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ABSTRACT
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Master’s thesis
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Purpose: The purpose of this study is to explore the relationship between well-being of IT
students and their mindset towards sustainability. Methodology: Data related to well-being,
well-being activities, familiarity with sustainability, belief, attitude, and intention towards
sustainability was collected using survey form. For consideration of sustainability of IT prod-
ucts or services, SusAF data for Chat-GPT was collected. Four factors were identified for
the SusAF results: Broadness, Depth, Timescale, and Synthesis. Kendall’s correlation and
Wilcoxon rank sum test was carried out among various aspects of well-being (well-being
scores and activities for well-being) and sustainability (belief, attitude, intention, metrics for
SusAF Factors). Also, qualitative analysis was done among various well-being aspects and
SusAF factors. Findings: Overall, participants were found to have better belief, attitude and
intention towards sustainability, irrespective of their well-being scores and well-being activ-
ities done by them. Statistical difference was observed for some metrics of SusAF factors,
and qualitative differences in few of the factors was also observed with respect to the vari-
ous aspects of well-being and well-being activities. Conclusion: The findings of this study
has mostly resulted in an inconclusive relationship among the well-being and sustainability
mindset of IT students.
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1 INTRODUCTION

As evident in the recent past, Information and Communication Technologies (ICT) has sig-
nificantly influenced innovation, efficiency and effectiveness in nearly all domains [1] and
lead the path towards a sustainable society and accomplishing the Sustainable Development
Goals (SDGs). Considering the field of ICT as one of the fastest growing professions and
preferred degree subjects for students [2], and the role of ICT in sustainable future, it is cru-
cial for the students from this field to have sustainability mindset to address sustainability of
products and services related to Information Technology (IT).

Another important aspect of every student is mental health and well-being, which directly
impacts their academic performance and overall quality of life. Regular well-being activities
like meditation, breathing exercises etc. are found to have positive influences on their overall
mental and physical health, daily stress-handling ability, improved self-awareness, resulting
in improved overall performance of students [3], [4]. Also, a study suggests that these ac-
tivities may have positive correlation with the ability of participants to think sustainably and
consider long term consequences of their decisions and actions more effectively [4].

Identified Research Gap: Despite well-being and sustainability being two broad concepts,
there is scarcity of researches that explores the topics ‘well-being’ and ‘sustainability mind-
set’ together and the relationship between them. Among the existing studies, most of them as-
sociate ‘mindfulness and meditation’ with well-being, and primarily focus on environmental
dimension of sustainability. These studies present some level of positive association between
’mindfulness and meditation’ with environmental aspect (pro-environmental behaviour, eco-
logically responsible behaviour, and sustainable climate adaptation etc.) [5]–[10]. When the
scope of research is narrowed to the field of IT, there is notably no any research available
which explores both the ‘well-being’ and ‘sustainability mindset’, neither among profession-
als working in the industry nor the students from this field.

This scarcity of existing researches and the potential positive association between well-being
and sustainability aspect as indicated by some studies highlights a need to explore the relation
between these two concepts. As such, this thesis research study is carried out as one of
the earliest studies to address ‘well-being’ and ‘sustainability mindset’ together in the field
of IT. The primary objective of this thesis research study is to investigate if there is any
relationship between well-being and sustainability mindset among IT students.

Following to the objective of the research, the structure of the thesis report is as follows:
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• Section 1, Introduction: This chapter provides an introduction on the topic, along with
identified research gap, and the primary objective of the thesis research.

• Section 2, Background and Related Works: This chapter provides the background on
the topics and summary of related literature serving as the roadmap for the thesis study.

• Section 3, Research Design and Methodology: This chapter includes the literature re-
view protocol, research hypothesis, data collection and analysis methods.

• Section 4, Results: This chapter presents the results obtained from the quantitative and
qualitative analysis of the data collected.

• Section 5, Discussion: This chapter presents the discussion on the findings from the
results, limitations and threats to validity of the research

• Section 6, Conclusion: This chapter concludes the with a summary of the this thesis
research

The appendices section of the report includes: Appendix A (Well-being Instruments),
Appendix B (Statements for Belief, Attitude, Intention towards Sustainability), Ap-
pendix C (Survey Form), Appendix D (Participant’s understanding of the term ‘Sus-
tainability’, Appendix E (SusAF Materials), Appendix F (Themes per dimension)

7



2 Background and Related Works

The three major topics related to this thesis study are: 1) Well-being, 2) Sustainability Mind-
set, and 3) Information and Technology. This section presents background, context, and
theories on these topics and related works about ‘well-being’ and ‘sustainability mindset’.

2.1 Sustainability, Sustainable Development, and Sustainability Mindset

The concepts of sustainability and sustainable development have been widely gaining impor-
tance all across the world, especially over the last two decades. Sustainability, commonly is
defined as “the capacity to endure”, and is relatedwith the potential for long termmaintenance
with respect to humans. The most widely used definition of sustainable development is the
one defined by the Brundtland Report from the United Nations (UN) as the ability to “meet
the needs of the present without compromising the ability of future generations to satisfy
their own needs” [11]. To be considered as a sustainable development, the UN necessitates
the fulfillment of three primary dimensions of sustainability – the environment, society, and
economy. The environmental aspect refers to the capacity of the environment to replenish
itself at a faster rate than it is destroyed by human activities. Social development focuses on
building a sustainable society that is characterized by social justice, poverty reduction, and all
necessary actions that promote social equity and ethical consumerism. Lastly, the economic
dimension ensures a healthy balance of economic growth with our ecosystem, integrating the
environmental and social concerns into business activities [12]. The concept of sustainability
acts as the driving force or agenda that guides a development process to attain a sustainable
level of development, for which it also sets the tone, approach or provides necessary guiding
principles towards sustainable development [13].

The United Nations General Assembly in September 2015 marked a historic moment, where
193 member states of the UN officially adopted the 2030 Agenda for Sustainable Develop-
ment. This agenda was developed as an urgent call for action, with 17 interlinked SDGs,
calling for participation from all the countries - developed and developing, forming a global
partnership. The SDGs were built on the top of the Millenium Development Goals (MDGs),
which were a set of eight targets that aimed to reduce poverty and improve living standards in
developing countries, adopted from the 2000s until 2015. The SDGs go beyond the MDGs,
providing a comprehensive blueprint that addresses social, economic, and environmental as-
pects of sustainability, with focus to end poverty, protect the planet and ensure that people
as well as the planet enjoy peace and prosperity, both presently and in the future. Along
with a global commitment to working towards a more sustainable and equitable world, the
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adoption of the 2030 Agenda alerts us about the urgent need to deal with global challenges
such as poverty, inequality, climate change and many more. It also acknowledges the critical
role played by all the countries, all the stakeholders including public and private sectors, to
assure a sustainable future for all in a unified approach [14].

Sustainability mindset is defined as “a way to thinking and being, that results from a broad
understanding of the ecosystem’s manifestation, from social sensitivity, as well as an intro-
spective focus on our personal values, and higher self, and finds its expression in actions for
the greater good of the whole” citerimanoczy2020sustainability. This definition integrates
the aspects of values(being) and knowledge(thinking), manifested through actions (doing).
Sustainability mindset is also conceptualized as integration of systemic approach towards un-
derstanding, which goes beyond technical knowledge to understand the interconnectedness
of a healthy ecosystem and a prospering society. Also, sustainability mindset of individuals
is guided and shaped by their personal values and purposes.

2.2 Information Technology, Software and Sustainability

Information Technology has become an integral part of various global initiatives to achieve
different Sustainable Development Goals, with the ultimate objective of securing a sustain-
able future. In general, the role of technology in sustainability or achieving sustainable de-
velopment can be visualized from two different points of view: “Sustainability by IT” and
“Sustainability in IT” [15].

“Sustainability by IT” relates to the role of Information and Technology as an enabler and
enhancer towards achieving a sustainable future by helping various sectors to support sus-
tainability, like by tackling environmental issues, simplifying business processes, resource
conservation andmanymore [15]. The enabling role of ITmakes it a crucial success factor for
achieving the UN-SDGs by the year 2030, as it greatly influences the innovation, efficiency
and effectiveness across various sectors of the world [1]. On the other hand, “Sustainability
in IT” is concerned with the consideration of sustainable practices over the life cycle of IT
goods and services from their design, development, operation and maintenance in various
dimensions of sustainability.

The role of software and technology with sustainability seems to be dual, as they can con-
tribute to the problem as well as a solution for sustainability challenges. So, it is crucial to be
aware that, without sustainability mindset in both the cases, technology might have negative
impacts on various aspects of sustainability [15].
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2.3 Well-being, Well-being practices and Benefits

TheWorld Health Organization (WHO) defines health as “a state of complete physical, men-
tal, and social well-being, and not merely the absence of disease or infirmity” [16], empha-
sizing the importance of well-being rather than simply being free from illness or injury. The
topic “well-being : the state of being well, happy, healthy or prosperous [17]” and its asso-
ciated dimensions has gained rapid interests and concerns over time [18]. While there is no
single definition of well-being, it has often been used interchangeably with various concepts
like happiness, health, welfare, comfort, security and safety. Well-being can be observed as
a multidimensional construct which includes various aspects of one’s life such as physical,
emotional, mental, social, and behavioral components. Also, higher levels of well-being have
been correlated with better income, work performance, physical and mental health and social
relationships [19]. Some other emerging dimensions for well-being include environmental,
political and spiritual dimensions [17].

In order to ensure healthy lives and promote well-being for all people at all ages, the UN
has enlisted “Good health and well-being” as the third Sustainable Development Goal [14].
Following to this, there are various activities and practices that an individual can do to en-
hance each aspect of well-being and promote their overall well-being. Physical, mental and
emotional resilience is necessary for experiencing a good quality of life, and various practices
can be done to take care of mental and emotional well-being of individuals and help them to
relax and release stress from their body. As such, there are various practices for well-being,
which can be broadly categorized into (i) movement practices, like Yoga Asana, Tai Chi, QI
Gong etc (ii) mental practices, like Meditation, Contemplation, and (iii) breathing practices,
like Pranayama, Rebirthing Breathwork, WimHof, Holotropic Breathwork etc. [20]. Each of
these practices are beneficial in their own way for the practitioners. For example, a study on
Exercise and well-being [21] shows confirmation with growing literature on the benefits of
regular exercises and physical activity, resulting with better general and health-related qual-
ity of life, better functional capacity and better mood states. Various studies on the effects of
mindfulness practices among students have shown that these practices result with significant
reduction of stress level, anxiety [22]–[24], enhancing stress buffering capabilities and im-
proving the psychological well-being of the practitioners. Similarly, breathing exercises are
found to have positive relation with respect to participants’ mindfulness attention, awareness,
and self-efficacy [20]

2.4 Well-being and Information Technology

The rapid deployment and adoption of Information Technologies in today’s society has signif-
icantly influenced individual and social well-being. Various researches are exploring “Digi-
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tal well-being” and how digital technologies can be leveraged to foster well-being, enhance
human potential and reduce social inequality by facilitating better access to essential social
services such as healthcare. In 2005, the World Health Organization acknowledged “cost-
effective and secure use of Information andCommunication Technologies in support of health
and health-related fields” to prioritize and implement strategies of the member countries to-
wards eHealth solutions [25], [26]. Also, today various software applications and tools, such
as meditation and mindfulness apps, mood tracker, and workouts apps, designed to help users
incorporate well-being practices in their daily routines and improve their overall well-being
are gaining popularity. While different positive aspects of software and technology can be
seen for health and well-being, there are also concerns about technologies being linked with
mental health issues, well-being challenges, as well as behavioural addiction among different
users [26].

