so be it”). 18.52% of the text posts were classified
as body/weight guilt comprising posts like for instance “when your as tall as namjoon10

but wanna be skinny as yoongi11”. Food guilt appeared in 16.05% of posts (e.g. “when
it’s that point during dinner where you have to pretend you are actually eating so you just
do ‘the thing’12 with the spoon hoping no one realizes”). The category other (16.05%)
was chosen when the text did not fit in one of the other variables and usually contained

9 Referring to the post’s image.
10 A Korean rapper.
11 Another Korean rapper.
12 Referring to the post’s animated image where a K-pop idol drops the spoon into the soup and

putting it back on the table without eating.
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very few words referring to the post’s image (e.g. “Hyuna13 just gently killing me”).
Fat stigma (“My scale: 89.8 lbs!! My brain: still fat. Where skinny?”), exercise for
appearance (“Ngl14 i feel proud i skateboarded today, i only did it for 30 min apparently
if you skateboard it can keep ur legs slim and it burns 300–500 cals”) and objectifying
message (“I always shame her for her figure”) only appeared rarely (8.64%, 4.94% and
3.7%) while there were no posts containing sexual objectifying texts.

Table 7. Summary of the results of the classified posts. Frequencies and corresponding percent-
ages are the average of the annotators.

Variable Percentage (%) Frequency Cohen’s Kappa

Image Variables (153)

Thin 73.86 113 0.83

Culturally Based Beauty Ideals 74.51 114 0.88

Sexual Objectification 15.03 23 0.61

Thin Pose 35.03 54 0.74

Underwear 3.27 5 1.0

Bathing Suit 0 0 –

Muscular 0.65 1 1.0

Curvy/Overweight 0 0 –

Before/After 3.27 5 1.0

Other 20.92 32 0.84

Text Variables (81)

Dieting/Restraint 25.93 21 0.89

Losing Weight or Fat 27.16 22 0.71

Food Guilt 16.05 13 0.70

Body/Weight Guilt 18.52 15 0.73

Thin Praise 43.21 35 0.78

Objectifying Messages 3.7 3 0.79

Fat Stigma 8.64 7 0.76

Exercise for Appearance 4.94 4 1.0

Sexual Objectification 0 0 –

Other 16.05 13 0.91

13 Korean singer.
14 Colloquial: Not gonna lie.
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5 Discussion

Regarding the relation of Thinspiration content to eating disorders, it is important to
understand the different facets of Thinspiration on Tumblr or other social media plat-
forms.When comparing the results of prior research on Thinspiration content on Tumblr
[27] to the results of this study, it becomes obvious that there are similarities (predom-
inantly thin people incorporating culturally based beauty ideals) but also significant
differences. In the analyzed K-pop posts, only very few posts show people in underwear,
while in regular Thinspiration content it is 20.5%. Also sexual objectification is depicted
on approximately only half of the posts (15.03%) compared to the usual Thinspiration
on Tumblr (31.8%). In the text variables it becomes clear, that dieting/restraint as well
as loosing fat or weight are in both cases the most prominent categories, while K-pop
Thinspo differs in the variables thin praise (K-pop 43.21%, regular Thinspo 20.8%) and
also objectifying messages (K-pop 3.7%, regular Thinspo 19.8%) as well as fat stigma
(K-pop 8.64%, regular Thinspo 16.7%). Hence, the K-pop Thinspiration seems to be
less sexually depicting and objectifying. On the other hand, it is more thin praising,
especially towards idols, and less fat shaming.

In relation to the visuals, we see that K-pop Thinspiration is closer to the pictures of
the control data set than to the Thinspiration images. This is contradictory to findings
by Wang et al. [26] who found that self-harm photos have lower values in pleasure,
arousal and dominance, compared to normal social media content. Self-harm is related
to disordered eating habits and over 70% of patients report that they engage in self-
injuring behavior [24]. Knowing that, K-pop Thinspiration could be a first step into
developing disordered eating habits spiraling downwards to comorbid illnesses such as
self-harm. Also in regards to the sentiments, the K-pop data shows more similarities
with normal content than with Thinspiration posts on Tumblr. The same can be seen
in the readability scores. This contributes to making it more difficult to automatically
detect potentially harmful content on social media.

The basic descriptive statistics (see Table 2.) suggests that the K-pop Thinspiration
community onTumblr is on the onehand a rather narrowgroup, because themeannumber
of hashtags per post is rather small (6.78) compared to the Thinspiration posts (9.74)
and the control group’s posts (12.48). At the same time the engagement, as expressed by
the mean number of notes (rebloggs and likes) is much bigger within the K-pop group
(120.76) than in the two other groups (Thinspo 83.72, control 50.82). The impact of K-
pop idols behaviors and appearances on their fans was already described in the literature
[20] and shows the big influence. Knowing that the Thinspiration content, that arose
from this influence on Tumblr, stands out from normal social media content, by e.g.
being more colorful imagery, makes it concerning in regards to young fans who might
be negatively influence towards eating disorders by consuming K-pop Thinspiration.

6 Conclusion

Regarding the differences among Thinspiration on Tumblr and the similarities of K-pop
Thinspo to normal content, more research is needed to better understand what makes
content potentially harmful and what is only fandom towards idols. It is important to
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better understandwhencontent, in regards to eatingdisorders, becomesproblematic. This
study investigated K-pop Thinspiration content on Tumblr and compared it to regular
Thinspiration posts as well as content with no eating disorder relation and found that
K-pop Thinspiration is closer to the data of the control data set than to the Thinspiration
posts. This shows that potentially dangerous content, especially for a young audience,
may look and read as simple harmless posts about one’s favourite music groups, while
actually eating disorder related messages are already transported. It would be beneficial
to also focus on other social media platforms to verify the results of this study in future
research and learn to better distinguish between the different faces of Thinspiration
online.
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Abstract. Social media is emerging as a popular platform for health communi-
cation and has gained an even stronger impetus since the COVID-19 pandemic.
With conversations aboutmental health slowly buildingmomentum in recent times
even in developing countries like India, this study sought to understand the current
status of mental health communication on social media in the country. The factors
predicting these communication behaviours were explored as well. The data com-
prised 421 participants (Mean age= 28.26 years) hailing from metros, urban and
semi-urban areas. Almost 64% of participants reported having used social media
for mental health communication. The extent of mental health knowledge and
empathy emerged as the most consistent predictors of indulging in mental health
communication behaviours on social media. Almost 92% of participants reported
that they observed an increase in these communication behaviours among people,
as a result of the pandemic.

Keywords: Mental-health · Health communication · Social media

1 Introduction

1.1 Health Communication

Health communication has emerged as a prominent and specialized domain in communi-
cation study, that is constantly evolving progressively across public health in government
sectors as well as the non-profit and commercial sectors. Its multidisciplinary nature has
resulted in a wide variety of definitions. However, despite the differences in definitions,
they all point towards the common goal of advocating and refining individual or pub-
lic health outcomes. There are certain phrases and keywords that have been used time
and again, which can be identified as the most common attributes of health communi-
cation. “Sharing meanings or information,” “influencing individuals or communities,”
“informing,” “motivating target audiences,” “exchanging information,” and “changing
behaviours” are some of these. The definition by the Centers for Disease Control and
Prevention (CDC) of the United States, is one of the most popular and comprehensive
ones and includes these common attributes. It conceptualizes health communication as
the study and use of communication strategies, with the aim of informing and influencing
health-enhancing decisions of individuals and communities [1].
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1.2 Health Communication Behaviours and Social Media

Social media is being considered an effective medium for spreading a large amount of
information across themasses in a short period of time. In the health communication sec-
tor, there is a widespread assumption that recent advances in Internet technologies, par-
ticularly the participative Internet (popularly known as social media), have transformed
the pattern of communication, including health-related communications [2]. There is
an increasing research interest in assessing the relationship between social media and
health.

Evidence suggests that there is ample social support information, that sharing is
more patient-controlled and that social media has become one of the most successful
platforms for communication.TheCOVID-19pandemic led to amassive surgeof seeking
information and updates from the public, and the governments of all countries met
these demands in an unparalleled communicative effort. News media, probably the most
effective source of information, direct communications from political and health leaders
through live press conferences and social media posts have become invaluable tools in
the direct transmission of life-saving information to an attentive public [3]. Social media
platforms, have thus become an integral mediator in transferring information about the
pandemic and health in general, from the government to citizens.

Social media can give users all the data on what information needs to be updated in
general, and alsowhen onewants specific information about a particular health condition
or health-related aspect. Through social media, one can also get the answers to health-
related queries and clarification at one’s fingertips, as social media is not focused on
one-to-one communication, but rather on a more informative, group reception-focused
orientation. By facilitating dialogue between patients and professionals, a great deal can
be accomplished and obtained. Data collected on patient experiences, thoughts and opin-
ions across health-related topics can be used further in the fields of health intervention,
health promotion and health education. Last, but not least, it helps reduce stigma and
prejudice around the various issues of health.

1.3 Social Media and Mental Health Communication

Studies conducted especially in the last decade, have explored the potential of social
media in directly and indirectly supporting efforts to promotemental health. For instance,
a study [4] discussed how people with mental illnesses turn to social media for peer
support. The study identified four benefits of using social media that motivated the users.
It helped reduce the sense of isolation they experienced and provided themhope, it helped
them experience support when peers exchanged information and reciprocated with their
experiences, it helped them identify coping strategies for dealing with the challenges of
everyday life and finally it became a source of practical and factual information related to
use ofmedication use and seekingmental health care.Naslund and colleagues [5] suggest
that through socialmedia, peoplewith seriousmental illnesswhootherwise fail to receive
support in their immediate real environment can connect with others on social media,
who are facing the same challenges. Such connections, termed peer-to-peer support,
could advance efforts to promote physical and emotional well-being in the groups. This
support also helps to challenge stigma by sharing personal stories, which also helps
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build confidence and personal empowerment in such individuals. They could also learn
about important mental health behaviours and decisions. A qualitative study [6] using
focus group discussions, explored the perspectives of youth receiving web and mobile-
based mental health information, services and support. The results highlighted the value
perceived by the participants in accessing mental health information and support online.
A more recent study spread across 10 countries, further established the preference of
participants with self-identified mental health conditions for using social media as a
means of intervention, promotion of overall health and wellbeing and coping with their
symptoms [7].

The COVID-19 pandemic posed a mammoth mental health challenge for develop-
ing countries like India where trained mental health professionals were already strug-
gling to meet the supply–demand gap between practitioners and clients. According to
a pre-pandemic report published by the WHO, India had only 0.29 psychiatrists, 0.07
psychologists, and 0.36 other mental health workers per 1,00,000 citizens [8]. Besides
the scarcity of mental health practitioners, many others factors have been identified that
further increase the challenges faced by those seeking help. For some individuals, the
feeling of being stigmatized, discriminated and socially isolated becomes a hurdle in
accessing mental health care [9]. The time and expenses involved in travel to clinics,
expenses of the therapy itself and extended waiting period for appointments of therapists
are other barriers that may dissuade people from seeking help [10]. These barriers get
magnified when considering the taboo associated historically with mental health issues
in a collectivistic country like India.

While dealing with the above-mentioned challenges would require sustained efforts
on all fronts for a significant amount of time, starting and supporting conversations
around topics related to mental health, spreading necessary information and awareness,
reducing the taboo and sharing of resources and experiences to build a supportive com-
munity are initial supportive measures to create an ecology that favours mental health
in the society in a more organic way. Social media could act as a prominent platform
for serving this purpose. The rapidly increasing presence of digital communication in
the country supports this proposition. India had 1.10 billion mobile phone connections
by January 2021, amounting to 79% of the total population of the country, as a result of
23 million new connections compared to the previous year [11]. In January 2022, there
were 467 million social media users, 19 million more than in 2021 [12].

1.4 The Present Study

Existing literature abundantly explains the role of social media in impacting mental
health or as a platform for delivering mental health-based interventions. The study of
social media as a platform for health communication, especially mental health-based
communication is receiving more impetus only recently, with the pandemic playing an
important role in this context. The actual experiences, perspectives and observations
of the general population, too are crucial in understanding the current status of mental
health communication on social media in the country and the related predictors. The
present study thus aimed to explore this area which has received very little attention.

The peer-to-peer support phenomenon described in the previous section and the
social media ecology model provided a foundation for determining the variables of the
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present study. We have considered the definition of social media as given by Naslund
and colleagues, who describe it as an online and mobile-based platform, that is interac-
tive, and that allows individuals and groups to discover, share, co-create, or exchange
information, in the form of ideas, photos, or videos with others in their virtual network
[5].

The social media ecologymodel is a honeycomb framework of seven building blocks
that are configured by various social media platforms. These building blocks are – iden-
tity: the extent to which users reveal themselves, conversations: the extent to which users
communicate with each other, sharing: the extent to which users exchange, distribute
and receive content, and presence: the extent to which users know if others are available,
relationships: the extent to which users relate to each other, reputation: the extent to
which users know the social standing of others and content, and lastly groups: the extent
to which users are ordered or form communities [13] (Fig. 1).

Fig. 1 Themotivation needsmapped across the elements of the honeycombmodel of social media
[14]

Through the present study, we intended to focus on health communication in India
using social media exclusively in the context of mental health. The study used the more
generic perspective of health communication for this purpose, conceptualizing mental
health communication on social media as a set of behaviours that use communication
strategies as supported by the platform, with the aim of discussing, spreading awareness,
and potentially also influencing health beliefs and decisions of individuals and commu-
nities with respect to mental health and related issues. Communication is seen as being
more democratic and horizontal and driven by the masses rather than a top-down chan-
nel wherein information is disseminated unidirectionally by governments, policymakers,
experts, corporations, or media houses.
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2 Method

2.1 Participants

The study implemented convenience sampling technique by using socialmedia platforms
to reach out to potential participants. While this non-probability technique poses certain
inherent limitations, it was thought to be the most suitable and practical approach in the
context of the given study, given the inclusion criteria, and also to help reach out to a
wide sample. The inclusion criteria for the study specified that participants must have
completed 18 years of age, must have completed education at least till grade twelve,
must hail from metro cities, urban or semi-urban areas and must have access to social
media. Sampling bias was reduced due to the anonymous nature of the survey. The
final sample comprised 421 participants (Mean age= 28.26 years), hailing from various
regions across India. In terms of socialmedia usage,WhatsAppwas themostwidely used
platform among the participants closely followed by Instagram. Facebook and Twitter
came next and were followed by Reddit (Table 1).

Table 1. Distribution of sociodemographic characteristics of the participants.

Characteristic n %

Age (in years)

18–25 240 57.0

26–33 58 13.8

34–41 67 15.9

42–49 35 8.3

50–57 16 3.8

58–65 5 1.2

Gender

Women 283 67.2

Men 133 31.6

Non-binary 2 0.5

Undisclosed 3 0.7

Education

12th Grade 144 34.2

Diploma 24 5.7

Graduation 134 31.8

Postgraduation 83 19.7

Professional degree 32 7.6

(continued)
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Table 1. (continued)

Characteristic n %

Doctoral degree 4 1.0

Annual income in lacs

Less than 2.5 23 5.5

2.5–5 38 9.0

5–7.5 43 10.2

7.5–10 35 8.3

10–12.5 37 8.8

12.5–15 39 9.3

Above 15 206 48.9

Residence

Semi-urban 30 7.1

Urban 182 43.2

Metro 209 49.6

2.2 Tool

A survey questionnaire was developed for the study with the aim of understanding the
behaviours, experiences, perceptions, and pandemic associated changes in mental health
communication and related behaviours of the general population. The entire survey
required approximately 15 min to be completed.

The resulting anonymous online survey included a section on sociodemographic
details of the participants including age, gender, educational qualification, annual income
(based on formal ranges used by the Government for the taxation brackets based on
annual income), and residence (metro, urban, and semi-urban). Social media platforms
used, time spent daily on social media, and the general extent of knowledge about mental
health were recorded next.

The following section required participants to report mental health communica-
tion behaviours that they themselves displayed and those that they observed others
displaying on social media. For the present study, mental health communication was
operationalized as including four behaviours on social media in the context of men-
tal health-seeking information, forwarding messages/posts/reels/videos/posters/memes
etc., creating and sharing messages/posts/reels/videos/posters/memes etc. and sharing
personal experiences.

The survey also included a section dedicated to understanding the perspectives of the
participants about various reasons for the usage of socialmedia formental health commu-
nication. There were 22 statements in this section implementing a five-point Likert type
scale response pattern with two statements each for 11 motivational needs. A pilot study
conducted earlier [15] on a comparative sample of 81 participants was the source for
these statements. These eleven motivational needs were – empathy, catharsis, concern,
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reassurance, sharing of personal experiences, spreading awareness, seeking information,
recommending suggestions, tangible help, glamourization/trend and peer pressure (the
last two needs reflected a negative attitude towards the use of social media for mental
health communication). Confirmatory factor analysis using the principal axis factoring
extraction method and oblimin rotation with Kaiser normalization was performed and
it supported this dichotomy. The pattern matrix revealed that the 18 statements related
to the motivation needs, depicting a positive attitude towards the use of social media
for mental health communication loaded on one factor. The four statements related to
glamourization/trend and peer pressure, depicting a negative attitude, loaded on a sec-
ond factor. Cronbach’s alpha reliability coefficients were computed for this 22-item
section on a representative sample of 377 participants. The obtained coefficient value (r
= 0.90) demonstrated good internal consistency, following the rules of thumb regarding
acceptable and necessary reliability coefficients [16].

The last section of the survey asked participants about any quantitative change that
they have observed in themselves and others with reference to the use of social media for
mental health communication after the pandemic. The reason for capturing the observa-
tions of others’ behaviours along with the self-report of one’s own behaviour, was that
participants may provide valuable data on these behaviours even though they may not
perform the behaviours themselves. Participants noted their observation in terms of there
being no change, there being an increase in usage or there being a decrease in usage. An
additional option was provided to identify those who had never used social media for
mental health communication.

2.3 Procedure

Data collection for the study commenced after receiving the ethics approval from the
University’s Internal Review Board (IRB) (Approval number: 2022/02/04/EXP). Data
collectionwas carried out through themonth ofMarch, 2022.At this point, India had seen
a drastic reduction in the number of newCOVID-19 cases (with daily cases being around
6,500 at the beginning of themonth and further reduced to about 2,500 towards the end of
the data collection), compared to the third wave that hit the country around mid-January,
2022 (when the count of new cases per day had reached almost 3.5 lakhs). Participation
in the study was voluntary and completely anonymous with no identifiable data like
name, email address, contact number or address being recorded. The online survey
questionnaire link was forwarded to prospective participants through personal contacts,
University students, professional andpersonal networks and socialmedia platforms.Data
obtained was then cleaned for responses from participants that did not meet the inclusion
criteria. The final data was coded and then further put through statistical analysis.

2.4 Analysis

The study followed a quantitative exploratory analysis approach. Descriptive statistics
were calculated for understanding the contemporary state of mental health-related social
media communication. For further inferential statistics, the total data (n= 421) was split
into two groups based on the usage of socialmedia formental health communication (n=
270 for users and n= 151 for non-users). While participant age and extent of knowledge
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about mental health were originally continuous scalar variables, the categorical variables
including educational qualification, annual income and time spent on social media daily
were encoded and converted to numerical data for analysis. After studying the correlation
matrix and verifying the absence of multicollinearity, multiple linear regression analyses
were performed for the significant relationships, to identify the predictors of mental
health communication behaviours in this group of users. The entire data analysis was
performed using SPSS Ver. 22.

3 Results

The study was aimed at understanding the current status of the general population
with respect to mental health-related communication on social media in India espe-
cially as impacted by the pandemic and to explore the crucial determinants of these
communication behaviours.

3.1 Current Status of Mental Health Communication in India

In this section, we present the descriptive statistics depicting mental health communi-
cation in the country along with the impact that the pandemic was perceived to have in
this context.

Table 2. Descriptive statistics for mental health communication behaviours.

Behaviour M SD

Displayed by oneself

iInfo 2.95 1.28

iForward 2.94 1.23

iCreate 2.13 1.23

iShare 2.24 1.23

Observed behaviours

oInfo 3.19 1.26

oForward 3.26 1.28

oCreate 2.93 1.38

oShare 2.98 1.33

Impact of the pandemic n %

On one’s behaviours

Increase 169 40.1

Decrease 14 3.3

(continued)
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Table 2. (continued)

Behaviour M SD

No change 87 20.7

Never used for mental health 151 35.9

On others’ behaviours

Increase 386 91.7

Decrease 2 0.47

No change 33 7.8

Note. iInfo = Health communication behaviour involving searching for mental health-related
information on social media, iForward= Health communication behaviour involving forwarding
of mental health-related information on social media, iCreate=Health communication behaviour
involving the creation of content for spreading awareness about mental health on social media,
iShare = Health communication behaviour involving sharing one’s own personal mental health
experiences with others on social media. oInfo=Others’ health communication behaviour involv-
ing searching for mental health-related information on social media as observed by the participant,
oForward = Others’ health communication behaviour involving forwarding of mental health-
related information on social media as observed by the participant, oCreate=Others’ health com-
munication behaviour involving creating content for spreading awareness about mental health on
social media as observed by the participant and oShare=Others’ health communication behaviour
involving sharing their own mental health-related experiences on social media as observed by the
participant.

As observed in Table 2, the mean frequency of mental health communication
behaviours was found to be less for the participant’s self-report as compared to what they
observed. Among those displayed by oneself as well as by others, searching for infor-
mation and forwarding mental health information were the most frequent behaviours.
Content creation was observed to have the most variability. With reference to the per-
ceived impact of the pandemic, while almost 36% of participants reported never using
social media for mental health communication, among the others, over 40% of partic-
ipants reported witnessing an increase in their mental health communication since the
onset of the pandemic. On the other hand, for observed usage of social media, almost
92% of participants reported noticing an increase since the onset of the pandemic.

3.2 Factors Relevant to Mental-Health Communication on Social Media

In this section we present the summary of the analysis performed for the group of
participants using social media for mental health communication (n = 270), to identify
the significant predictors of mental health communication on social media in this group.

SociodemographicCharacteristics, Usage,Knowledge andMentalHealthCommu-
nication. Pearson’s product-moment correlation followed by multiple linear regression
analysis was performed to identify the role of sociodemographic participant character-
istics, time spent on social media and extent of knowledge of mental health issues in
predicting mental health communication on social media.
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Table 3. Summary of correlation coefficients for sociodemographic characteristics, time spent
on social media, knowledge and mental health communication.

Variable 1 2 3 4 5

1. Age –

2. Education 0.57** –

3. Income −0.05 −0.04 –

4. Usagea −0.19** −0.19** 0.08 –

5. Knowledge −0.22** −0.11 0.09 0.09 –

iInfo −0.24** −0.07 0.03 0.16** 0.41**

iForward −0.30** −0.15* 0.01 0.16** 0.37**

iCreate −0.12 −0.03 −0.07 0.11 0.38**

iShare −0.07 −0.08 −0.01 0.04 0.27**
a Usage refers to the time spent on social media by the participant on a daily basis
*p < 0.05. **p < 0.01.

Following the results of the correlation analysis as seen in Table 3, a multiple regres-
sion analysis was performed for the significant relationships. The first model with age,
time spent on social media daily and extent of mental health knowledge collectively
predicted searching for information communication behaviour, (F(3, 266) = 22.14, p
< 0.001, R2 = 0.20). The individual predictors were examined further and indicated
that age (t = −2.52, p = 0.012) and knowledge (t = 6.52, p = 0.001) were significant
predictors in the model. The second model tested with age, educational qualification,
time spent on social media daily and extent of mental health knowledge collectively
predicted forwarding information communication behaviour, (F(4, 265) = 16.48, p <

0.001, R2 = 0.20). Age (t = −3.46, p = 0.001) and knowledge (t = 5.62, p = 0.001)
again emerged as significant predictors in the model. The next model tested extent of
mental health knowledge as a predictor of creating content, (F(1, 268) = 44.21, p <

0.001, R2 = 0.14). Extent of mental health knowledge (t = 6.45, p = 0.001) emerged
as a significant predictor in the model. The last model tested the extent of mental health
knowledge as a predictor of the communication behaviour of sharing personal mental
health experiences, (F(1, 268) = 21.19, p < 0.001, R2 = 0.07). The extent of mental
health knowledge (t = 4.60, p= 0.001) emerged as a significant predictor in the model.
The extent of mental health knowledge of the participants thus significantly predicted
each of the four communication behaviours.

Motivational Needs and Mental Health Communication. In this section, we present
the analysis performed to identify the role of the 11 motivational needs in predicting
mental health communication on social media.

Following the results as seen in Table 4 and Table 5, empathy was shown to have
relationships of moderate strength with the behaviours, whereas the negative motiva-
tional needs of glamour/trend and peer pressure showed no significant relationships
throughout with the behaviours. Multiple regression analysis was then performed for
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Table 4. Summaryof correlation coefficients for the positivemotivational needs andmental health
communication.

Variable 1 2 3 4 5 6 7 8 9

1. Emp – – – – – – – – –

2. Cath 0.56** – – – – – – – –

3. Cncrn 0.61** 0.60** – – – – – – –

4. Reass 0.60** 0.55** 0.60** – – – – – –

5. Share 0.63** 0.56** 0.66** 0.58** – – – – –

6. Aware 0.60** 0.41** 0.57** 0.52** 0.68** – – – –

7. Info 0.50** 0.45** 0.56** 0.41** 0.52** 0.48** – – –

8. Reco 0.56** 0.51** 0.59** 0.46** 0.61** 0.58** 0.59** – –

9. Help 0.48** 0.51** 0.55** 0.40** 0.51** 0.54** 0.54** 0.64** –

iInfo 0.24** 0.14* 0.08 0.17** 0.12 0.05 0.07 0.10 0.20**

iForward 0.28** 0.24** 0.16** 0.23** 0.22** 0.23** 0.14* 0.11 0.13*

iCreate 0.24** 0.13* 0.06 0.10 0.11 0.09 0.14* 0.10 0.20**

iShare 0.25** 0.17** 0.14* 0.20** 0.16** 0.09 0.17** 0.15* 0.14*

Note. Emp = Empathy, Cath = Catharsis, Cncrn = Concern, Reass = Reassurance, Share =
Sharing of personal experiences, Aware = Spreading awareness, Info = Seeking information,
Reco = Recommending suggestions, Help = Tangible help
*p < 0.05. **p < 0.01.

Table 5. Summary of correlation coefficients for the negative motivational needs and mental
health communication.

Variable 1 2

1. Glam –

2. Peer 0.54** –

iInfo −0.08 −0.03

iForward −0.09 −0.04

iCreate −0.03 0.08

iShare −0.02 0.01

Note. Glam = Glamour/trend, Peer = Peer pressure
**p < 0.01.

the significant relationships. The first model with empathy, catharsis, reassurance and
help motivational needs and searching for information emerged significant, (F(4, 265)
= 4.23, p < 0.01, R2 = 0.06). Among the individual predictors, only empathy (t =
2.70, p = 0.007) significantly predicted the communication behaviour of searching for
mental health information on social media. The next model tested empathy, concern,
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catharsis, reassurance, help, sharing, awareness and information as predictors of for-
warding information, and emerged as significant, (F(8, 261) = 3.88, p < 0.001, R2 =
0.11). Among the motivational needs only empathy (t = 1.99, p = 0.048) emerged as
a significant predictor of forwarding mental health information on social media. The
third regression model assessing the creating content communication behaviour as pre-
dicted by empathy, catharsis and information emerged significant, (F(3, 266) = 5.30,
p < 0.001, R2 = 0.06). Again, empathy emerged as the sole significant predictor (t =
2.96, p = 0.003). The final model tested the motivational needs of empathy, concern,
catharsis, reassurance, help, sharing, information and recommendation as predictors of
the communication behaviour of sharing personal experiences about mental health on
social media. This model was overall significant, (F(8, 261) = 2.56, p < 0.05, R2 =
0.07). As in the earlier model, empathy was the only significant individual predictor (t
= 2.25, p = 0.025).

4 Discussion

4.1 Current Status of Mental Health Communication on Social Media in India

The results suggested that the use of social media for mental health communication is
quite prevalent in the sample for the study that hailed from Indian metro, urban and
semi-urban areas, with only about 36% of participants reporting that they never used
social media for this purpose. This could be attributed to the social media usage and the
extent of mental health awareness levels in this section of society. Moreover, theorists
and researchers have identified that the advantages of social media as a platform for
mental health communication, outweigh its limitations like lack of reliability of the
information or the possibility of compromised privacy. Apart from peer-to-peer support,
social media also helps spread knowledge within the general society. Through this, it
also helps others identify mental health concerns and be more proactive towards them
and one’s own mental health as well. An additional benefit could be that social media
enhances opportunities to augment existing mental health services and programs and
supply the same support to those facing similar issues [7].

Secondly, the study revealed that the use of social media for searching for infor-
mation related to mental health and forwarding such information were behaviours that
were both more frequently displayed and observed by the participants. These were fol-
lowed by creating content and sharing personal experiences which were comparatively
less frequently displayed and observed. These differences can be expected, considering
the greater amount of time, effort and technical skills required for content creation on
social media and considering the taboo associated with sharing personal mental health
experiences, especially on a more public platform like social media.

The study also clearly demonstrated the effect of the pandemic on the usage of
social media for mental health communication in the sample studied. Across the total
sample of the study (n= 421), almost 92% of participants reported that they observed an
increase in mental health communication by others on social media, since the pandemic.
Among those who used social media for mental health communication themselves (n
= 270), 169 participants (62.6%) reported an increase in their own behaviours owing
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to the pandemic. This increase reflects the ease of the platform to connect to others
for support and information, especially during such challenging times. For instance,
a study conducted in Indonesia [17] that explored the role of social media in health
communication during the first phase of the pandemic outbreak, supports this notion.
The study revealed that a vast majority of participants benefited from using social media
for health communication and demonstrated a positive attitude towards it because it
allowed them to seek social support from online networks as well as from offline friends,
relatives and colleagues.

4.2 Predictors of Mental Health Communication on Social Media in India

The younger the participants and themore knowledgeable theywere aboutmental health,
the more likely they were to use social media for searching information about mental
health and forward such information on socialmedia. Likewise,mental health knowledge
predicted content creation and sharing of personal experiences in the sample studied.
This can be explained using Everett Rogers’ Diffusion of Innovation theory which talks
about how new concepts, ideas and practices can spread within a community. The theory
proposes five subgroups classified based on the nature of the audience and characteris-
tics to adopt innovation – innovators, early adopters, early majority, late majority and
laggards [1]. The time spent by the younger adults on social media, their technical skills
of using the platform and the extent of awareness about mental health-related topics
make them innovators, early adopters and early majority while the elder ones may be
categorized into the remaining two categories.