“What about well-being in the field of Computer Science and Software Engineering?” A
systematic literature research in software engineering found out that most of the current re-
searches have been focused on reducing the energy footprint of software systems, highlight-
ing a lack of attention on sustainability from software engineers perspective, and the factors
responsible to meet their personal, professional needs and maintain their mental and physical
well-being [27]. In the modern workplace, the significance of the effects of Information and
Communication Technology on the well-being of employees, both positively and negatively,
is undeniable [28]. Usually the people in technical sectors have high stress, long hours of
labor, and demanding work pressure [29] which can lead to burnout and increased absence
fromwork [28]. Researches have shown that the fast-paced work lives of software developers
and other computer workers can have long-term consequences on their health and happiness.
Sleep deprivation is a common issue among software developers [20], [28], and the global
COVID-19 pandemic has further negatively impacted their well-being and productivity [20].

A study among software developers presented that happiness and unhappiness both impacted
their productivity and performance while developing software. Unhappiness can lead tomen-
tal disorders like stress, anxiety, burnout, and depression, resulting with adverse effects on
jobs, whereas happiness and well-being have been linked with higher self-accomplishment,
engagement, creativity, and confidence [29]. According to a study on mental health analysis
in tech workplace, the majority of tech industry workers reported experiencing mental health
issues as compared to those who do not work in tech [30]. It can clearly be seen that there are
challenges and concerns related to well-being and mental health in the working field of IT,
computer science and software engineering that needs to be addressed appropriately. Also,
the lack of individual dimension of sustainability in software engineering literature highlights
the need of further researches in this area.
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2.5 Well-being and Sustainability Mindset

The concept of both sustainability and well-being are related to the question of how people
can live good lives without endangering the vitality of the ecosystems, making both of these
topics fundamentally ethical issues. Considering a sustainable world as one where ‘the Earth
thrives and people can pursue flourishing lives (well-being)’, Sustainability and well-being,

both can also be perceived as twin concepts [31], [32]B
�
oth sustainability and well-being have

a strong potential synergy between them, and their integration (sustainability in well-being
or positioning well-being with sustainability) strongly influence each other [31].

As included in the definition [33], one of the core components of the Sustainability mindset is
‘social sensitivity’, which is cultivated in an individual-level through personal exploration of
various facts and information and is shaped by a person’s value, sense of purpose, preferences,
assumptions, and belief. Twelve core principles of sustainability mindset were classified
among four content areas, where two of the areas are 1) Spiritual intelligence (related to
purpose, transcendence, and oneness) and 2) Emotional Intelligence (focused on introspective
practices to promote self-awareness and explore personal value). It is clearly visible that
spiritual and emotional intelligence are closely related to well-being of individuals, which
are influenced by various activities they engage in for their well-being. One such activities is
mindfulness practices, that will enhance individual’s ability to concentrate, nurture openness,
and respond flexibly to various circumstances, thereby fostering positive behavioral changes
[34].

A five key sustainability competencies framework developed by Wiek et. al [35] classifies
the competencies into following five groups: Systems thinking, Strategic, Interpersonal, Nor-
mative, and Anticipatory; forming a basis for sustainability mindset that encourage people
to engage in meaningful and effective sustainable behaviour. Berejnoi et. al [36] suggest
that one’s spiritual well-being, and resulting care for others and the environment, influence
these competencies of individuals, and is a critical for developing motivation to participate in
sustainable behaviour and actions. Burns [37] focuses on the importance of connection with,
and integration of physical, intellectual, emotional, and spiritual aspects of oneself (that can
be achieved through mindfulness practices and techniques) towards promotion of ecological
awareness and care. Spirituality empowers individuals to have awareness of internal and ex-
ternal world, foster their acceptance, empathy, and conservation of the environment, playing
a vital role as the driving force of sustainability and crucial element for a healthy society in
all aspects [38].

Similarly, Goralnik and Marcus [39] suggest that inner change may be particularly impor-
tant for sustainability scholars and activists, who regularly deal with external sustainability
challenges. Ulluwishewa [40] sums up the importance of inner-changes and spiritual well-
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being for sustainability with the statement “External changes are necessary but inadequate
to achieving sustainability and delivering happiness to all. Therefore, our attention should
be focused on inner changes, the changes which make our relationships with fellow human
beings and with nature less self-centered and more loving”.

2.6 Sustainability Awareness Framework (SusAF)

The Sustainability Awareness Framework (SusAF) was developed using Design Science
[41], as a question-based framework to raise awareness of the impacts that a software sys-
tem could have upon sustainability. The framework is specifically focused for software and
requirement engineers to engage a broad spectrum of relevant stakeholders into interactive-
collaborative discussions to discover, document and validate the system’s potential effects
on sustainability, try to mitigate the potential negative effects and exploit the positive ones
by making necessary adjustments to address them in the requirements of the system.

Based on the Karlskrona Manifesto [42], SusAF focuses on identifying potential positive and
negative effects of IT products and services across five interrelated dimensions of sustainabil-
ity: Environmental, Social, Economic, Individual, and Technical in three different systemic
levels: immediate effects, enabling effects, and structural effects.

2.6.1 Five Interrelated Dimensions in SusAF

The Environmental Dimension - covers the use and stewardship of natural resources, and
the questions in the this dimension are related to the topics of (1) Material and resources;
(2) Soil, Atmospheric and water pollution; (3) Energy; (4) Biodiversity and land use; (5)
Logistics and transportation

The Social Dimension - covers the relationships between individuals and groups, and the
topic addressed in this dimension include (1) Sense of community; (2) Trust; (3) Inclusiveness
and diversity; (4) Equity; (5) Participation and communication

The Economic Dimension - covers the financial aspects and business values, and the top-
ics addressed in this dimension include (1) Value; (2) Customer Relationship Management
(CRM); (3) Supply chain; (4) Governance and processes; (5) Innovation and R&D

The Individual Dimension - covers individual freedom and agency (the ability to act in an
environment), human dignity and fulfillment, and includes the ability of individuals to thrive,
exercise their rights, and develop freely ??. The topics addressed in this dimension are (1)
Health; (2) Lifelong learning; (3) Privacy; (4) Safety; (5) Agency
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The Technical Dimension - refers to the longevity of the technical systems and infrastruc-
tures, as their ability to maintain and evolve over time with changing surrounding conditions
and respective requirements [41], [42]. The topics addressed in this dimension include (1)
Maintainability; (2) Usability; (3) Extensibility and adaptability; (4) Security; (5) Scalability.

2.6.2 The order of effects in SusAF

Immediate Effects are first order, direct effects that arise from the production, operation, use
and disposal of socio-technical systems.

Enabling effects include effects that arise from the operation and use of a system, and any
change enabled or induced by the system over time.

Structural effects represent structural changes observable at the macro level, caused by the
ongoing operation and wide-scale use of the socio-technical system over time.

2.6.3 Sustainability Awareness Diagram (SusAF)

Apart from the five-question sets addressing different topics for each sustainability dimen-
sion, Sustainability Analysis Diagram (SusAD) is used to visualize the various chains of
effects identified across different dimensions and different levels of effects. The template of
the SusAD is shown in Figure 2 below.

Figure 2: Sustainability Analysis Diagram Template
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2.7 Related Works: Well-being and Sustainability Mindset

A reflexive thematic analysis [5] of semi-structured interviews with 13 active meditators
identifies eudaimonic well-being as one of the five themes for mindfulness-induced behavior
changes. As such, the participants confirmed that practicingmindfulness increased their com-
mitment to Pro-environmental Behaviors (PEB), and that the changes were gradual and slow,
and mostly reflected as a small part of a broader process towards improvement in well-being
and social environment. The practitioners agreed on mindfulness helping them to recognize
nature as an important source of joy and well-being for them, and hence the encouragement in
the PEB. While no claims of causality could be made, a positive relationship was indicated
by the study between engagement with mindfulness practices and PEB. This study clearly
addresses the lack of qualitative research on the topic of “mindfulness” and “sustainability
nexus”, highlighting the need for more research on this. As the study is focused on medi-
tators, it is not suitable to generalize the results of this study. The study fails to address the
general well-being of participants, and limits the sustainability mindset aspect to the PEB.

A review on 30 years of research identified ‘enhanced health and subjective well-being’ as
one of the six leading theoretical links between mindfulness and sustainability. The review
highlights that several research studies present correlation between mindfulness, personal
health, subjective well-being and sustainability. While various studies have verified the pos-
itive impact of mindfulness on personal well-being, there is rising awareness that individual
with higher level of well-being are more inclined to adopt a more sustainable lifestyle [43],
indicating possibility of positive correlation among well-being and sustainable lifestyle of
individuals.

A literature review study [6] on the topics of subjective well-being and sustainability sug-
gests promoting mindfulness could contribute both more sustainable ways of life and to a
greater well-being. It mentions the likelihood of the impact well-being has on our percep-
tion and approach towards sustainable behavior. Various studies suggest that happiness is
correlated with various forms of sustainable behavior. Individuals with higher subjective
well-being (SWB) reported more Ecologically Responsible Behavior (ERB) among adoles-
cents and adults [44], the relationship being linked by intrinsic values and mindfulness of the
participants. Although this study acknowledges the subjective well-being, it is important to
note that the sustainability aspect is limited to the environmental dimension.

A study among 605 individuals found out that those with sustainable values, and attitudes had
higher levels of well-being [45], and this relationship was found stronger when well-being
was further categorized into four elements: personal feeling, personal functioning, interper-
sonal feeling, and interpersonal functioning. However, this study was particularly focused
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on the well-being of individuals being influenced by their sustainable values, attitudes, and
behavior.

A literature study [46] highlights the potential of mindfulness to support a broader, and cul-
tural shift towards sustainability, and facilitate adaptation with increasing risk and climate
change at all scales, from individual to the institutional and societal level. This is supported
by a survey study among 217 citizens from Lomma, Sweden, which found out that individ-
uals’ intrinsic mindfulness is positively associated with their motivation to take (or support)
climate adaptation actions at different scales, especially those that are pro-social and/or pro-
environmental in nature [7], indicating that mindfulness may be able to facilitate sustainable
climate adaptation. Similarly, a 10-week mindfulness and compassion-based intervention
(European Union (EU) Climate Leadership Program) among high-level decision makers [8]
show significant increase in environmental self-identity pro-environmental behavior, reduc-
tion in climate anxiety, and the effects being extended from individual level to the collective
and organizational spheres. It can clearly be seen that these studies mainly emphasise on
the ‘mindfulness” and ‘environmental aspect of sustainability’, highlighting the necessity of
studies on various dimensions of well-being and sustainability mindset.

Analysis of data collected over four-years by the French National Statistical Institute con-
firmed positive correlation between various dimensions of subjective well-being and pro-
environmental behaviour (PEB) [9]. This study addresses that both subjective well-being
and PEB are multidimensional notions; however the study is still limited to the environmen-
tal aspect of sustainability, and fails to incorporate other dimensions of sustainability.

A study among 433 participants found out that adults having higher levels of nature relat-
edness had stronger sustainability attitudes, and higher levels of psychological well-being.
Although the study does not directly study the relation between sustainability attitudes and
psychological well-being, it suggests that those individuals who interact with nature might
be inspired to develop healthy habits for their well-being, and the possibility to cultivate
their sustainability attitudes with respect to the environment, society, and economy for such
individuals is higher [47].

Berejnoi et al. [36] conducted a pilot study to examine if 15-week university course that
promotes sustainable behaviour through contemplating practices increased spiritual develop-
ment, well-being and happiness traits, which are theorized to increase sustainable behaviour.
The quantitative analysis on results indicate increment in student self-compassion and hap-
piness due to those practices, while no effect was observed in the sustainable behaviour.
However, the qualitative reports shows that, along with development of spiritual traits, sys-
tem’s thinking mentality and an awareness in their interconnectedness, the students assigned
greater importance to spiritual well-being as a prerequisite for sustainable behaviour.
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A survey study among 829 respondents from the Buddhist Peace Fellowship (BPF) found
significant correlation (moderate to moderately strong) between Ecologically Sustainable
Behaviour (ESB) scales with the subjective Well-being (SWB): Semantic Differential and
General Happiness, highlighting that happy people have better ecologically responsible ways
of living. Jacob et al. [10] analysed data from these 829 survey and identified spiritual prac-
tice of Mindfulness Meditation (MM) as the link between these two aspects (ESB and SWB),
finding significant associations between MM, ESB, and SWB, and signifying that mindful-
ness meditation is good for both personal and planetary well-being. It can be observed that
these studies also fail to address the overall dimensions of sustainability.

It is empirical to point out that mindfulness and ecological behavior are correlated, indicat-
ing that mindfulness may foster behavioral changes towards sustainability. A cross-sectional
study among 310 participants, shows that the ’acting with awareness’ aspect of mindful-
ness has direct and weak positive relation to sustainable food consumption [48]. As per the
sustainability-adapted mindfulness-based intervention [49] among two different samples (60
university students, and 71 employees), neither self-reported behavior nor attitude changed
overall, however reduced materialistic value orientations and increased well-being was wit-
nessed, suggesting indirect benefits of mindfulness for promoting individuals towards more
sustainable lifestyles.

A literature review on mindfulness and social sustainability presents that mindfulness has
benefits on an individual level (promoting cognitive, emotional, behavioral, physiological,
and other well-being benefits), and social sustainability at organizational level, which could
then have positive effects on collective social sustainability when guided by the systems
thinking perspective. While this literature is limited to the mindfulness aspect of well-being,
it clearly mentions that studies about mindfulness and sustainability mainly focus on the en-
vironmental aspect, highlighting the research-gap in social sustainability concepts and other
concepts of sustainability [50].

Zollo, Maurizio, et al. [4] carried out a randomized controlled trial with 82 graduate business
students, and found that sahaja yoga, a specific type of yoga-meditative practice, was more
effective than cognitive training practices for development of sustainable decision-making
mindset, improvement of neuro-psychological traits as shown by increased gray matter den-
sity in inferior frontal gyrus, as well as improvements in character traits, and ethical beliefs.
In fact, the neuro-cognitive training practices showed marginally negative effects on ethical
traits and sustainable decision-making mindset of the participants. Doing meditative prac-
tices can help individuals to expand their self-awareness, enabling them to enhance their
ability to think, feel, and act more collectively along with consideration for long-term conse-
quences of their decisions and actions more effectively.
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Motivation for this thesis research: Based on the related works on the field of “well-being”
and “sustainability mindset”, it is observable that not enough research is available in the
relationship exploration between well-being and sustainability mindset. Most of the studies
focus on ‘mindfulness and meditation’ when it comes to well-being, and on ‘environmental
aspect’ of sustainability. Although these studies address only some aspects of well-being and
some aspects of sustainability, they present some level of relationship between these aspects
indicating that working onwell-beingmight help individuals to consider sustainability in their
daily lives, which also implies to those working in the domain of IT. However, no existing
research was found that explores the relationship between ‘well-being’ and ‘sustainability
mindset’ in the field of IT. This absence of studies and the potential positive impact of well-
being on sustainability consideration in the domain of IT emphasize the need for research in
this area to understand the potential relationship between these two concepts.

The Table 1 shown below presents brief summary on the findings from the related works and
identified research gap.
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Table 1: Related Works - Summary

Reference Summary Identified Gap

[5] Practicing meditation increases pro-environmental be-
haviours (PEB) and help recognize nature as an important
source of well-being

Focused only on meditation and environ-
mental dimension of sustainability; Has
only active meditators as participants

[43] Several research present correlation between mindfulness,
perosnal health, subjective well-being and sustainability; A
raising awareness that individuals with higher level of well-
being are more inclined to adopt a more sustainable lifestyle

A need of further research to explore the
correlation among well-being and sus-
tainable lifestyle

[6] Promoting mindfulness could contribute to more sustainable
ways of life (behaviour)

Focused only on mindfulness

[44] Individuals with higher subjective well-being (SWB) re-
ported more ecologically responsible behavior (ERB) among
adolescents and adults

Focused only on environmental dimen-
sion of sustainability

[45] Individuals with sustainable values, and attitudes had higher
levels of well-being

Focused on well-being being influenced
by sustainable values, attitudes, and be-
havior rather than the way around

[46] Mindfulness has potential to support a broader and cultural
shift towards sustainability (climate change risks adaptation)

Addresses onlymindfulness and environ-
mental aspect of sustainability

[7] Mindfulness may be able to facilitate sustainable climate
adaptation

Addresses onlymindfulness and environ-
mental aspect of sustainability

[8] 10-week mindfulness and compassion-based interven-
tion show significant environmental self-identity pro-
environmental behavior, reduction in climate anxiety

Addresses onlymindfulness and environ-
mental aspect of sustainability

[9] Positive correlation between different dimensions of subjec-
tive well-being and pro-environmental behaviour

Addresses only environmental aspect of
sustainability

[47] Higher levels of nature relatedness had stronger sustainability
attitudes, and higher levels of psychological well-being

Does not directly explore the relationship
of well-being and sustainability attitudes

[36] Students realized the importance of spiritual well-being as a
prerequisite sustainable behavior (Qualititative analysis)

Only focused on spiritual well-being

[10] There is significant associations between mindfulness medi-
tation (MM), ecologically sustainable behaviour (ESB), and
subjective well-being (SWB), signifying that mindfulness
meditation is good for both personal and planetary well-being

Does not directly explore the relationship
between SWB and ESB; nly focused on
Environmental aspect of sustainability

[48] ’Acting with awareness’ aspect of mindfulness has direct and
weak positive relation to sustainable food consumption

Only focused on mindfulness and sus-
tainable food consumption

[49] Reduced materialistic value orientations and increased well-
being after sustainability-adapted mindfulness-based inter-
vention suggests indirect benefits of mindfulness for promot-
ing individuals towards more sustainable lifestyles

Focused only on the benefits of mindful-
ness

[50] Mindfulness has benefits on individual level (promoting cog-
nitive, emotional, behavioral, physiological, and other bene-
fits) and social sustainability at organizational level

Focused only on mindfulness, and indi-
vidual and social sustainability

[4] Doing meditative practices can help individuals to expand
their self-awareness, enabling them to enhance their ability
to think, feel, and act more collectively along with considera-
tion for long-term consequences of their decisions and actions
more effectively.

Focused only on meditative practices,
and does not address well-being
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3 Research Design and Methodology

This section explains the design and methodology used in order to carry out the thesis re-
search. It contains the literature review protocol used to conduct the literature studies for the
research along with definition of research questions, search terms and combination used, re-
search hypotheses, standard instruments used, questionnaire design and data collection meth-
ods, followed by data analysis methods. The overall steps involved is summarized in the
Figure 3 as shown below.

Figure 3: Research process steps

3.1 Literature Review Protocol

This section outlines the methodology used to conduct the literature review for the thesis,
which involves defining research questions, identifying relevant sources and databases, ap-
propriate search terms and combinations, as well as applying inclusion and exclusion criteria.

3.1.1 Research Questions

The thesis is focused on exploring the relationship of well-being with sustainability mindset
among IT students. As such, in order to meet the objectives of the thesis, one main research
question has been formulated.
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Main RQ:What is the relationship of well-being of IT students with their sustainability
mindset?

The main research question aims to understand whether there is any relationship between the
well-being of IT students and their mindset towards sustainability. Well-being includes the
well-being score calculated through standard instruments, and their mindset is explored by
their belief, attitude, and intention towards sustainability (data collected through survey), and
their ability to consider sustainability effects of IT products and services (SusAF data). Un-
derstanding this relationship can provide valuable insights to make strategies for promoting
well-being of students and enhancing various aspects of sustainability mindset.

To answer the main research question, the following sub-research questions have been made:

SubRQ1: What is the relationship ofwell-being of IT studentswith their belief, attitude,
and intention towards sustainability?

Exploring this research question gives us insights on relationship between various instru-
ments used to measure well-being of the students and various statements to assess their belief,
attitude, and intention towards sustainability, and see if the values are significantly among
participants belonging to separate well-being groups.

Sub RQ2: What are the differences in the belief, attitude, and intention of students
towards sustainability among group of participants based on their well-being practices?

This research question checks if students belonging to various groups based on their well-
being activities (as presented in Table 18) have any significant difference in the belief, atti-
tude, and intention towards sustainability.

SubRQ3: What is the relationship of well-being of the students with their consideration
for sustainability effects of IT products and services?

This research question intends to explore the relationship of well-being of students with their
ability to consider sustainability effects of IT products and services. In order to analyse the
sustainability effects consideration, four factors are considered, namely Broadness, Depth,
Timescale, and Synthesis. Both quantitative and qualitative analysis (as explained in 3.5.2.2
and 3.5.4) is done to address this research questions.

Sub RQ4: What are the differences in the consideration of sustainability effects among
group of participants based on their well-being practices?

This research question checks if students-belonging to various groups based on their well-
being activities (as presented in Table 18) have any significant difference in the consideration
of sustainability effects obtained from SusAF. Qualitative and qualitative analysis of the fac-
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tors: Broadness, Depth, Timescale, and Synthesis (similar to Sub RQ-3) for the groups is
carried out to explore this research question.

3.1.2 Search Terms and Combinations

The thesis study focuses on three major topics: 1. Well-being, 2. Sustainability Mind-
set, and 3. Information Technology (students). While the initial search query included
keywords from each topic, no any relevant study was found. As such, for the related stud-
ies, only the keywords related to ‘well-being’ and ‘sustainability mindset’ were used and a
general search string was formed:

General Search string

(“Well-being” OR “Mental Health” OR “Emotional Health” OR “meditation” OR “mind-
fulness” OR “breathing”) AND (“Long term thinking” OR “Sustainability mindset” OR
“Sustainability Thinking” OR “Sustainability belief” OR “Sustainability Attitude” OR “Sus-
tainability Intention” OR “Sustainability Awareness” OR “Sustainability Impact” OR “Sus-
tainability Effects”)

3.1.2.1 Sources and Databases

In order to identify resources for the literature, various databases were explored, including
IEEE Xplore Digital Library, SpringerLink, Scopus, ProQuest, and Web Of Science . These
databases were accessed through LUT Primo1. The searches were carried out for abstract,
title and keywords, except for Springer Link where general search was done.