With reference to the 11 motivational needs as predictors, only empathy emerged as
a significant predictor of mental health communication on social media in the sample
studied. Empathy is the basic human value needed to be sensitive to the needs of oneself
as well as others and thus individuals with higher empathy can be expected to express
this concern even in the context of mental health. To understand how all these factors
come together to predict mental health communication on social media, we use the
Precede-ProceedModel developedbyLawrenceGreen andMarshallKreuter. Thismodel
analyses three key categories that influence behavioural change – pre-disposing factors,
enabling factors and reinforcing factors [1]. Young empathetic individuals, with the
necessary access to social media and usage skills, would use the platform for mental
health communication. The positive reactions and support to these acts by the online
community especially post the pandemic would further reinforce their behaviours.

Consequently, social media fosters a global form of communication, as people get
to know others outside of their community, empower them to talk about health more and
provide a platform for conversations that certain topics need [18]. This can ultimately
lead to people seeking out help, online consulting and spreading extensive awareness
about it. Some of the other benefits include increased interactions with others, increase in
the quantity of information, tailored and shared information, increased accessibility and
widened access, peer/emotional/social support, public health surveillance and potential
to influence health policies [13].
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4.3 Limitations, Conclusions and Implications

While we attempted to obtain a representative sample of the typical urban Indian popu-
lation, the sample for the study comprised 57% of young adults and 30% of participants
falling in the middle adulthood category. While this sample may represent the age group
of the most active social media users, more data from participants belonging to the elder
age groups could have aided the understanding of their social media usage for men-
tal health communication as well. Likewise, participants belonging to the middle and
low-income groups (as categorized by national level taxation brackets) were underrep-
resented in the study, and further studies and conscious efforts to include these groups
would give a more holistic understanding of the status of mental health communication
on social media in the country. Post hoc power analysis for the effect sizes obtained
for the regression analyses was found to be above 0.90 in all instances. However, since
the study used convenience sampling, the findings may not be directly generalized to
the entire population. Lastly, while we have focussed on the potential of social media to
foster mental health, one cannot ignore the limitations and hazards that may emerge from
blind reliance on these platforms. Misinformation, fake news, and fraudulent accounts
are some of the common pitfalls in the path of establishing a healthy and safe social com-
munity on the Internet. Social media should be considered a complementary intervention
strategy and cannot replace professional aid or expertise.

Despite the above-mentioned limitations, the study highlighted the potential of social
media to be harnessed as a platform for supporting efforts to foster mental health com-
munication. As a country that is only recently witnessing an increase in awareness about
mental health and that has a tremendous deficit of mental health practitioners on one
hand and millions of social media users on the other, the findings of our study hold a
promise for developing social media-based interventions for propagating mental health.
By building on the capacity of this platform to reach across the length and breadth of the
country,mental health awareness can spreadwider and faster, unlike the traditional health
communication mediums. The broad findings of the study may also have implications
for other developing countries facing similar mental health-related challenges.

Secondly, the findings elicited the importance of the extent of mental health aware-
ness among the participants in predicting their actual behaviours related to mental health
communication on social media. Moreover, considering the fact that such behaviours
on social media are elicited more frequently by young adults, interventions focused on
this age group for spreading awareness about mental health through experts will ensure
the wider and more effective dissemination of accurate information about mental health
issues. Simultaneously, efforts ought to be made to build the necessary technical skills
for the elderly to equip them for using social media platforms in the context of mental
health-related needs. On-going traditional mental health awareness programs and drives
can receive a boost by getting such social media influencers on board.

The study also revealed that the major motivational need driving mental health com-
munication behaviours on social media was empathy. The vital role of this core human
virtue implies that these behaviours are not merely trends and are not performed for any
direct incentives. This could have long term implications for the organic growth of this
phenomenon on social media. Especially considering the impact of the pandemic on both
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mental health and social media usage, both quantitative and qualitative developments in
pro-mental health-related dialogue on social media can be expected.
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Abstract. According to the World Health Organization (WHO), the COVID-19
pandemic is considered theworst global health crisis in the 21st century that caused
unprecedented disruption to many sectors around the world (e.g. education, busi-
ness, and tourism). Misinformation on social media is one of the major issues
during the COVID-19 pandemic, which must be carefully considered. To address
this issue, people’s health information-seeking behaviours play an important role
to access accurate and reliable information on social media. In this study, we con-
ducted a questionnaire-based study in Myanmar, which is one of the developing
countries according to theUnitedNations to understand university students’ health
information-seeking behaviours on social media during the COVID-19 pandemic.
The findings suggest that social media plays a vital role to spread reliable and
accurate information during the pandemic. The role of governments and author-
ities is also important to effectively use social media platforms (e.g. Facebook)
to reach out to the public so that they can spread timely and accurate informa-
tion during the COVID-19 pandemic. Lastly, users need to assess and verify the
credibility of information related to pandemics on social media when they seek
health-related information. This study suggests opportunities for further research
in health information seeking on social media.

Keywords: COVID-19 pandemic · Health information-seeking Behaviour ·
Social media

1 Introduction

Since the beginning of 2020, the world has experienced the COVID-19 pandemic caused
by a new coronavirus (SARS-CoV-2). It became the worst global health crisis since 1918
[1, 2]. According to WHO [3], the COVID-19 pandemic has become a severe global
threat and caused unprecedented disruptions and damages to many sectors and activities
including education, business (e.g. work from home), social (e.g. stay-at-home), health-
related activities (e.g. restrictions on on-site health visit), and tourism (e.g. closures of
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hotels and restaurants). Moreover, most universities and schools around the world had
to temporarily stop their onsite and face-to-face educational activities and moved to
online platforms (e.g. using Zoom or MSTeam). Since the beginning of the COVID-19
pandemic, which has cost the lives of millions of people worldwide [4], people have
sought health-related information (e.g. daily infection rates, mortality rate, and COVID-
19 disease symptoms) from various sources including print media (e.g. television, radio,
or social media channels) and online platforms (e.g. health-related websites and social
media).

According to the existing literature, the ways people seek information about their
health such as risks, symptoms, illnesses, treatment, and health-protective behaviours can
be referred as ‘Health Information-Seeking Behaviour’ (HISB) [5, 6]. For instance, peo-
ple use various platforms (e.g. newspapers, online media, TV, and radio) to seek, obtain,
and verify health-related information to deal with their health problems.Generally, HISB
refers to the individual’s discretionary actions to seek, obtain, and verify health-related
information, as well as sources of information they use. Some discretionary actions
of information seeking include reading (e.g. blogs), browsing (e.g. websites), listening
(e.g. health talks), direct questioning (e.g. forum), asking for clarifications (e.g. chat-
bot), discussion (e.g. forum), and exchanging information with others (e.g. social media)
[7–14].

Concerning people’s health-related information-seeking behaviours, the existing lit-
erature shows that the internet, particularly social media, is the primary source for users
to seek, obtain, and verify health-related information in order to make decisions on their
health-related issues [15]. Furthermore, in recent years, social media platforms (e.g.
Facebook and Twitter) have become a vital communication tool for people to identify
health-related data. For instance, people seek information related to the outbreaks of
infectious diseases and daily mortality rates during the COVID-19 pandemic. Further-
more, they analyse, verify, and interpret such health information on social media when
they share it with others (e.g. friends on social media) [16–19]. The literature also points
out that people usually seek health-related information mostly on social media to under-
stand a particular health problem (e.g. symptoms and treatments). Furthermore, they
use social media to assess and verify the credibility of health-related information (e.g.
effectiveness of different vaccines for COVID-19). Most people have become reliant on
social media for health information-seeking because it can provide immediate access
to information seekers to have access to a large amount of health information, and the
various perspectives on different health topics [20]. Not only do people want to engage
in health-seeking from professional medical websites but they may also want to con-
tribute to online health communities [22, 23]. For instance, they write, share, and post
COVID-19-related information on social media during the pandemic. As described in
[21, 22], among online health information seekers, 16% tried to seek others who may
share similar health concerns with them, 30% consulted online health-related reviews
or rankings of health care services or treatments, and 26% of them read or watched
someone else’s experience about health or medical issues. The existing literature also
confirms that regarding seeking health information behaviours and resources, social
media plays a dominating role, which can empower users in terms of improvements in
making decisions and ultimately fostering better public health outcomes.
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In the past decade, people have been frequently seeking information on social media
including Facebook, Twitter, WeChat, and Weibo [24]. During the recent pandemic, as
people were forced to stay under lockdowns and nationwide restrictions, their health-
related information-seeking behaviours and activities had moved to the internet, partic-
ularly on social media. For instance, during the pandemic, people shared, exchanged,
and acquired COVID-19 health-related information on social media platforms including
Facebook and Twitter. Not only do they use social media to obtain up-to-date informa-
tion, but they also use social media to assess and verify the credibility of COVID-19-
related information. Hence, social media had also become an alternative for a personal
visit to hospitals and medical centers, as well as face-to-face consultations with health
practitioners [25]. In addition, the existing literature also confirms that social media has
become themost common platform for users during the COVID-19 pandemic [24, 26]. It
is not surprising that over 3.8 billion people are utilizing social media around the world;
hence, the vast volume of information that people received through social media has an
impact on how they interpret and respond to the current COVID-19 pandemic [27, 28].
During the pandemic, the WHO stated that the largest number of COVID-related talks
on Twitter in one day was 548,152,410. Furthermore, COVID-19 was mentioned 40.2
million times on social media between May 12th and May 18th, 2020, according to the
online social media tracking platform TalkWalkerTM [29, 30].

More importantly, the literature has also highlighted that misinformation related to
the COVID-19 pandemic has caused a major threat to public health [31]. According to
[37], misinformation is false or inaccurate information, which is deliberately created, as
well as is propagatedwith orwithout intention. From the science and health point of view,
misinformation is defined as information that is contrary to the epistemic consensus of
the scientific community regarding a phenomenon [38, p.434]. Furthermore, the spread
of suchmisinformation about COVID-19 is associated with people’s health information-
seeking behaviours on social media [32]. In 2020, theWHO announced that the COVID-
19 pandemic was accompanied by a contemporary challenge called the ‘infodemic’ of
misinformation [33]. Furthermore, to properly address rapidly spreading rumours and
questions from the public obtained on socialmedia during theCOVID-19 pandemic [34],
the WHO has used search optimization strategies within the social media platforms to
guide questions about the pandemic by redirecting them to reliable sources.

Although the existing research highlights the importance of people’s health
information-seeking behaviours and the challenge of misinformation being spread on
social media during the pandemic, there is limited research on the Covid-19-related
information-seeking behaviour of university students, who are known as the largest user
group of social networking sites according to [35]. Furthermore, the research is lim-
ited to the health information-seeking behaviours of university students particularly in
developing countries during the COVID-19 pandemic. To be able to bridge the gaps,
this research is important to conduct as the findings from this study can be useful for
researchers in health informatics to understand students’ information-seeking behaviours
on social media during a health crisis (e.g. COVID-19). Hence, in this paper, we aimed
to conduct empirical research and perform questionnaire-based research to investigate
the HISB of university students in Myanmar. The main objectives of the study are:



Understanding University Students’ Health Information Seeking Behaviours 97

• To understand university students’ social media usage and their social media self-
efficacy during the COVID-19 pandemic,

• To understand their HISB during the COVID-19 pandemic in terms of their trust-
worthiness, assessment of information credibility, and their fear of COVID-19,
and

• To understand how they verify misinformation related to COVID-19 on social media

2 Method

2.1 Participants Recruitment

Regarding the recruitment of participants in this study, we defined the inclusion criteria.
For instance, participants must age between 18 and 25 years, as well as they must belong
to a particular program (e.g. undergraduate or graduate) in a local university inMyanmar.
The participants were recruited through the Myanmar University Network including
social media platforms (e.g. Facebook) and instant messaging tools (e.g. Viber). We
recruited participants who were interested in voluntarily participating in the study. Upon
the participants’ agreement, we shared the questionnaire link with the participants via
email. The data collection took place for 30 days. The research was conducted according
to the university’s ethical guidelines.

2.2 Approach and Instruments

In this study, we conducted a web-based questionnaire research to understand university
students’ HISB on social media (e.g. Facebook and Twitter). Particularly, we were inter-
ested in their behaviours in terms of seeking, verifying, and acquiring the COVID-19
related health information on social media during the pandemic. First, we developed an
online questionnaire based on the research objectives and the concepts discussed above.
The questionnaires consisted of demographic questions (e.g. age, gender, and educa-
tion background), followed by participants’ social media usage. Regarding participants’
social media self-efficacy, which was adapted from [34], it focuses on participants’
perceived social media skills, their confidence in finding information on social media
successfully, social media content production (e.g. writing a post), and consumption of
such information (e.g. read a post).

Moreover, we were interested in participants’ HISB in social media in terms of
their trustworthiness in the credibility of COVID-19 information. Hence, we adopted
the questionnaire ‘Social Media Trustworthiness’ from [34]. The questionnaire focuses
on participants’ trustworthiness in COVID-19 information shared by different sources.
We were also interested in participants’ assessment of the credibility of COVID-19-
related information, particularly on social media. Thus, we adopted the ‘Social Credi-
bility Assessment’ questionnaire from [34], assessing how much the participants believe
in COVID-19-related information posted by people on social media (e.g. friends, non-
friends, unknown sources, and governmental pages). In addition, we used the question-
naire for measuring ‘Social Media Verification’ by [34] to investigate how participants
used social media platforms to verifymisinformation related to COVID-19. For instance,
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the questionnaire asked if participants considered others’ opinions when they verified
COVID-19 information, as well as when they decided whether it is false or inaccurate
information. Also, we used the Fear of COVID-19 questionnaire developed by [35] to
understand participants’ fear of getting contracted COVID-19. Lastly, we used open-
ended questions to understand participants’ perspectives on COVID-19 information-
seeking behaviours on social media platforms. We used the Google Form to create
the online questionnaires. For all questionnaire items, we used a 5-point Likert scale
(Strongly Disagree ‘1’ to Strongly Agree ‘5’).

3 Results

3.1 Demographic Data Analysis

In this research, we distributed a total of 250 invitation links to participants via email to
respond to the online questionnaire form. By the deadline, we received 200 responses,
of which, 199 responses were qualified while one response was rejected due to the
incomplete data. According to the responses to the questionnaire, we found that all par-
ticipants are currently university students at local universities inMyanmar. Among these
participants, there was 124 female (62.31%) and 74 male (37.19%) participants. There
were 184 undergraduate students (92.45%), 10 graduate students (5.03%), and 5 others
(2.61%). Regarding the participants’ age, there were 178 participants aged between 18
and 29 years (92.46%), 17 participants aged between 30 and 49 years (8.54%), and 4
participants aged between 50 and 59 years (2.01%) respectively. Regarding social media
platforms use, it was found that 196 participants use Facebook, followed by 73 partici-
pants who also use Instagram, 28 participants use Twitter, 7 participants use YouTube,
and 14 participants use other social media platforms (e.g. Weibo) respectively. About
their HISB related to COVID-19, 175 participants used different social media platforms
including Facebook, followed by 85 participants who used TV or radio, 68 participants
used social communication applications such as WhatsApp, WeChat, and Messenger,
and only 3 participants used Google search engine.

Regarding the participants’ social media usage, 141 participants (70.85%) responded
that they used ‘several times a day’, while 44 participants (22.11%) mentioned that they
used ‘once a day’, 10 participants (5.03%) answered that they used ‘a few times a
week’, and 4 participants (2.01%) used ‘a few times a month’ respectively. Regarding
the duration of social media usage, 76 participants (38.19%) responded that they used
approximately 30 min every time they used a social media application, while 71 par-
ticipants (35.68%) used approximately two hours each time they used social media.
Furthermore, 21 participants (10.55%) used less than 15 min, 19 participants (9.55%)
used approximately 4 h, and 12 participants (6.03%) used more than 4 h of social media
usage every time they used it.

3.2 Social Media Self-efficacy

In this study, the participants’ self-efficacy in using social media platforms was assessed
(see Table 1). First, we found that the participants were skillful in using social media
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platforms (M = 3.41, SD = 0.74). Second, they were good at finding information on
social media platforms (M= 3.51, SD= 0.74). Third, they contributed to social media in
terms of posts, comments, shares, and like (M= 3.01, SD= 0.89). Lastly, they searched
for information on social media such as reading posts and comments (M = 3.5, SD
= 0.92) respectively. The overall self-efficacy of the participants in using social media
platforms was (M = 3.4, SD = 0.2).

Table 1. Participants’ self-efficacy on social media.

Self-efficacy questionnaire M SD

1. How skillful are you in using social media platforms? 3.41 0.74

2. How good are you at finding information on social media platforms? 3.51 0.74

3. How often do you contribute to social media (e.g. post, comment, share, and
like)?

3.01 0.89

4. How often do you obtain/look for information on social media (e.g. read posts
and comments, watch videos, visit the shared links, and save posts)?

3.5 0.92

3.3 Trustworthiness

Regarding the participant’s trustworthiness in COVID-19-related information shared on
social media, we found that their trust in information shared by friends on social media
was merely above average (M = 2.77, SD = 0.60). Concerning their trustworthiness in
COVID-19-related information shared by non-friends on social media, their trust in such
information (M= 2.32, SD= 0.81) was below average. Furthermore, they had the least
trustworthiness in COVID-19-related information shared by unknown sources on social
media (M = 1.88, SD = 0.82). Lastly, they had the highest trust in COVID-19-related
information shared by reliable and credible sources such as the government’swebsite and
international organizations (e.g. WHO) (M = 3.66, SD = 0.80) on social media. Table
2 shows the participants’ trustworthiness in COVID-19 information on social media.

Table 2. Participants’ trustworthiness in COVID-19 information on social media.

Social media trustworthiness questionnaire M SD

1. How much do you trust information related to COVID-19 posted/shared by
friends on social media?

2.77 0.60

2. How much do you trust information related to COVID-19 posted/shared by
others (not in your friends’ list) on social media?

2.32 0.81

3. How much do you trust information related to COVID-19 from unknown
sources on social media?

1.88 0.82

4. How much do you trust information related to COVID-19 from known sources
on social media (e.g. WHO, media, and local authorities)?

3.66 0.80
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According to Table 3, the participants’ trust in COVID-19 information shared by
their friends on social media was mostly neutral. However, it can be seen that they did
not trust the COVID-19 information shared by non-friends on social media. Apparently,

Table 3. Participants’ trustworthiness in COVID-19 information on social media in percentages

Social media
trustworthiness
questionnaire

Not at all
(%)

Not so much
(%)

Neutral (%) Very much
(%)

Extremely very
much (%)

1. How much do
you trust
information
related to
COVID-19
posted/shared by
friends on social
media?

2.51 24.62 65.83 7.04 0.00

2. How much do
you trust
information
related to
COVID-19
posted/shared by
others (not in
your friends’
list) on social
media?

17.59 36.68 42.21 3.02 0.50

3. How much do
you trust
information
related to
COVID-19 from
unknown
sources on
social media?

38.69 36.18 23.62 1.51 0.00

4. How much do
you trust
information
related to
COVID-19 from
known sources
on social media
(e.g. WHO,
media, and local
authorities)?

0.00 6.03 36.68 42.21 15.08
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the results also show that the majority of the participants had the least trust in COVID-
19-related information shared by unknown and unreliable sources on social media. On
the contrary, most participants trusted COVID-19 information shared by reliable and
credible sources on social media.

3.4 Information Credibility Assessment

We also investigated the participants’ assessment of the credibility of COVID-19-related
information on social media. First, when the participants sought COVID-19-related
information on social media, they believed the credibility of particular information just
because their friends on social media shared it (M= 2.66, SD= 0.69), which was above
average. The mean score was below average (M = 2.26, SD = 0.80) for the credibility
of information shared by non-friends on social media. Also, the results show that the
COVID-19-related information shared by unknown sources on social media was the
least credible (M= 1.91, SD= 0.89). Lastly, the COVID-19-related information shared
by reliable sources and people such as the government’s websites and international
organizations (e.g. WHO) was the most credible (M= 3.64, SD= 0.80). Table 4 shows
the participants’ assessment of the credibility of COVID-19 information on social media.

Table 4. Participants’ assessment on the credibility of COVID-19 information on social media.

Social credibility assessment questionnaire Mean (M) Standard deviation (SD)

1. When looking at information related to COVID-19 on
social media, how often do you believe the information
because your friends on social media also believe it?

2.66 0.69

2. When looking at information related to COVID-19 on
social media, how often do you believe the information
because other people (not on your friends’ list) on social
media also believe it?

2.26 0.80

3. When looking at information related to COVID-19 on
social media, how often do you believe the information
because unknown sources on social media also believe
it?

1.91 0.89

4. When looking at information related to COVID-19 on
social media, how often do you believe the information
because known sources on social media also believe it
(e.g. WHO, media, and local authorities)?

3.64 0.80

According to Table 5, most participants mentioned that the credibility of COVID-19
information shared by friends on social media was ‘neutral’. The results also highlighted
that such information shared by non-friends on social media was ‘not so much credible’.
Apparently, most of them did not believe the credibility of such information shared
by unknown and unreliable sources on social media. In contrast, the majority of the
participants believed the credibility of COVID-19 information shared by reliable and
credible sources on social media.
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Table 5. Credibility assessment of COVID-19 information in social media in percentages

Social media credibility
assessment questionnaire

Not at all
(%)

Not so
much (%)

Neutral
(%)

Very much
(%)

Extremely
very much
(%)

1. When looking at
information related to
COVID-19 on social media,
how often do you believe the
information because your
friends on social media also
believe it?

5.03 31.16 56.28 7.54 0.00

2. When looking at
information related to
COVID-19 on social media,
how often do you believe the
information because other
people (not on your friends’
list) on social media also
believe it?

19.10 39.20 38.19 3.52 0.00

3. When looking at
information related to
COVID-19 on social media,
how often do you believe the
information because
unknown sources on social
media also believe it?

40.70 31.16 24.62 3.52 0.00

4. When looking at
information related to
COVID-19 on social media,
how often do you believe the
information because known
sources on social media also
believe it (e.g. WHO, media,
and local authorities)?

1.01 5.03 35.18 46.73 12.06

3.5 The Use of Social Media for Misinformation Verification

We also investigated the participants’ HISB in terms of the way they verified misinfor-
mation related to COVID-19 on social media. First, the question asking, ‘How likely are
you to check the updates from your friends on social media to make sure the informa-
tion you received is believable?’ had a mean score (M = 2.93, SD = 0.97), which was
above average, indicating that the participants believe and trust more on the information
provided by their friends. Second, the question asking, ‘How likely are you to check the
updates from others (who are not on your friends’ list) on social media to make sure
the information you received is believable?’, had a below-average score (M= 2.42, SD
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= 1.15), indicating that there is lack of trust and believe on information provided by
non-friends on social media. Third, the question asking, ‘How likely are you to check
the updates from unknown sources on social media to make sure the information you
received is believable?’, had the least mean score among others (M= 2.36, SD= 1.20),
indicating that the participants had the least trust in information shared by unknown or
unreliable sources on social media. Lastly, the question asking, ‘How likely are you to
check the updates from known sources on social media (e.g. WHO, media, and local
authorities) to make sure the information you received is believable?’, has the highest
mean score among others (M= 3.45, SD= 0.99), which was expected as apparently, the
participant find the information provided by the officials more trustful. Table 6 shows
the participants’ HISB in terms of their verification of such information on social media.

Table 6. Participants’ verification of COVID-19 misinformation on social media.

Social media trustworthiness questionnaire Mean (M) Standard deviation (SD)

1. How likely are you to check the updates from your
friends on social media to make sure the information
you received is believable?

2.93 0.97

2. How likely are you to check the updates from others
(who are not on your friends’ list) on social media to
make sure the information you received is believable?

2.42 1.15

3. How likely are you to check the updates from
unknown sources on social media to make sure the
information you received is believable?

2.36 1.20

4. How likely are you to check the updates from known
sources on social media (e.g. WHO, media, and local
authorities) to make sure the information you received is
believable?

3.46 0.99

According to Table 7, most participants mentioned that when they checked the false-
hood ofCOVID-19-related informationwith the updated news or information (e.g. posts)
on social media, they tended to believe such information if it was also shared by their
friends on social media. However, most participants had less trust in information shared
by non-friends because it was unreliable to check the falsehood of information related
to COVID-19. Apparently, most of them did not check or use the updated news from
unknown and unreliable sources on socialmedia to verify if the information they received
was false and inaccurate. In contrast, the majority of them checked the updated infor-
mation from reliable and credible sources on social media to verify the reliability and
accuracy of COVID-19 information.

3.6 Fear of COVID-19

We also investigated the participants’ fear of COVID-19 based on the information that
they obtained from social media platforms. First and in general, the participants were
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Table 7. Participants’ verification of COVID-19 misinformation on social media in percentages

Social media verification
questionnaire

Not at all
(%)

Not so
much (%)

Neutral
(%)

Very much
(%)

Extremely
very much
(%)

1. How likely are you to
check the updates from your
friends on social media to
make sure the information
you received is believable?

7.04 24.62 41.71 21.61 5.03

2. How likely are you to
check the updates from others
(who are not on your friends’
list) on social media to make
sure the information you
received is believable?

30.65 18.09 32.66 16.08 2.51

3. How likely are you to
check the updates from
unknown sources on social
media to make sure the
information you received is
believable?

35.68 14.07 32.66 14.07 3.52

4. How likely are you to
check the updates from
known sources on social
media (e.g. WHO, media, and
local authorities) to make
sure the information you
received is believable?

5.53 6.53 37.69 37.19 13.07

most afraid of COVID-19 (M= 3.31, SD= 1.01). Second, when the participants thought
that COVID-19-related information on social media couldmake them uncomfortable (M
= 3.27, SD= 0.97). When they thought about COVID-19-related information on social
media, they thought that their hands became clammy (M= 2.15, SD= 1.04). They also
mentioned that they were afraid of losing lives due to COVID-19-related information on
social media (M = 3.01, SD = 0.99). They also pointed out that when watching news
and stories about COVID-19 on social media, they became nervous and anxious (M =
3.01, SD = 0.99). Furthermore, they stated that they could not sleep because they were
worried about getting COVID-19 after seeking such information on social media (M =
2.03, SD= 1.04). Lastly, they mentioned that their heart raced when they thought about
getting COVID-19 after they had obtained such information on social media (M= 2.37,
SD = 1.15) respectively. Table 8 shows the participants’ fear of COVID-19, and Table
9 also shows that most of the participants responded ‘neutral’ concerning their fear of
COVID-19.
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Table 8. Participants’ fear of COVID-19.

Social media trustworthiness questionnaire Mean (M) Standard deviation (SD)

1. I am most afraid of COVID-19 3.31 1.01

2. It makes me uncomfortable to think about COVID-19 3.27 0.97

3. My hands become clammy when I think about
COVID-19

2.15 1.04

4. I am afraid of losing my life because of COVID-19 3.25 1.08

5. When watching news and stories about COVID-19 on
social media, I become nervous and anxious

3.01 0.99

6. I cannot sleep because I’m worried about getting
COVID-19

2.03 1.04

7. My heart races or palpitates when I think about
getting COVID-19

2.37 1.15

Table 9. Participants’ fear of COVID-19 in percentages

Social media trustworthiness
questionnaire

Not at all
(%)

Not so
much (%)

Neutral
(%)

Very much
(%)

Extremely
very much
(%)

1. I am most afraid of
COVID-19

4.52 12.56 45.23 23.12 14.57

2. It makes me uncomfortable
to think about COVID-19

4.52 12.56 45.23 26.63 11.06

3. My hands become clammy
when I think about
COVID-19

31.66 33.67 26.13 5.03 3.52

4. I am afraid of losing my
life because of COVID-19

7.54 14.07 36.68 29.15 12.56

5. When watching news and
stories about COVID-19 on
social media, I become
nervous and anxious

8.54 17.09 46.23 21.61 6.53

6. I cannot sleep because I’m
worried about getting
COVID-19

39.20 30.65 21.11 6.53 2.51

7. My heart races or
palpitates when I think about
getting COVID-19

30.65 22.11 30.15 13.57 3.52
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4 Discussion

The current research examined and investigated the participants’ health information-
seeking behaviour during the COVID-19 pandemic. All participants were university
students and the majority of them were undergraduate students at various universities in
Myanmar.We found that the participantsmainly and extensively use Facebook as a social
media platform to seek information related to COVID-19. This finding is consistent with
thefindings that theyusedFacebookas ahealth information-seeking tool to search, verify,
and obtain COVID-19-related information during the pandemic [39]. The findings also
pointed out that most of them were active in using social media platforms in their daily
routines, using the platforms daily for between 30 and 120min. Hence, it can be said that
the participants were active users of social media platforms, particularly Facebook, and
they have had extensive experience in using such a tool. Regarding their self-efficacy
in using social media platforms, we found that the participants were confident in their
abilities in using social media platforms. For instance, they were skillful in using social
media platforms, as well as theywere good at finding information on social media. These
findings are consistent with their social media usage patterns. They usually contributed
to social media platforms in terms of writing posts, comments, and sharing. In addition,
they often looked for information on social media such as by reading posts, comments,
and videos. These findings also support that the participants used social media platforms
for seeking, verifying, and obtaining information during the COVID-19 pandemic [40].
In addition, they shared health-related information (e.g. COVID-19) on social media
platforms, particularly on Facebook.

Concerning the participants’ HISB on social media, the findings suggest that when
they sought COVID-19-related information on social media, they mainly trusted known
and credible sources such as the official Facebook Page of WHO or the government’s
Facebook pages. For instance, if either WHO or the government’s social media page
announcedor sharedCOVID-19daily rates, they tended to trust such informationbecause
it was shared by a credible and reliable source. They used such reliable sources to
search, verify, and obtain COVID-19 information. The results show that although they
took opinions about COVID-19 from their friends on social media, they did not take
it seriously, and their trustworthiness was mostly neutral. As an example, when they
read the Covid-19 outbreak information shared by their friends on social media, they
would neither believe nor reject it. However, the participants’ trustworthiness was low in
COVID-19 information shared by non-friends on social media. For example, if they saw
particular information about the COVID-19 outbreak shared by non-friends on social
media, they did not tend to believe it. As most of the participants in this research were
experienced users of social media, we could assume that they could easily distinguish
who to trust and what to trust when they sought COVID-19-related information on social
media. For instance, they did not trust the information concerning COVID-19 treatment
or vaccine effectiveness shared by unreliable sources on social media. It means that such
unreliable sources may easily spread misinformation about COVID-19 that is likely to
alleviate individual and public concerns about COVID-19 information.