3.1.2.2 Inclusion and Exclusion criteria

In order to select the most relevant resources, a set of inclusion and exclusion criteria was
applied, as presented in Table 2 below:

Table 2: Inclusion and Exclusion Criteria

Inclusion Criteria Exclusion Criteria

Year of publication from 2005 until present Only abstract or poster paper available

Papers in English Information and Papers not in English

Studies that include relationship between well be-
ing and sustainability mindset

1https://elut.lut.fi/en/it-instructions-and-study-tools/lut-primo
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Along with the papers filtered and selected from above technique, snowballing was done in
order to find additional relevant sources for the background and related works. The summary
of the results obtained is shown in Figure 4.

Figure 4: Search results summary

3.2 Research Hypotheses

This section includes hypotheses of the thesis work corresponding to the research questions
defined above. The main hypothesis for the thesis is:

There exists a positive relationship between well-being of IT students and their mindset
towards sustainability.

Similar, following hypotheses are formed with respect to the sub-research questions:

1. IT students with higher well-being have better belief, attitude, and intention towards
sustainability [Sub RQ1]

2. IT students who do well-being activities (meditation and gymming group) have better
belief, attitude, and intention towards sustainability [Sub RQ2]

3. IT students with higher well-being have better consideration for sustainability effects
of software products and services [Sub RQ3]

(a) IT students with higher well-being have better broadness, depth, timescale con-
sideration, and synthesis of SusAF results.

4. IT students who do well-being activities have better consideration for sustainability
effects of software products and services [Sub RQ4]
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(a) IT students who do well-being activities have better broadness, depth, timescale
consideration, and synthesis of SusAF results, both quantitatively and qualita-
tively.

3.3 Instruments

This section describes standard instruments used to collect data during survey. This includes
the well-being instruments (WHO-5, PWB, and SWLS) and questionnaire about belief, atti-
tude and intention towards sustainability. They are explained below:

3.3.1 Well-being instruments

Three standard instruments are used to measure the well-being of the participants. They are
explained as follows:

1. The 5-item World Health Organization Well-Being Index (WHO-5) [51], [52]

First published in 1998, the WHO-5 is one of the most popular instruments used to
assess subjective psychological well-being of individuals [52]. It has translations of
over 30 languages, and has been used widely in research. This instrument consists of
simple five items (as shown in Table 39) about how the respondents have felt over the
last two weeks on which they rate from the scale of 0 (None of the time) - 5 (All of the
time). TheWHO-5 items along with description of each rating and result interpretation
of the scores is shown in Appendix A.1.

2. Diener et al’s scale of Psychological Well-Being (PWB) [20], [53]

Published in 2009 by Diener et al. [53], the scale of Psychological Well-being (PWB)
broadly assesses various aspects of psychological well-being. This instrument consists
of eight items about important aspect of human functioning such as positive relation-
ships, self-esteem, having purpose and meaning in life, and optimism, where the re-
spondents rate each items from the scale of 1 (Strongly Disagree) - 7 (Strongly Agree),
as shown in Appendix A.2.

3. Satisfaction with Life Scale (SWLS) [54] [55]

Designed in 1985, the SWLS instrument used to assess global life satisfaction. This
instrument consists of five items where the respondents rate each item from the scale of
1 (Strongly Disagree) - 7 (Strongly Agree). The SWLS items are shown in Appendix
A.3.
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3.3.2 Instrument for belief, attitude and intention towards sustainability

In order to assess the belief, attitude and intention of the participants towards sustainability,
the questions used in the existing study ”Correlation between sustainability education and
engineering students’ attitudes towards sustainability” [56] were used. There are 6 items re-
lated to belief, 13 items related to attitude, and 6 items related to intention, where respondents
rate each item from the scale of 1 - 5, and 1 = Strongly disagree, 2 = Disagree, 3 = Neutral,
4 = Agree, 5 = Strongly agree. These items are shown in Appendix B.

3.4 Questionnaire Design and Data Collection

In order to address the research questions described above, data collected using two different
ways are used: 1. Survey Data and 2. SusAF Data

3.4.1 Survey Data

First, a survey form was designed that compiled various sections related to demographics,
well-being, and sustainability and was circulated among the students. The demographics
included a nickname (a unique identifier for data analysis), age, gender, attending university,
faculty of study, and current education level of the participants.

To address the well-being of participants, three standard instruments designed to assess well-
being were used namely WHO-5, PWB and SWLS (3.3.1). All of these use likert-style
response scales, which are useful for quantifying the total score for each scale. Also, par-
ticipants were asked about their well-being activities and how often they performed those
activities in order to assess their well-being activities.

To address the sustainability aspect, the survey consisted of questions related to their famil-
iarity with sustainability, which included their understanding of the term ”sustainability” and
their source of information on sustainability. Also, data about the participants beliefs, atti-
tudes, and intentions toward sustainability (3.3.2) were collected. The questionnaires used in
the survey are included in Appendix C.

The participants were informed about the purpose of the research study, various types of data
collected, potential benefits for participation, identification of the researchers, along with
potential risks and discomforts. Also, consent was obtained from the participants, indicating
that their participation was completely voluntary and that they had the right to withdraw from
the study at any time. All of these details were explained in the description of the survey form
used to collect the data.
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3.4.2 SusAF Data

Along with assessing belief, attitude and intention of participants towards sustainability, an-
other aspect used to explore their sustainability mindset is their consideration of sustainability
effects of software products and services. For this, SusAF analysis was done by the partici-
pants individually on Chat-GPT 2. A subset of questions was selected from each dimension of
SusAF after discussion with the supervisors, such that it is enough for the research purpose.

A SusAF workshop of 110 minutes was carried out among the participants from the LUT
university to collect the data, where as the answers submitted by students as part of their as-
signments were collected from LaSalle - Ramon Llull University. The students from LaSalle
university were suggested to consider same time of workshop to complete the SusAF. The
questionnaires used for the SusAF was same for the participants from both of the universities.

The product definition used for the SusAF workshop, its description, along with the ques-
tionnaires of the SusAF is included in the Appendix E.

3.5 Data Analysis

In order to gain proper insights, both quantitative and qualitative analysis of the data is carried
out in this research. The process used to analyze the collected data are as follows:

3.5.1 Data Cleaning and Pre-processing

Data cleaning and pre-processing was done for various components of data collected through
survey, and SusAF results. They are explained as follows:

3.5.1.1 Updated keywords for well-being activities

There were various well-being activities collected from the respondents through survey as
‘Activities for physical well-being’, ‘Activities for mental well-being’ and ‘other activities’.
Some activities, although had same meaning had separate way of representation, as such
those activities were given same keywords. Some of the examples are shown in Table 3

3.5.1.2 Data Transferring from SusAF to suitable format for analysis

The data collected through SusAF workshop was transferred to suitable format for analysis.
During this, data cleaning was also carried out. Following things were done as part of data
cleaning.

2https://openai.com/blog/chatgpt
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Table 3: Well-being activities data cleaning and pre-processing

Original Responses Updated keyword

gym; Gym 6 days a week gymming

Walk; Walking;
Walking averaging about 55 kms per month

walking

I read books on a wide range of topic walking

Write my journal; Journaling journaling

• Some of the effects were not classified into positive or negative effects. Such effects
were classified into positive or negative effects by the author based on the nature of
effect identified when reading it.

• In the list of effects, some effects were not classified into the order of effects, however
put in the SusAD diagram. So, order was assigned to by the author with reference to
the SusAD diagram.

• Some effects that were not descriptive enough are not considered for the analysis.

• Some of the SusAD diagrams did not have any chain of effects or the direction of chain
was not defined, as such for the quantitative depth analysis (3.5.2.2), these responses
were not considered.

3.5.1.3 Translation of Spanish answers to English

The responses of participants from La Salle - Ramon Llull University were in Spanish (2 in
survey form, and 4 in SusAF). As such, these responses were translated to English, for the
translation Chat-GPT was used. Some examples of translation are shown in Table 4:

Table 4: Spanish to English translation of data

Source Spanish Response English Translated Response

Survey Form Ejercicio en casa Exercise at home

Survey Form Tomar conciencia y crear las acciones
correspondientes para que nuestras ac-
tividades diarias no afecten el medio
ambiente.

Raise awareness and take the necessary
actions to ensure that our daily activi-
ties do not impact the environment.

SusAF Toma de decisiones errada por infor-
mación sesgada

Wrong decision making due to biased
information

SusAF Aparición de nuevo producto en los
catálogos de las empresas de servicios
TIC: implantación chatGPT

Appearance of a new product in the
catalogs of ICT service companies:
ChatGPT implementation
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3.5.2 Quantitative Analysis

This section includes the quantitative analysis used for the data collected through survey and
SusAF.

3.5.2.1 Descriptive Statistics, Correlation and Statistical Difference

In order to understand the characteristics of the sample population, various demographic
variables such as age, gender, university, faculty, and education level are analysed. There
are three instruments used to measure well-being score namely WHO-5, SWLS, and PWB.
Descriptive statistics summary of participants for each instrument was calculated, and Cron-
bach’s alpha3 was used to test the internal consistency among various items of each instru-
ment.

In order to examine the correlation between well-being scores and various factors for sus-
tainability mindset including beliefs, attitude, intention and quantitative metrics gathered
from the SusAF data, Kendall’s correlation coefficient4 (τ) was computed. To compare the
statistical difference among various groups based on well-being and well-being activities,
Wilcoxon rank sum test5 was carried out.

Non-parametric tests (Kendall’s correlation coefficient and Wilcoxon rank sum test) were
chosen instead of parametric tests (Pearson’s correlation 6 and t-tests 7 for group comparison)
because these parametric tests assume normal distributions of data; however, this criteria of
normal distribution is not fulfilled in data collected for this research.

In order to do the statistical test, R8 programming language was used. Also, excel9 was used
to do some data transformation, analysis and creating visual representations such as graphs.

3.5.2.2 Quantitative Metrics for SusAF:

Each factor have metrics obtained from the SusAF analysis. The metrics for Broadness,
Depth, and Timescale have been derived with reference to the codebook containing informa-
tion extracted from SusAD [41]. The quantitative metrics for each factor are as follows:

3https://stats.oarc.ucla.edu/spss/faq/what-does-cronbachs-alpha-mean/
4http://www.sthda.com/english/wiki/correlation-test-between-two-variables-in-r#

kendall-correlation-formula
5http://www.sthda.com/english/wiki/unpaired-two-samples-wilcoxon-test-in-r
6https://www.statisticssolutions.com/free-resources/directory-of-statistical-analyses/

correlation-pearson-kendall-spearman/
7https://www.statisticssolutions.com/t-test/
8https://www.r-project.org/
9https://www.microsoft.com/en-us/microsoft-365/excel
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1. Broadness of sustainability analysis - The broadness of sustainability analysis assesses
the level of wide-coverage of sustainability effects in the SusAF. The quantitative met-
rics used to analyse the broadness are shown in Table 5:

Table 5: Broadness quantitative metrics

Metric Description

number of potential
effects

This metric presents the total number of potential effects identified by the partic-
ipants. Higher number of effects indicates more coverage of effects, contributing
to the higher broadness of the sustainability analysis.

number of positive
and negative effects

This metric gives us the insights on the broadness of the consequence of impacts
(either beneficial or adverse), contributing to overall broadness of sustainability
analysis. Higher number of positive and negative impacts signify higher broad-
ness per type of consequence„ contributing to higher broadness of sustainability
analysis.

average number of
effects per
dimension

This metric indicates the broadness within various dimensions of sustainability.
Higher number of effects per dimension indicate higher broadness per dimension,
contributing to higher broadness of sustainability analysis.