According to the findings, the participant’s behaviours in the assessment of the
credibility ofCOVID-19 show that official andknownsources on socialmedia (e.g.WHO
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or government pages) were the most reliable. For example, when they sought COVID-
19 symptoms on social media, they tended to believe the credibility of information
by WHO or the government’s social media pages because the information was shared
by reliable sources. In contrast, they did not believe in the credibility of information
shared by unreliable sources on social media because it was hard to verify how credible
such information was, as well as the transparency and accountability of such information
were not clear. As seen in the previous discussion, the participants had a similar ‘neutral’
view toward the credibility of COVID-19 information shared by friends on social media.
However, they believed that the COVID-19 information shared by non-friends on social
media was less credible compared to the information shared by friends. For instance,
when a friend on social media shares COVID-19 new variants (e.g. Coronavirus Delta
variant), they tended to believe that it was credible, whereas they did not believe if it
was shared by non-friends on social media. These findings are supported by the existing
literature that public trust plays a key role to control the Covid-19 pandemic, as well as
to provide effective crisis information during the pandemic [41].

When the participants checked the falsehood of the COVID-19 information they
received, as expected, they used the updated information from reliable sources on social
media (e.g. the government’s official Facebook pages). For instance, if they doubted the
credibility of the COVID-19 information (e.g. vaccine), they used the official’s social
media page to confirm; whereas they had no trust in the information shared by unreliable
and unknown sources on social media. To a certain extent, they believed and used their
friends’ updated information on social media to check the accuracy and reliability of
COVID-19 information. For example, if a friend on social media shares the symptoms
of COVID-19, the participants tended to believe and use such information to verify the
information they received; however, they had low trust in the information shared by non-
friends on social media. These findings are supported by the existing literature that as
misinformation on socialmedia tends to bemore popular than accurate information, fact-
checking or filtering is important for users so that they can receive reliable information
[42].

Lastly, about the participants’ fear of COVID-19 information, we found that they
had concerns about being contracted or getting infected with such disease. However,
their level of fear was found to be average. It can be related to their information-seeking
behaviours on social media, or it can also be related to their high self-efficacy in using
social media platforms. For instance, they were skillful in using social media platforms;
hence, they were confident to seek, verify, and obtain reliability in social media. They
also sought COVID-19-related information mostly from reliable and credible sources,
as well as they trusted such information shared by their friends on the same social media
platform. Furthermore, they always considered the opinions from credible sources before
they decided to believe a piece of information about COVID-19. Hence, it can be said
that most information they trusted was credible and trustworthy. Furthermore, they also
verified such information by checking reliable and credible sources.

Based on the findings from the study, we summarise that social media, particularly
Facebook in the context of the current research, plays an important role for university
students in developing countries in terms of seeking, verifying, obtaining, and judg-
ing the credibility of related information during the COVID-19 pandemic. Furthermore,
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users’ HISB on social media is also important when they seek health-related information
such as COVID-19. In addition, the existing literature shows the issues of misinforma-
tion during the COVID-19 pandemic [36]. To solve such issues, users need to assess the
credibility of health information and verify its sources and make a judgment on whether
they should believe such information or not. The findings from this paper show that such
users’ HISBs are important so that they can obtain accurate and reliable health-related
information. For instance, users need to assess and verify the credibility of COVID-19-
related information (e.g. vaccine effectiveness or newCOVID-19 variant) beforemaking
a judgment about such information. They need to assess and verify the credibility of such
information in terms ofwhat the source of the information is and how credible such infor-
mation is. Unless users assess and verify it, unreliable information (aka misinformation
or disinformation) can influence people’s views on COVID-19 (e.g. adherence to social
distancing), as well as it may cause disturbances to authorities’ actions in fighting for
COVID-19. Finally, the findings clearly show that the role of governments and authorized
organizations (e.g. WHO) plays a vital role to spread credible and reliable information
related to COVID-19, particularly on social media. The findings from this study can
be insightful for researchers, practitioners, and policymakers particularly in educating
misinformation or disinformation related to COVID-19 disease and pandemic. Further-
more, the study creates opportunities for researchers to further investigate the role of
social media in controlling misinformation. The limitation of the research includes a
small sample size, duration of data collection, and research method (i.e. this study used
only a quantitative approach); hence, further inquiry into this research is recommended.

5 Conclusion

Information particularly those provided through social media is one of the major issues
during the COVID-19 pandemic. People’s health information-seeking behaviours play
an important role in finding relevant and accurate information on social media during
COVID-19. Hence, in this research, we conducted a questionnaire-based study to inves-
tigate and understand university students’ HISBs during the recent global COVID-19
pandemic. This research focuses on university students particularly in Myanmar, which
is a developing country. Based on the findings from the study, most university students
in Myanmar greatly relied on Facebook as a social media tool to seek COVID-19-
related information during the pandemic. The findings show that they mostly believed in
COVID-19 information shared by reliable and credible sources (e.g. government’s social
media pages), whereas they did not trust the information shared by unreliable sources.
They had a neutral view of the credibility of information shared by friends or non-friends
on social media. This research suggests that the source of information plays an important
role in terms of the credibility of such information. Furthermore, users need to assess and
verify the credibility of information on social media when seeking COVID-19-related
information so that they can avoid misinformation or rumours on social media. Lastly,
the role of governments and authorities is vital to use social media as a platform to spread
trustworthy and credible health-related information to users during the COVID-19 pan-
demic. This study suggests opportunities for researchers to investigate the role of social
media in fighting health-relatedmisinformation. This study contributes to making public
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health policies, practices, and actions on social media, especially for governments and
authorities in terms of spreading accurate and reliable health-related information and
fighting against misinformation related to COVID-19.
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Abstract. With the advancement of artificial intelligence, robots have entered
the healthcare field and provided various intelligent services. Compared to the
growing number of use cases for healthcare robots, conceptual, and theoretical
research on healthcare robots is still in its infancy. There is a need to explore
how healthcare robots play different roles in society with the improvement of AI
technology. To fill in this research gap, we provide a conceptualization of health-
care robots and a summary of main categories of healthcare robots in previous
research. This study provides a classification of healthcare robots according to
their service roles and discusses their differences in different dimensions, includ-
ing appearance, presence, AI and automation ability, and social ability. Finally,
we propose future research directions based on the discussion to provide insights
into the conceptualization of healthcare robots. This study contributes to IS liter-
ature by providing a comprehensive knowledge base for further theory-building
processes of AI-based healthcare robots and providing design guidance to robotic
designers in specific healthcare fields.

Keywords: Healthcare robots · Artificial intelligence · Classification · Service
roles

1 Introduction

The potential impact of robotics combined with artificial intelligence andmachine learn-
ing on front-line workers in various industries is of great concern to business practition-
ers. Robots are often thought to perform human-like tasks, and they rely on the success
of information technology in artificial intelligence to accomplish these pursuits [1]. In
healthcare, robots are helping patients, healthcare professionals, and healthcare systems
in various ways to improve people’s health and well-being [2, 3]. In the early days,
robotic systems in healthcare were commonly used for surgical assistance, diagnosis,
prosthetics, and nursing assistance [4]. Advances in the field of artificial intelligence
have transformed robotics from passive entities to active entities and agents. Especially
since the outbreak of COVID-19, the service role of health robots is rapidly being re-
evaluated, starting to be used inmore expansive fields such as disinfection, telemedicine,
psychotherapy, and companionship [5]. It can be seen that the co-evolution of artificial
intelligence will make healthcare robots more integrated into the real world and provide
complex services to people. However, there are still many obstacles to be overcome
before they can successfully integrate into society.
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Studies on healthcare robots have been continuously increasing in the past couple
of years. Some studies have investigated how healthcare robots can enhance the health
and well-being of consumers [6, 7], their effectiveness [8, 9], and users’ perception
regarding different healthcare robots [10, 11]. Compared to the growing number of use
cases for healthcare robots, conceptual and theoretical research on healthcare robots is
still in its infancy. With the continuous development of artificial intelligence technology,
how healthcare robots play different roles in society with the improvement of artificial
intelligence capabilities has not been fully explored.

To fill in this research gap, we provide a conceptualization of healthcare robots and
their main categories with the development of artificial intelligence. Specifically, we
classify healthcare robots into three categories based on their service roles in healthcare
contexts: healthcare robots as functional tools, healthcare robots as service assistants,
and healthcare robots as social colleagues. Then we discussed the differences between
the three kinds of healthcare robots from the dimensions of appearance, presence, AI and
automation ability, and social ability. This study hopes to provide some insights into the
theoretical research of healthcare robots in the context of artificial intelligence and help
healthcare managers, designers and employees better understand the design features and
service roles of different healthcare robots to adopt and utilize specific healthcare robots.

This paper is organized as follows. The definitions and classifications of healthcare
robots in the literature are presented in the background section. Then a classification of
healthcare robots is proposed based on social roles in Sect. 3. Finally, the contribution
and limitations of this study are highlighted.

2 Background

2.1 Definitions of Healthcare Robots in Literature

The term“robot” has beenwidely discussed in the research. Froma technical perspective,
robots are defined as machines capable of performing a complex series of actions, they
can make autonomous decisions and adapt to their environment based on data received
from various sensors and other sources. With the advancement of artificial intelligence,
the development of robots is further encouraged. The Ministry for Health, Labour, and
Welfare (MHLW)defines a robot as an intelligentmechanical systemwith three technical
elements of perception, judgment andoperation. Perception represents the sensor system,
judgment represents the control system, and operation represents the driving system
[12]. From a service perspective, a robot is defined in the service industry context as
a relatively autonomous physical device capable of moving and performing services.
As robots’ service roles continue to extend, robots are considered human agents acting
in real-world environments [13]. Software agents may be included in some definitions
[14].

When robotics enters the healthcare field, various applications and research con-
tinue to emerge. Academics are beginning to define healthcare robots in their research.
Table 1 summarizes the definitions of healthcare robots in the literature. Some common
synonyms for healthcare robots are carebots and nursing robots. It can be seen that the
current research mainly discusses the definition of a healthcare robot from two perspec-
tives: function and role. From the functional perspective, a healthcare robot is defined
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as a robot that can enhance and detect health and assist various tasks related to health
[4]. From the perspective of the role, health robots are considered nursing devices that
can be used to support users’ self-reliance or reduce the burden on caregivers [15].

Considering the complex functions of healthcare robots and various application con-
texts, we believe that amore flexible definition of healthcare robots is given. In this paper,
we define healthcare robots as autonomous or semi-autonomous machines with a cer-
tain degree of intelligence that performs various complex tasks in various healthcare
contexts.

Table 1. Definitions of healthcare robots in literature.

Definition Source

A healthcare robot is a robot with the aim of promoting or monitoring health,
assisting with tasks that are difficult to perform due to health problems, or
preventing further health decline. Health in this sense encompasses not just physical
but mental, emotional, and psychosocial problems

[12]

Robots have been proposed as one form of assistive device that can help bridge the
widening gap between the need and supply of healthcare services

[13]

Carebots are robots designed for use in homes, hospitals, or other settings to assist,
support, or provide care for the sick, disabled, young, elderly, or otherwise
vulnerable persons

[14]

Systems are able to perform coordinated mechatronic actions (force or movement
exertions) based on processing information acquired through sensor technology to
support the functioning of impaired individuals, medical interventions, care, and
rehabilitation of patients, and also individuals in prevention programs

[15]

Robots used within the field of healthcare encompass varying degrees of autonomy
and broadly include affiliated technology, including sensor systems, algorithms for
processing data, and cloud services

[16]

A nursing robot is defined as nursing equipment that has these elements and can be
used to support the user to be self-reliant or to reduce the burden of the carer

[17]

2.2 Classifications of Healthcare Robots in Literature

Some taxonomies have been proposed in research to differentiate and classify healthcare
robots. Table 2 summarizes some commonly used classifications of healthcare robots
in literature. Healthcare robots can be classified according to various dimensions, such
as function, task, context, and target users. Given all this evidence, there seems to be
no gold standard or taxonomy for which technologies and robotics applications can be
included in a particular field of healthcare robotics. Moreover, with the combination of
artificial intelligence and robots in healthcare, the service functions, roles, and scenarios
of robots in healthcare continue to expand. It is necessary to continuously update and
create the classification of healthcare robots based on service perspectives.
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Table 2. Classifications of healthcare robots in literature.

Dimension Category Source

Function (a) rehabilitation robots; (b) social robots (service type robots or
companionship robots)

[12]

(a) therapy robots; (b) mental commitment robots; (c) socially
assistive robots; (d) surgical assistance robots; (e) robot-assisted
telesurgery; (f) rehabilitation robot; (g) robots to aid elderly

[18]

(a) surgical robots; (b) assistive robots (socially assistive robots or
physically assistive robots); (c) healthcare service robots

[19]

Tasks (a) surgical robots; (b) robots that aid with rehabilitation therapy,
help the disabled and cognitively impaired maintain their
independence, and motivate people to exercise and lose weight; (c)
robots used for telemedicine; (d) robots that deliver meals,
medication and laundry in hospitals

[13]

(a) rehabilitation/prosthetic robots; (b) patient support robots; (c)
surgical robots; (d) imaging and navigation robots; (e) decision
making robots; (f) bionic robots; (g) automated pharmacy robots

[20]

Target users (a) doctor healthcare robots; (b) nurse healthcare robots; (c) home
healthcare robots

[21]

Medical context (a) clinical robots; (b) nonclinical robots [22]

3 The Proposed Classification of Healthcare Robots

Drawing on the recent literature on healthcare robots and the need for robotic service
roles in the current healthcare environment, we can develop a classification in which
healthcare robots can be differentiated according to different types of service roles. In
this paper, we conceptualize healthcare robots as three distinct types: healthcare robots
as functional tools, healthcare robots as service assistants, and healthcare robots as social
colleagues. This classification attempt to capture the design, technology, and application
characteristics of different types of healthcare robots from multiple dimensions, such as
appearance, presence, AI and automation capabilities, and social capabilities. Table 3
summarizes the main characteristics of the three kinds of healthcare robots.

3.1 Healthcare Robots as Functional Tools

Healthcare robots as functional tools are the first andmost widely used healthcare robots.
Robots in this category refer to robots consisting of mechanical aspects used to accom-
plish some given medical task [23]. At work, they can be in the same physical space as
the user, also considered copresence. At the same time, those proxies that appear on a
screen or projection as a live video feed are also considered “telepresence” [24]. In terms
of AI capabilities, healthcare robots as functional tools are usually non-AI autonomous
robots that are programmed to perform repetitive actions to achieve the user’s goals until
they are deactivated [25]. The decisions they make do not contain uncertainty because
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Table 3. The proposed classification of healthcare robots

Type Healthcare robots as
functional tools

Healthcare robots as service assistants Healthcare robots as social
colleagues

Appearance Mechanical Mechanical/Humanoid/Animal-like Humanoid/Animalization/virtual

Presence Copresence/Telepresence Copresence Copresence/Virtual agents

AI and
autonomy
capability

Non-AI autonomy AI semi-autonomy AI pseudo-autonomy

Social
capability

Non Low/mediate High

Examples The neuroArm robotic
system, the Rex (Robot
Exoskeleton)

Healthbot, Charlie Paro, Pepper, Alice

they are used in a known environment. These robots usually can control their execution
entirely autonomously, and the tasks they perform are not complex, so they do not have
the ability to learn, reason, and interact [26]. That is to say, this type of robot cannot
participate in and maintain various complex social interactions.

Examples include surgical robots, cleaning robots, robotic skeletons, andmedication
dispensing robots. For example, the neuroArm robotic system has been successfully
used in hospitals. It is used in conjunction with real-time magnetic resonance imaging
(MRI) to provide surgeons with unprecedented detail and control, allowing them to
manipulate tools at the microscopic scale [27]. The robotic system includes two robotic
arms, each with six degrees of freedom, and the third arm with two cameras that provide
a 3D stereoscopic view. Introduced in 2010 by Rex Bionics, New Zealand, the Rex
(Robot Exoskeleton) is a pair of robotic legs that allow users to stand and walk freely,
move sideways, turn around, and move their feet up and down, designed to overcome
wheelchair movement by restoring the user’s ability to walk limit [28]. As robotics
becomes more sophisticated and responsive, the use of such robots in the healthcare
field continues to increase.

3.2 Healthcare Robots as Service Assistants

This category of healthcare robots refers to robots that act as human assistants to assist
in performing various tasks and provide health services in a healthcare environment [13,
29]. AI semi-autonomous healthcare robots can react to their environment and operate
without constant supervision to perform more complex tasks [30]. They can change
execution according to the context within the set predefined limits to a certain extent.
Artificial intelligence provides a mechanism for integrating human-like reasoning and
computing power into control systems. They can adjust goal setting within a range, and
the types of decisions they make contain low levels of uncertainty because they are
context-aware and learn to improve to a certain extent from their experience and user
feedback [31]. They can identify, process relevant information about the situation, and
make sensible decisions about what to do.
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Research has shown an intricate relationship between the anthropomorphic image of
amachine and the perceived service value.Healthcare robots of this type are primarily co-
occurring while developing from a mechanical appearance to a human-like appearance.
For example, some assistive service robots are helping healthcare staff focus on other
essential aspects of the hospital by helping patients walk or monitoring their health
[32]. Before artificial intelligence and robotics advent, tasks such as helping patients
walk, assisting with patient examinations, and taking patient medical histories were
manual and time-consuming [33]. Today, however, these tasks can be easily automated
and performed quickly by machines. In such situations, staff is often eager to assist
the patient rather than perform other tasks. As a result, those assistive robots can aid
with activities of daily living (such as heavy lifting and logistics, monitoring, mobility,
and safety detection) and basic nursing tasks (such as vital signs measuring and fall
detection). At the same time, humans spend more time with patients [34]. With the
advancement of technologies such as machine learning, data analysis, and artificial
intelligence, healthcare robots will develop as assistants in the service field to complete
tasks more autonomously, efficiently, and accurately.

3.3 Healthcare Robots as Social Colleagues

In addition to functional tools and service assistants, there are also healthcare robots
as social colleagues. This type of healthcare robot is designed to attempt to act as a
healthcare professional colleague, providing services to end-users in the roles of doc-
tor, therapist, navigator, personal caregiver, and friend [35, 36]. They serve users in a
healthcare setting by engaging and maintaining social interactions with humans. They
can interact with humans and the physical environment in a virtual or copresence man-
ner [34]. A high degree of humanization and animalization is a trend, and some virtual
agents are also included. Such AI pseudo-autonomy robots can self-organize, that is,
construct their means and laws of operation to achieve satisfactory performance with-
out experience and compensate for system failures without external control [34]. They
assume interactive elements in non-deterministic systems and are able to interact with
other objects, process information, evaluate alternatives, and thus make decisions on
their own [37].

This type of healthcare robot is mainly in the research and development stage. These
AI-based intelligent robots can perform operations and augment the work of physicians
with specific diagnostics and treatment methods, reduce cost and time, and improve
response time to patient needs when healthcare personnel is unavailable [38]. For exam-
ple, the humanoid robot Zora has been used in public elderly care services in Lahti,
Finland, for rehabilitation and recreational assistance with exercise, playing music, per-
forming dances, story-telling, and playing interactive memory and guessing games [39].
Patients suffering from depression and other mental illnesses have gained comfort, plea-
sure, calmness, and approachability in the robotic experience [40]. In dementia treat-
ment, an animal-like robot called Paro could alleviate the behavioral and psychological
symptoms of dementia like anxiety, agitation, and depression and provide distraction
and interrupt problematic behaviors [41]. Therefore, healthcare services are no longer
an isolated silo of healthcare personnel. The advancement of artificial intelligence will
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significantly expand the application of robots in different healthcare contexts. This trend
is expected to accelerate in the future.

4 Conclusion

With the advancement of artificial intelligence, a large number of healthcare robots have
been invented and entered the market. However, only a few of these devices are widely
accepted to coexist in the human environment. In this paper, we classify healthcare
robots according to their service roles and clarify the differences in design character-
istics between the different categories identified, adding to the existing knowledge and
conceptual understanding of different types of healthcare robots. This classification can
provide a comprehensive knowledge base for further theory-building processes of AI-
based healthcare robots and provide design guidance to robotic designers in specific
healthcare fields. At the same time, in terms of practical contribution, this classifica-
tion may help practitioners understand the status quo of the development of healthcare
robots and promote the development of healthcare robots in specific fields. In our future
research, we hope to build a clearer and more consistent conceptual framework con-
sidering the robot’s design features, functions, technology, service scenarios, and other
aspects.

This paper discusses the limited characteristics of healthcare robots thatmay limit our
comprehensive understanding of healthcare robots. It is necessary to consider different
dimensions such as the design features, functions, technologies, and service scenarios
of robots to build a clearer and more consistent conceptual framework. At the same
time, advances in AI technology are breaking down the boundaries of healthcare, well-
being, and life itself [37]. In the future, a comprehensive conceptual understanding of
intelligent health robots should be constructed from amore comprehensive and dynamic
perspective.
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Abstract. The use of technology to access information and other services is
increasingly seen as an integral element to enhance participation in society. Recent
years have seen an increase in research focusing on information and communica-
tion technologies for marginalised groups such as those experiencing homeless-
ness. With reports of increasing levels of homelessness in Europe and beyond, an
understanding of the current literature exploring how information and communi-
cation technologies are used to address homelessness and how this may impact
the well-being of the homeless is of relevance to policymakers and social ser-
vice organisations. This research aims to address this by investigating the use of
digital solutions to serve those experiencing homelessness. The study explored
and synthesised peer-reviewed literature to understand the use of technology to
address homelessness. Preliminary findings highlight perceptions and use of var-
ious technologies among homeless people and the communication patterns of the
homeless. Overall, the research shows how technology enables the homeless to
access information and services and why it is important for vulnerable groups to
be socially and digitally connected.

Keywords: Marginalisation · Homelessness · Digital inclusion · Information
and communication technologies

1 Introduction

The marginalised are those whose position in the society is weak, are drawn towards the
dark sides of society and are excluded from everyday societal interactions which limits
their access to economic, social and political resources [1]. These could include the
homeless, low-income communities, those living in underserved areas amongst others
as outlined in the special issue discussing the role of information and communication
technology (ICT) in addressing major societal challenges [2]. Those in marginalised
situations face significant barriers and inequities in entitlement as they go through unfa-
miliar environments and situations in which they need to construct meaningful lives
[3, 4]. Communication difficulties, low health literacy, lack of social support and other
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forms of socioeconomic problems adversely affect the capacity of the marginalised to
successfully navigate complex and changing health and social care systems [4]. The
use of ICT by marginalised groups provides an opportunity to study how certain ICT-
mediated activities can contribute to their social inclusion. Not being able to access,
interpret, and use relevant informational resources may exclude them and push them
further to the margins of society [3].

The advancement of ICThas led to a hyperconnectedworld characterized by immedi-
ate access to information, institutions, and people. Themulti-modality of technology–the
ability to combine text, image, audio and video–not only satisfies the communication
needs of marginalised groups, but is also useful for establishing and promoting a sense
of community [5, 6]. Digital solutions have become effective means to create opportu-
nities for all, to further individual autonomy and individual ability to use technology to
access public services. Digital solutions have the potential to improve people’s lives and
achieving a more inclusive information society is one of the key ambitions of informa-
tion society policy. A society that is open, inclusive and accessible to all citizens [7, 8].
The central place of IT in this digital world creates a need to investigate the part IT plays
in determining the extent to which people can participate in a hyperconnected society
[5].

There is already sufficient confirmation of societal disparities, which could perhaps
be ameliorated by the use of ICTs [1, 2, 9]. This requires the scientific community
and other stakeholders to investigate ways to empower citizens by developing the tools
and approaches to bridge the gap between civil society and decision-makers [8, 10].
Becoming empowered can be a big step for people who have been constantly devalued.
Changing their state of affairs and fueling their willingness to act requires development
of initiatives focused on promoting users’ resources for participation [11].

This preliminary research aims to address this by investigating the use of digital
solutions to address the needs of the homeless. There has been an increase in research
focusing on homelessness and technology (see [12, 13]). And with the number of home-
less increasing,1 there is a pressing need for more research on how housing policies sup-
ported by ICT can be used to address short and long-term challenges of homelessness.
This research has the following underpinnings: the increasing problem of homeless-
ness represents a unique, urgent, and poorly understood challenge with the potential for
many technological solutions. There needs to be an in-depth understanding of the unique
design challenges posed by those who are homeless [12]. Especially, as the information
needs of the marginalised in society are multi-faceted, difficult to ascertain, and much
more complex than assumed by stakeholders [14]. Therefore, the main research ques-
tion is: What kinds of digital solutions are used to address the challenges the homeless
face? This question seeks to understand the use of technology to address some of the
challenges the homeless face in the context of information systems.

The rest of the paper is organized as follows. First, we present the theoretical back-
ground about the homeless and use of digital solutions for homelessness. Second, we
outline the review process. Third, the results of the review are presented. Lastly, we
present the conclusion and avenues for further research.

1 Here’s how Finland solved its homelessness problem.
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2 Background

2.1 Defining Homelessness

How homelessness should be defined is a fundamental and persistent problem and it
remains an enduring social issue which has been analysed and interpreted from a wide
range of theoretical and practical disciplines [15, 16]. A robust definition of homeless-
ness is necessary to produce meaningful statistics on the size and characteristics of
homeless populations, which are of critical importance for informed policymaking. The
definition is useful if it allows for accurate and reliable identification and classification of
homeless people so that policies can be developed to respond to different manifestations
of homelessness and monitor the effectiveness of such interventions [15].

There is a general consensus within the literature that being homeless is more than
just being without a home. It is a consequence of a set of individual, systematic and
structural factors that impact those affected [17, 18]. Homelessness can be characterized
by marginalisation, social exclusion and a lack of opportunity for meaningful activity
[18]. People who experience homelessness are profoundly impacted by social exclu-
sion. Homelessness may be understood “as a set of consequences that arise when social
exclusion occurs in a context within which little or no assistance is given to those
who experience it” and individuals are left to fend for themselves in an environment
that does little to support them [17]. Homelessness represents a lack of access to ade-
quate housing and there are different degrees of homelessness, including rough sleeping
(primary homelessness); living in temporary or transitional accommodation with uncer-
tain tenancy (secondary homelessness); and marginal housing with poor amenities or
over-crowding (tertiary homelessness) [18].

2.2 Digital Solutions for Homelessness

Within a context where our societies are increasingly and rapidly digitalised, access to
services and goods will transform, thus affecting our societies.2 As ICTs are seen as
having the potential to alter how social, political, and economic relations are played
out, they are a useful resource to promote participation in society [3, 9]. The concept of
exclusion also features prominently in the information society discourse where access
to and knowledge of ICTs are portrayed as either exacerbating exclusion or seen as
a platform to create inclusiveness [9]. Access to digital resources can promote social
inclusion, and digital inclusion for all is tasked with creating opportunities for everyone
and enhancing individual autonomy and capability. The main objective is to remove
obstacles in the widest sense for equitable participation in society [7, 8].

A growing body of work in information systems, human computer interaction and
social sciences research is calling for an in-depth understanding of the needs of people
who are homeless or at risk of becoming homeless (see the list of reviewed articles in
Table 2). Recent research also suggests that the homeless are increasingly tech-savvy and
technologies are becoming ubiquitous element in the lives of individuals experiencing
homelessness [12, 13, 19].

2 FEANTSA – Digital Inclusion and Homelessness.



Digital Solutions for the Marginalised in Society 127

In a study investigating mobile phone use among the homeless, Eyrich-Garg [19],
found that a significant proportion of the sample they interviewed had a mobile phone.
Mobile phones make communication and access to one’s social support network easier
for homeless individuals which could, in turn, lead to better health outcomes. Technol-
ogy could also be used to enhance communication between the homeless and healthcare
providers [19]. And the research by Eyrich-Garg [19] suggests that service providers and
researchers should consider incorporating mobile phones into their prevention, interven-
tion, aftercare, and data collection efforts as electronic connectivity could be important
in addressing the challenges faced by this vulnerable population.

Sala and Mignone [13] found a positive relationship between ICT use among indi-
viduals experiencing homelessness and health outcomes. Greater access to information
and social connectedness supposedly gained through ICTs may improve the health and
social outcomes of individuals experiencing homelessness. However, the evidence was
inconclusive, and little is known about the ways in which these populations utilise or
leverage ICTs for their own benefit. In the analysis of users’ perceptions of an applica-
tion designed for the homeless, Burrows et al. [12], found seven themes relevant for the
design of technology for those experiencing homelessness. These included: empower-
ment and control, hopefulness, assurance, cared for, identify and belonging, clarity and
being unashamed. That is, the extent towhich technology supported individuals to access
critical services, to develop a sense of belonging, gain a sense of clarity, feel empowered,
appreciated and independent [12]. These are similar to the main themes that emerged
from Sala and Mignone’s [13] review: social connectedness, identity management and
instrumental purposes.

3 Research Method

Using technology to access information and other services is increasingly seen as an
integral element to enhance participation in society and to address social exclusion [3, 9].
As digital solutions have become increasingly ubiquitous mechanisms for maintaining
and building social relationships, and for instrumental purposes, the relevance of ICTs
and the benefits or potential harms of their use is a subject area of increasing interest
[13]. Thus, the present article aims to investigate use of digital solutions to address the
endemic problem of homelessness. The main question is:What kinds of digital solutions
are used to address the challenges the homeless face?To answer this question, the author
undertook a search of peer reviewed literature to understand how ICT is being used to
address these challenges.

Literature reviews are an appropriate method to systematically and critically assess
the state of research on a particular topic and they help to understand the phenomenon as
a whole, its meaning and its relationships [20]. The review process is driven by scholars’
need to report progress in a particular area of research. There are reviews on mature
topics and those on emerging issues that would benefit from exposure to new theoretical
foundations to develop agendas for future research [21]. The present review focused on
the latter. The study maps out and categorises existing literature about digital solutions
to address homelessness [22].

Even though the search was broad, the focus was on studies that examined use of
technology by the homeless themselves, those technologies that are/could be used by
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service providers to address the needs of the homeless and/or both. As in [13], no specific
typologies of homelessness were examined in this study. Publications which only men-
tioned homeless as a term amongst others, oftenwithout context or relation to technology
use, were excluded from further review. The review focused on primary studies that were
published in peer-reviewed academic journals and conference proceedings, excluding,
for example, editorials, reviews, white papers, books, (unpublished) dissertations, and
working papers. This was done to ensure consistency between the studies.

To identify relevant academic sources, we conducted electronic searches for the
years between 2006 and 2019 in several academic databases (ProQuest, EBSCOhost
(Academic Search Ultimate), ACM, ScienceDirect, Springer and Web of Science). The
search was conducted using combinations of the following search terms:

(homeless*) AND (technolog* OR communication technolog*) OR.
(“digital inclusion” OR e-inclusion).

Applying the criteria above, the search resulted in 198 articles. After removing
duplicates, the author selected publications based on their relevance by reading the titles
and abstract. This resulted in 32 articles presented in Table 1.

Table 1. Results of literature search

Database Hits Relevant References

ProQuest 3 0 n/a

EBSCOhost 36 8 [23–30]

ACM 47 12 [31–43]

ScienceDirect 21 5 [44–49]

Springer 62 2 [50, 51]

Web of Science 29 5 [51–55]

4 Results

In the retrieved articles, digital solutions for homelessness were applied to different user
groups and in different environments. The articles identified the widespread use of ICTs
amongst homeless populations as in [13] and [19]. Overall, the articles analysed access to
ICT, perceptions and use of various ICTs among homeless people, compared technology
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Table 2. Summary of analysed articles

Author(s), objective Method, subjects Findings

[23], Investigate the
association between social
media use and HIV risk
behaviours among homeless
youth

Survey conducted in 4 waves, N
= 1,046

Reinforced earlier studies
that found homeless youth
actively use social media to
communicate about a range
of issues

[24], Empower women by
engaging them into a
self-learning model

Interviews and observations,
women (16–60) at a shelter
home

Access to the learning
system shaped the
participants’ interests
towards using computers

[25], Examine the potential of
mHealth interventions among
homeless youth to improve
access to health information
and services

Mixed method, focus group, N
= 52, structured survey, N = 41

Mobile coverage was high,
but many had challenges in
maintaining connectivity.
Mobile phones were useful
in obtaining social support

[26], Explore the engagement
of homeless drug users
(HDUs) with ICT

Qualitative (Interviews)
longitudinal, initial N = 30,
follow-up N = 22

HDUs often had access to
ICTs, used ICTs, and
wanted to engage with
them more

[27], Improve outcomes for
homeless individuals by
producing research to enhance
homeless services delivery

Case study of
university-community
partnership that implement a
homeless management IS

The study demonstrates
how partnerships,
innovative technology
delivery and social work
research can reduce
homelessness

[28], Investigate the impact of
including technology into
operations for a program
addressing chronic
homelessness

Case study, interviews, N = 133 By adding technology
enhancement, the program
was also able to expand its
ability to provide reliable
and responsive support

(continued)
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Table 2. (continued)

Author(s), objective Method, subjects Findings

[29, 30, 34, 35, 37, 45, 54, 55]
Analyse access to and
perceptions of technology and
use of various ICTs among
homeless people in Madrid
[29] and youths in different
cities in the United States
[48], compare technology use
between college students and
young homeless adults
[52], Identify and reveal the
digital communication
patterns and experiences of
the homeless

Structured interview, N = 188
[29]. Retrospective interview, N
= 100 [30]. Participant
observation, semi-structured
interviews, N = 39 [34].
Observation and interviews N =
34 (Age 13–25) [35]. Qualitative
(photo elicitation interview, and
Interviews), N = 13 [37].
Interview, N = 100 [45]. Survey,
N = 303, [48]. Mixed methods,
N = 65 [52]. Survey, N = 201
[54]

Reinforce the importance
of mobile phones when
homeless. ICTs are used to
varying degree among the
homeless. Technology use
is linked to collaborative
practices, social
connectedness, business
purposes (job and housing
search), and for leisure.
Digital divide has a
negative impact on some
marginalised populations,
and it is important to bridge
the gap between what
people know and what they
need to know

[31], Investigate housing
assignment among homeless
youth. [33], to devise an
optimal strategy to minimise
violence among the youth

Develop and test an algorithm
for assigning youth to housing
programs. Develop a model to
capture non-progressive
diffusion of violence N = n/a

The algorithm was effective
in assigning youth to
housing and it can be
deployed as a core
algorithm for an intelligent
agent, studies indicated the
strategy outperformed
those based on centrality
measures

[32], Investigate how the
challenges associated with
homelessness impact security
and privacy practices and
needs

Semi-structured interviews, N =
18

Based on themes from
interviews, provided a
framework to support the
homeless and other
marginalised groups

[36], Examine challenges
faced in deployment of two
agents for social influence
maximization, which assist
service providers in
maximizing HIV awareness in
real-world
homeless-youth social
network

Pilot study (survey for analysis),
N = 173

Instructive challenges and
proposed solutions for
assisting the deployment of
agents to assist service
providers in optimising
their intervention strategies

(continued)
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Table 2. (continued)

Author(s), objective Method, subjects Findings

[38], Report on the adoption
and use of a community
resource manager for staff and
residents at a shelter for
homeless mothers

Qualitative (focus groups,
interviews) and ethnographic
observation, N = 25

Innovative technologies can
open new lines of
communication between
the homeless and their care
providers, leading to more
efficient and frequent
communications, better
coordination, and improved
awareness of resources and
needs

[39], Explore issues of
technology adoption and
coordination in non-profit
homeless outreach centres

Qualitative (observations =
53 h, interviews), N = 15

Non-profit organisations
that can develop better
integration of ICTs and a
strong community of
practice are better
positioned to provide
coordinated care to some of
the most vulnerable
members of society

[40], Study and compare the
value expression in Tweets by
the homeless. [43], examine
patterns of follow
relationships on Twitter

Quantitative content analysis, N
= 32 [40]
Quantitative content analysis
(cluster analysis and
visualisation), N = 476 [43]

Values are expressed both
implicitly and explicitly
through opinions,
judgments, and sarcastic
statements and a broad
range of individuals used
Twitter for self-advocacy
and connectedness as they
experienced homelessness

[41], Explores how to support
the homeless and other
marginalised communities to
connect with each other and
social services online

Quantitative content analysis, N
= 32

Methods for identifying
values and several
implications for
considering values in online
communities as a first step
in the design of ICTs

(continued)



132 M. Oduor

Table 2. (continued)

Author(s), objective Method, subjects Findings

[42], To reflect on fieldwork
from case studies of severe
life disruptions such as
homelessness and share
sketches that depict the lived
reality of finding a “new
normal”

Case studies Extend existing
understanding of
technology use during the
performance of daily living
and show how technology
can be used to mitigate the
consequences of disruptive
life events

[44], Understand how
technology may be used to
better engage homeless youth
in case management

4 interviews (baseline, 1-week,
6-week, and 3-month
follow-up), N = 97 (Age 18–21)

Technology holds
promising implications for
effectively engaging and
retaining homeless youth in
case management services

[46] Report on the
development and findings of a
curriculum to develop
homeless youth’s life skills for
technology and digital media

Descriptive case study,
N >75

Education in information
technology and digital
media can create an
engaging setting for
learning skills and building
relationships useful for
escaping homelessness

[47], Investigate the feasibility
of using cell phones to collect
ecological momentary
assessment (EMA) data with
homeless crack
cocaine-addicted adults
treated in an intensive
outpatient treatment program

Quantitative (survey), N = 30
Participants received automated
calls daily for 14 consecutive
days

The usefulness of EMA as
potential intervention and
suitability of mobile phones
as a reliable survey tool

[49], Investigate where
sustainable financial resource
for ICT programs
can be obtained and address
key elements affecting the
adoption of the Internet by the
homeless and underserved in
Taiwan

Descriptive case study Practical solutions for
financial problems and a
foundation for comparative
analyses of the relevance of
organizational structures to
integrate people at the
bottom of the pyramid into
e-society and reduce
poverty

(continued)



Digital Solutions for the Marginalised in Society 133

Table 2. (continued)

Author(s), objective Method, subjects Findings

[50], Understand the meaning,
experience, and design of
ICTs to improve the welfare
of young homeless people

Design research Precautions and
suggestions of how and
when to intervene with ICT
when addressing problems
caused by homelessness

[51] Examine the implications
for Australians experiencing
homelessness of data use
necessitated by large-scale
digitisation of government
services and other everyday
interactions

Multiple triangulation study Digital inclusion
approaches have not
sufficiently addressed the
digital harms that come
about through digital
participation, and there is a
need to focus on exposing
and countering these

[53] To investigate how
socio-technical systems help
homeless young people to
succeed broadly in
employment

Value-sensitive design, focus
groups, N = 28

Barrier and possible
solutions to employment
for homeless young people.
Design insights for a
socio-technical system for
job search

use between the homeless and other groups in the population and the communication
patterns of the homeless (Table 2).

The articles addressed how technology could support the concerns of homeless
women [42], the youth [30, 54] those suffering from HIV [33, 36], and how algorithms
could be deployed to autonomously manage household assignments of youths subject
to resource constraints [31] amongst other related topics addressing the challenges of
homelessness.

Seven of the studies highlighted the importance of mobile communication and
reported on the levels of mobile phone usage by the homeless. In the study by Mas-
simi et al. [42] investigating the role of technology in life disruptions, they learned that
a staff shelter for homeless mothers could extend their reach by providing facilities to
encourage mobile communication as the shelter was only open at night. The homeless
mothers were already coping with information overload and helping them restore order
and timing to the information they receivedwould help themmake better use of resources
[42]. Dependence on smartphones for access to information and communication when
homeless, in combination with the design and regulation of urban spaces, structures the
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mobilities of homeless young people, resulting in distinctive connectivity needs and bar-
riers [51]. The research byHumphry [51] revealed how those experiencing homelessness
are resourceful at getting their digital needs meet.

Le Dantec et al. [37] reported 76% of participants owned a mobile phone in their
study investigating the use of a system that integrated a shared display, the Web and
mobile phones to help the residents and staff at a shelter stay connected. The system
became a stable medium for sharing information that helped the staff be more effective
and helped the residents feel more connected. As a summary regarding the use of mobile
technologies among the homeless, they are an essential means for maintaining contact
with peers and they open up new lines of communication with their care providers lead-
ing to more efficient and frequent communications, better coordination, and improved
awareness of resources and needs [38].

Other articles investigated the expression of values through opinions, judgements and
sarcastic comments and self-identity in online social networks [40, 41, 55]. This research
highlighted the range of homelessness characteristics displayed in online biographies
and the perception of users on helpfulness (as it relates to social connectedness [19])
and wealth. Although these studies focused on online social environments, they resulted
in similar themes as those in [12, 13] which studied user values and emotions. The
studies also highlighted the importance of online social networks as avenues for social
participation for the homeless that helps them to develop and maintain social ties and
stave away their sense of alienation from society [55].

The nature of ICT utilization by individuals experiencing homelessness is often
dependent on individual factors such as mental health, addiction histories, pre-existing
social factors, and time spent homeless [13, 35, 37]. Althoughmostly beneficial, increas-
ingly digitalized societies also bare challenges and can negatively affect people’s lives.
Digital engagement brings both a cost and responsibility shift to citizens, especially
those already on the fringes of society, who face unique, urgent and poorly understood
problems that some do not have the resources or skills to address [56, 57]. Some of these
challenges, associated with financial security, can limit the inclusivity of technology
design [32]. Therefore, developers of technology need to understand that digital inclu-
sion of the vulnerable may take time and prioritize the issues that can limit inclusion
[32].

5 Conclusions and Further Research

The use of technology to tackle societal challenges has been receiving increased atten-
tion, however, there is still a need for research on how technology can be used to benefit
different marginalised groups. The concrete measures that effectively promote social
inclusion and what the marginalised are actually able to do and achieve with ICTs [3,
6]. To this end, the author reviewed the literature to understand the research on digital
inclusion for those experiencing homelessness.

Due to its preliminary nature, this research has a few limitations. First, forward, and
backward searches were not conducted, thereby limiting the scope of the research. It
also lacks the synthesis and analysis of a structured review [22]. Second, the review
results are only up to date as of December 2019. Third, more information systems



Digital Solutions for the Marginalised in Society 135

literature on digital and social inclusion and ICT4D should be covered in more detail.
However, this might be challenging due to the multidisciplinary research question posed
in the current study and the multidisciplinary nature of information systems [21]. There
are plans to carry out more in-depth reviews of literature that covers the key goals of
ICT, stakeholder requirements, outcomes of interventions and the effectiveness of ICT in
supporting integration processes, which the retrieved articles did not adequately address.

Additional research is also needed to identify and compare the effects and outcomes
ICT tools may have in bridging the gap for digital and social inclusion among homeless
people and other vulnerable groups.3 There are further plans to conduct surveys and
interviews to better understand stakeholders’ concerns and their perceptions of digital
solutions for inclusion.

After getting a clearer understanding of the stakeholders’ needs, existing digital
interventions and defining the key goals of these interventions, the research will propose
concrete solutions for implementing digital solutions to serve the needs of the homeless
and other marginalised groups. The proposed solutions will highlight the following
issues:

1. That the addressed problems apply to the marginalised
2. Development of the intervention(s) involves the marginalised
3. The marginalised have the capabilities to use these interventions and
4. The interventions have a beneficial effect on the livelihoods of the marginalised

Acknowledgements. The author acknowledges grant support from KAUTE Foundation and
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Abstract. The COVID-19 pandemic has impacted globally on many industries
worldwide (e.g., business and tourism). It has also caused unprecedented disrup-
tion to Thailand’s educational system. For instance, regular face-to-face class-
rooms had been temporarily stopped and moved to full-time online learning in
which educators and students have used commercially available e-learning plat-
forms (e.g., Moodle) and conferencing tools (e.g., Zoom). Although e-learning
platforms and conferencing tools have shownbenefits for both educators and learn-
ers, social interaction is limited on such platforms. Alternative solutions such as
Virtual Reality (VR) technologies have shown promise to solve these challenges;
however, research is limited in using such VR technologies in higher education in
Thailand. To fill these gaps, we conducted a comparative usability study of three
different learning platforms (three-dimensional VR – Spatial.io, two-dimensional
VR – Gather.town, and Zoom application) to understand differences in usabil-
ity and user experiences in terms of students’ engagement, enjoyment, and their
sociability in learning. Findings suggest that due to its game-like environment
and user-friendly features and user interface, Gather.town is the most promising
alternative for online learning in higher education in Thailand. This study suggests
opportunities for using game-like virtual classrooms for students to improve their
engagement in learning.

Keywords: Virtual reality · Usability · User experience · Engagement ·
E-learning

1 Introduction

Virtual Reality (VR) is a computer-generated environment that allows users to be
immersed using digital entities and objects (e.g., 3D images) to simulate the real-
world experience [1]. Through a VR platform (e.g., Second Life), users can experience
immersion and presence in a simulated environment to perform some tasks (e.g., virtual
cycling). To have an immersive experience in such a virtual platform, users need to
use a head-mounted display (HMD) such as Oculus and Samsung Gear. For some VR
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applications, it is possible that users can experience VR by using a personal computer
where immersive experience can be limited. In recent decades, VR has been used in
industry, commercial, and research such as architecture and civil engineering [2] and
medical training [3]. Over the few years, VR has become largely popular in other fields
including education. The existing research shows that VR technologies are promising
to be used as an alternative solution or supplementary tool in education [4, 5].

Technology plays a vital role for learning and education in the 21st century. For
instance, online learning or e-learning has been widely adopted by both educators and
students due to its convenience, flexibility, and accessibility [6]. The role of technology
in education has become prominent in recent years during the COVID-10 pandemic,
which has largely disrupted the educational sector of many countries in the world. As
this virus could be contagious, individuals including students and teachers were sug-
gested to study at home and work from home. Consequently, educational activities have
been all pushed online as opposed to traditional onsite or face-to-face learning. For
instance, since the beginning of the pandemic, all educational activities including lec-
tures, presentations, and students’ group activities have been conducted through online
platforms (e.g., Zoom). Although online learning has proven positive benefits such as
flexibility for students, there have beenmany challenges for both educators and students.
For instance, particularly during the COVID-19 pandemic, students have struggled to
concentrate in lectures and feel a lack of interactivity or connectivity between peers due
to the limited social features in the existing tools (e.g., Zoom) [7]. These limitations and
challenges of online learning had led to our study as an opportunity to discover feasible
alternative solutions for online learning particularly for higher education in Thailand.

Not only are these opportunities derived from the limitations and challenges of exist-
ing online learning, but there is a limited study on using VR technologies for education
in higher education in Thailand. Hence, we are interested in investigating if commercial
VR platforms can be a feasible alternative for online learning in higher education in
Thailand. Using two commercially available VR platforms that can simulate the real-
world learning environments (e.g., classrooms or labs), we conducted a comparative
usability of Spatial.io, Gather.town, and Zoom application. In this study, we used a
two-dimensional (2D) VR platform called Gather.town [16], which is a web-based and
game-like 2D virtual conferencing tool in which users (e.g., educators and students) can
access virtual rooms, as well as move around and interact with others in this environ-
ment. We also used a platform called Spatial.io [17], which is a three-dimensional (3D)
based VR environment in which users (e.g., educators and students) can access virtual
classrooms and engage in learning activities (e.g., presentation and discussion), as well
as interact with others in such an environment. Lastly, we used the Zoom application
to compare with the other two VR platforms in terms of usability and user experiences.
The objectives of the study are outlined as follows:

• To investigate the usability of commercial VR platforms: Spatial.io and Gather.town
for learning,

• To investigate Thai undergraduate students’ engagement, enjoyment, and sociability
in the above-mentioned VR platforms for learning,

• To understand differences in students’ user experiences and usability among three
different learning platforms: Spatial.io, Gather.town, and Zoom, and
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• To propose a feasible solution for higher education in Thailand.

2 Method

2.1 Usability Test Setup

In this study, we aimed to investigate the usability of commercially available VR plat-
forms: Spatial.io andGather.town and Zoom application for Thai undergraduate students
in learning. Also, we aimed to investigate Thai undergraduate students’ engagement,
enjoyment, and sociability in learning on such platforms. More importantly, in this
usability testing, we aimed to understand the differences between these three platforms
in terms of Engagement, Usability, Sociability, and Enjoyment to find an alternative
solution for online learning in higher education in Thailand. We used usability test-
ing in this study to achieve our objectives [8]. The preparation included Participants
Recruitment, Software and Hardware Set-up, Installation, and Preparation, Planned
Tasks for Participants During the Test, and Data Collection Methods and Tools. First,
we recruited undergraduate students in Chulalongkorn University as well as other uni-
versities in Thailand who can voluntarily participate in the entire usability testing. We
invited them through social media and instant messaging platforms such as Line andDis-
cord. Participants in this study should age between 18 and 22 years, as well as they must
belong to an undergraduate program in a university in Thailand. In addition, they should
have sufficient experience in using e-learning tools, and be familiar with conferencing
tools (e.g., Zoom or MS Team).

Regarding the setup of the usability testing, we aimed at collecting both quantitative
and qualitative data from all three platforms. As this test would be conducted online
due to the current pandemic restrictions, there would be a requirement regarding the
hardware and software involved in this experimental setup. For instance, all participants
were required to have a functioning computer/laptop with a stable internet connection
since Gather.town and Spatial.io would be hosted and would run on their web browsers.
Moreover, the participant was required to install the Zoom application on their com-
puter/laptop to enter the Zoom session of this study. In this study, there were three
members (UX researchers) for each session; one researcher was the host of the session
and oversaw the overall session, and the other two researchers would be responsible for
observing the participant groups during the brainstorming session as well as conducting
the interviews and questionnaires to the participants.

In this study, each participant was required to attend three learning sessions: Spa-
tial.io, Gather.town, and Zoom. In a particular platform (e.g., Gather.town), the partic-
ipant was required to attend a lecture session while observers observed, listened, and
took notes. As in each platform, there would have a few participants, they would be
split into two groups where they could cooperate with others during the brainstorming
session. After that, they would get to present their ideas. Finally, interview sessions and
a questionnaire were carried out by a researcher at the end of the usability test. The
experiments were conducted by having two groups of participants attending a mock-up
educational session in which they would both watch the session’s pre-recorded specific
lecture video, followed by learning activities (e.g., brainstorming and discussion) fol-
lowed by a questionnaire and interview session [9]. In this study, we used the User
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Engagement Scale (UES) originally introduced by O’Brien [10]. The focus of this ques-
tionnaire is on the participants’ engagement in learning during each session. We also
used other questionnaires such as the Usability Metric for User Experience (UM-UX
Lite), which was simplified from its original version by Lewis et al. [11]. The metric
provides simplified measurements of the system usability [11]. In addition, we also used
Usability Heuristics, created by Nielsen [12], which allows the evaluation which implies
the full usability scores of each platform for the educational sessions and purposes. We
also conducted an observational study to understand the participant’s user experiences
in using three different learning platforms.

2.2 Usability Test Method

The usability test was conducted on 6 consecutive days (a total of six sessions); taking
approximately 1.5 h per session. In this study, we recruited 14 participants, and partici-
pants were randomly selected and divided into two groups (7 people in each group). As
shown in Table 1, the first group filled in the first three study days (participated in the
following sessions: Gather, Zoom, and Spatial Sessions respectively), while the second
group occupied the final three study days (participated in the following sessions: Zoom,
Gather and Spatial Sessions respectively). In this study, one session consisted of one
moderator (the one who introduced the topic of the session) and two UX researchers
(for interview and evaluation). In addition, the participants and arranging platform order
were randomized into two groups to avoid the learning effects and order of the system.
Table 1 shows the participants’ assignments and details of the study design.

Table 1. Schedule of the study.

Day Group no Participants Platform The topic of the study

Day 1 1 P8, P9, P10, P11, P12, P13,
P14

Gather Session 1 “Life Inside
Metaverse”

Day 2 1 P8, P9, P10, P11, P12, P13,
P14

Zoom Session 1 “Work Environment
and Its Impact”

Day 3 1 P8, P9, P10, P11, P12, P13,
P14

Spatial Session 1 “Game Design and Its
Applications”

Day 4 2 P1, P2, P3, P4, P5, P6, P7 Zoom Session 2 “Work Environment
and Its Impact”

Day 5 2 P1, P2, P3, P4, P5, P6, P7 Gather Session 2 “Life Inside
Metaverse”

Day 6 2 P1, P2, P3, P4, P5, P6, P7 Spatial Session 2 “NFT and Its
Applications”

As shown in Table 2, in this study, the learning activities (e.g., a lecture video) were
to allow participants to learn a new topic of interest that was introduced, simulating
a typical lecture period such as attending a lecture, group discussion, brainstorming,



144 S. Sriworapong et al.

ideation, communication, and social interaction. All test days under the study followed
a standardized procedure outlined below.

Table 2. Study Design and procedures.

Duration Procedure steps Participants UX researchers’ roles and
responsibilities

5 min Introduction The participants provided
their consent forms to
participate.

A UX researcher requested
consent from each
participant of the session.

20 min Video watching The participants watched the
video as a group, interacting
(through the chat feature if
applicable for that platform)

A UX Researcher observed
the participant’s interaction
through the chat and
answered any questions if
needed.

30 min Video discussion After receiving topic
questions from the moderator,
participants discussed points
based on the video; use of
tools (e.g., Whiteboard sticky
notes, if applicable for that
platform)

A UX Researcher observed
participants’ interaction
through the group discussion
and answered any questions
if needed.

10 min Group
presentation

Participants presented their
ideas that were discussed
during the group discussion.

A UX Researcher observed
participants’ interaction
through the group
presentation and answered
any questions if needed.

2 min Closing remarks – –

25 min Interview and
questionnaires

Each participant will privately
join an interview session
hosted by UX Researchers.
Ones that are waiting in the
queue will be doing
questionnaires for the study.

A UX Researcher interviews
the participant according to
the questions that were
prepared beforehand (see
appendix B).

Usability Testing Procedures in Spatial.io. In this session, the participantswere asked
to create their accounts to access the platform; they would have an option to create their
avatars (customized based on the uploaded pictures). At the beginning of the test, the
participantswere guided to themain virtual room inSpatial.io for the session introduction
in which the purpose of our study was explained, followed by the lecture topic that was
themain idea of the session. Then, the participants watched a lecture video related to that
topic (e.g., ‘Game Design and Its Applications for the first Spatial session; ‘NFT and Its
Applications for the second Spatial session). The topics were selected based on incoming
trends today that could be applicable and suitable for all participants. Videos in Spatial.io
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were played through the screen sharing feature. After watching the lecture video, the
participants were asked to enter pre-built separate virtual rooms. For instance, team one,
which was randomly selected, went to the virtual world no.1; team two undertook it in a
similar fashion created for the group discussion about that topic. The group discussion in
Spatial.iowas planned to replicate and simulate a brainstorming session held in a physical
setting (e.g., gesture reaction to ideas, moving characters closer to the screen). After the
discussion session, the participants came back to the main room; a group presentation
was held to highlight the insights made during the discussion. The group presentation in
Spatial.io was planned to simulate a presentation held in a physical setting (e.g., Avatar’s
clapping before and after the presentation, thumbs up, thumbs down, or any appropriate
gesture) to show emotion. Finally, the session hosts (UX researchers) announced the
closing remarks to conclude the session. After the session, interviews (through private
virtual rooms in Spatial.io) were conducted for each participant; questionnaires, inwhich
we used the Google Forms to measure users’ engagement, enjoyment, and usability in
the learning activities) were given out to the participants to complete during the idle
period. During the session, the UX researchers interviewed the participants. Figure 1
shows the Spatial.io sessions during the test.

Fig. 1. An introduction session (left) and a presentation (right) in Spatial.io

Usability Testing Procedures in Gather.town. Before entering the virtual environ-
ment of Gather.town, the participants created their avatar-like figures. Then, one UX
researcher guided the participants toward the main area in Gather.town. The introduc-
tion of the session was conducted; explaining the purpose of the study, as well as giving a
brief instruction on controls and how bubbles (virtual whisperer) work (i.e., participants
will only hear each other if they are in the same area). Next, a lecture video was con-
ducted the same way as stated in Spatial.io; however, the topic would be different (e.g.,
‘I Spent 100 Days in the MetaVerse’ in the topic ‘Life Inside Metaverse’ for all sessions
of Gather.town). The participants were encouraged to interact while watching the video
through the chat feature available in Gather.town. After watching the video, the partic-
ipants were asked to enter two separate areas in Gather.town for group discussion (see
Fig. 2). The participants used the digital objects in the area to increase interaction and
enjoyment (e.g., chairs and tables for sitting in a group, whiteboards to brainstorm the
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session). Then, the participants were randomly selected for group discussion, and they
were encouraged to do social interactions and communication asmuch as possible during
the session. At the end of the group discussion, similar to the real world, the participants
wandered around to other areas to interact with other participants as well. Following the
discussion, participants used the microphone feature to present across groups for group
presentation. Following the closing remark, Interviews were conducted one by one in
a separate private room. Questionnaires were given out the same way as all sections
during the idle period.

Fig. 2. A group presentation and discussion in Gather.town

Usability Testing Procedures in Zoom. As shown in Fig. 3, the usability testing pro-
cedures of the Zoom session would simulate a typical zoom online lecture conducted
in the real world that includes a lecture session in the main meeting space, a discus-
sion session in each breakout room, and a presentation in the main area again. Every
part of the procedure was the same as on other platforms. The topic that was discussed
was “Work Environment and Its Impact”, with the video “Day in the Life of a Typical
Japanese Office Worker in Tokyo”.

Fig. 3. A group discussion in Zoom
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3 Analysis and Results

In this study, for the quantitative data, we analyzed the questionnaire data by using
descriptive analysis [14]. Using thematic analysis [15], in which qualitative data is ana-
lyzed in a group of codes that represent the meanings and patterns of such data, themes
were created for proper analysis.

3.1 Demographic Data Analysis

First, we analyzed the demographic data of the participants. There was a total of 14 par-
ticipants voluntarily engaged in the usability testing. Of these 14 participants, 10 were
male participants (71.40%), and 4 were female participants (28.60%). The average mean
agewas 20.93 years old (SD= 0.27). Since this studywas intended for Thailand’s higher
education, all the participant’s nationalities are Thai. Their educational backgrounds are
varied, but the majority of participants came from the International School of Engi-
neering (ISE), Chulalongkorn University majoring in Information and Communication
Engineering (ICE) having a percentage of 71.43% (n= 10).While some participants did
not come from engineering-related fields such as Bachelor’s in Economics, Thammasat
University, and Singapore Institute ofManagement (SIM)majoring in AccountingMan-
agement with a total of 3 participants (21.43%). Concerning their experiences in using
online learning platforms, all participants have used Zoom for their online education,
while some of them have used Gather.town before (n = 6; 42.86%). However, although
the participants have heard of VR platforms for learning or social gathering (e.g., Second
Life), none of the participants have used Spatial.io before the study.

3.2 User Engagement Scale (UES)

For the quantitative data analysis, as shown in Table 3, we started with the participants’
engagement in learning on these 3 platforms. For ‘Focused Attention’ of the participants
in three platforms, we found that both Spatial.io and Gather.town had a similar mean
score,whileZoomhada slightly lessermean score comparedwith the other twoplatforms
(Spatial.io M = 3.23, SD = 1.01; Gather.town M = 3.23, SD = 1.0; Zoom M = 3.04,
SD= 1.19). In ‘Perceived Usability’, which was reversely calculated due to the question
being negatively formulated, Spatial.io had the lowest score (M = 2.86, SD = 1.12),
meaning that the systemhad some usability challenges. In contrast, Zoomhad the highest
usability score (M = 4.17, SD = 0.68), while Gather.town had a mean score of (M =
3.60, SD= 1.06). The results indicated that Zoom appeared to be the easiest among the
platforms in this study. Concerning the ‘Aesthetics’ aspect of all systems, Gather.town
was the most appealing (M = 4.14, SD = 0.66), while Spatial.io had an above-average
mean score (M = 3.12, SD = 0.99). Of these three platforms, Zoom was the least
appealing (M=2.79, SD=0.83), as expected. Lastly, for ‘Rewards’, the results indicated
that Gather.town had the highest mean score, followed by Zoom; however, Spatial.io had
the least mean score (Spatial.io M = 3.26, SD = 0.99; Gather.town M = 3.74, SD =
0.98; Zoom M = 3.38, SD = 0.90).

From the qualitative data, based on the interview results, the participants’ insights of
their engagement in Spatial.io were favored negative connotations. For instance, some
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Table 3. User Engagement Scale.

Spatial.io Gather.town Zoom

M SD M SD M SD

Focused Attention (FA)

FA-S1 I lost myself in this
experience (totally
immersed in
Spatial.io).

3.21 1.12 3.07 1.00 3.07 1.33

FA-S.2 The time I spent using
Spatial.io just slipped
away

3.15 1.07 3.29 0.99 3.00 0.96

FA-S.3 I was absorbed in this
experience in
Spatial.io.