2. Depth of sustainability analysis - The depth of sustainability analysis assesses the in-
terconnection among the sustainability effects as mapped in the SusAD, and the quan-
titative metrics used to analyse the depth are shown in Table 6:

Table 6: Depth quantitative metrics

Metric Description

number of chains of
effects

The number of chains of effects represents the number of interconnected effects
which contribute to sustainability impact. Higher number of chains signify higher
detailed analysis of causal relationship between various effects identified.

average length of
chains of effect

This metric gives the average length of chains of effects linked in SusAD. Higher
length implies that participants were able to identify higher detailed causal link
among effects indicating better depth of analysis.

3. Timescale of sustainability analysis - The timescale of sustainability analysis assesses
the nature of the impacts over different time frames. As such, following three quanti-
tative metrics are used to analyse time scale as shown in Table 7:

In order to check the correctness of these order of effects, the order of effects for each
effect were categorized by the researcher and his classmate, and then compared with
the original data of the participants.
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Table 7: Timescale quantitative metrics

Metric Description

number of correctly
identified immediate
effects

Immediate effects contribute to the short-term or immediate consequence of impact
identified. Higher number of immediate effects indicate higher identification of
short-term effects.

number of correctly
identified enabling ef-
fects

Enabling effects signify a longer term effects as compared to the immediate effects,
and higher number of enabling effects indicate identification of more numbers of
longer term effect.

number of correctly
identified structural
effects

The structural effects signify the macro level effects that have possibilities to cause
structural changes. Higher number of enabling effects indicate identification of
long-term effects signifying long-term thinking compared to other effects.

4. Synthesis of SusAF - The synthesis includes translating effects into threats and oppor-
tunities, and developing actions to mitigate threats and support the opportunities. The
metrics used to analyze the synthesis is shown in Table 8:

Table 8: Synthesis quantitative metrics

Metric Description

number of
mitigating actions

These are the actions to mitigate the threats identified. Higher number of mitigat-
ing actions signify higher identification of threats, and reflects proactive nature to
address potential sustainability threats, and minimize their negative impacts.

number of
supporting actions

These are the actions to support the effects identified as opportunities. Higher num-
ber of supporting actions signify higher identification of opportunities, and reflects
proactive nature to address potential sustainability opportunities and maximize their
positive impacts.

3.5.3 Qualitative Analysis

Need for Qualitative Analysis: The quantitative metrics (3.5.2.2) used to analyse the results
from SusAF can provide some insights and indicators to explore sustainability mindset of the
participants. However, they do not capture the full complexity and depth of sustainability
mindset. Focusing only on the quantitative numbers related to effects would give a false
impression that higher number of effects indicates better sustainability mindset, which is not
always true, and hence the quantitative approach would be inadequate for the analysis. As
such, qualitative analysis is carried out for better understanding of the results. In order to do
the qualitative analysis, the following things are done.
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1. Firstly, all the effects were categorized into various themes, such that each theme in-
clude effects that are similar.

2. Themes consisting participants of different well-being groups, well-being activity group
etc. were identified for the qualitative analysis.

3. For each relevant themes, effects were classified into various levels of broadness,
depth, timescale, and synthesis factors, and comparative analysis among participants
belonging to different groups was done.

(a) Broadness of sustainability analysis
The broadness of sustainability analysis is assessed by level of coverage of sus-
tainability effects identified in the SusAF. Each effect is classified into one of the
three level of broadness: Basic (Effects that are specific and limited),Moderate
(Effects that cover certain domain but are not universal), and High (Effects that
cover wide range of scenario, globally).

(b) Depth of sustainability analysis
The depth of sustainability analysis is assessed by level of detail and thought put
in the sustainability effects. Each effect is classified into one of three level of
depth: Basic (Simple effect statement with no explanation), Moderate (Effects
statement with basic reasoning), and High (Effects that has detailed, multi-level
reasoning and include more thought)

(c) Timescale of sustainability analysis
The timescale of sustainability analysis is assessed by exploring the richness of
correctly identified structural effects. Each correctly identified structural effect
is classified into one of three level of richness: Basic (Simple and straightfor-
ward effect statement that only gives general overview),Moderate (Effect with
better exploration and impact in relevant scope with moderate level of impact),
and High (Effect that seems extensively explored and cause global wide-spread
discussions and cascading impacts).

(d) Synthesis of sustainability analysis
The synthesis of sustainability analysis an analyzed qualitatively by exploring
how well the participants manage to convey the actions to mitigate threats and
support the opportunities.

3.5.4 Data Analysis Summary

The overall summary of process of data analysis for this thesis is presented in Figure 5.
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Figure 5: Data Analysis Process
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4 Results

This section presents results based on the analysis of data collected through survey and
SusAF, which includes both quantitative and qualitative analysis.

4.1 Demographics

A total of 32 participants filled the survey form, among which 2 participants did not submit
the SusAF data, and hence their responses were excluded from the analysis. As a result, there
are 30 valid participants, and their demographics are presented as follows:

Table 9: Demographics by Age (n=30)

Demograhics Min Mean Median Max

Age (Years) 23 29.167 26 55

Table 10: Demographics by Gender, University, Faculty, Education Level (n=30)

Demographics Levels Count

Gender

Male 13

Female 13

Others 4

University

LUT 24

La Salle 6

Faculty

Software Engineering 24

IT 6

Education
Level

Masters degree - Year 1 24

Masters degree - Year 2 5

PhD - Year 2 1

As shown in Table 9 and Figure 6a, age of participants ranged from 23 - 55 years, with av-
erage age of 29.167 years, and maximum participants were 23 years old. Equal number of
participants were Male and Female (13 each) as indicated by Table 10. Majority of the par-
ticipants were Masters degree - Year 1 students (24), followed by Masters degree - Year 2 (5)
and Phd - Year 2 (1). Also, 80% of the participants were from LUT University (Software En-
gineering faculty), and remaining 20% from La Salle - Ramon Llull University (IT faculty).
The demographics are graphically illustrated in Figure 6.
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(a) Age

(b) Gender (c) Education Level

(d) University (e) Faculty

Figure 6: Distribution of Participants by demographics

4.2 Well-Being Statistics

In order to measure the well-being of participants, three standard instruments were used :
WHO-5, PWB and SWLS. The descriptive summary statistics for each instruments are pre-
sented below.
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4.2.1 WHO-5 Statistics

The Table 11 shown below gives descriptive statistics for each statement (Appendix A.1)
belonging to measure WHO-5 well-being score. It can be seen that the average of WHO-5
well-being score among all the participants is 14.233. The total score ranges from 4 (poor
well-being with possibility of depression) to 24 (very high score of well-being) indicating
high range of WHO-5 well-being score among the participants.

Table 11: WHO-5 well-being statistics (n=30)

Item Min Q1 Median Mean Q3 Max SD

who-1 1 3 3 3.167 4 5 0.95

who-2 0 2 3 2.8 3 5 1.126

who-3 1 2.25 3 3.067 4 5 1.048

who-4 0 1 2 2.233 3 4 1.135

who-5 1 2 3 2.967 4 5 1.066

who-total 4 11.5 15 14.233 16 24 4.141

Min: Minimum,Max: Maximum, Q1: First Quartile, Q3: Third Quartile, SD: Standard Deviation

who-total: Sum of score of all WHO-5 items

The calculated Cronbach’s alpha value of 0.839 presents a relatively high level of internal
consistency among various items of the WHO-5 well being instrument.

Similarly, based on the total score, the participants has been classified into two groups: Good
and Poor well-being, as shown in Table 12 below:

Table 12: WHO-5 well-being group

Status Count Min Q1 Median Mean Q3 Max SD

Good 22 13 15 15 16.136 17 24 2.606

Poor 8 4 8.75 10 9 11 11 2.828

It can be seen that 8 out of 30 participants have poor well-being (mean score 8.75) with score
ranging from 4-11, and remaining 22 (mean score 16.136) have good well-being with score
ranging from 13-24 [51].
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(a) WHO-5 Score Group (b) WHO-5 Items Scores

Figure 7: Distribution of Participants by WHO-5 score

4.2.2 PWB Statistics

The Table 13 shown below gives descriptive statistics for each statement belonging to mea-
sure PWB well-being score. The average of total PWB score among all the participants is
43.567, and the total score ranges from 25 to 55, with standard deviation value of 7.3.

Table 13: PWB well-being statistics (n=30)

Instrument Min Q1 Median Mean Q3 Max SD

pwb-1 2 4 5.5 5.2 6 7 1.324

pwb-2 4 5 6 5.567 6 7 0.898

pwb-3 1 5 5 5.133 6 7 1.383

pwb-4 3 5 5.5 5.333 6 7 1.124

pwb-5 4 5 6 5.8 6 7 0.887

pwb-6 2 5 6 5.8 7 7 1.324

pwb-7 1 4.25 6 5.233 6 7 1.633

pwb-8 2 5 6 5.5 6 7 1.042

pwb-total 25 40.5 46.5 43.567 48 55 7.3

pwb-total: Sum of score of all pwb-items

The calculated Cronbach’s alpha value of 0.878 presents a relatively high level of internal
consistency among various items of the PWB instrument.

Similarly, based on the total score, the participants has been classified into five different
groups as shown in Table 14. Out of 30 participants, only 2 of them were found to be slightly
dissatisfied psychological well-being, and 2 of them belonged to the neutral group. While
4 of them are slightly satisfied, 16 of them are Satisfied, 6 of them are extremely satisfied
based on the PWB total score.
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Table 14: PWB well-being group

Status Count Min Q1 Median Mean Q3 Max SD

Extremely Satisfied 6 49 50.25 51 51.333 51.75 55 2.066

Satisfied 16 42 43.75 47 45.625 47 48 2.277

Slightly Satisfied 4 35 37.25 39 38.25 40 40 2.363

Neutral 2 32 32 32 32 32 32 0

Slightly Dissatisfied 2 25 25.5 26 26 26.5 27 1.414

(a) PWB Score Group (b) PWB Items Scores

Figure 8: Distribution of Participants by PWB score

4.2.3 SWLS Statistics

The Table 15 shown below gives descriptive statistics for each statement belonging to mea-
sure SWLS score. It can be seen that the average of total SWLS score of participants is 24.1,
and the total score ranges from 16-33 with standard deviation of 4.196.