3.31 0.85 3.36 1.01 3.07 1.27

3.23 1.01 3.24 1.00 3.05 1.19

Perceived Usability (PU)

PU-S.1 I felt frustrated while
using Spatial.io
(reverse)

2.57 1.02 3.71 0.99 3.86 0.86

PU-S.2 I found Spatial.io to
be confusing to use
(reverse)

2.86 1.23 3.71 1.27 4.64 0.50

PU-S.3 Using Spatial.io was
taxing (reverse)

3.14 1.10 3.36 0.93 4.00 0.68

2.86 1.12 3.60 1.06 4.17 0.68

Aesthetics (AE)

AE-S.1 Spatial.io was
attractive

3.29 0.99 4.29 0.73 2.71 1.07

AE-S.2 Spatial.io was
aesthetically
appealing

3.57 1.09 4.43 0.65 2.50 0.76

AE-S.3 Spatial.io was
worthwhile

2.79 0.89 3.71 0.61 3.14 0.66

3.21 0.99 4.14 0.66 2.79 0.83

Rewards (RW)

(continued)
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Table 3. (continued)

Spatial.io Gather.town Zoom

M SD M SD M SD

RW-S.1 Spatial.io appealed to
my senses

3.00 1.04 3.57 1.02 3.21 0.89

RW-S.2 My experience was
rewarding

2.79 1.05 3.86 0.86 3.50 0.85

RW-S.3 I felt interested in this
experience

4.00 0.88 3.79 1.05 3.43 0.94

3.26 0.99 3.74 0.98 3.38 0.90

participants reported that theydidnot understandhow touse the controls of Spatial.io, and
thus, they encountered difficulties in moving their characters (avatars) in Spatital.io. The
participants also explained that characters can be moved the same way in Gather.town
but found it to be easier, much simpler. and less burdensome. Also, although interactive
components (e.g., controls) in Spatial.io were richer andmore attractive than inGather.io
and Zoom, to the best of researchers’ knowledge, the chat feature was not provided,
causing reluctance among the participants to interact as theywould normally do inZoom-
based learning. The participants described that the elements and features available in
Gather.townwere useful in terms of collaboration, communication, and social interaction
amongpeers. The virtualworld in theGather.townplatformwas also easily customizable,
which allowed each session to be different and unique, resulting in reducing boredom
for users. From the observational studies among all platforms, many participants were
not familiar with Spatial.io, they felt taxed and needed help sometimes during the study.
One technical challenge found in Spatial.io was that battery drainage was noticeably
high, which caused frustration among the participants, and impacted their focus on the
main topic of the session. Gather.town, on the other hand, exemplifies the interaction
among the participants due to its game-like environment and features. Most participants
were excited about using Gather. town in their learning compared with the other two
platforms: Zoom and Spatial.io. As observed in Zoom, fewer participants opened their
cameras compared to Gather town and Spatial.io; and the chat feature was only used by
the participants, indicating that social interaction and communication were limited in
learning.

3.3 Usability

As shown inTable 4, the usability of platformswasmeasured using twometrics:Usability
Metric for User Experience—Lite Version (UMUX-Lite), and Usability Heuristics. For
the UMUX-Lite, which only has two simple questions, we can see that the highest mean
score belonged to Zoom (M = 4.18, SD = 0.54), followed by Gather.town with a score
of (M = 3.82, SD = 1.04). In contrast, Spatial.io was found to have the lowest mean
score far apart from the other two platforms with only a mean score (M = 2.89, SD =
1.08).



150 S. Sriworapong et al.

Table 4. UMUX-Lite (Usability) results.

Spatial.io Gather.town Zoom

UMUX-Lite M SD M SD M SD

1.Spatial.io’s system
capabilities meet my
requirements

2.64 0.93 3.86 1.10 4.07 0.62

2.Spatial.io is easy to use 3.14 1.23 3.79 0.97 4.29 0.47

2.89 1.08 3.82 1.04 4.18 0.54

In the aspect of Usability Heuristics, where the questions widely cover the usability
aspect of a particular system (see Table 5), it is still clear that Gather.town and Zoom
were ranked the highest among others, while Gather.town had a slightly higher mean
score (M= 3.71, SD= 1.02) than Zoom, which had the score of (M= 3.6, SD= 0.92). It
is still consistent UMUX-Lite in that Spatial.io still had the least mean score (M= 3.16,
SD= 0.99). The findings from both UMUX-Lite and Usability Heuristics are consistent
with the findings from the ‘Perceived Usability’ of UES.

Table 5. Usability evaluation (Heuristics) results.

Spatial.io Gather.town Zoom

Heuristics M SD M SD M SD

Visibility of system status 3.14 0.95 3.71 0.91 3.93 0.83

Match between system and the
real world

3.64 0.74 3.57 1.22 3.29 0.73

User control and freedom 3.29 1.27 4.14 0.86 3.29 0.91

Consistency 3.36 1.01 4.00 0.96 4.00 0.88

Prevent errors 2.43 0.94 3.71 0.83 3.79 0.97

Recognition rather than recall 3.00 0.88 3.57 1.09 3.64 1.01

Flexibility and efficiency of
use

2.93 1.07 3.64 0.84 3.93 0.92

Aesthetics and minimalist
design

3.57 0.94 3.64 1.22 3.79 0.80

Help users recognize,
diagnose, and recover from
errors

2.93 1.00 3.71 0.91 3.07 1.21

Help and documentation 3.29 1.07 3.43 1.40 3.29 0.99

3.16 0.99 3.71 1.02 3.60 0.92
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Regarding the qualitative data from the user interviews, the majority of the partic-
ipants mentioned during the interview sessions that every session and platform tools
for online education need to be simple and easy to use. Though they all agreed that all
platforms were easy to use, especially Zoom, however, they reported that Spatial.io was
found to be the most challenging tool to use. According to the interviews, the majority of
the participants agreed that Spatial.io was an interesting and attractive virtual environ-
ment that resembles most of the real world. However, although it had low complexity in
its system, it was a bit more challenging to use due to the platform’s performance, com-
paredwith the other two platforms.As all participantswere new to Spatial.io, learnability
was important; however, they did not achieve this aspect during the testing. They also
said that it was hard to move around and interact with other objects or people, thus, the
usability and their user experiences were negatively impacted. In contrast, the other two
platforms provided sufficient functionalities for learning, especially Gather.town. Most
of the participants mentioned that compared with the other two platforms, Gather.town
was the most useful for them due to its easy-to-understand user interface along with
simple movement functions. Furthermore, they pointed out that the available features
in Gather.town are suitable and usable for learning purposes (e.g., discussion, chat, and
presentation). From the observation, the difficulty of usage for Spatial.io has been con-
firmed since many of the participants were disconnected due to some technical problems
during the sessions and many of them carried frustrated facial expressions due to some
technical and usability issues (e.g., character movements). However, the majority of the
participants held no frustrated or confused expressions during the sessions of Gather.
town and Zoom.

3.4 Enjoyment

With regards to the enjoyment of the participants, as shown in Table 6, all three platforms
had differences in the mean scores: while the Gather.town platform had the highest score
among these three platforms with a mean of (M= 4.00, SD= 0.78), followed by Zoom
with a mean score of (M = 3.57, SD = 0.76), and Spatial.io with a mean score of
(M = 3.21, SD = 0.80; See table 4.5), indicating that most participants enjoyed using
Gather.town in learning.

Table 6. Enjoyment scores.

Spatial.io Gather.town Zoom

Enjoyment scale M SD M SD M SD

Overall, learning
about this system is
enjoyable.

3.21 0.80 4.00 0.78 3.57 0.76

According to the qualitative interview data, it can be said that Gather.town was
the only platform where participants mentioned that it was enjoyable to be used for
learning. Many users mentioned during the interview on Gather.town that they had a



152 S. Sriworapong et al.

lot of fun using Gather.town. During the interview session on Zoom, the majority of
participants mentioned that they enjoyed interacting with others using Zoom as well,
especially during the brainstorming session conducted in the breakout room. However,
for Spatial.io, the participants said during the interview that there were more interactive
components than in Zoom, but less than Gather.town can offer. They also mentioned that
they could not enjoy it since it was challenging to use such as they got disconnected from
the system frequently. This led to their low enjoyment of using this system. Through
the observations, many users enjoyed themselves during Gather.town sessions the most,
especially whenever they were controlling their avatars. Many participants had joyful
facial expressions or smiles during the activities conducted in Gather.town the most.
While on Zoom, many participants seemed to have neutral facial expressions toward the
sessions but seemed to be more joyful in the breakout rooms. On the other hand, for
Spatial.io, many participants seemed exciting at first when they were learning something
new, but their enjoyment slowly faded away as they encountered more issues within
Spatial.io, thus, their enjoyment level dropped during the session.

3.5 Sociability

Regarding the sociability of the participants (see Table 7), it is clear that Gather.town
had the highest mean score for the measure of (M = 4.1, SD = 0.79), followed by
Zoom with the mean score of (M = 3.52, SD = 0.97) and Spatial.io had the lowest
mean score (M = 3.36, SD = 0.88;), indicating that Gather.town, compared with other
two platforms, could offer the best social elements and interactive experiences for users
(e.g., chat feature). The following Table 7 shows the mean scores for the participants’
sociability.

From the user interviews conducted, the majority of participants mentioned that they
feltmore of their social presence during the sessions ofGather.town due to the reason that
Gather.town allowed them to move around easily and had a lot of cooperative learning
tools that are easy to use and learn (e.g., video and chat). Most of the participants agreed
that Gather.town provided the right environment for them to work with their teammates
in the context of learning. For Zoom, some participants recognized it and praised Zoom
for being efficient when there was a smaller number of people in the room since the
communication does not get interrupted. However, many participants mentioned that
Zoom could not provide the right environment for them to work as a team, such as
the lack of cooperative tools on the platform, as well as limited social interactivity
features. For Spatial.io, most of the participants agreed that Spatial.io had the potential
to be improved in terms of sociability in the educational context since there are some
cooperative tools provided by the system. Furthermore, Spatial.io is the most promising
tool to simulate the real-world classroom-like environment in a virtual space. However,
the current functions could not be properly used; thus, it did not improve the social
presence of many of the participants.

Furthermore, with the observation data gained during each session, the statement
from the interviews was supported. Since many of the participants seemed to talk
and work together with their teammates the most during the sessions conducted in
Gather.town. For Zoom, the social interaction seemed to be low during the main session,
only a few participants talked or chatted. However, when they entered the breakout room,
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Table 7. Sociability results.

Spatial.io Gather.town Zoom

Sociability M SD M SD M SD

Q1 This Spatial.io
environment enables me
to easily contact my
teammates

3.21 0.70 3.93 1.00 3.71 1.07

Q2 I do not feel lonely in this
Spatial.io environment

3.57 0.94 4.29 0.61 3.71 0.99

Q3 The platform enables me
to get a good impression
of my teammates

3.64 0.63 3.93 0.73 3.71 0.91

Q4 The platform environment
allows spontaneous
informal conversation

3.14 1.10 4.29 0.91 3.71 1.07

Q5 The platform environment
enables us to develop into
a well performing team

3.00 1.04 4.00 0.68 3.36 0.84

Q6 The platform environment
enables me to develop
good work relationships
with my teammates

3.43 0.76 4.07 0.73 3.21 0.80

Q7 The platform environment
enables me to identify
myself with the team

3.43 0.85 3.86 1.03 3.21 0.89

Q8 I feel comfortable with
Spatial.io environment

3.14 0.95 3.93 0.83 3.93 0.73

Q9 The platform environment
allows for
non-task-related
conversations

3.71 1.14 4.71 0.47 3.57 1.16

Q10 The platform environment
enables me to make close
friendships with my
teammates

3.29 0.73 4.00 0.88 3.07 1.21

3.36 0.88 4.10 0.79 3.52 0.97

they seemed to talk a lot more than they used to. On Spatial.io, they did not seem to walk
around a lot despite the platform allowing the avatar’s movements. However, they still
performed some social interaction with each other during the brainstorming sessions,
such as using post-it to put down some ideas while referring to them in the discussion
with their friends.
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4 Discussion

Based on the findings from the data analysis and results, in this section, we discussed the
usability differences of the three platforms, as well as differences in the participants’ user
experiences in using these three platforms. Concerning the participants’ engagement
in learning on three different platforms, Spatial.io had some usability challenges and
limitations including technical issues. This resulted in limited interaction among the
participants. For instance, to our knowledge, there was no chat feature provided in
the version of Spatial.io we used in the study. Consequently, it greatly impacted the
participants’ engagement during the learning session because they were used to utilizing
primary chat features while using Zoom or other similar tools. Gather.town, on the other
hand, offers an alternative for students to enhance their interaction experiences through
a game-like environment and feature, which induce them to open the video and verbally
discuss with each other. As a result, this resulted in higher user engagement in the
learning session. Furthermore, features such as character movements and controls in
Gather.town were simpler than in Spatial.io; especially when they provided a similar
level of benefits, whereas the user experience was found to be taxing in Spatial.io.

In addition, a simple and game-like user interface in Gather.town seems beneficial
for the participants where they can easily move around and be playful during learning,
whereas such experience was limited in Zoom and challenging in Spatial.io. In general,
it was found that the participants’ engagement was higher in Gather.town compared to
the other two platforms. Thus, Gather.town has an advantage over the other two plat-
forms as it provides the best balance in terms of interaction, ease of use, and game-like
experience that can provide an alternative for improving students’ engagement in learn-
ing. It is assumed that engagement could signify the importance of how undergraduate
students interact within their online classes; thus, those platforms that provide more
of an interactive component such as communication features, or cooperative working
elements will have the potential to be of great use for the online educational context.
This finding is consistent with the existing literature [18]. In addition, students prefer a
playful game-like environment that can encourage them to be engaged in the learning
process.

In terms of system usability, all platforms allowed the participants to complete the
intended tasks. However, there were some usability issues of Spatial.io discovered in this
study, as discussed previously. For instance, its features (e.g., movements control) were
not easy to use compared with the other two platforms. Technically, it seemed to require
high computation power from hardware devices. In addition, internet connectivity seems
to be a barrier to using Spatial.io which causes being lagged while using it. It should be
noted that the participants in this study did not have prior experience in using Spatial.io;
hence, it may have contributed to further opportunities to research with experienced
users in this context. For Gather.town and Zoom, it was found to be usable and user-
friendly for the participants, and they all could easily use them without any barriers or
challenges. Based on the findings, it is highly important, especially in the educational
context, for the platform used as a medium for online education during the COVID-19
pandemic to be usable and accessible by students. As usability plays a significant role
when it comes to online education, the more usable the platform is, the more effective
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the classes will become. Also, students are likely to engage and feel motivated in such
a learning platform. This finding is in-line with the existing literature [18].

Regarding the participants’ enjoyment, Gather.town seemed to be the best platform
referring to both quantitative and qualitative results. This platform offers a similar expe-
rience to a game-like environment, which made the participants excited and helped
them enjoy the learning session. The features available on Gather.io are user-friendly
and they are engaging as well. Thus, it results in increasing the participants’ enjoyment
compared with the other two platforms. The participants also mentioned that although
Zoom is useful and user-friendly in learning, the social interaction is limited and the
environment on this platform is less interesting and playful compared with Gather.io.
For Spatial.io, the participants’ enjoyment was the lowest among others due to its lim-
itations and usability challenges as discussed previously. During online classes in the
education world, enjoyment plays an important role in keeping the students attracted to
the class session. Regardless of their age, students still seek enjoyment and fun in their
every activity including learning; therefore, those platforms that provide engaging con-
tent, playful activity, and social interactivity can increase users’ enjoyment of learning.
However, it should be noteworthy that having too many enjoyment components in such
an educational classroom could serve as a distraction for the students, thus, leading to
more students losing focus on the intended educational content. This finding is in-line
with the existing literature [19].

For the sociability aspect of the systems, the focus is to understand what and how
a system can offer sufficient functionalities and an engaging environment for students
to cooperate and socialize with each other. It is clear from the study that Gather.town
offers the most sociable platform for students compared to the other two platforms.
This could be due to various factors. For instance, the participants favored socializing in
Gather.town because of its game-like environment and easy and user-friendly features.
Since Gather.town allows users to create their own avatars and move them around as
freely as they would like, along with many cooperative objects and tools that allow
users to do a variety of tasks together with other users, such as a shared whiteboard,
or a built-in board game. This may improve the effectiveness of social presence within
the online world for the participants, thus increasing sociability for them as the result.
Whereas Zoom, could not provide any means to help them cooperate as a team together.
The participants will need to rely on the third-party tools most of the time while working
together in Zoom during the brainstorming sessions. For Spatial.io, it does provide more
tools than Zoom has to offer but the platform is challenging to access and unstable,
causing the participants to give up on working together and thus, decrease their social
presence. Sociability is what allows social interaction among users, especially in an
online educational context where students could not gather physically. The platforms
that provide a sufficient environment for students to cooperate and meet with each
other similarly to the physical world the most could be one of the most promising
alternatives that the online educational world is looking for. For instance, providing a
specific area where only those within the indicted parameter could talk and hear each
other as well as providing cooperative tools such as a shared whiteboard in Gather.town
has proved to havemore sociability impacts on the students where they aremore likely to
interact, communicate, andworkwith other students in the same session. It is noteworthy
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that although most participants mentioned that Spatial.io is the most realistic virtual
platform in terms of social interaction compared with the other two platforms; however,
as mentioned, due to its usability issues, it did not win over the other two platforms in the
social aspect. All participants suggested that 3D-based VR platforms can be a substitute
in the future because of their rapid development and a great attraction to people in many
areas including education. These findings are consistent with the existing literature on
usability and sociability in online communities [20].

Based on the findings from the study, we summarize as follows. First, the findings
suggest that the current conferencing tools (e.g., Zoom) offer limited social interaction
and fun elements for students, particularly in learning, that can lead to a decrease in
students’ engagement, enjoyment, and sociability. Two-dimensional virtual reality plat-
forms (e.g., Gather.town) are found to be promising for students wherein they can not
only engage in learning activities but also interact with each other through interactive
tools and in a playfulway. Furthermore, a game-like learning platform (e.g.,Gather.town)
can make students enjoy their learning, as well as it can enhance their overall engage-
ment in learning through a game-like platform. Although 3D-based VR platforms (e.g.,
Spatial.io) are interesting, the current version may not be suitable to be integrated into
learning yet. The study shows that improvements need to be made in usability and user
experiences. Technical requirements (e.g., graphics and battery usage) are still a chal-
lenge for students to adopt such a system in learning. However, it does not mean that
these 3DVR tools cannot be used in learning. Simply, they still need to be improved to fit
with the existing educational landscape, particularly in Thailand. Although 3DVR-based
learning platforms are not ready to be adopted at this moment, particularly in the Thai-
land educational section, it cannot be denied that they are promising for future adoption
if they are designed based on users’ needs. Based on the findings from this study, we
suggest the following key takeaways for the higher education sector in Thailand:

1. The authorities and educators should consider adopting existing 2D VR platforms
(e.g., Gather.town) in today’s education system; by creating environments that could
be customized freely by eachorganization (e.g.,GatherChula,GatherThammasat) so
that educators (professors) and students could be encouraged to engage and interact
more freely in environments that have (high usability, and high UX/UI that leads to
high engagement and enjoyment). Alternatively, they can consider developing their
VR platforms for possibly all students in the university.

2. Possibility of a hybrid approach in which both a conferencing tool (e.g., Zoom) and a
VR-based learning platform (e.g., Gather.town) will be adopted to improve students’
interaction experience in university and close gaps in relationships that were built
through online.

3. We also suggest the authorities of the Ministry of Education adopt a 2D VR-based
educational model not only for higher education but also for primary and secondary
education, etc.

4. Suggestion for a VR-based social gathering (extra-curricular) for undergraduate
students.
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Abstract. This article reviews health beliefs, and attitudes of asylum seekers and
refugees, using an adapted framework of the Health Belief Model. The system-
atic review included 15 peer-reviewed records retrieved from CINAHL, Medline,
PubMed, PsycINFO, and PsycArticles. Findings of this review show culture, tra-
dition, fate or destiny, psychological factors, family, friends, and community were
crucial influential factors in shaping asylum seekers, and refugees’ perceived bar-
riers, fear, severity, and susceptibility in their health-seeking activities. In addition,
knowledge and awareness related to the benefits of using modern healthcare ser-
vices were motivators for different ethnic groups to take care of their personal
health. Healthcare providers, educational programs, and support from family,
friends, and community had noteworthy influence on triggering the health-related
decision-making process among asylum seekers and refugees. This study offers
practical implications for healthcare providers and public health community to
devise culturally relevant strategies that will effectively target asylum seekers and
refugees with diverse cultural, traditional and attitudinal beliefs about healthcare
and health seeking activities. This is one of the descriptive review studies on asy-
lum seekers and refugees’ health beliefs and their health-seeking behavior based
on ethnicity grounds.

Keywords: Asylum seekers · Health beliefs · Health-seeking behavior ·
Refugees · Review

1 Introduction

In the recent decades, healthcare providers have investigated the health needs of refugees1

and asylum seekers2. Still, since healthcare providers deal with vulnerable people, it is
important to consider providing health services that are culturally adopted for minorities

1 A refugee is an individual who have fledwar, violence, conflict, or persecution and have crossed
an international border to find safety in another country [1].

2 An asylum-seeker is an individual who has left their country and is seeking protection from
persecution and serious human rights violations in another country; However, an asylum-seeker
hasn’t yet been legally recognized as a refugee and is waiting to receive a decision on their
asylum claim [2].
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with diverse ethnic backgrounds [3]. Studies on resettled asylum seekers and refugees
in a new country indicated different issues related to the healthcare, such as insufficient
healthcare attention because of organizational barriers, cultural differences, language
barrier, and access to social or healthcare services [3–6].

Moreover, refugees and asylum seekers may find it difficult to adapt to new environ-
ments and lifestyle, resulting in emotional and psychological issues [7–9]. Even though,
it is expected migration influences value changes during adaptation, asylum seekers and
refugees might continue with their own cultural practices to maintain their health and
well-being, as health beliefs3 typically do not change after migration [11–16].

Health beliefs are shaping people’s perception of their health, cause of their health
issues, and the ways through which they can overcome an illness [10]. There are many
studies related to immigrants ‘health beliefs and the influence of their beliefs on their
health-seeking behavior4; however, there are only a few that cover the impact of health
beliefs on asylum seekers and refugees’ health-seeking behavior [18–22].

This review is designed based on the Health Belief Model (HBM) which has guided
studies on health-seeking behavior; especially, health seeking behavior amongminorities
from different ethnic backgrounds [7, 23, 24]. Since early 1950s, HBM has been widely
used as a conceptual framework in health behavior studies. The model was developed
according to a well-established body of psychological and behavioral theory, focusing
mainly on two variables, including the value placed by an individual on a particular goal,
and an individual’s estimated possibility of achieving that goal by a given action [25,
26].When these variables were conceptualized in the context of health seeking behavior,
the correspondences were: (1) wishing to avoid illness or recover from illness; and (2)
the belief that a specific health information or action will prevent illness [26].

This paper aims to perform a descriptive review to provide a holistic picture of
studies related to health beliefs, and attitudes of asylum seekers and refugees and their
health-seeking behavior. The research objectives guiding this study are:

1. To explore asylum seekers and refugees’ health beliefs and their health-seeking
behavior.

2. To investigate influential factors on asylum seekers and refugees’ health-seeking
behavior according to their health beliefs and cultures.

2 Research Methods

This review startedwith a literature search conducted in January 2022, using the preferred
reporting items for systematic reviews and meta-analyses (PRISMA) guidelines [27].
To be included in the review, studies had to (a) be published in English or English, along
with another language, (b) focus on human health beliefs issues, (c) focus on asylum
seekers, and/or refugees, and (d) be original studies, not a brief review of an original
study published in a conference paper or editorial note. All kinds of quantitative and

3 Health beliefs are what individuals believe about their health, what they think constitutes their
health, what they consider the cause of their illness, and ways to overcome an illness it [10].

4 Health seeking behavior is any activity undertaken by people who perceived themselves to have
a health issue or to be sick aiming at finding an appropriate treatment [17].
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qualitative study designs were considered, including focus group discussions, structured
or semi structured interviews, observations, secondary data analyses, and surveys.

The main focus of the included studies was on investigating health belief of asylum
seekers and refugees rather than describing healthcare providers’ interpretations of their
beliefs. The studies were excluded if their main focus was on indigenous ethnic minori-
ties, subcultures, immigrants, or seasonal workers. Moreover, the studies were excluded
when they did not provide original research findings, such as systematic reviews, litera-
ture reviews, editorial notes, or conference posters. Furthermore, all studies which inves-
tigate the research topic fromdifferent angles rather than health beliefwere excluded (i.e.,
human rights, health law, ambulatory care, safety science, mediators, health information
systems, and health policy).

2.1 Research Adapted Framework

This review uses an adapted framework based on HBM to provide a comprehensive
overview of literature findings related to asylum seekers and refugees’ health seeking
behavior and their health beliefs and cultures. The HBM has several primary concepts
that predict why individuals will take a particular action to prevent, to screen for, or to
control health conditions [28].

According to HBM, the three components influencing health-seeking behavior of
asylum seekers and refugees includemodifying factors, individual beliefs, and individual
action (see Fig. 1).

• Modifying factors are described in the original model as demographic attributes of
individuals, such as age, gender, ethnicity, socioeconomics, and knowledge [23]. The
model proposed in this research includes modifying factors, such as gender, country
of origin, county of residence, and residency ground.

Fig. 1. Adapted framework based on health belief model components and linkages [25]
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• Individual beliefs are described in the original model as perception about an illness,
perceived benefits, perceived barriers, and perceived self-efficacy [23]. The proposed
model for this review found perceived fear that may influence or be under influence
from perceived barrier.

• Individual actions are described in the original model as individual behaviors and
strategies to activate outcomes of the health seeking behavior [7, 25].

The concept in this study applied to providing a better understanding of individual
beliefs and attitudes of this target group regarding their health and their health seeking
behavior.

2.2 Information Sources and Search Strategy

Reviewer searched scientific databases through Web of Science (WoS), Scopus, and
EBSCO for peer-reviewed journal articles, conference papers, books, and book chap-
ters. Six databases (CINAHL (29 records), Medline (28 records), PubMed (35 records),
PsycINFO (23 records), and PsycArticles (3 records)) were searched for the records on
the association between asylum seekers, refugees and their beliefs and attitudes to health
and illness.

This review started by searching for relevant studies through a medical subject head-
ing (MeSH), truncation (*), and subject keywords adopted from Shahin et al. [28].
In addition, the terms “asylum seeker”, and “refugee” along with all their synonyms
and related terms were combined with proximity operators with a distance space of 10
(adj 10) to retrieve more results. The formulated search statement of this study was as
follows: “health belief* OR attitude to health OR attitude to illness OR self-care OR
self-management AND refuge* OR asylum seek*”.

2.3 Data Extraction and Complete Search Strategy

A total of 120 studies were retrieved from six databases (118 records) and through
backwards reference searching (2 records). Studies were selected based on the research
model in three phases: reviewing titles, abstracts, keywords, and full-text records. All
databases were searched simultaneously. In the review phase, the author screened all
records and excluded those that did not fit into any of the categories created based on
the original HBM; different strategies were used to select records with asylum seekers
and/or refugees as the main subject of studies. In the second phase, abstracts of the
selected studies were double-checked. Finally, full texts were screened for relevance
and doubled checked for accuracy. The final selected records were imported into NVivo
1.6 for qualitative data analysis and visualization. Figure 2 presents a complete overview
of the whole screening and selection process.

2.4 General Characteristic of Included Studies

The final list includes fifteen studies, covering a wide variety of themes, participants’
genders, different sample size, various methods, and varied means of data gathering.
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Records identified through
databases searching ( n = 120 )

Records after duplicates removed
( n = 102 )

Records screened
( n = 102 )

Records excluded ( n = 7 )
Irrelevant (2)

Non-English (5)

Full-text articles excluded, with reasons ( n = 82)
Not relevant ( 5 )

Reviews ( 8 )
Non-English ( 1 )
Immigrant ( 68 )

Full-text articles assessed for
eligibility ( n = 95 )

Studies included
( n = 13 )

Additional records identified through
backwards reference searching ( n = 2 )

Total No. of Studies included
( n = 15 )

Fig. 2. PRISMA flow chart.

Majority of the included studies (8/15) were conducted in North America covering
issues, including changing health beliefs and behaviors, cardiovascular disease, health
beliefs and lifestyle, health beliefs and practices, health beliefs and women’s health, and
sexual health attitudes and beliefs (See Table 1).

This review includes studied with sample size ranging from eleven to approximately
three hundred individuals, adopted both qualitative and quantitative methods, and uti-
lized different means of data gathering, such as focus group, interviews, and observa-
tions. Table 2 and Appendix 1 provide additional information, such as vulnerable group
categories, ethnic groups, current residency, and country of origin of the participants.
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Table 1. Theme and methodological information of included studies in this review

ID Theme Gender Size Methodology Data gathering

1 Health beliefs &
women’s health

Women 57 Qualitative Semi-structured interview

2 Health beliefs &
practices

Mixed 15 Qualitative Focus group

3 Changing health beliefs
& behaviors

Mixed 20 Qualitative Semi-structured interview

4 Mental health beliefs &
processes

Mixed 25 Qualitative Semi-structured interview

5 Sexual health attitudes
& beliefs

Mixed 11 Qualitative Semi-structured interview

6 Sexual health attitudes
& beliefs

Women 14 Qualitative Semi-structured interview

7 Health beliefs &
practices

Mixed 106 Qualitative Semi-structured interview

8 Cardiovascular
disease–related health
beliefs & lifestyle

Mixed 195 Quantitative Survey

9 Health beliefs &
women’s health

Mixed 45 Qualitative Focus group

10 HIV &
self-management skills

Mixed 19 Qualitative Interviews &
observations

11 Health beliefs &
women’s health

Men 38 Qualitative Focus group & in-depth
interviews

12 Diabetes &
self-management skills

Mixed 292 Qualitative Structured interviews

13 Health beliefs &
practices

N/A N/A N A N A

14 Health beliefs &
practices

N/A N/A N A N A

15 Health beliefs &
practices

Mixed 119 Qualitative Semi-structured interview

3 Results

An adapted framework based theHBMwas used to examine attitudes and cultural beliefs
concerning health-seeking behavior of asylum seekers and refugees in the world. We
have identified three main categories, including modifying factors, individual beliefs,
and individual action (See Fig. 1). The following subsections provide findings.



A Review of Health Beliefs and Their Influence on Asylum Seekers 167

Table 2. General information related to included studies in this review

ID Source Target group Residency Origin

1 Saadi et al. 2015 Refugee USA Bosnian, Iraqi, and
Somalin

2 Simmelink et al. 2013 Refugee USA Somalian, Ethiopian, and
Eritrean

3 Brainard and Zaharlick 1989 Refugee USA Laotian

4 Savic et al. 2015 Refugee Australia Sudanese

5 Dean et al. 2016 Refugee Australia Sudanese

6 Dhar et al. 2017 Refugee USA Bhutanese

7 Papadopoulos et al. 2003 Refugee UK Ethiopian

8 Kamimura et al. 2017 Refugee USA Myanmarese

9 Ruzibiza 2021 Refugee Rwanda Burundian

10 Kennedy and Rogers 2009 Asylum seeker UK Sub-Saharan African

11 Piran 2004 Refugee Iran Afghan

12 Elliott et al. 2018 Refugee Lebanon Syrian

13 Kemp 1985 Refugee USA Cambodian

14 Rocereto 1981 Refugee USA Vietnamese

15 Gilman et al. 1992 Refugee USA Laotian

3.1 Perceived Susceptibility5

Table 3 provides common beliefs held across different ethnic groups within seven
domains of the adapted HBM. First, common beliefs related to perceived susceptibility
across all studied ethnic groups included lack of knowledge about health issues and its
risk factors [13, 14, 16, 29–32], and Illnesses is caused by supernatural causes (God,
Satan, or Evil spirits, magic, the evil eye) [15, 16, 29, 33–37]. These studies were in con-
text of women’s health, changing health beliefs and behaviors, mental health beliefs and
processes, sexual health attitudes and beliefs, HIV and Diabetes and self-management
skills. Second, perceived susceptibility and unique beliefs distinct to each ethnic group
were: Sudanese key informants emphasized depression is white man’s sickness [33], and
Karen refugees resettled in the United States from the Thai-Myanmar (Burma) border
[12] underscored lack of knowledge of the association between tobacco smoking and
Cardiovascular disease.

5 Perceived susceptibility “refers to beliefs about the likelihood of getting a disease or condition”
[25].
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Table 3. Common beliefs held across different ethnic groups

Adopted health belief model Common beliefs Ethnic groups

Barriers Adhered to traditional
normative beliefs

African, Asian,
Middle-eastern

Embarrassment African, Asian, Balkan,
Middle Eastern

Fatalism African, Asian, Balkan,
Middle Eastern

Inattentiveness to personal
health

African, Asian, Balkan,
Middle Eastern

Poor patient provider
communication skills

African, Asian, Balkan,
Middle Eastern

Presence of male providers African, Asian, Balkan,
Middle Eastern

Psychosocial barriers African, Asian, Balkan,
Middle Eastern

Fear Fear one’s partner or family
judgment

African, Middle Eastern

Fear awareness of their
community about preventive
health issues

African, Balkan, Middle
Eastern

Fear of pain or diagnoses with
breast cancer

African, Balkan, Middle
Eastern

Benefits Perceive the action as
potentially beneficial by
reducing the threat

African, Asian, Balkan,
Middle Eastern

Severity Belief about how serious a
condition and its sequelae are

African, Asian

Perceived susceptibility to and
severity of illness or its
sequelae

African, Asian, Balkan,
Middle Eastern

Susceptibility A lack of knowledge about
health issues and its risk factors

African, Asian, Balkan,
Middle Eastern

Illnesses is caused by
supernatural causes (God,
Satan, or Evil spirits, magic, the
evil eye)

African, Asian, Balkan,
Middle Eastern

Self-efficacy Confidence in one’s ability to
complete steps needed face
with health issue

African, Balkan, Middle
Eastern

(continued)
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Table 3. (continued)

Adopted health belief model Common beliefs Ethnic groups

Intentions to keep doctor’s
appointments

African, Balkan, Middle
Eastern

Cues to action A physician’s recommendation African, Asian, Balkan,
Middle Eastern

Flexibility in scheduling African, Balkan, Middle
Eastern

Group educational program African, Middle Eastern

Help from physicians and other
healthcare providers

African, Balkan, Middle
Eastern

Support from family friends African, Asian, Middle
Eastern

3.2 Perceived Severity6

Perceived susceptibility and perceived severity were two factors shaping perceived threat
to health issues [25].On the onehand, commonhealth beliefs related to perceived severity
included perceived susceptibility to and severity of illness or its sequelae with Bosnian,
Somalian, Iraqi, Laotian, and Karen refugees in contexts of preventive health and breast
cancer screening, changing health beliefs, traditional and modern health services, and
cardiovascular disease respectively [12, 15, 29, 37]. On the other hand, belief about how
serious a condition and its sequelae were common health beliefs among Ethiopian and
Laotian in studies related to health beliefs and practices, and changing health beliefs
and behaviors [15, 34]. Finally, unique beliefs distinct to African ethnic group related
to perceived severity included beliefs that having HIV status would make life difficult
and had considerable social problems, this was highlighted in a study with sub-Saharan
asylum seekers with HIV [35].

3.3 Perceived Benefits7

Perceive the action as potentially beneficial by reducing the threat was noted among
perceived benefits byAfrican,Asian,Balkan, andMiddleEastern groups [12, 15, 29]. For
instance, Iraqi and Bosnian woman mentioned, “As long as the pain is for my own good
in the end, I endure it,” and “Is not this formy own good? It is not for anyone else but me.”
[29]. Furthermore, several women from resettled Laotian refugees reported that “they
would have opted for a hospital birth because a hospital birth is safer if anything goes
wrong, even had a traditional midwife been available.” [15]. One particular perceived

6 Perceived severity is “individual’s beliefs related to the effects of a given health issue
and the difficulties related to the health condition, such as pain, loss of work time, financial
issues, and issues related to personal and family relationships” [38].

7 Perceived benefits refers to “beliefs about the positive outcomes associated with a behavior
in response to a real or perceived threat” [39].
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Table 4. Unique beliefs distinct to each ethnic group

Adopted health belief model Unique Beliefs Ethnic groups

Barriers Lack of family or community support African

Perceptions of racism

Silence (taboo)

Abrupt or hostile behavior of health care
personnel

Asian

Administrative barriers to care

Difficulty in finding interpreters

Distrust of the health care system

Preference for a physician from the same
cultural background

Fear Fear awareness of their community about
their mental health issues

African

Fear of being considered sexually immoral

Fear of consequences associated with an
unplanned pregnancy influenced condom use
rather than fear of STIs or HIV

Fear of cultural shame

Fear of deportation

Fear that such conversations would encourage
young people to do ‘bad’ things

Fear of western medicine

Fear of having blood drawn during medical
examination

Asian

Fear that IUDs will destroy the uterus

Self-efficacy Ability to recognize the threat to their health African

Adopting health-promoting behaviors
through exercise or relaxation techniques to
reduce stress

Confidence in one’s knowledge & ability to
explain the health results to others

Intentions to follow diet for health benefit Asian

Cues to action Support from community African

(continued)
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Table 4. (continued)

Adopted health belief model Unique Beliefs Ethnic groups

Consulting with traditional healing specialists Asian

Consulting with local pharmacists

Access to gynaecological information Middle Eastern

Community health worker

benefits form Laotian refugees study was perceiving “western biomedicine stronger and
more effective than traditional Laotian herbal remedies” [15].

3.4 Perceived Barriers8

Perceived barriers were identified within four categories, including cultural and tradi-
tional factors, healthcare related barriers, health communication issues, and personal
barriers.

3.4.1 Cultural and Traditional Factors

Embarrassment, fatalism, and presence of male providers were common perceived bar-
riers in studies related to women’s health, changing health beliefs, mental health, sexual
health, and cardiovascular disease byAfrican, Asian, Balkan, andMiddle Eastern groups
[12, 15, 29, 31, 33, 34, 40]. Different forms of expressions related to adhered to tradi-
tional normative beliefs was common perceived barriers by African, Asian, and Middle
Eastern groups [13, 14, 16, 32, 35–37]. For example, both Cambodian and Vietnamese
refugees in studies related to their health beliefs and practices mentioned “they do not
like their head or shoulder touched” and “touching from shoulder up can be anxiety and
soul may leave the body and cause health problems” [16, 37].

Lack of family or community support and silence (taboo) were specified as perceived
barriers in studies on health beliefs and practices among Burundian, Eritrean, Ethiopian,
and Somalian refugees [30, 34, 40]. As an example, silence was highlighted as a major
barrier to effective implementation of adolescent sexual and reproductive health and
rights program by Rwandan government [40]. A preference for a physician from the
same cultural backgroundwas a perceived barriermentioned in a study on cardiovascular
disease–related health beliefs and lifestyle issues among Karen refugees [12].

8 Perceived barriers are “the potential negative aspects of a particular health action and may act
as impediments to undertaking recommended behaviors” [25].
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3.4.2 Healthcare Related Barriers

Abrupt or hostile behavior of health care personnel, administrative barriers to care, and
distrust of the healthcare system were mentioned as perceived barriers among Cambo-
dian and Laotian refugees [16, 37]. Cambodian refugees mentioned issues related to lan-
guage and cultural barriers, crowded waiting rooms, multiple interviews, andmysterious
procedures as their perceived barriers to healthcare [16].

3.4.3 Health Communication Issues

Poor patient and healthcare provider communication skills were common perceived
barriers in studies related to women health, changing health beliefs and practices by
African, Asian, Balkan, and Middle Eastern groups [15, 29, 34, 36, 37]. Difficulty in
finding interpreters was described as “limited availability of language interpreters and
scheduled basis” as another perceived barrier related to health communication among
Laotian refugees [37].

3.4.4 Personal Barriers

Inattentiveness to personal health and psychological barriers were commonly mentioned
personal perceived barriers by African, Asian, Balkan, and Middle Eastern groups [12,
16, 29, 33]. For example, approximately two-thirds ofwomen in a comparative qualitative
study of refugee health beliefs on preventive health and breast cancer screening across
Bosnian, Iraqi, and Somalian populations identified psychosocial barriers as barriers to
uptake of preventive breast cancer screening [29]. Perceptions of racismwas highlighted
as Ethiopian refugees’ individual perceived barriers [34].

3.5 Perceived Fear9

Fear awareness of their community about preventive health issues, and fear of pain or
diagnosis with breast cancer were two common perceived fears in a study with Bosnian,
Iraqi andMiddle Eastern femalewomen on preventive health and breast cancer screening
[29]. Fear one’s partner or family judgment was a common predictor of behavioral
changes among sub-Saharan African and Afghan refugees in studies on asylum seekers
with HIV, Afghan refugees and reproductive health attitudes [14, 35].

In terms of unique fear across African groups, different aspect of cultural, religious,
community issues were mentioned by Burundian, Eastern African, Sundaneses, sub-
Saharan African refugees in studies on mental health, sexual health, HIV and health
beliefs, pregnancy and perinatal care, and health beliefs and practices (See Table 4) [13,
30, 33, 35, 40]. Cambodians’ female refugees mentioned two perceiving or recognizing
barriers to care as fear of having blood drawn during medical examination, and fear that
IUDs will destroy the uterus [16].

9 Perceived fear refers to an important predictor of behavioral changes and health-securing
behaviors in response to perceiving or recognizing barriers to care [41].



A Review of Health Beliefs and Their Influence on Asylum Seekers 173

3.6 Perceived Self-efficacy10

Confidence in one’s ability to complete steps needed to face health issue, and intentions
to keep doctor’s appointments were the common expectations of self-efficacy among
Bosnian, Iraqi, and Somali women in a study on refugee preventive health and Breast
Cancer Screening [29].

Furthermore, positive elements of self-efficacy were identified among studies with
African individuals, including ability to recognize the threat to their health, confidence in
one’s knowledge and ability to explain the health results to others, and adopting health-
promoting behaviors through exercise or relaxation techniques to reduce stress in con-
texts of health practice and health beliefs, mental health, and HIV and self-management
skills [30, 33–35]. Laotian refugees showed capabilities to organize and execute the
courses of action required to manage their health through intentions to follow diet for
their health benefit [37].

3.7 Cues to Action11

Commonly cited cues to action across African, Asian, Balkan, Middle Eastern popula-
tions included physician’s recommendation [29, 37], flexibility in scheduling [29], group
educational program [32, 35], help from physicians and other healthcare providers [29],
and support from family and friends [30, 32, 34, 37] (see Table 4). Therewere also partic-
ular cues to action among different ethnic groups represented in this review. Consulting
with traditional healing specialists, and consulting with local pharmacists were unique
cues to action among Cambodian, Laotian, and Vietnamese refugees in different studies
[15, 16, 36, 37]. Afghan and Syrian refugees mentioned access to gynecological infor-
mation, and community health worker in studies on women’s health and diabetes as their
cues to action [14, 32]. Finally, support from community was an important motivator to
seeking care by Somalian, Ethiopian, Eritrean, and Sudanese [30, 33].

4 Discussion and Conclusion

This review shed light on cultural beliefs and attitudes shaping asylum seekers and
refugees’ health beliefs, and their health-seeking behavior. The culture, tradition, fate
or destiny, psychological factors, family, friends, and community were mentioned as
the crucial influential factors in shaping how asylum seekers, and refugees perceived
barriers, fear, severity, and susceptibility in their health seeking activities by African,
Asian, Balkan, and Middle Eastern groups [13–16, 29, 32, 33, 36, 37].

More specifically, different forms of supernatural causes, fatalism, traditions and
issues related to communications with healthcare providers were the common influential
factors in health seeking activities by Asian and Middle Eastern asylum seekers and
refugees [12, 14–16, 29, 32, 36, 37]. However, cultural shame, racism, and community

10 Perceived self-efficacy refers to “beliefs in individual’s capabilities to organize and execute
the courses of action required to manage prospective situations” [42].

11 Cues to action refers to “stimulus needed to trigger the decision-making process to accept
a recommended health action” [43].
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werementioned asmost influential factors in African refugees and asylum seekers health
seeking behavior [30, 34, 40]. The increasing number of refugees and asylum seekers in
the world leads to call upon healthcare providers and public health community to devise
culturally relevant strategies that will effectively target different asylum seekers and
refugees’ groups with diverse cultural, traditional beliefs and attitudes about healthcare
and health seeking activities.

Knowledge and awareness related to benefits of using modern healthcare services
was highlighted as motivator for different ethnic groups to take care of their personal
health [12, 15, 29]. More specifically, when the asylum seekers or refugees had enough
information related to individual health, expectations of self-efficacywere found through
different forms, including increasing confidence, intention, recognition, and adopting
healthy lifestyle among refugees and asylum seekers [29, 30, 33, 34].

Adopting strategies, including providing health educational programs aiming at
increasing asylum seekers and refugees’ health literacy, knowledge, and awareness about
health benefits of using modern healthcare services were highly recommended to the
medical and public health community who are dealing with individuals with diverse
ethnic backgrounds.

Physicians and healthcare providers, educational programs, and support from fam-
ily, friends, and community had noteworthy influence on triggering the health-related
decision-making process among asylum seekers and refugees [14, 16, 29, 30, 32–34,
36, 37]. This review shows the importance of engaging family and community support
networks in health educational programs to eliminate or reduce the social stigma and
cultural shame in using healthcare services as well as to bridge an understanding of
cultural notions of health and disease among different ethnic groups of asylum seekers
and refugees within the framework of modern healthcare structure.

This study proposed an adapted framework based on HBM and explored extensively
health-seeking behavior of asylum seekers and refugees from cultural, psychological,
religious, and traditional perspectives.However, there are limitations in applying adapted
frameworks in terms of influential contextual factors in health seeking activities of the
vulnerable groups, such as healthcare system and structure of different countries, which
may have key role in shaping health beliefs and practices of these people but are not
reflected in the model. Moreover, different studies related to the investigation of health
beliefs of the vulnerable population have applied different methods (qualitative, quan-
titative, and mixed methods) in different contexts (i.e., women’s health, mental health,
cardiovascular disease, or diabetes) to examining health-seeking behavior that imposes
significant limitations in the generalization of the findings.

The model proposed in this paper has different components influencing health-
seeking behavior of asylum seekers and refugees in relation to modifying factors, indi-
vidual beliefs, and individual action. However, included studies in the review did not
consistently reflect information related to their studied groups in terms of age, gender,
knowledge, and socioeconomic factors. Nonetheless, exploring health beliefs of vulner-
able groups through adapted HBM provides significant information and understanding
on cultural beliefs and attitudes that shape asylum seekers and refugees’ health-seeking
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behavior. The outcome of applying such model is expected to provide practical guide-
lines for developing culturally appropriate health interventional programs to enhance
compliance.

There were a few limitations in conducting this descriptive review. One of the pri-
mary limitations was the number of studies investigating health beliefs and behavior
of asylum seekers and refugees. There was also inconsistency in providing information
about studies of vulnerable group and their attitudes and behavior from the components
of HBM perspectives. In addition, we also acknowledge that this review may not repre-
sent all relevant fields, as the scientific databases used in this review did not necessarily
contain references to all the key publications. However, we are confident that the stud-
ies examined and evaluated in the review provide an overall overview of the body of
academic publications within this multidisciplinary area of research.

5 Future Research Recommendation

The first recommendation for future studies calls upon healthcare providers, immigration
authorities, policy makers, researchers, and surveyors to gather more comprehensive
details on demographic, socio-cultural and migration-related information of refugees
and asylum seekers. This information will facilitate recognizing asylum seekers and
refugees’ health beliefs, and their impact on their health-seeking behavior. Another
recommendation is to conduct more studies related to asylum seekers and refugees’
health beliefs to gain a better understanding of their needs for health services and health-
related information and to develop health educational programs for their caregivers
so that they are better able to meet these needs. The last recommendation is to shift
away from solely investigating health service provision to adopting a cross-cultural and
religious approach to provision of health services and health-related information for
these people to meet the highest rate of satisfaction among these healthcare consumers.
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Appendix 1

Ethnic group and sub-ethnic groups of included studies in the review.

Ethnic group Sub-ethnic group

African Burundian, Ethiopian, Eritrean, Somalin, sub-Saharan African, Sudanese

Asian Bhutanese, Cambodian, Laotian, Myanmarese, Vietnamese

Balkan Bosnian

Middle Eastern Afghan, Iraqi, Syrian
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Abstract. Co-creation is a commonly used method in health technology devel-
opment. At the core of the approach is the development of solutions in collabora-
tion with potential end-users or other experts that represent end-users’ views. In
Finland, co-creation is commonly carried through in testbeds: real-world environ-
ments or environments that closely simulate real-world conditions. Most testbed
services are provided by hospitals, universities, or cities – public sector organiza-
tions that have mandated core operations (such as research or patient care) outside
the testbed services. It follows from this that the quality of the services may vary.
In our ongoing research, we will focus on understanding the quality of testbed
services through maturity, the state of repeatability and readiness to serve the
customers.

Keywords: Healthcare field · Co-creation · Testbeds ·Maturity

1 Introduction

In Finland, testbeds have become the de facto way of conducting co-creative product
development in the field of healthcare. Many of the domain testbeds focus on technology
(e.g., HealthTech Lab operated by Turku University of Applied Sciences, and OYS
Testlab operated by Oulu University Hospital). While there are no legal or otherwise
binding limitations on who can offer testbed services in the domain, almost all testbed
services are offered by public sector organizations, such as universities, hospital districts,
or cities.

The few exceptions in the field are services offered by organizations that offer for-
mal accreditation services, such as obtaining a CE marking. In addition, in the case of
these private sector testbed service providers, the “loose” definition of testbed becomes
problematic; are the offered services actually testbed services, or more akin to labora-
tory testing services, where the presence of the end-user may not be relevant at all. The
fundamental question is, what counts as a testbed? On this matter, there are various,
even contradictory, definitions in the literature. In this study, a testbed is defined as a
platform for co-creation with customers, professionals, and other stakeholders; it can
provide testing laboratories, simulation spaces or real-life environments [1]. There are
many ways of naming the co-creation platforms in question. However, because the core
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idea is the same (i.e., providing co-creation services in a co-creation platform), we per-
ceive testbeds, living labs, test labs, innovation labs and other co-creation platforms as
corresponding concepts [c.f., 1]. In this article, we use the term testbed for consistency
and link the discussion to the currently preferred terminology in Finland.

In the domain of healthcare, testbeds that offer co-creation opportunities have
received significant attention in Finland over the last three years. Companies (and other
stakeholders) have understood the benefits of developing solutions together with the
actual end-users in real-world environments – or environments that simulate one. How-
ever, as the testbed services are complementary to the providers, the quality of testbed
services varies. A patient care, research, and education are the primary services of these
public sector organizations, and testbed services are commonly regarded as an added
value to them.

Even though there have been testbeds in the field of healthcare for some time, there is
little research on what makes a healthcare testbed “mature”; better in terms of quality of
service and prepared to serve customers (esp. private sector companies). Better maturity
leads to better testing,which can further developproducts and services and thus positively
affect care, for example, in socialwork. Some studies aremade about the technical aspects
of a testbed [c.f., 2], but the studies a) do not focus on the healthcare domain or b) regard
the testbeds as co-creation facilities.

However, we argue that there is a definitive need for understanding the maturity of
healthcare testbeds, and the first indications of this have already become exposed. For
example, NHS England has reported their own testbed evaluation handbook [3], which
presents different healthcare testbeds, and discusses how to evaluate their function.
Another good indication of recent interest is the work by Jukić et al. [4], who discuss
what makes co-creation mature in public and private organizations. However, outside
these two publications, there is little discussion on what makes a healthcare testbed
mature.

To fill this research gap, we have initiated a study in the field. In the first stages,
we have investigated what kind of healthcare (co-creation) testbed services are provided
in the Nordics and what kinds of factors are regarded by the potential customers (esp.
companies) of the testbed services as an indication of a “good” testbed service. Having
understood these factors, we have started a two-tiered work on 1) understanding the
general framework that could be used for understanding the maturity of the domain
testbeds and 2) what individual factors contribute to the analysis. This paper aims to
understand how business process maturity models and factors can be applied to the
context of healthcare testbeds in practice.

2 Why Maturity Models?

Maturity models – or maturity frameworks – are not just about a “good” way of conduct-
ing operations or providing services. They typically describe “the evolution of a specific
entity over time” – usually, the evolution of a specific organizational area or function
[5]. Maturity models commonly define different stages that represent the maturity or
“business age” of the viewed entity. The models also describe what needs to be done to
get to a higher or more “mature” level [6].
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Maturity models tend to have three to six stages. Each stage typically has different
dimensions and activities, which help apply the model to different settings [c.f., 7]. The
business processmaturitymodels that are our primary focus in the following are abundant
in the literature. These are closely followed by software (IT) development models with
a broad business audience. However, in some cases, the distinction between these two
is not so evident.

Maturity models have gotten their part of criticism. For example, some models are
blamed for oversimplifying reality and neglecting “the potential existence of multi-
ple equally advantageous paths” [6, 8]. However, in counterarguments, the models are
applauded for their comparativeness and prescriptiveness [6]. In our work, we see matu-
rity models as diagnostic tools that can be used for a) understanding the current situation
of a testbed, b) planning the road, and c) comparing testbed services against those of
their peers.

3 Research Methods

The objective of this study is to understand how business process maturity models and
factors can be applied to the context of healthcare testbeds. Our previous study [1]
identified relevant factors by interviewing health technology companies and healthcare
testbeds. In this study, we research them from a literature standpoint. For this, we have
reviewed studies of business process maturity models and testbed papers. The traditional
narrative review provides a coherent understanding of the topic when we aim to sum-
marize previous theories and literature on the subject. On the other hand, we recognize
there is room for different interpretations, which we should consider whilst collecting
and analyzing studies.

The data collection was done in 2021 and 2022. As mentioned above, the maturity of
healthcare testbeds is lacking; thus, we could not restrict our search only to the healthcare
field. We emphasized healthcare and service business contexts. The selection prioritized
recent publication years, but we soon recognized that the most relevant studies were
not done in the last three years. The bases of business process maturity models required
more broad inclusion. The strict restriction would have limited our knowledge. Only
Finnish and English written papers were included. Our keywords include the healthcare
field, testbeds, and maturity models. Considering research terms, we started with search
terms “maturity model business process AND health” and “business process maturity
model levels”. We modified the keywords and research terms to address subjects we
saw lacking. To understand the relevant maturity factors, we also researched studies
on testbeds, living labs and other co-creation platforms that offer services for health
technology companies or to other similar fields, such as the public sector. We used
databases such as Web of Science and Business Source Complete, but soon we included
Google Scholar, which enabled wider access to relevant and current research. Relevant
data was found with the “snowball effect”: this enabled us to find relevant, more referred
studies that came up in the studies. When pondering suitable business process maturity
models, current literature reviews helped explore best practices.

We know from previous studies [c.f., 1] that the research on healthcare testbed matu-
rity is limited; hence, we decided to focus on business process maturity models. In



182 E. Collanus et al.

addition to the richness of literature and experiences, we base our investigation on busi-
ness models because of the kindship (not similarity) of healthcare testbed operations
to generic business processes. These models commonly address business process per-
formance and globalization [c.f., 9] and help organizations orient their services better
to customer needs [10]. Of these two aspects, especially the latter, is of the essence
when looking into how healthcare testbed services are currently offered and marketed
in Finland. Furthermore, they helped validate the choice processes since there are a
vast number of maturity models, most of which are not empirically tested in real-life
situations.

4 Background: An Overview of Business Process Maturity Models

Business process maturity models (BPMMs) include process modelling, deployment,
optimization and process management, and organizational culture and structure [9].
They give maturity stages and step-by-step guides to reach the higher maturity stage for
business process management [11]. Tarhan et al. [12] list a total of 20 BPMMs, of which
nine are counted as the most relevant ones. Furthermore, Felch and Asdecker [10] add
three more relevant models to the list. Most of them are not empirically validated: whilst
many different business process maturity models have been developed and sketched,
only a few of them are actually tested in real-life situations. Manifold does not have
any evidence of whether they really can improve the business processes or not [12]. The
most studied and evaluated BPMMs are capability maturity model integration (CMMI),
business process orientation maturity model (BPO-MM), business process management
capability framework (BPM-CF), and process and enterprise maturity model (PEMM)
[8, 10, 12] (see Table 1).

Table 1. Summary of business process maturity models.

Business process maturity model Key element Primary sources

CMMI Most suitable for large organizations [8–10, 13]

CMMI-SVC Focuses on the organization’s service
practices

[8, 14, 15]

BPO-MM Concentrates especially on cultural
and structural aspects

[10–12, 16, 17]

BPM-CF Emphasizes the role of
organizational context

[10, 12, 18]

PEMM Designed for self-assessment [12, 17, 19]

Capability Maturity Model Integration. One of the most known and used process
maturity model is capability maturity model integration (CMMI), which is also a base
for many other models [9]. It is a framework used to measure the process development of
the organization [8] so that the processes would be more suitable for the business needs
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[13, p. 44]. CMMI is themost used of thematuritymodels and, according to the academic
studies, is also the best one, especially for “large organizations rich in bureaucracy” [8].
The framework includes five maturity levels [13, p. 46], each indicating what can be
expected from the processes and their results [13, p. 49]. The organization’s current
maturity level implicates which improvements are needed for the next maturity level:
“– the higher maturity level of the organization, the more capable it is and the more
predictable its results” [13].

Capability maturity model integration has variants for different situations. One of
them is CMMI for services (CMMI-SVC) which aims to improve the organization’s
services practices [8]. The model is developed to help organizations that engage in ser-
vice delivery. For example, the CMMI Product team [14] lists information technology,
transportation and healthcare as suitable sectors that benefit from using the CMMI-SVC
model. CMMI-SVC has 24 process areas in total, for example, capacity and avail-
ability management, service continuity, work monitoring and control, work planning,
organizational process performance, and process and product quality assurance [15].

Even though – and perhaps precisely because of it – the CMMI models are the most
popular maturity model frameworks, they have also received much criticism. Capability
maturity model integration has been criticized for focusing only on the processes while
ignoring the whole organization, its culture and people, even though these factors are
vital for success [8]. It is also stated that the maturity models only give specific steps
that improve the organization’s maturity level and processes instead of giving broader
instructions. In addition, CMMI requires “a specific type of training and experience”,
which has made many practitioners criticize it [8].

Business Process Orientation Maturity Model. The business process orientation
maturity model (BPO-MMs) focuses on several cultural and structural aspects: customer
orientation, organizational integration, process performance characteristics, culture, val-
ues and beliefs, people management characteristics, process supportive IT, and supplier
orientation [11, 16]. The better business process orientation maturity the organization
has, the more defined structural characteristics it has [11]. Business process orienta-
tion can be defined as the level where the organization considers its relevant processes
[16]. Willaert et al. [16] have described detailed overviews of the different components.
MMO has four described maturity stages; however, there is no assessment guide for
determining maturity scores [17].

BPO-MM is one of the only BPMMs that refers to empirical studies about its devel-
opment, application, and validation. Some studies even claim to link the BPO-MMusage
with better business performance. BPO-MM has the largest amount of research on busi-
ness environment testing, making it the most popular business process maturity model
[12].

Business Process Management Capability Framework. Another popular business
process maturity model is the business process management capability framework
(BPM-CF), which has also been empirically tested to improve the organization’s pro-
cesses [12]. It was developed by Rosemann and de Bruin [18], who emphasized that
the maturity level is always based on the context. It includes six factors impacting pro-
cess success: strategic alignment, culture, people, governance, methods, and information
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technology. The framework has five maturity levels. However, even though the 5th level
is the highest, it does not mean it might not be the best way for the organization’s busi-
ness process management. Instead, level 5 is the most sophisticated level, which might
be suitable for certain business process management contexts [18].

BPM-CF is one of the most referred maturity models. Some studies actually involve
empirical evidence on its development, application and validation, which is uncommon
among maturity models [12].

Process and Enterprise Maturity Model. The process and enterprise maturity model
(PEMM) is designed by Hammer [19]. It consists of two parts: process enablers and
enterprise capabilities. Interdependent process enablers (design, performers, owner,
infrastructure, and metrics) and supportive environments offering enterprise capabilities
(leadership, culture, expertise, and governance) suit organizations of any industry and
all their processes [19]. Thus, PEMM gives basic descriptive properties [12]. According
to Tarhan et al. [12], using models such as PEMM is primarily diagnostic because they
do not contribute to a process improvement guide.

The PEMM evaluation is designed so that organizations can assess their process
enablers and enterprise capabilities themselves. Hammer [19] says even new personnel
could use and interpret the framework. It is designed to be so simple that organizations
do not need to “rely on experts or consultants – employees are more likely to believe in
and act on such assessments” [19]. In addition, involving employees in the evaluation
processes can engage them, and they might not resist the changes made to improve
maturity.

PEMM is one of the few process maturity models that give examples of real-life
applications and not just theoretical implementations [17].

5 Maturity Factors for Testbeds

Even though the four introduced maturity models have their own aspects of business
processes, they have a few things in common: they concentrate on strategic alignment,
culture (how a company reacts to changes), and people.

Testbeds and healthcare have their own characteristics and thus need to consider dif-
ferent things when discussing general business processes. For example, we need to take
certain contextual ethical issues into consideration. There are some similarities, espe-
cially with the CMMI-SVC model, which considers work planning, quality assurance
and service continuity, for instance. However, the model observes such a substantial
number of factors that using CMMI-SVC purely would require specific training, and it
could be too time-consuming to measure testbeds’ maturity with it. BPO-MM, BPM-
CF, and PEMM are applicable but do not include all the factors we have noted relevant
for testbeds’ maturity. What we can learn from the existing process maturity models,
however, is the necessity of testing and validation in a real-life environment.