Table 15: SWLS statistics (n=30)

Instrument Min Q1 Median Mean Q3 Max SD

swls-1 1 4 5 4.667 5.75 7 1.322

swls-2 2 4 5 4.8 5 7 1.095

swls-3 1 5 6 5.267 6 7 1.311

swls-4 2 5 6 5.2 6 7 1.157

swls-5 1 3 4 4.167 6 7 1.704

swls-total 16 21 24.5 24.1 26 33 4.196

swls-total: Sum of score of all swls-items

The calculated Cronbach’s alpha value of 0.668 presents a moderate level of internal consis-
tency among various items of the SWLS instrument.
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Similarly, based on the total score, the participants has been classified into five different
groups as shown in Table 16 below:

Table 16: SWLS group

Status Count Min Q1 Median Mean Q3 Max SD

Extremely Satisfied 2 32 32.25 32.5 32.5 32.75 33 0.707

Satisfied 8 26 26 26.5 27.5 29.25 30 1.852

Slightly Satisfied 15 21 21.5 24 23.2 25 25 1.699

Neutral 1 20 20 20 20 20 20 -

Slightly Dissatisfied 4 16 16 17.5 17.5 19 19 1.732

It can be observed that four out of 30 participants belong to slightly dissatisfied group based
on SWLS score, and one of them belong to the neutral group. 15 of them are slightly satisfied,
8 are satisfied, and 2 participants have extremely satisfied life, based on the SWLS score.

(a) SWLS Score Group (b) SWLS Items Scores

Figure 9: Distribution of Participants by SWLS score

Selection of well-being group: Looking at the well-being statistics, it can be observed that
higher number of participants have poor well-being (8 out of 30) based on WHO-5 score,
as compared to PWB (2 out of 30 belong to slightly dissatisfied group), and SWLS (4 out
of 30 belong to slightly dissatisfied group). The slightly dissatisfied groups of PWB and
SWLS constitute very small sample group for statistical and qualitative analysis. Also, it
was observed that all the participants with slightly dissatisfied PWB status, and 3 out of 4
participants with slightly dissatisfied SWLS status had belonged to poor WHO-5 well-being
status. Hence, WHO-5 based group is selected for the group-based comparison as presented
in Table 17. However, for the correlation analysis, all three instruments have been used.

38



Table 17: Selection of well-being group (n=30)

Instrument Count Remarks

WHO-5 Poor (8)

Good (22)

Relatively larger sample size between
two groups compared to PWB and
SWLS
(Selected for grouped statistics)

PWB Slightly Dissatisfied (2)

Neutral, Slightly Satisfied,
Satisfied, Extremely Satisfied (28)

- Very small sample size between
groups
- All slightly dissatisfied participants
have poor WHO-5 well-being status
(Rejected for grouped statistics)

SWLS Slightly Dissatisfied (4)

Neutral, Slightly Satisfied,
Satisfied, Extremely Satisfied (26)

- Very small sample size between
groups
- 3 out of 4 dissatisfied participants
have poor WHO-5 well-being status
(Rejected for grouped statistics)

4.3 Well-Being Activities Statistics

This section presents the statistics on well-being activities done by the participants. Par-
ticipants were asked to list out the activities they do for their physical well-being, mental
well-being, and any other activities for their well-being separately in the survey.

Among 30 participants, 7 of them do not do any activities for their well-being, and remaining
23 do various activities for their well-being. All of the 23 participants do activities for their
physical well-being, 22 of them do activities for their mental-well being, and 21 of them do
other activities for their well-being. Figure 10 presents the summary of statistics for well-
being activities along with hours per week invested by participants for various well-being
activities.
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Figure 10: Well-Being Activities Statistics

Among various activities done for physical well-being, gymming (12) and walking (12) are
topmost activities done by participants. For mental-well being,meditation (5) is the topmost
activity done, followed by breathing exercises (3), connecting with nature (3), walking (3),
and others. Similarly, cooking (10) was done most by the participants as other activities for
their well-being. The word clouds shown in Figure 11 illustrates various activities done by
the participants for their well-being. The size of each word in the word cloud corresponds to
the frequency of that particular activity among the participants of this study.
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(a) Physical well-being activities (b) Mental well-being activities

(c) Other activities for well-being

Figure 11: Word cloud of various well-being activities

Selection of well-being activities for comparative analysis: In order to do the comparative
analysis among participants based on well-being activities, three different categories have
been selected. They are shown in table 18 below.

Table 18: Categories of well-being activities for comparative analysis (n=30)

Category Count Description

Well-being activity Yes (23)

No (7)

Two groups based on whether participants did any
activities for their well-being

Breathing Exercises

or Meditation

Yes (8)

No (22)

Groups based on whether participants did any
breathing exercises or meditation for their mental
well-being

Gymming Yes (12)

No (18)

Groups based on whether participants did gym-
ming for their physical well-being
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4.4 Sustainability Familiarity Summary

This section includes results on various sources that contribute to the participant’s familiarity
with sustainability, activities that they do for sustainability in their daily lives. Participant’s
understanding for the term “sustainability” is presented in Appendix D

4.4.1 Source for familiarity with sustainability

In order to understand the extent to which various sources have contributed to the familiarity
with sustainability, the participants were asked to rate from 1 - 5 on five different source-
statements. The summary of the familiarity with sustainability is shown in Table 19.

Table 19: Sustainability Familiarity Source Statistics (n = 30)

Sources for familiarity Not at all
(1)

To a small
extent (2)

To some
extent (3)

To a great
extent (4)

To a very great
extent (5)

I read about sustainability from
news, websites, and social media

0 4 13 11 2

I discuss about sustainability
with my friends, families or
colleagues

0 6 11 8 5

I have read books (at least one)
about sustainability

3 5 8 5 9

I learn through active engage-
ment in community activities or
political action

5 11 9 4 1

I study about sustainability in
academic courses

0 2 5 8 15

In general, it can be observed that most of the participants read about sustainability and dis-
cuss about sustainability with in their circles from small to a very great extent, with highest
numbers belonging to the group of ‘to some extent (rating = 3)’. Small number of participants
(2) have not read any book about sustainability. 5 participants did not engage in community
or political activities to learn about sustainability, and 11 of them engage in these activities
to a small extend (rating = 3), indicating less participant learnt about sustainability through
these activities. Similarly, half of the participants (15) highlighted that they studied about
sustainability in academic courses to a very great extent (rating = 5).
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Overall, it can be observed that that most of the sources highly contribute to the familiarity
of participants with sustainability, except for active engagement in community activities or
political action, which has less contribution compared to other sources.

4.4.2 Activities for sustainability in daily life

A total of 47 unique activities were listed as activities done by participants for sustainability
in daily lives, which is presented as a word cloud in Figure 12. The size of each word in the
word cloud corresponds to the frequency of that particular activity among the participants.

Among these activities, recycling was done by most of the participants (10), followed by
avoiding electric energy wastage (7), waste segregation (5), and then others.

Figure 12: Activities for Sustainability in daily life

4.5 Sustainability Mindset Statistics

This section presents statistics on the measurements of sustainability mindset which includes
belief, attitude, and intention towards sustainability, along with various quantitative metrics
obtained from the SusAF analysis.
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4.5.1 Belief towards Sustainability

Table 20 shows that the mean score of five items (except for statement B4) for belief related
to sustainability range from 3.8 - 4.267, agreeing to feeling more obliged to do something for
environmental and social problems, and take responsibility for sustainable development. For
the statement of B4 about humans having right to subdue and control the nature, the mean
score was 2.933, indicating lesser level of belief with this statement compared to others.

Table 20: Sustainability Belief Statistics (count = 30)

ID Statement Median Mean SD

B1 I feel more morally obliged to do something about environmental
problems.

4 4.2 0.551

B2 I feel more morally obliged to do something about social problems. 4 3.967 0.615

B3 I think I should take more responsibility for sustainable develop-
ment.

4 4.267 0.583

B4 I believe that humans have the right to subdue and control nature. 3 2.933 1.311

B5 I believe that humans should adapt to nature rather than modify it
to suit them.

4 4.033 1.066

B6 I think it is important to control human population to ensure social
sustainability.

4 3.8 1.095

4.5.2 Attitude towards Sustainability

Table 21 shows that themean score of eleven items for attitude related to sustainability (except
A6 and A13) range from 3.8 - 4.533, agreeing higher with these statements. For the statement
of A13 about willing to pay more for energy-efficient products (mean = 3.467), and A6 about
refusing the use of packaging (mean = 3.2), the mean score was comparatively lower than
other statements indicating lesser agreement with these statements.
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Table 21: Sustainability Attitude Statistics (n = 30)

Id Statement Median Mean SD

A1 I am more aware of current environmental, social, economic and
cultural issues

4 4.267 0.583

A2 I can analyse issues related to sustainable development more holis-
tically

4 3.8 0.664

A3 I am more concerned about environmental pollutions 4 4.067 0.691

A4 I am more willing to safeguard sustainable development 4 3.967 0.615

A5 I make an effort to use green products and services whenever pos-
sible

4 4.1 0.759

A6 I refuse the use of packaging 3 3.2 0.805

A7 I set aside garbage for reuse, recycling or safe disposal 5 4.533 0.681

A8 I reduce the use of air-conditioning, lighting and domestic electrical
appliances

4 4.067 0.944

A9 I consciously make a change in my lifestyle to reduce my carbon
footprint

4 4.067 0.868

A10 I consciously reduce the amount of wastes generated frommy daily
activities

4 4.067 0.785

A11 I make an effort to use energy and resources more efficiently 4 4.3 0.466

A12 I reduce water consumption 4 3.867 0.973

A13 I am willing to pay more for energy-efficient products 4 3.467 1.008

4.5.3 Intention towards Sustainability

Table 22 shows that participants have higher mean score ranging from 3.933 to 4.433 for all
the statements related to the intention towards sustainability, indicating that they have better
intention towards sustainability.

45



Table 22: Sustainability Intention Statistics (n = 30)

Id Statement Median Mean SD

I1 I prefer to work for an environmentally responsible employer in the
future

4.5 4.4 0.675

I2 I prefer to work for a socially responsible employer in the future 5 4.433 0.679

I3 I intend to change/continue to change my lifestyle for better sus-
tainability

4 4.367 0.615

I4 I will promote the concept of sustainable development to my family
and friends

4 4.367 0.615

I5 I will participate in campaigns/causes that promote sustainable de-
velopment

4 3.933 0.785

I6 I will apply the concept of triple bottom line ( Economic, Social,
Environmental impacts) more in making decisions

4 3.967 0.669

4.6 SusAF Results Descriptive Summary

This section contains the overall summary of SusAF results for various metrics as shown in
Table 23. A total of 522 effects were identified by 30 participants, with 220 positive and 302
negative effects. Most of the effects were identified for Individual dimension (131) followed
by Social (113), Economic (107), Environmental (90) and Technical (81). Among all the
effects identified, 32 immediate effects, 119 enabling effects, and 49 structural effects were
correctly identified. A total of 40 opportunities and 88 threats with corresponding actions
were listed by the participants.
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Table 23: SusAF Descriptive Summary (n=30)

Metric Count Min Q1 Median Mean Q3 Max SD

Effects 522 5 11.25 16.5 17.4 20 42 7.868

Positive 220 1 3.25 7 7.333 9.5 20 4.943

Negative 302 2 7.25 9 10.067 12 22 4.339

Social 113 1 2.25 4 3.767 4 10 1.87

Individual 131 1 3 4 4.367 6 9 2.109

Environmental 90 0 2 3 3 4 6 1.414

Economic 107 1 2 3 3.567 4 11 2.269

Technical 81 1 2 2 2.7 3 9 1.803

Immediate(correct) 32 0 1 1 1.067 1.75 3 0.785

Enabling(correct) 119 0 2 3 3.967 4 19 3.855

Structural(correct) 49 0 0 1 1.633 2 9 2.092

Opportunities 40 0 0 1 1.333 2 8 1.729

Threats 88 0 1 2 2.933 4 11 2.677

Immediate(correct), Enabling(correct) and Structural(correct) are the count of effects that have been correctly categorized

into corresponding order of effects as explained in Table 7.
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4.7 Results for Sub RQ1: Well-Being and Belief, Attitude, and Intention to-
wards sustainability

This section contains correlation analysis among three instruments of well-being and belief,
attitude and intention towards sustainability, as well as statistical analysis to compare the
significant difference on the value of belief, attitude, and intention among various groups of
participants based on the well-being score. As such, the results in this section address the
sub-research question ‘Sub RQ1: What is the relationship of well-being of the students
with their belief, attitude, and intention towards sustainability?’.