As mentioned above, some lessons can be learned outside BPMMs per se. Because
the possibilities of co-creation and participatory development are becoming de facto
standard, all parties are interested in testbed readiness too. NHS England has a Test Bed
Programme that aims to improve healthcare through potential technologies [20]. The
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goal of the programme is, for example, to prevent unnecessary hospital admissions and
support “frontlineworkers to deliver caremore effectively and efficiently” [3, p. 1]. It also
aims for better collaboration between relevant stakeholders, such as academia, industry,
patient groups, and the NHS. It emphasizes how testbed evaluation is essential since it
tells what has worked and what areas could be improved [3, p. 1]. It discloses several
important aspects, such as resources, evaluation governance, ethical approval, and data
collection and sharing [3, p. 11], as well as the importance of logic model development
[3, p. 25], evaluation protocols [3, p. 27], and communication challenges [3, p. 30]. The
NHS Test Beds Programme evaluation learning handbook addresses several key factors
of testbed maturity, indicating we are on the right track with our maturity factors.

In this paper, we use Rosemann and de Bruin’s [18] definition of the maturity factor.
That is a specific and independent entity that reflects a “fundamental and distinct char-
acteristic” that helps to describe the strengths and weaknesses of the subject. Thus, it is
vital to identify suitable maturity factors that fit the context, in this case, healthcare and
health technology development.

In 2021, we interviewed 13 healthcare testbeds in Nordic countries, focusing on
Finnish testbeds [1]. These helped us to gather preliminary maturity factors. These were:
resources, facilities, marketing and communications, repeatability, contract models, cer-
tification and standards compliance, and time in the market area. Then, after an expert
panel, we operationalized the factors. Now, the factor categories are: 1) management,
2) staff, 3) quality, 4) operational processes, 5) funding, 6) facilities, 7) marketing and
communications, and 8) ecosystems (see Table 2).

Staff. Staff includes not only the personnel of the testbed but also the recruitment of
patients and customers participating in co-creation; and other staff that can be recruited
if necessary, such as students and researchers. At a minimum, a testbed engages single
coordinators or project leaders; at amaximum, it also employs researchers and healthcare
professionals.

Testbeds give the opportunity to co-create with different stakeholders, such as
researchers, patients, and clinicians [21]. For example, suppose the testbed has access
to certain stakeholders and can designate suitable healthcare personnel to test certain
products. In that case, it may indicate that the testbed has established its activities in
the healthcare field. Successful patient and customer recruitment can also imply higher
maturity: according to NHS [3, p. 17], testbeds are often too ambitious in the amounts
of patients they try to recruit to participate.

On the issue of the business processmaturitymodels, they do not address recruitment
per se. However, all four of them focus more on personnel and other stakeholders’ skills,
knowledge, training, and motivation [14, 16, 18, 19].

Quality. Atestbed’s quality is difficult tomeasure per se.However, there are some things
we can consider. For example, testbeds can ensure their quality by using qualitymanuals,
defining different processes, and utilizing certifications or standards such as ISO 9001.
Low-level maturity in this factor means the testbed does not have process descriptions
or contract models, but high-level maturity implies tailorable process descriptions and
contract models.
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In terms of quality, studies emphasize management and evaluations; for example,
NHS England [3] emphasizes the vitality of evaluation. According to [3], suitable data
ownership processes and ethical approvals are important when assessing readiness.

On the other hand, it is possible to stress process and product management and
assurance [22]. The introduced maturity models emphasize the process quality and eval-
uations. In CMMI-SVC, process and product quality assurance aim to “provide staff
and management with objective insight into processes and associated work products”
[23], while PBO-MM finds process documentation and process performance measure-
ment vital [16]. Likewise, BPM-CF [24] and PEMM [19] underline the importance of
measuring processes according to their priorities.

In addition, a testbed can assure their quality with (external) evaluations and with
a steering group. This is also noticed in NHS England [3], which recommends that
testbeds use evaluation advisory groups and/or local evaluation teams to ensure the
testbed’s process quality.

Operational Processes. Operational processes cover the base objects: for example,
to whom the services are directed, who is the main customer (e.g., public sector or
organizations), how long the testbed has provided its services, and how many times.
Low-level maturity in operational processes stands for single testing activities, while
high-level maturity in this factor means continuous co-creation.

Even though the time of existence or the quantities of service provided do not disclose
the maturity per se, they give time to polish processes. By repetition, the testbed can
notice issues that arise from certain situations that are not foreseeable. Likewise, if the
testbed is planned to be a permanent part of the organization, they may have more time
to understand operations and processes than in a fixed-term situation. If the testbed is
based on a project, it may no longer be used after the project is finished [21]. However,
it is more convenient to count service quantities rather than finances: after all, financial
performance does not give much information on success or maturity [16]. For example,
clinical testing in real-life situations can be more expensive than simple usability testing
in a laboratory setting; however, it does not tell if the processes are more mature.

As mentioned above, customers are also part of operational processes: who can buy
the services and who is the main customer. Therefore, as specified by both PEMM [19]
and BPM-CF [24], it is important for organizations to know their customers, understand
their needs and develop the processes accordingly.

Funding. Funding covers whether the testbed can fund product innovations and how
the pricing of the services is designed (e.g., are the services free, or is the pricing market-
based) is part of the factor. For instance, if the funding is coming only through a project,
it implies it has a lower maturity level in this factor. However, if the funding is part of
the organization’s business activities, the testbed has higher maturity.

Financial models vary greatly between testbeds. They can be business-driven when
the funding comes independently or from both public and private funding, or they can
be research-driven, which is mainly government-subsidized [21]. Often the universities
have the latter type of financial model, thus “heavily depending on public funding” [25].

Introduced business processmaturitymodels do not focus on funding as their process
areas or factors. However, it does not mean it is not vital to consider it in the healthcare
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testbed context. Testbeds often arise from projects that aim to develop them suitable for
their purposes. Unfortunately, testbeds based on a project are sometimes no longer in
use [21]. If it is tied to the organization’s business activities, it can have a better chance
of continuity and hence more time to become more mature in general, not only in the
funding perspective.

Facilities. The testbed’s facilities can be testing or laboratory environments [21], simu-
lation laboratories [26] and/or real-life environments [26]. Sometimes the testbed aims
to offer testing settings that enable co-creation and development before going to the real
environment; however, the testbed is considered more mature if it offers the possibility
to develop products or services in real-life settings (e.g., in hospitals). While classic
laboratory settings provide important opportunities to develop, they fail to give real-life
context and the possibility to see how the developed product/service would be used in
its authentic setting by its ultimate end-users [21].

CMMI-SVC, BPO-MM, BPM-CF or PEMM does not address facilities in the
same meaning; however, they all highlight IT and infrastructures that support business
processes and make the work possible [16, 19, 23, 24].

Marketing and Communications. In our framework, the marketing and communica-
tions factor includes used communications channels (e.g., social media, webpages, or
newspapers), communication plans, brand, and personnel responsible for marketing and
communications. Testbeds that only use social media and a single webpage, but are
not active on these platforms, do not have plans, or do not have the corresponding
employee for marketing and communications, have lower maturity. Likewise, higher
maturity means that the testbed also organizes meaningful events, has a marketing and
communications plan, executes it actively, and has someone in charge of the related
activities.

Maturity can be seen in testbeds when they “desire for positive public image” [4].
Functional marketing and communication can also reflect good customer relationships
and the goal of approaching customers in a way the testbed is seen and noticed publicly.
It prevents a situation where only a few selected organizations or individuals know its
existence and recognize the situations and products that could benefit from the services
of the testbed. In addition, the broader the audience uses the testbed, the more different
applications and application scenarios can be recognized.

According to BPO-MM [16], it decreases confusion if certain people are respon-
sible for certain things, e.g., marketing. Likewise, if people are responsible for many
different things, or many are responsible for the same things, it can create tensions in
the organization. On the other hand, BPM-CF [18, 24] highlights the importance of
communication between stakeholders: not only in the marketing setting but also in the
development processes.

Ecosystems. Ecosystems mean the networks and ecosystems the testbed is part of and
their other partners. Different values are given to the testbed that is part of local, national,
or international networks and ecosystems – the best situation being that they are involved
in each kind.
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Networks, such as the European Network of Living Labs (ENoLL), can help individ-
uals and testbeds. Firstly, it helps individuals and organizations find the testbed, not only
nationally but also internationally. Contrastingly, it can give testbeds an idea of what
other testbeds are doing so that there would not be as much overlap in their services
[21]. As reported by Santonen et al. [25], many testbeds are an essential part of local
and regional innovation networks and ecosystems.

BPO-MM [16] emphasizes the supplier perspective of business. Nowadays, the roles
between supplier and manufacturer are fading, making suppliers more partners: and
partnerships can arise even globally, enhancing possibilities for success in a broader
area. Thus, one cannot forget the importance of partners, networks, and ecosystems.

Table 2. Summary of maturity factors.

Maturity factor Explanation Primary sources

Staff Testbed personnel, external workforce
(e.g., students), customer and patient
recruitment

[14, 16–19, 21]

Quality The quality manuals, steering groups,
evaluation processes, and documents
ensuring uniform testbed services

[3, 16, 19, 22–24]

Operational processes Customers, the number of services
provided, age of the testbed

[16, 19, 21, 24]

Funding Service pricing and funding
possibilities

[21, 25]

Facilities The facilities and settings the testbed
provide to the customers (laboratory,
simulation, real-life settings)

[21, 26]

Marketing and communications Communication channels, marketing
personnel, communication plans

[4, 16, 18, 24]

Ecosystems Networks and ecosystems the testbed
is part of and its partners

[16, 21, 25]

6 Discussion and Future Steps

We have already learnt from the existing maturity models and current literature about
the need for continuous development of maturity models. Used models must live with
time – they must be tested, evaluated, and validated in real-world environments. In the
case of BPMMs, they are typically evaluated through “demonstration with a prototype,
experiment with prototype or system, benchmarking, survey, expert interview, focus
group” [10]. From this perspective, our next step in which the status of our work is
validated using local healthcare testbeds as a benchmark and then refined for further use
with wider audiences is in line with the MOs used in the field.
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We have published a paper addressing the seven initial maturity factors and how
they are visible in the interviewed Nordic testbeds. Now we have also addressed how
literature sees the factors. The fact that testbeds are usually facilitated by universities,
hospitals and cities lead to the fact the testbed business is not the core operations of these
actors. This impacts how the facilitation is executed, managed, and developed. Thus,
this study concentrates on practical contributions.

To develop a maturity framework, we need to break up the initial maturity factors
into more detailed ones, which are used for a more detailed analysis of the testbeds.
We also need to consider if some factors and components are more critical than others.
Furthermore, we need to define maturity stages to build a measurement instrument. The
studies of BPMMs and other maturity models help us understand these. The structure
and the content of the framework and the instrument have been assessed by an expert
panel, which gave us valuable feedback for revisions. Now, the maturity framework is
under piloting and testing. This gives us more data used to polish the framework even
further.

It is vital to note that piloting and testing help us understand the aspects of compa-
nies and testbeds and the perspective of clinical workers and other product end-users.
Because our environment is healthcare and co-creation and testbeds are all about includ-
ing different stakeholders, we cannot focus only on the developers and facilitators. The
testing will give us more understanding of perspectives on testbed participation.

The goal of the project is not just to make an assessment instrument. The developed
and tested framework that helps improve the maturity of testbed activities can really
enhance the health technology co-creation and development activities – and that way,
help companies make better products that are beneficial for product end-users, clinical
workers, and patients. For instance, a quality testbed can help develop social services and
provide more ways to improve the work of social workers and the treatment of patients
in different situations. Furthermore, the quality of the testbed ensures that this is done
in a resource-wise manner, with high-quality results and fruitful collaboration with the
participants. All this enhances the RDI ecosystem of the area, which is crucial for the
sustainable development of society.

Limitations. This study has potential limitations. Whilst narrative literature review
suited our aim, it has flaws: our biases could have affected the selection of studies.
Because there is little prior knowledge of testbeds’ maturity, we did not limit our data
collection only to the most recent publications. Furthermore, we selected only Finnish or
English written research, which may have dropped off relevant studies written in other
languages.

Acknowledgements. This paper was conducted by the project Health Campus Turku 2.0
(337640), funded by the Academy of Finland.
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Abstract. Stress and coping have attracted examination from viewpoints of stu-
dents and faculty, but often separately. We aim to combine these perspectives
by considering the interplay of stress and coping, and how these emerge among
students and teachers at a business school where study structures have changed.
Our findings indicate a strong connection between the stress experienced by stu-
dents and by faculty. We subsequently categorise the various stressors as (1) those
for which effective coping mechanisms exist, (2) those that exhibit tensions and
require active management, and (3) those that are difficult to overcome because
the coping mechanism for one group increases the stress of the other. Our findings
contribute to the existing knowledge on stress and coping in higher education by
combining the viewpoints of students and teachers. The study also extends under-
standing of business education and the role of study structures in the well-being
of business students and faculty.

Keywords: Stress · Coping · Study structures · Higher education

1 Introduction

In evaluating a situational threat, individuals assess whether they have enough resources
to cope with it, influencing their perception [11]. Conversely, stress emerges when the
individual’s resources are taxed or exceeded [5]. While the stressor itself is neutral,
an individual’s response can be positive or negative [10, 18], but such interpretation
influences an individual’s well-being in both cases.

Well-being has been researched in many working environments [1], and recent stud-
ies have also examined the well-being in higher education [7]. University students have
been found to stress over balancing work, family, and student life [15], and faculty
members experience stress from the pressure to publish [14], acquire funding, partic-
ipate in various administrative activities, and manage student feedback – all of which
need to be balanced with other areas of their lives [3]. These issues can also affect how
teachers approach their students, and greater recognition of the stressful nature of higher
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education is therefore needed [15]. In addition, research is needed to understand how
some coping strategies work for teachers and others for students [17]. However, existing
literature seems to focus either on students or faculty, and relatively little attention has
been paid to the dynamics between the different stressors and coping mechanisms of
the two groups. The interplay between these elements could be important in helping to
resolve some of the emergent well-being challenges in higher education.

Thus, we examine how experienced stress and coping mechanisms for students and
teachers in higher education are connected in relation to study structures. We contribute
to existing knowledge on stress and coping mechanisms in higher education by com-
bining the student and teacher viewpoints of stress and coping in a business education
context. As a specific contribution, we identify effective formal and informal support
frameworks, tensions that call for active management, and inbuilt contradictions that
present as irreconcilable stress factors. Acknowledging these issues will allow measures
to be taken to improve the well-being of both students and teachers.

2 Structures Related to Stress and Coping in Higher Education

In higher education, varying formal and informal structures guide the activities of stu-
dents and faculty. Study structures show how studies are meant to progress, and support
systems such as student administration (including counselling, personal study plans,
etc.) are relevant functions that give practical support to their realisation and fluency [9].
In addition, different informal structures, such as peer communities, guide teachers’ and
students’ conduct [19].

This study suggests that stress can be observed in people’s reactions to these struc-
tures. In higher education, stress is typically associated with requirements stemming
from study structures for students to pass courses, progress in a certain timeframe, and
achieve high enough grades [14]. Sometimes, stress can be found to be positive, pushing
both students and teachers to better results. However, Zimmerman et al. [21] also note
that levels of student burnout can often be traced to changes in programme organisation
and that study-related structures can also increase the workload for teachers, limiting the
ways in which they can balance their teaching, research, and administrative duties [14].
For instance, while international accreditation is a means of pursuing legitimacy and
global status, it seems to generate stress [14]. Similarly, informal structures may induce
stress. For example, a competitive educational culture can result in students spending
more time on their studies. This may improve their performance but may also lead to
feeling that they cannot show any tiredness to peers or family [12].

The existing research tends to focus on the negative side of stress [21], covering the
demands of academic work for students, such as workload, social issues, and worries
over job prospects. These stressors may be intertwined with the pressure of time man-
agement and meeting deadlines [12], accelerated by the need to take part-time jobs [17].
Correspondingly, studies on higher education faculty have reported that work tends to
occupy free time and holidays [14]. Subsequently, the relevance of preventive strate-
gies for dealing with academic stress and mental health problems has increased their
importance [16].
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Coping mechanisms are an individual’s cognitive and behavioural attempts to deal
with internal and external demands and the conflicts between them [4]. In the litera-
ture, coping has been characterised as problem-focused (removing or circumventing the
stressor, e.g., through self-leadership [8]; emotion-focused, e.g., through positive affect
[8]; or avoidance focused, e.g., ignoring the situation [2].

Like stress, coping mechanisms may be approached by looking into structures. For
students, there are many formal support services in universities [13]. It also has been
found that satisfaction with social support networks can act as a buffer against stress for
both students and teachers [2]. Peer mentoring tends to influence student well-being,
and hence developing relevant prevention and intervention programmes can manage
academic stressors [20].

However, coping mechanisms do not always have the intended effect [21]. Students
might not be aware of the support provided for them [19] or even recognise when they
are stressed [17]. In addition, the negative approach to stress may make individuals
feel ashamed of seeking help [16]. Another challenge is that a structure that has been
established to support one group may increase the stress of others. A student may,
for example, benefit from the dedicated support of a teacher-tutor but the teacher may
become stressed about finding enough time for the task. In addition, the teacher’s inability
to help the student due to certain rules or a lack of professional knowledge about mental
health can be a stress-causing combination [9]. Similarly, faculty might benefit from
clear rules around grading and retakes, although students can find them too rigid [21].

It can be concluded that the stress felt by students resonates with their teachers’
stressors, influencing the quality of teaching and the performance of students. Tensions
can emerge when the needs of students and teachers collide, and the efficiency of their
coping mechanisms is limited; the same structure can sometimes have an opposite effect
on the stress of the two groups. For example, increased use of information technology
might increase flexibility while simultaneously increasing the stress of the other party.
Different structures may also have similar influences on different groups. To better
understand these issues, we turn to empirical examination.

3 Methodology

This study uses a qualitative case study to allow a view of stress and coping from
the perspective of both students and teachers. The study context is a business school
of a Nordic public university, where the organisation of the degree programmes and
the application process were changed significantly a few years ago. Although the new
study-related structures were designed to allow students to finalise their studies within
a specific timeframe and with curriculum personalisation, they have been identified as
stressors for students and teachers. Since the changes, students apply for specific majors
in the later stages of their bachelor programme, not when entering the school. The final
selection is based on the popularity of the desired majors and grade averages, which
creates competition among the students and prompts exam retakes. Subsequently, the
business school has developed several formal support structures, such as tutor-teacher
activities and systems for developing pedagogical skills.
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3.1 Data Collection

The data comprises organisational documentation, interviews, and multiple survey
responses. Three surveys were conducted in 2019, 2020, and 2021 to collect student
insights through around 60 Likert-scaled and qualitative open-ended questions on study-
work-life balance, programme structure and difficulty level, and stress, well-being, and
coping. In total, 232 responses were received in 2019, 267 in 2020, and 285 in 2021,
representing a response rate of between 16 and 19%.

The teachers’ views were gathered using an email questionnaire sent in 2019 and
2020 containing open questions regarding workload, perceptions of study structures,
and student interaction. The questionnaire was sent to 156 individuals on the business
school’s email list, and 20 teachers responded. This limited response is at least partially
because not everyone receiving the questionnaire was long-term faculty and, to be able to
respond, an individual needed to haveworked at the business school both before and after
the changes. This adjustment brings the response rate in line with that of the students.
To understand the teachers’ insights more thoroughly, seven in-depth interviews were
conducted in spring 2020 (Table 1). In addition to the survey and interview data, a
report of staff well-being survey (2020), the school’s webpages and annual reports, and
accreditation-related and tutor-teacher training materials were examined.

Table 1. The interview data.

Interviewee Date Duration

Professor A 5 June 2020 45 min

Professor B 8 June 2020 1 h 20 min

Professor C 8 June 2020 52 min

Professor D 8 June 2020 20 min

University Lecturer 10 June 2020 31 min

University Lecturer 17 June 2020 30 min

Assistant Professor 23 June 2020 58 min

3.2 Analysis

First, each dataset was separately analysed to distinguish recurring patterns relating to
stress and coping, and subcategories were then created to identify links between them
[6]. This step showed how the identified stressors and coping mechanisms were related
to study, formal, or informal support structures. Next, the datasets were combined and
analysed from the viewpoints of students and teachers. In the final phase of analysis, the
groups’ views were combined using the structures as the point of connection to analyse
the interactions between the stressors and the coping mechanisms for each group.

The qualitative analysis was conducted by two researchers, first separately and then
discussing their findings to reach a consensus. The stressor and coping categorisations of
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the two researchers were nearly identical, and there were no significant disagreements.
A third researcher ran statistical tests on the quantitative student survey data to check
that the qualitative data was in line with the overall patterns. Very similar connections
were detected, so we proceeded with the qualitative assessment, the findings of which
are presented below.

4 Findings

The findings revealed extensive variety in how individuals experience stress and cope
with it. The data collected from the students clearly showed that their most significant
stressor was uncertainty related to applying for majors. This stemmed from the highly
competitive atmosphere around selection and the related pressure of achieving good
grades, which increased the perceived need for retakes and caused time management
and workload issues since retakes are typically held simultaneously as other exams.
Another central point is that the curriculum’s general nature and the required modules
created a lack of motivation as students must take subjects that they do not feel are
particularly important. Stress emerged due to problems in passingmandatory courses and
subsequently proceedingwith studies, applying to a specificmajor, or graduating on time.
The generality of the programme generated additional worry about being inadequately
qualified on graduation. Table 2 summarises the findings related to stressors and their
relation to structures.

Table 2. Structural factors and related stressors for students.

Structural factor Stressor Quotes

Major selection Grade competition “The average of your grades
that influence applying to
majors has caused stress.”

Time frame Workload “Specifically, courses that
influence majors are retaken
multiple times, creating lots of
extra work.”

Scheduling “Scheduling, and if there are
too many exams and courses
simultaneously.”

Keeping up with the timeframe “It stresses the most if I am able
to complete enough courses to
apply to the master’s program.”

Expiring study rights or student
allowance months

“Master’s thesis and graduation
on time and expiring study
right.”

Obligatory studies Lack of motivation “Challenging courses, for
which you are not motivated.”

(continued)
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Table 2. (continued)

Structural factor Stressor Quotes

Passing courses “Graduating on time and
passing certain courses.”

Generality of curriculum Lack of proficiency “The general Bachelor’s
program does not teach
anything properly.”

Job prospects “Generalistic bachelor’s
programs do not provide
qualification to any work task.”

Among the students’ coping mechanisms, formal support structures were important.
The students indicated that knowing where to ask for help for various problems is
vital. Official support systems, such as tutoring activities, were deemed beneficial in
forming social relationships and becoming familiarwith the newenvironment. Electronic
examination emerged as a specific example of a structure that can ease student stress;
‘e-exams’ were less stressful than normal modes of assessment as they were perceived
to support time management and write higher quality answers. The significance of tools
that enable distance learning increased during the pandemic. While remote teaching and
learning duringCOVID-19 caused stress formost students, therewas also an appreciation
of new learningmethods that improvedperformance and lowered stress.Overall, students
expected that opportunities to engage in distance learningwould assist them inmanaging
their time.

Student coping mechanisms are more complex when observed in terms of study
structures. For example, although the uncertainty around major selection was stressful
for most respondents, it eased stress for others; they felt that studying a range of subjects
in the bachelor’s programme developed familiarity with different majors, which eased

Table 3. Structural factors and related coping mechanisms for students.

Structural factor Coping mechanism Quotes

Remote learning/e-exam Flexibility “The e-exam helps you in
coordinating work and study lives.”

Control “With a computer, you can write
more thoughtful and decent
answers.”

Generality of curriculum Better decisions “After having general knowledge
from all majors, it is easier to decide
about the major.”

Social support Friends and meaningfulness “I have felt studying meaningful and
made wonderful new friends.”
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decision-making. Informal support structures were also seen to have varying influences.
While the comparison to friends and peers caused pressure around improving grades,
having friends enhanced themeaningfulness of and progress in studies. Table 3 illustrates
the findings related to students’ coping mechanisms and their relation to structures.

Similarly, teachers reported mixed experiences regarding study structures. The
increases in student intake resulting from changes to the bachelor’s and master’s pro-
grammes increased workload and challenged effective delivery of teaching and assess-
ment, thereby increasing stress (see Table 4). The generality of the bachelor’s degree
was seen to pose demands regarding the course content, especially regarding the stu-
dents’ base level of knowledge. Over recent years, there has been a decrease in courses
and learning activities that would develop basic academic skills. Therefore, a need has
emerged to adjust first-year courses accordingly. This subsequently affects the skills with

Table 4. Structural factors and related stressors for teachers.

Structural factor Stressor Quotes

Increased student intake Teaching and evaluation methods “The increased number of
students caused that the
assessment needed to be
changed.”

Workload “Teaching takes double work
[…] because the number of
students per course has increased
and demands of diverse teaching
add even more work.”

Course content “In the past, students had much
broader (major-specific)
knowledge.”

Generality of curriculum Insecurity “We need to supervise all kinds
of topics, and sometimes I feel
not competent enough.”

Lack of motivation “There might be students who
have primarily applied to some
other major. Motivating these
students creates challenges.”

Major selection Retakes “When we have a highly
competitive bachelor’s program,
the grade is a disappointment for
many, causing a lot of work.”

Aggressive attitudes “The grade goals are high and
[…] the result is aggressive
complaints, looking for errors in
the teacher […] and atmosphere
may even be hostile.”
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which students begin their majors. Themost significant stressors of teachers are linked to
student attitudes towards these compulsory basic courses and retakes. The grade goals of
the students are high because of competition, which had been found sometimes to gen-
erate aggressive criticism and a hostile atmosphere. In the worst cases, students focused
on looking for teaching errors. This type of grade-oriented, instead of learning-oriented
behaviour, was mentally challenging for teachers.

On the other hand, clear rules help the teachers to communicate with the students,
as does being able to refer to study structures when students make inquiries for special
arrangements. Teaching is described as more coordinated nowwith effective programme
management and a focus on the assurance of learning.As the structure ismore controlled,
it is easier to knowwhat the students have already studied, and teachers can better position
their courses. A sense of belonging provides an appropriate social pressure to develop
teaching.

Most faculty respondents consider stress andworkload levels reasonable even though
the pandemic created a new type of pressure to utilise various platforms and tools.
Teachers manage many stressors through pedagogical training and discussions with
their peers. Especially informal support systems and support from superiors remain
highly relevant. Table 5 illustrates the coping mechanisms of teachers and their relation
to structures.

Table 5. Structural factors and related coping mechanisms for teachers.

Structural factor Coping mechanism Quotes

Student intake and major
selection

Pedagogical training “More interactive methods in
both teaching and course
evaluation.”

Peer discussions “Discussion with colleagues
assists in developing
pedagogical issues.”

Program-level coordination Collaboration and sense of
belonging

“It is easier to know what the
students have already studied.
This way, I can locate my course
and teaching in the program and
make use of the connections
with other courses.”

Common guidelines “We are pleased with the
common policy for not allowing
retakes of course assignments.”

5 Discussion

The main findings of our study show the multitude of stressors and coping mecha-
nisms for students and teachers in higher education. A closer examination highlights the
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dynamic role of structures in this relationship. As Lazarus and Opton [10] suggest, the
meaning of the same stressor can vary, and we demonstrate this variance in the context
of business education.

While some stressors are discrete, many of them are multifaceted in that the same
factor can have a different role within and between the groups of actors, even to the
level of a stressor becoming a coping mechanism. For example, study-related structures
reduce rather than increase stress for some students and teachers. Students can feel either
frustration or advantage at having more time to decide which major to apply to, and
such structures can pose demands for teachers but also provide them with opportunities
for collaboration that will ease their workload [10]. Teachers can feel stressed by the
requirements for high-quality teaching and reporting for accreditation purposes [14], but
these study structures can also increase the clarity of what is expected from them.

It seems that formal and informal support structures bear different meanings for
students and teachers. Teachers appear to benefit from informal structures, especially
peer support, which emphasises the importance of emotional coping [8]. On the other
hand, formal structures, such as tutor-teacher arrangements, often generate additional
demands. For students, the situation seems reversed. Formal structures such as the pro-
vision of e-exams mitigate their stress by providing a problem- or avoidance-based
means of coping [2], while informal social connections are more complex. Although
peer and family support are essential, they may also increase stress [12]. However, the
vicious stress circle here seems rooted in the individual student’s appraisal of the situ-
ation [5]. Applying for a particular major has been judged a competitive process, and
this is mirrored in the students’ speech and actions, creating and maintaining a culture
of competition, even unnecessarily, as most students still end up in the desired major.

Our findings indicate that the students’ and teachers’ stressors are often intertwined,
giving rise to different chain reactions, and accelerated or hindered by varying percep-
tions and the conditions under which they emerge. Hence, although the stressor itself
is neutral, the response is labelled positive or negative according to the quality of an
individual’s relationship with it [18]. While teachers may have a more objective view
of major selection, it is hard for them to respond to the students’ concerns in a way that
would genuinely remove stress [21]. As the competitive culture in the business school
is strong, there is a risk that it will be embraced by incoming first years and continue to
influence future cohorts. It is therefore essential to pay attention to how the programme
structure is communicated to students, especially through formal support.

By observing the dynamic interplay between stress factors and coping strategies of
students and teachers, we can identify three categories. The first category includes coping
mechanisms that are mutually beneficial for the two groups, such as the utilisation of
e-exams. The second category covers stressors and mechanisms involving tensions that
demandmore activemanagement; copingmechanisms are not always readily available or
may fail to remove distress [17]. The stressors are addressablewith appropriatemeasures,
but only if they are conducted in the right way. Finally, some contradictions emerged
as irreconcilable; there are coping mechanisms that are effective for lowering stress for
one party but become stressors for the other (e.g., tutor-teacher arrangements). Such
contradictory settings may be impossible to remove completely, but their occurrence
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could be limited by carefully aligning study structures with formal and informal support
systems.

6 Conclusions

While earlier studies have considered the reasons for stress and various means of relief
[11], existing literature does not adequately acknowledge the dynamic interplay between
stressors and copingmechanisms between different higher education groups [2, 14]. This
study contributes to prior knowledge by responding to this issue by examining how stress
and coping for students and teachers in higher education are connected. We show how
study structures act as a platform for complex relationships of stressors and coping
mechanisms and how structural examination brings forth the tensions inherent in coping
with stress in the business school context.

Our study indicates, first, that stress and coping mechanisms can be categorised
into three groups, in each of which the role of structures is somewhat different. In the
first category, structures such as counselling services and associated coping mechanisms
are generally beneficial in removing harmful stress if the culture of a higher education
organisation allows their effective utilisation. In the second category, there are sources
of stress and coping mechanisms that are more controversial in potentially generating
tensions that necessitate removing the causes of ineffectiveness and/or identifying nega-
tive cycles in the interactions between teachers and students. For example, tensions may
emerge due to individual circumstances, and reallocating tasks or moving a student to a
different group may help restore the effectiveness of a coping mechanism. On the other
hand, our findings also indicate that a third category is more challenging; some stressors
cannot be removed for all parties and, even if addressed, will continue to cause stress in
some other part of the higher education organisation. In these cases, certain structures
can become the means of diminishing the contradictions. For example, if stressors in the
study-related structures cannot be removed, formal or informal support structures may
ease some challenges.