4.7.1 Correlation Analysis

Table 24 1 presents the kendall’s correlation (τ) with corresponding p-value between well-
being scores obtained from the three instruments (WHO-5, PWB, and SWLS) and statements
related to belief, attitude, and intention towards sustainability.

It can be observed that no significant correlation was found among the well-being scores
(WHO-5, PWB, SWLS) and the statements related to belief, attitude and intention towards
sustainability, as p-value for all the pairs are greater than 0.05. For the WHO-5 and a state-
ment related to intention (I2: I prefer to work for a socially responsible employer in the
future), there was no correlation (p-value=1), signifying no association between this pair.
And for all other pairs, the observed associations were either negligible positive or negligible
negative.

1In Table 24, the negative value of τ signifies negative association whereas the positive value of τ signifies
positive association between the variables. A statistically significant correlation is highlighted by the symbol
*, and absence of * signifies that the correlation between the variables is not statistically significant and there
is not enough evidence to conclude that there is a meaningful relationship between the variables.
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Table 24: Correlation of well-being scores with belief, attitude, and intention towards sus-
tainability

Statement WHO-5 score PWB score SWLS score

coeff (τ) p-value coeff (τ) p-value coeff (τ) p-value

Belief Items

B1 -0.059 0.708 0.064 0.679 0.064 0.679

B2 0.105 0.496 0.022 0.883 0.003 0.983

B3 0.073 0.643 0.151 0.326 0.174 0.259

B4 -0.122 0.406 -0.188 0.191 -0.175 0.224

B5 0.15 0.315 0.11 0.456 0.085 0.566

B6 0.017 0.907 -0.269 0.068 -0.1 0.502

Attitude Items

A1 0.106 0.5 0.247 0.108 0.275 0.076

A2 -0.22 0.154 -0.096 0.527 -0.08 0.598

A3 0.262 0.089 0.134 0.376 0.141 0.354

A4 0.184 0.234 0.057 0.705 0.01 0.95

A5 0.189 0.223 0.29 0.057 0.246 0.108

A6 -0.009 0.952 0.24 0.107 0.164 0.274

A7 0.239 0.131 0.246 0.114 0.119 0.448

A8 -0.018 0.907 0.054 0.713 -0.257 0.085

A9 -0.045 0.768 0.092 0.534 0.015 0.923

A10 0.081 0.592 0.044 0.768 -0.233 0.121

A11 0.011 0.945 0.154 0.328 -0.134 0.4

A12 0.062 0.675 0.077 0.597 -0.1 0.497

A13 -0.061 0.686 0.032 0.826 0.074 0.616

Intention Items

I1 0.151 0.331 0.205 0.179 0.009 0.952

I2 0 1 0.095 0.531 -0.037 0.809

I3 0.263 0.093 0.262 0.089 0.157 0.311

I4 -0.058 0.713 0.131 0.395 -0.044 0.777

I5 0.251 0.097 0.23 0.122 0.155 0.3

I6 0.006 0.967 -0.006 0.968 -0.129 0.396

The statements related to belief, attitude, and intention are available in Appendix B
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4.7.2 Group Comparison (good vs poor well-being group)

The significant difference on the value of belief, attitude, and intention was compared among
poor and good well-being groups based on theWHO-5 well-being scores using theWilcoxon
rank sum test. The results are presented in Table 25.

Table 25: Comparison of belief, attitude, and intention statements score among good and
poor well-being group

Statement p-value Statement p-value

Belief Items Intention Items

B1 0.321 I1 0.45

B2 0.891 I2 0.937

B3 0.464 I3 0.599

B4 0.215 I4 0.875

B5 0.073 I5 0.045*

B6 0.485 I6 0.916

Attitude Items (1-7) Attitude Items (8-13)

A1 0.464 A8 0.326

A2 0.396 A9 0.595

A3 0.261 A10 0.858

A4 0.642 A11 0.745

A5 0.379 A12 0.902

A6 0.776 A13 0.677

A7 0.827

The statements related to belief, attitude, and intention are available in Appendix B

Based on the p-value obtained for the Wilcoxon test, it can be said that values of belief, at-
titude, and intention statements between good and poor WHO-5 well-being groups are not
significantly different, except for WHO-5 and intention statement (I5: I will participate in
campaigns/causes that promote sustainable development) whose p-value is 0.045 (<0.05).
Considering this significant difference, right-tailed Wilcoxon test was carried out among
good and poor well-being groups such that,
The null hypothesis is “There is no difference in the value for Intention (I5) statement be-
tween good well-being and poor well-being groups”, and
The alternative hypothesis is “The value for Intention (I5) statement for good well-being
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group are greater than ratings for poor well-being group”.

The observed p-value was 0.022 (<0.05), based on whichwe can reject the null hypothesis,
and accept the alternative hypothesis concluding that there is strong evidence to suggest that
the value of Intention (I5) statements are higher for good well-being group compared to poor
well-being group.

4.8 Results for Sub RQ2: Well-Being activities group and Belief, Attitude and
Intention towards Sustainability

This section of results addresses the sub-research question ‘Sub RQ2: What are the dif-
ferences in the belief, attitude, and intention of students towards sustainability among
group of participants based on their well-being practices?’.

To get the answers to Sub RQ2, significant difference on the value of belief, attitude and
intention statements within various groups of participants based on well-being activities,
breathing practices or meditation, and gymming (as presented in Table 18) was compared
using Wilcoxon ranksum test. The results of the group comparison are shown in Table 26.

No significant difference was found for all the statements related to belief, attitude, and in-
tention among the groups based on well-being activity and breathing exercises or meditation.
For the groups based on gymming, significant difference was found for Attitude statement
(A11: I make an effort to use energy and resources more efficiently) and Intention statement
(I2: I prefer to work for a socially responsible employer in the future), indicating that the
groups who do and do not do gymming have different values for these two statements.

For Gymming and Attitude (A11) statement (I make an effort to use energy and resources
more efficiently), the observed p-value was 0.004. Considering this statistically significant
difference, right-tailed Wilcoxon test was carried out among the groups who do gymming,
and do not do gymming, such that The null hypothesis is “There is no difference in the value
of Attitude (A11) statement between gymming and non-gymming groups”, and
The alternative hypothesis is “The value of Attitude (A11) statement for gymming group are
greater than value for non-gymming group”.

The observed p-value was 0.9982 (>0.05), based on whichwe fail to reject the null hypoth-
esis, and conclude that there is not enough evidence to support the alternative hypothesis.

Similarly for Gymming and Intention statement (I2: I prefer to work for a socially responsible
employer in the future), the observed p-value for the right-tailedWilcoxon test was 0.9844 (p
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> 0.005), indicating that we do not have enough evidence to support our alternative hypothesis
that gymming groups have better value for Intention (I2) compared to non-gymming groups.

Table 26: Comparison of belief, attitude, and intention statements score within groups based
on well-being activities (WBA), breathing practices or meditation (BPM), gymming (GYM)

Statement WBA
(p-value)

BPM
(p-value)

GYM
(p-value)

Belief Items

B1: I feel more morally obliged to do something about environmental problems. 0.225 0.35 0.818

B2: I feel more morally obliged to do something about social problems. 0.607 0.888 0.361

B3: I think I should take more responsibility for sustainable development 0.183 0.262 0.941

B4: I believe that humans have the right to subdue and control nature. 0.347 0.577 1

B5: I believe that humans should adapt to nature rather than modify it to suit them. 0.405 0.876 0.381

B6: I think it is important to control human population to ensure social sustainability. 0.657 0.046 0.702

Attitude Items

A1: I am more aware of current environmental, social, economic and cultural issues. 0.59 0.666 0.713

A2: I can analyse issues related to sustainable development more holistically. 0.136 0.192 0.288

A3: I am more concerned about environmental pollutions. 0.647 0.158 0.639

A4: I am more willing to safeguard sustainable development. 0.886 0.142 0.348

A5: I make an effort to use green products and services whenever possible. 0.438 0.245 0.206

A6: I refuse the use of packaging. 0.291 0.745 0.944

A7: I set aside garbage for reuse, recycling or safe disposal. 0.375 0.058 0.767

A8: I reduce the use of air-conditioning, lighting and domestic electrical appliances 0.713 0.032 0.107

A9: I consciously make a change in my lifestyle to reduce my carbon footprint 0.979 0.512 0.138

A10: I consciously reduce the amount of wastes generated from my daily activities 0.393 0.296 0.076

A11: I make an effort to use energy and resources more efficiently 0.323 0.191 0.004*

A12: I reduce water consumption 0.504 0.356 0.054

A13: I am willing to pay more for energy-efficient products 1 0.893 0.221

Intention Items

I1: I prefer to work for an environmentally responsible employer in the future 0.231 0.384 0.127

I2: I prefer to work for a socially responsible employer in the future 0.805 0.897 0.035*

I3: I intend to change/continue to change my lifestyle for better sustainability 0.582 0.389 0.393

I4: I will promote the concept of sustainable development to my family and friends 0.869 0.748 0.128

I5: I will participate in campaigns/causes that promote sustainable development 0.033 0.098 0.566

I6: I will apply the concept of triple bottom line ( Economic, Social, Environmental
impacts) more in making decisions

0.913 0.968 0.394

WBA: Well-being activities based group; BPM: Breathing practices or meditation based group GYM: Gymming based group
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4.9 Results for Sub RQ3: Well-being and SusAF Analysis

This section addresses the sub-research question ‘Sub RQ3: What is the relationship of
well-being of the students with their consideration for sustainability effects of software
products and services?’

To address Sub RQ3, quantitative analysis related to well-being and various metrics of the
four factors of the SusAF analysis (Broadness, Depth, Timescale, and Synthesis) was carried
out. This includes Kendall’s correlation between well-being score from the three instruments
with SusAF metrics, and Wilcoxon rank sum test to make comparison of the metrics among
participants belonging to good and poor well being groups. And then, qualitative analysis
was carried out to analyze if either of the groups have better SusAF analysis for the factors.

4.9.1 Correlation Analysis: Quantitative

Table 27 presents Kendall’s correlation amongwell-being scores (WHO-5, PWB, and SWLS)
with the metrics for Broadness, Depth, Timescale and Synthesis factors of SusAF.