Second, our findings reveal that possibilities for addressing the limitations of cop-
ing mechanisms connect to deviations between the groups of higher education actors
regarding the role of structures. For example, many support and counselling services
are available for students, and they are actively encouraged to use those [9]. However,
teachers might not be aware of their own stressors andmight consider them a normal part
of their work. Similarly, they might not be able to identify personal coping mechanisms
that would enhance their well-being and stress management [3]. Considering that struc-
tures also may generate different stressors for students and teachers, such differences
call for active attention in the academic community, such as recognising teachers’ indi-
vidual strengths and actively searching for emotion-based coping tools [2]. Balancing
the effects of structures calls for managerial attention and is essential because they have
both direct and indirect effects on the well-being of students [21] and teachers.

Our study has its limitations, such as only observing students and teachers in one busi-
ness school. While this research setting was favourable in many ways, such as providing
the chance to observe structural change, the relatively limited demographic knowledge
about participants and access to primary data limit the generalisability of the study. As
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with any small-scale study, the findings are restricted to a relatively small group and
a specific context, thus affecting generalisability. Also, not all the possible participants
responded, and those who did might be somehow more interested in stressors/coping,
which can affect the findings. Nevertheless, we believe that the findings reveal relevant
aspects and represent a fruitful basis for future research on the limits of each coping
mechanism and the role of technology in easing irreconcilable situations, for example.
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Abstract. This study seeks to examine the determinants of user engagement in
theme park apps from a uses and gratification perspective. Specifically, three dif-
ferent gratifications: utilitarian (i.e., utilitarian value, perceived ease of use, and
convenience), hedonic (i.e., hedonic value and curiosity fulfillment), and social
(i.e., social interaction and presence) gratifications are proposed to affect user
engagement, which comprises three dimensions: cognitive, affective, and behav-
ioral engagement. The research model was tested by collecting data via an online
survey (N = 347). The results show that all utilitarian, hedonic, and social gratifi-
cations can facilitate users’ cognitive and affective engagement, while behavioral
engagement is only affected by utilitarian and hedonic gratification. This study
enriches the understanding of what motivates user engagement in theme park apps
and offers practical implications for park managers.

Keywords: Theme park · Mobile applications · User engagement · Uses and
gratification

1 Introduction

The growth of mobile applications (apps) and the ubiquitous access to wireless Internet
have dramatically changed the way people visit theme parks. An increasing number of
theme parks have launched dedicated apps to improve visitors’ experience [1]. Theme
park apps are intentionally designed for theme park visitors and offer multi-functional
services to satisfy visitors’ various needs throughout the journey [2]. For instance, visitors
can use such apps to obtain official event information, book digital tickets, arrange visit
routes, reserve a digital fast-pass ticket for specific attractions, take photos, and interact
with others. Particularly, under the COVID-19 pandemic situation, theme park apps are
important for theme park visitors to obtain safety notifications and touchless services.
However, user engagement is still crucial of successful implementation for theme park
apps [3, 4]. Prior research has indicated that many users are willing to download mobile
travel apps, but about 50% of users will delete the apps later [5]. Thus, it is important to
investigate what sustains user engagement in theme park apps.
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Recent studies have examined the factors influencing user engagement of travel-
related mobile apps from different perspectives. For instance, based on Stimulus-
Organism-Response (S-O-R) model, Tian et al. [6] found that user engagement in travel
apps is affected by perceived usefulness, price advantage, and user interface attractive-
ness. Similarly, Tak and Gupta [7] identified visual design, information design, and
collaboration design are determinants of user engagement in travel apps. Although these
studies have offered important insights into understanding what motivates user engage-
ment in theme park apps, several issues require further investigation. First, prior studies
have mainly focused on the technological perspectives; few studies have examined the
impacts of hedonic and social impacts on user engagement in theme park apps. Indeed,
the existing theme park apps have included some functions to fulfill users’ hedonic (e.g.,
listening to music) and social needs (e.g., communicating with other users), which may
influence user engagement. Second, while user engagement is a multidimensional con-
cept, most prior studies only touch on one particular dimension, and few have examined
multiple different dimensions of user engagement. Users may engage in theme park
apps differently (e.g., cognitively, emotionally, or behaviorally); thereby, it is essential
to understand what affects such differences.

To address the research gap, the current study seeks to examine the determinants of
user engagement in theme park apps from a uses and gratification perspective. Specif-
ically, three different gratifications, namely, utilitarian (i.e., utilitarian value, perceived
ease of use, and convenience), hedonic (i.e., hedonic value and curiosity fulfillment),
and social (i.e., social interaction and presence) gratifications are proposed to affect user
engagement. Additionally, user engagement has three dimensions: cognitive, affective,
and behavioral engagement. The research model was tested by collecting data via an
online survey (N = 347). In so doing, the present study contributes to the literature
by offering an in-depth understanding of the different roles of different gratification in
triggering different dimensions of user engagement in theme park apps.

The remainder of the paper is structured as follows. Section 2 offers the theoretical
background, and Sect. 3 proposes the research model and hypotheses. Section 4 intro-
duces the research methods, and Sect. 5 shows the results. Finally, the paper is closed
through conclusions, limitations, and future research directions.

2 Theoretical Background

2.1 Uses and Gratification Theory

Uses and gratification theory (U&G) originated in communication research, aiming to
explain why and how people actively select a specific media to fulfill their specific needs
[8]. It offers a theoretical framework to identify psychological needs of individuals when
using a specificmedia [8, 9]. It has beenwidely used in IS field to examine user behaviors
in different contexts, such as online games [10], mobile apps [11–13], and microblogs
[14].

Prior research has applied this theory to classify different gratifications and examine
their different roles in determining users’ behavioral intentions toward a new IS. For
instance, when studyingWeChat, Gan and Li [11] categorized gratification into hedonic,
utilitarian, social, and technical dimensions. They found that hedonic, utilitarian, and
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technical gratifications positively affect users’ continuance intention of WeChat, while
social gratification does not. Regarding the tourist attraction fan page,Ho andSee-To [15]
classified gratification as entertainment, informativeness, and socializing gratifications,
and found that all gratifications have a positive influence on user attitude on the fan page.
In the work of Gamage et al. [16], social, process, and content gratifications are found to
affect users’ decision-making of hotel choices through WeChat. Although prior studies
examine how IS gratifies users’ needs using similar factors, there are several inconsistent
findings.

In summary, U&G theory has been applied to explain how individuals use an IS in
different contexts, including travel-related IS. We selected it as the research framework
for this studydue to following reasons. First, this theory canhelp explain user engagement
on the individual level. Second, it can identify the types of gratifications obtained from
previous use of a theme park app and help understand whether different gratifications
play different roles in predicting individuals’ user engagement.

2.2 User Engagement

In prior literature, user engagement is defined differently, but most definitions agree that
its core reflects users “investment in interactions with an object” [17]. The understanding
of user engagement has evolved in past years. Initial user engagement was considered
as unidimensional, focusing on users’ behavioral responses to an object, such as con-
tinuance behaviors [17, 18]. Recent studies agree that user engagement is a complex
and multidimensional concept that involves different types of psychological states and
behaviors. One commonly used category of user engagement was developed by Dessart
et al. [19]: cognitive, affective, and behavioral engagement. Cognitive engagement refers
to how users pay attention to the interaction with the object; affective engagement refers
to how users enjoy interacting with an object; and behavioral engagement refers to users’
actual behaviors to interact with the object, such as sharing, learning, and endorsing [17,
19].

Many scholars have used this classification to examine user engagement in vari-
ous IS. For instance, when studying online brand communities, Islam et al. [20] tested
user engagement as a reflective second-order construct comprising affective, behavioral,
and cognitive engagement, and found that user engagement is influenced by self-brand
image congruity and value congruity. In the context of mobile travel apps, Tian et al. [18]
found that perceived ease of use only affects behavioral engagement positively, while
has no significant impact on cognitive and affective engagement. Both compatibility and
UI attractiveness have significant influences on all affective, behavioral, and cognitive
dimensions of engagement. These studies show that themultidimensions of user engage-
ment may be helpful in explaining how users engage in theme park apps variously. Thus,
the three dimensions of user engagement, including cognitive, affective, and behavioral
dimensions, are applied in this study.

3 Research Model and Hypotheses

Based on U&G theory, this study operationalizes utilitarian value, perceived ease of
use, and perceived convenience as utilitarian gratification; hedonic value and curiosity
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fulfillment as hedonic gratification; social presence and social interaction as social grat-
ification. All gratifications have positive impacts on user engagement, which includes
cognitive, affective, and behavioral engagement. Figure 1 illustrates the research model.

Fig. 1. Research model.

3.1 Relationship Between Utilitarian Gratification and User Engagement

Utilitarian value refers to users’ cognitive evaluation of problem-solving in using a
theme park app [21]. Previous research has found that users use various IS to help them
accomplish tasks, such as online banking systems [22] and mobile social apps [23]. In
this study’s context, the theme park app often provides multiple functions to help tourists
solve problemswhen visiting a theme park, such as assisting users inmaking a travel plan
via offering official information on attractions and events and assisting visitors to quickly
locate and find the path to a specific attraction via aGPS-basedmap.When users perceive
that a theme park app is useful for enhancing their visiting experience, they are likely to
paymore cognitive effort to know the app.Meanwhile, when problems have been solved,
usersmay formpositive emotions toward the app,which in turn improve theirwillingness
to interact with the app emotionally. Furthermore, user perceptions of usefulness in
solving problems may directly influence their use behavior. Prior studies have indicated
that users’ perceptions of usefulness can affect users’ affective and cognitive engagement
in online learning platforms [24]. And users’ utilitarian motivation positively influences
their behaviors regarding mobile phones [25]. Thus, it is reasonable to assume that
utilitarian value can enhance users’ cognitive, affective, and behavioral engagement.
Therefore, the following hypotheses are developed:
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H1: When using a theme park app, users’ perceived utilitarian value positively
affects their (a) cognitive engagement, (b) affective engagement, and (c) behavioral
engagement.

Perceived ease of use refers to users’ belief that a theme park app that using the
app would be free of effort [26]. It has been found to be an important determinant of
individuals’ behaviors toward IS, such as adoption and continuance usage [26, 27]. Prior
research also suggested that perceived ease of use can affect user engagementwithmobile
apps [28]. Similarly, when users can easily use a theme park app, they may feel greater
control over the usage, which may improve their willingness to pay more attention and
efforts to learn how to use it. Additionally, perceived ease of use may promote users’
positive emotions and willingness to use the app. Thus, the following hypotheses are
suggested:

H2: When using a theme park app, users’ perceived ease of use positively affects
their (a) cognitive engagement, (b) affective engagement, and (c) behavioral
engagement.

Perceived convenience refers to users’ cognition that using a theme park app can help
them to accomplish tasks in a convenient way when visiting a theme park [29]. It has
been identified as a critical factor influencing users’ behaviors, such as usage behaviors
toward mobile payment [30] and online learning [31]. Indeed, many functions in theme
park apps seek to help users visit a theme park at the right time and place conveniently.
When users perceived the app as convenient, they are likely to engage with the app.
Thus, the following hypotheses are proposed:

H3: When using a theme park app, users’ perceived convenience positively affects
their (a) cognitive engagement, (b) affective engagement, and (c) behavioral
engagement.

3.2 Relationship Between Hedonic Gratification and User Engagement

Hedonic value refers to users’ pleasurable experience via using a theme park app [21,
32]. It has been found to be an important factor influencing use behaviors of mobile apps,
such as the mobile fitness app [33] and mobile travel app [32]. Indeed, many hedonic
elements have been included in theme park design, such as photos, music, video, and
even mini-games. When users perceive a mobile app is fun to use, they are likely to
interact with it. Therefore, it is reasonable to assume that the more hedonic value users
perceived in using a theme park app, the more likely they are to engage with it. Thus,
we hypothesize the following:

H4: When using a theme park app, users’ perceived hedonic value positively
affects their (a) cognitive engagement, (b) affective engagement, and (c) behavioral
engagement.

Curiosity fulfillment refers to users’ perceptions of cognitive exploration in seeking
out new things and experience via using a theme park app [34]. Theme park apps provide
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users with many channels to fulfill such needs, for instance, official information on
attractions and events, the discussion forum for users to share experiences, or photos
and videos. All these channels can satisfy users’ curiosity about the theme parks and
other visitors’ experiences, stimulating their interest in the park. Prior research has
demonstrated that curiosity fulfillment is an important component of hedonic value of
social media, which affects continued usage [34]. Therefore, this study assumes when
users’ curiosity is fulfilled by using a theme park app, they are more likely to engage
with the app from cognitive, affective, and behavioral perspectives. Thus, the following
hypotheses are developed:

H5: When using a theme park app, users’ curiosity fulfillment positively affects
their (a) cognitive engagement, (b) affective engagement, and (c) behavioral
engagement.

3.3 Relationship Between Social Gratification and User Engagement

Social presence refers to users’ psychological sense of establishing connections with
others via using theme park apps [10]. People are motivated to use IS with high levels of
social presence tomeet their needs for psychological connectionwith others. Prior studies
have found that social presence positively affects user behaviors, such as continuance
intention toward social virtual world [35] or social network sites [36]. Many theme park
apps included social elements to satisfy such social needs. When users feel more likely
to connect with others through theme park apps, they have a stronger intention to engage
with the app. Thus, the following hypotheses are recommended:

H6: When using a theme park app, users’ perceived social presence positively
affects their (a) cognitive engagement, (b) affective engagement, and (c) behavioral
engagement.

Social interaction refers to users could obtain opportunities to get acquainted or
become familiar with others via using a theme park app [37]. It has been found to be an
essential factor affecting individuals’ engagement with IS. For instance, Cheung et al.
[38] found that social interaction significantly impacts users’ sharing behavior in online
communities. In the work of Li et al. [10], social interaction positively affects users’
continuance intention of online games. Likewise, when users feel that a theme park app
can satisfy their social needs through social functions (e.g., forming a friendship with
others), they have a stronger willingness to engage with the app. Thus, the following
hypotheses are suggested:

H7: When using a theme park app, users’ perceived social interaction positively
affects their (a) cognitive engagement, (b) affective engagement, and (c) behavioral
engagement.

4 Research Method

4.1 Data Collection

This study conducted an online survey via wjx.cn in China to collect empirical data.
The target population was theme park app users who had used the app when they were
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visiting a theme park. The snowball sampling method was employed to reach the target
respondents. The questionnaire was first sent to different theme park fans’ groups via
QQ and Weibo (Chinese famous social media platforms), then the respondents were
encouraged to spread the survey to other theme park fans’ communities or their friends.
Each respondent who completed the questionnaire got a virtual red packet with random
money from RMB 0.1 to 2.

A total of 361 completed questionnaires were received. Among the received ques-
tionnaires, 14 invalid submissions (e.g., same answers for all questions) were removed.
Thus, 347 valid responses were used for further analysis. Table 1 shows the demograph-
ics of the respondents, 47% were males, 54.8% aged between 26 and 35, 74.4% earned
income over RMB 4500 per month, 60.8% held bachelor’s degrees, 97.7% visited theme
parks once per year, 55% used mobile phone 3–6 h per day.

4.2 Data Measures

The measurements of this research were adapted from previously validated instruments
and furthermodified to fit the theme park app context. The seven-point Likert scale (from
“1 = strongly disagree” to “7 = strongly agree”) was used to measure all constructs.
The measurement items for utilitarian value and hedonic value were adapted from Fang
et al. [32] and Zhou et al. [21]. The items of perceived ease of use were modified from
Davis [26]. The items of perceived convenience were taken from Souiden et al. [29].
The items of curiosity fulfillment were adopted from Hu et al. [34]. The items of social
presence were modified from Li et al. [10]. The items of social interaction were adapted
from Kim et al. [37]. The items of cognitive engagement, affective engagement, and
behavioral engagement were taken from McLean and Wilson [39].

To collect data from theme park app users in China, the author of this study, who is
fluent in both Chinese and English, translated the questionnaire fromEnglish to Chinese,
and two IS experts checked both versions of the questionnaire. Additionally, a pilot study
was conducted among 30 theme park app users from social media platforms. Based on
the feedback from respondents, some of the questions were reworded, and the layout of
the whole questionnaire was modified to improve the coherence.

4.3 Common Method Variance

The common method variance (CMV) was tested by two methods: (1) The Harman’s
single-factor test. The result showed that the highest total variance for any factor was
47.97%, lower than the recommended maximum of 50% [40]. (2) The full collinearity
test was suggested by Kock and Lynn [41]. The result showed that the variance inflation
factors (VIFs) range from1.647 to 3.848, lower than the 5, thereby suggesting collinearity
was also not a critical concern in this research [41].
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Table 1. Demographic information of respondents (N = 347).

Measure Item Frequency Percentage (%)

Gender Male 163 47.0

Female 182 52.4

Unwilling to disclose 2 0.6

Age 18–25 86 24.8

26–35 190 54.8

36–45 67 19.3

46–55 4 1.2

Monthly income Under RMB 1500 16 4.6

RMB 1501—3000 39 11.2

RMB 3001—4500 34 9.8

RMB 4501—6000 74 21.3

RMB 6001—7500 64 18.4

RMB 7501—9000 52 15.0

RMB 9001—10500 31 8.9

RMB 10500 or above 37 10.7

Education Below college 35 10.1

Junior college 50 14.4

Bachelor or above 262 75.5

Yearly theme park visit experience 0 8 2.3

1 132 38.0

2 139 40.1

3 or above 68 19.6

Daily mobile phone usage >0 and ≤1 h 4 1.2

>1 and ≤3 h 69 19.9

>3 and ≤6 h 191 55.0

>6 and ≤9 h 50 14.4

>9 h 33 9.5

5 Data Analysis and Results

The partial least squares structural equation modeling (PLS-SEM) was used to evaluate
the research model, including the test of measurement and structural models.
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5.1 Measurement Model

The convergent validity and discriminant validity were applied to examine the mea-
surement model. Convergent validity was evaluated by examining composite reliability
(CR), average variance extracted (AVE), and Cronbach’s alpha (CA) [42]. Discriminant
validity was demonstrated by accessing item loadings and square root of each construct’s
AVE. Item loadings should be higher on themeasured construct than the cross-loading on

Table 2. The results for test reliability and convergent validity.

Construct Item Factor loadings Cronbach’s
alpha

Composite
reliability

Average
Variance
Extracted
(AVE)

Utilitarian
value (UTIV)

UTIV1 0.873 0.837 0.902 0.755

UTIV2 0.851

UTIV3 0.881

Perceived ease
of use (PEOU)

PEOU1 0.754 0.881 0.910 0.628

PEOU2 0.797

PEOU3 0.859

PEOU4 0.771

PEOU5 0.804

PEOU6 0.764

Perceived
convenience
(CONV)

CONV1 0.760 0.892 0.917 0.650

CONV2 0.764

CONV3 0.845

CONV4 0.806

CONV5 0.820

CONV6 0.836

Hedonic value
(HEDV)

HEDV1 0.867 0.869 0.920 0.793

HEDV2 0.893

HEDV3 0.910

Curiosity
fulfillment
(CURI)

CURI1 0.890 0.893 0.934 0.824

CURI2 0.905

CURI3 0.928

Social
presence
(SOCP)

SOCP1 0.915 0.909 0.943 0.846

SOCP2 0.916

(continued)
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Table 2. (continued)

Construct Item Factor loadings Cronbach’s
alpha

Composite
reliability

Average
Variance
Extracted
(AVE)

SOCP3 0.929

Social
interaction
(SOCI)

SOCI1 0.899 0.907 0.942 0.843

SOCI2 0.913

SOCI3 0.942

Cognitive
engagement
(COGE)

COGE1 0.832 0.792 0.878 0.706

COGE2 0.812

COGE3 0.876

Affective
engagement
(AFFE)

AFFE1 0.867 0.874 0.922 0.799

AFFE2 0.886

AFFE3 0.927

Behavioral
engagement
(BEHE)

BEHE1 0.877 0.854 0.911 0.774

BEHE2 0.874

BEHE3 0.889

other constructs. In addition, the square root of each construct’s AVE should be greater
than the correlations with other constructs. Table 2 shows that the value of CR (CR >

0.7), AVE (AVE > 0.5), and CA (CA > 0.7) all exceed the thresholds [43]; thus, the
convergent validity of the measurement model in this study was confirmed. The result in
Table 3 indicates that the scales of this measurement model had sufficient discriminant
validity [43].

5.2 Structural Model

The structural model was tested by using the bootstrapping technique in Smart PLS,
including the test of the significance of path coefficients, the coefficient of determina-
tion (R2), and the predictive relevance (Q2). The results show the R2 value for cognitive
engagement was 68.9%, affective engagement was 71.6%, and behavioral engagement
was 62.9%. The Q2 values for cognitive engagement, affective engagement, and behav-
ioral engagement were 0.451, 0.534, and 0.453, respectively. These indicate that the
proposed research model has strong explanatory power and predictive power. There
were 11 hypotheses supported at the 0.05 significance level (see Table 4). The results
showed that utilitarian value exerted significant effects on cognitive engagement (β =
0.370, p < 0.001), affective engagement (β = 0.173, p < 0.05) and behavioral engage-
ment (β = 0.233, p < 0.01). Perceived ease of use exerted significant effects on both
cognitive engagement (β = 0.170, p < 0.05) and behavioral engagement (β = 0.183,
p < 0.05). There is no significant association between perceived convenience and user
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Table 3. Discriminant validity: Fornell-Larcker criterion.

UTIV PEOU CONV HEDV CURI SOCP SOCI COGE AFFE BEHE

UTIV 0.869

PEOU 0.774 0.792

CONV 0.757 0.780 0.806

HEDV 0.807 0.749 0.755 0.890

CURI 0.703 0.583 0.613 0.702 0.908

SOCP 0.651 0.555 0.605 0.718 0.795 0.920

SOCI 0.646 0.587 0.609 0.718 0.686 0.751 0.918

COGE 0.782 0.722 0.696 0.756 0.609 0.636 0.616 0.840

AFFE 0.750 0.692 0.691 0.787 0.680 0.724 0.705 0.791 0.894

BEHE 0.728 0.675 0.656 0.725 0.662 0.638 0.619 0.749 0.750 0.880

(Note: UTIV: Utilitarian value; PEOU: Perceived ease of use; CONV: Perceived convenience;
HEDV: Hedonic value; CURI: Curiosity fulfilment; SOCP: Social presence; SOCI: Social
interaction; COGE: Cognitive engagement; AFFE: Affective engagement; BEHE: Behavioral
engagement)

engagement. Thus, H1a, H1b, H1c, H2a, and H2c were supported, while H2b, H3a,
H3b, and H3c were not. Additionally, hedonic value exerted significant effects on cog-
nitive engagement (β = 0.202, p < 0.05), affective engagement (β = 0.255, p < 0.001)
and behavioral engagement (β = 0.163, p ≤ 0.05). There is no significant association
between curiosity fulfillment and user engagement. Therefore, H4a, H4b, and H4c were
supported, while H5a, H5b, and H5c were not. Furthermore, social presence exerted
significant effects on both cognitive engagement (β = 0.187, p < 0.05), and affective
engagement (β = 0.227, p< 0.01). Social interaction exerted significant effects on affec-
tive engagement (β = 0.136, p< 0.05). Thus, H6a, H6b, and H7b were supported, while
H6c, H7a, and H7c were not.

Regarding the control variables, age showed significant effects on cognitive engage-
ment within theme park app (β = 0.062, p < 0.05). There were no significant effects
from other control variables.

Table 4. Hypotheses results

Hypotheses Path coefficients P value t value f2 value Result

H1a: UTIV → COGE 0.370 0.000 4.444 0.108 Support

H1b: UTIV → AFFE 0.173 0.020 2.323 0.026 Support

H1c: UTIV → BEHE 0.233 0.007 2.716 0.036 Support

H2a: PEOU → COGE 0.170 0.018 2.363 0.027 Support

(continued)
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Table 4. (continued)

Hypotheses Path coefficients P value t value f2 value Result

H2b: PEOU → AFFE 0.119 0.055 1.920 0.014 Not support

H2c: PEOU → BEHE 0.183 0.015 2.438 0.026 Support

H3a: CONV → COGE 0.071 0.341 0.952 0.005 Not support

H3b: CONV → AFFE 0.060 0.364 0.909 0.004 Not support

H3c: CONV → BEHE 0.036 0.640 0.467 0.001 Not support

H4a: HEDV → COGE 0.202 0.018 2.369 0.030 Support

H4b: HEDV → AFFE 0.255 0.000 3.491 0.052 Support

H4c: HEDV → BEHE 0.163 0.050 1.964 0.016 Support

H5a: CURI → COGE −0.089 0.230 1.201 0.007 Not support

H5b: CURI → AFFE −0.006 0.930 1.459 0.000 Not support

H5c: CURI → BEHE 0.139 0.145 1.459 0.015 Not support

H6a: SOCP → COGE 0.187 0.017 2.379 0.029 Support

H6b: SOCP → AFFE 0.227 0.007 2.691 0.047 Support

H6c: SOCP → BEHE 0.064 0.474 0.715 0.003 Not support

H7a: SOCI → COGE 0.019 0.766 0.298 0.000 Not support

H7b: SOCI → AFFE 0.136 0.032 2.148 0.023 Support

H7c: SOCI → BEHE 0.056 0.447 0.761 0.003 Not support

(Note: UTIV: Utilitarian value; PEOU: Perceived ease of use; CONV: Perceived convenience;
HEDV: Hedonic value; CURI: Curiosity fulfillment; SOCP: Social presence; SOCI: Social
interaction; COGE: Cognitive engagement; AFFE: Affective engagement; BEHE: Behavioral
engagement)

6 Discussion and Conclusion

This study investigates the antecedents of user engagement in theme park apps in China.
The results indicate that utilitarian, hedonic, and social gratifications play different roles
in determining different sub-dimensions of user engagement in theme park apps. Specif-
ically, regarding the antecedents of cognitive engagement, utilitarian gratifications (i.e.,
utilitarian value and perceived ease of use), hedonic gratifications (i.e., hedonic value),
and social gratifications (i.e., social presence) are found to affect cognitive engage-
ment positively. These results are consistent with previous research. For instance, prior
research has found that utilitarian value affects cognitive engagement in online learning
[24], perceived ease of use influences IS continuance significantly [27], hedonic value
is an antecedent of travel app engagement [32], and social presence exerts significant
influence on user engagement with social network sites [36]. When users perceive a
theme park app as useful, easy to use, enjoyable, and can fulfill their need to connect
with others, they are likely to engage with the app cognitively, such as paymore attention
and effort to know and learn the app.
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Moreover, regarding the determinants of affective engagement, utilitarian gratifica-
tion (i.e., utilitarian value), hedonic gratification (i.e., hedonic value), and social grat-
ification (i.e., social interaction and presence) are found to be significant predictors.
These findings are consistent with previous research. For instance, utilitarian and hedo-
nic values have been reported to facilitate users to form positive emotions towardAirbnb,
which in turn, affect user satisfaction and loyalty [44]. Social presence has been found
to have a positive influence on affective engagement in the context of online collabo-
rative learning [45]. Social interaction is reported as a determinant of user engagement
in fitness apps [46]. Thereby, similar to cognitive engagement, when users’ utilitarian,
hedonic, and social needs are gratified, they are likely to engage with the theme park
apps emotionally.

Furthermore, regarding the antecedents of behavioral engagement, utilitarian grati-
fication (i.e., utilitarian value and perceived ease of use) and hedonic gratification (i.e.,
hedonic value) are significant, while social gratifications are not. The possible reason for
the insignificant relationship between social gratification and behavioral engagement is
that other widely used alternatives exist, such as social network sites. Even though theme
park apps offer social functions, they are not enough to trigger users’ behavioral engage-
ment directly. This also indicates the different roles of each gratification in motivating
different user engagement dimensions.

Other factors, including perceived convenience and curiosity fulfillment are not pre-
dictors of all dimensions of user engagement. A possible explanation for the insignificant
impact of perceived convenience is that convenience offered by theme park apps is lim-
ited, and cannot facilitate user engagement adequately. Likewise, curiosity fulfillment
also cannot motivate engagement, as users may use other information channels (such as
word of mouth, popular social media, or advertising) to satisfy their curiosity.

6.1 Theoretical Implications

This study contributes to the literature in the following ways: first, unlike prior studies
mainly focusing on technical dimension, this study extends the user engagement research
by examining the roles of three types of gratifications in motivating user engagement
based on U&G theory. The findings show that user engagement in theme park apps
depends on how users’ needs are gratified; when utilitarian, hedonic, and social needs
are all satisfied, they tend to engage with the app. The findings also help explain the
multipurpose and multi-functional nature of theme park apps.

Second, unlike prior studies mainly touch on one dimension of user engagement,
this study enriches prior literature by unfolding three dimensions of user engagement,
including cognitive, affective, and behavioral engagement. The findings show that dif-
ferent dimension of user engagement has different antecedents. This helps distinguish
the differences in user engagement dimensions.

Third, the theoretical perspective of U&G yields new insights into the mechanisms
underlying user engagement of theme park apps. The findings show that utilitarian,
hedonic, and social gratifications motivate user engagement, indicating the U&G theory
is a useful theoretical framework to explain user engagement with IS.
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6.2 Managerial Implications

This study offers managerial implications: first, to improve user engagement, managers
should focus on the strategies to improve utilitarian value, perceived ease of use, and
hedonic value. For instance, managers should improve the usefulness for users to solve
problems during the visit, such as offering detailed event information, GPS-based map,
and virtual queue functions. Also, the app should be easy to use, such as a concise and
clear interface, fast response speed, and a detailed helpmanual.Moreover, the app should
be fun to use, such as including music, video, and mini-games related to the theme park.

Furthermore, this study found that social presence is also important to improving
users’ cognitive and affective engagement. Social interaction is a determinant of affec-
tive engagement. Thus, managers should highlight the strategies to improve the social
gratification related functions. For instance, the app should include some social functions
or integrate with other social network apps (e.g., Facebook or Twitter) to allow users to
build relationships and share moments with others.

6.3 Limitations and Future Research

This study has several limitations. First, the empirical data was only collected in China.
Thus, future research could gather data in other countries to generalize this study’s
findings or uncover the differences among users in different nations. Second, this study
focuses on the users’ cognition impacts on user engagement; thus, user emotions, such
as surprise and joy, could be studied in future research. Third, the relationships between
three different dimensions of user engagement could also be examined in future research.
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