Table 27: Correlation of well-being scores with the metrics of SusAF factors

Metric WHO-5 score PWB score SWLS score

coeff (τ) p-value coeff (τ) p-value coeff (τ) p-value

Broadness Metrics (n=30)

No. of potential effects 0.015 0.913 0.123 0.358 0.177 0.188

No. of positive effects -0.205 0.139 0.130 0.338 0.012 0.928

No. of negative effects 0.211 0.128 0.118 0.384 0.268 0.050

Avg. no. of effects per dimension 0.015 0.913 0.123 0.358 0.177 0.188

Depth Metrics (n=27)

No. of chains of effects -0.065 0.666 0.047 0.749 0.009 0.949

Avg. length of chains of effect -0.069 0.637 0.237 0.099 0.033 0.816

Timescale Metrics (n=30)

No. of immediate effects 0.093 0.540 0.052 0.725 0.085 0.571

No. of enabling effects -0.016 0.912 -0.104 0.454 0.013 0.927

No. of structural effects -0.088 0.545 0.145 0.312 0.043 0.764

Synthesis Metrics (n=30)

No. of mitigating actions -0.017 0.908 0.109 0.458 0.067 0.648

No. of supporting actions 0.209 0.14 0.14 0.315 0.209 0.134

No. means Number, and Agv. means Average
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Based on the p-value as observed in Table 27, no significant correlation was found among
well-being instruments score (WHO-5, PWB, and SWLS) with the metrics of the factors
used to quantitatively analyse SusAF results. Also, the existing association was found to be
negligibly positive or negligibly negative.

4.9.2 Group Comparison (good vs poor well-being group): Quantitative

The significant difference on the metrics used in the factors of SusAF analysis (Broadness,
Depth, Timescale, and Synthesis) among the good and poor well-being groups based on the
WHO-5 well-being score was compared using right-tailed Wilcoxon rank sum test, such that
for each metric (M) the hypotheses are:
Null Hypothesis: “There is no difference in value of metric (M) identified by good well-
being and poor well-being groups”, and
Alternative Hypothesis: “The value of metric (M) for good well-being group is greater
than that of poor well-being group”

The results of this hypothesis testing among good and poor well-being groups and eachmetric
are presented in Table 28.

Table 28: Comparison of metrics of SusAF factors among participants from good and poor
well-being group

Metric p-value Metric p-value

Broadness (n=30)

No. of potential effects 0.120 No. of positive effects 0.528

No. of negative effects 0.034* Avg. No. of effects per dimension 0.115

Depth (n=27)

No. of chains of effects 0.559 Avg. length of chains of effect 0.833

Timescale (n=30)

No. of immediate effects 0.032* No. of enabling effects 0.122

No. of structural effects 0.823

Synthesis (n=30)

No. of mitigating actions 0.470 No. of supporting action 0.177

As highlighted in Table 28, for onemetric of broadness (number of negative effects, p=0.034),
and onemetric of timescale (number of immediate effects, p = 0.032), the observed p-values
were less than 0.05, implying that we have enough evidence to reject the null hypothesis and
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claim that the good well-being groups have greater number of negative effects and im-
mediate effects identified compared to the poor-well being groups. However, for all other
metrics, we do not have enough evidence to reject the null hypothesis.

4.9.3 Well-being and SusAF Analysis : Qualitative

This section includes qualitative analysis to analyze the SusAF results among participants
belonging to good and poor well-being groups and compare participants belonging to which
group has better SusAF analysis. This is explored by qualitatively assessing the factors:
broadness, depth, timescale, and synthesis for effects identified (as explained in 3.5.4).

4.9.3.1 Theme classification for Analysis

Firstly, the effects identified by participants were grouped in various themes of each dimen-
sion. The number of themes identified in each dimension is presented in Table 29. As seen
in the table, social dimension has highest number of themes (32) followed by Economic (29),
Individual (28), Environmental (19) and Technical (18) dimensions.

The themes for each dimension with number of effects belonging to each theme are presented
in Appendix F.

Table 29: Number of themes per dimension

Dimension (Number of effects) Number of themes

Social (113) 32

Economic (107) 29

Individual (131) 28

Environmental (90) 19

Technical (82) 18

4.9.3.2 Theme filtration for Analysis

Each theme consists of number of participants who belong to either poor or good well-being
group. The themes consisting of comparable number of participants from both poor and good
well-being groups were selected for comparative analysis of effects among participants from
these groups. Table 30 contains the summary of classification and grouping of effects among
the groups and different dimension. It can be seen that the number of themes identified where
all the participants have good well-being is considerably higher than those with poor well-
being in all five dimensions.
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Table 30: Classification of themes per dimension based on well-being group of participants

Theme-based groups Social
(32)

Individual
(28)

Environm
ental (19)

Economic
(29)

Technical
(18)

Total
(126)

All participants have good
well-being

18 13 9 14 8 62

All participants have poor
well-being

3 2 0 2 3 10

Mixed good-poor well-being
participants

11 13 10 13 7 54

4.9.3.3 Well-being and Broadness Analysis

Among 54 themeswith participants from good aswell as poor well-being, it was observed that
the broadness of sustainability effects were better for participants with both good (4 themes)
and poor (2 themes) well-being, and for most of the themes (47 themes) the comparison
results was not conclusive as summarized in Table 31. Based on the qualitative analysis, no
appropriate evidence was found to conclude if participants from either of group has better
broadness analysis, as the number of themes that had conclusive results were very less.

For examples, for the theme Information security issues participants having good well-
being have better broadness, and for the theme Improved task efficiency, participants of poor
well-being group have better depth, where as for the theme Personalized Recommendation,
the depth were similar and hence the result was inconclusive, as shown below.

Theme: Improved Task Efficiency (n=4)
This theme had 4 participants with 2 participants having poor well-being and 2 participants having good
well-being. Both participants with good well-being identified effects with moderate level of broadness,
where as both participants with good well-being identified effects with high level of broadness in this
theme. As such, for this theme, participants with poor well-being have better broadness. Some
examples of the effects identified by the participants are as follows:

• (Poor well-being, Moderate Broadness)
Reduction in the probability of making errors in tasks

• (Good well-being, Basic Broadness)
Efficiency in coding can assist programmers by providing solutions

Above, it can be seen that a participant with good well-being only focuses on programmers (limited
domain), where as a participant with poor-well being mentions about reduction of error making in task
(wider coverage)
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Theme: Reduce Waste, Energy, and resources (n=8)
This theme had 8 participants with 5 participants having good well-being and 3 participants having poor
well-being.
Two participants of good well-being identified effects with high level of broadness, and remaining all
participants had identified moderately broad effects. As such, for this theme, participants with good
well-being have better broadness. Some examples of the effects identified by the participants are as
follows:

• (Poor well-being, Moderate Broadness)
ChatGPT could help reduce waste and pollution by fact checking wrong claim about climate
change

• (Good well-being, High Broadness)
Reduction of the carbon footprint

Here a participant with poor well-being specifically focuses on fact checking on claim about climate
change to help reduce waste and pollution (limited to fact checking), where as a participant from good
well-being focuses on reduction of carbon footprint which seems to have wider coverage.

Theme: Personalized Recommendation (n=4)
This theme had effects from 4 participants with 3 participants having good well-being and 1 participants
having poor well-being.
All the participants had similar level of moderate broadness. As such, for this theme, it was inconclu-
sive if participants from either of well-being groups had better broadness for this theme. Some
examples of the effects identified by the participants are as follows:

• (Poor well-being, Moderate Broadness)
Get personal recommendations for diet, exercise

• (Good well-being, High Broadness)
Personalized recommendations

Here all the effects have similar broadness among both poor and good well-being participants, hence
the comparison result is inconclusive.

4.9.3.4 Well-being and Depth Analysis

Among 54 themes consisting of participants from good and poor well-being, 12 themes had
better depth analysis for participants with each good, and 12 for poor well-being, and 30
themes had inconclusive results, as summarized in Table 31. Based on the qualitative analysis
enough evidence could not be found to support if participants belonging to either of the groups
have better depth analysis of SusAF results.

For examples for themes Save Time and Effort, Energy by Hardware and Infrastruc-
tures, and Impact on Employment, participants from good well-being group have better
depth analysis, and for themeDiminished self-value, those from poor well-being group have
better depth compared to others as shown below.
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Theme: Energy by Hardware and Infrastructure (n=13)
This theme had 13 participants with 10 participants having good well-being and 3 participants having
poor well-being. All the effects identified by 3 participants from poor well-being group had basic depths.
For good well-being, 7 of effects had basic depths and 3 had moderate depths. Overall, for this theme,
participantswith goodwell-being have better depth analysis. Some examples of the effects identified
by the participants are as follows:

• (Good well-being, Moderate Depth)
– Consumes lots of energy via servers and data centers for service resides. To produce the energy,
fossil fuels or coals need to be burned, which results in waste and pollution

• (Poor well-being, Basic Depth)
– High energy consumption of data centers

Here, it can clearly be seen that a participant with poor well-being only states the high energy consump-
tion of data centers, where as the one with good well-being explain the impact is much depth.

Theme: Impact on Employment (n=23)
This theme had 23 participants with 19 participants having good well-being and 4 participants having
poor well-being. All the participants with poor well-being identified effects with basic depths, where as
10 good well-being participants identified effects with basic depths, and remaining 9 identified effects
with moderate depths. Overall, for this theme, participants with good well-being have better depth
analysis. Some examples of the effects identified by the participants are as follows:

• (Good well-being, Moderate Depth)
– ChatGPT can reduce monetary value by increasing unemployment and replacing humans

• (Poor well-being, Basic Depth)
– ChatGPT already replaces most work within CRM in many company.

Here, a participant with poor well-being mentions about replacement of work because of ChatGPT,
whereas a participant with good well-being mentions about its implication on reduction of monetary
value.

Theme: Diminished self-value (n=4) This theme had 4 participants, with 1 participant having poor
well-being, and 3 having good well-being. A participant with good well-being identified effect with
moderate depth, where as remaining all participants had basic depths, irrespective of well-being. Some
examples of effects are as follows:

• (Good well-being, Basic Depth)
– Make a person feel under-valued

• (Poor well-being, Moderate Depth)
– Can make person feel undervalued because there will be a threat of one’s irrelevant if the AI
can easily do what someone does.

Here, the effect identified by participant with poor well-being has better depth as it provides
reason for making person feel undervalued, where as the participants (1 out of 3 shown above)
with good well-being fail to provide detailed reasoning.
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Theme: Save Time and Effort (n=9)
This theme had 9 participants with 5 participants having good well-being and 4 participants having
poor well-being. Among 4 poor well-being participants, 3 identified effects with basic depths, and 1
identified effect with moderate depth. For 5 participants with good well-being, 3 had basic depths,
where as 2 had moderate depths of effects identified. Overall, for this theme, participants with good
well-being have better depth analysis. Some examples of the effects identified by the participants are
as follows:

• (Good well-being, Moderate Depth)
– Support or assist individual in a tight schedule eg. summarize a paper so that individual spends
only few minutes to read the summary instead of whole paper
– Can save a lot of time which gives sense of productivity (can ask it to correct text for spelling,
find bugs in code etc.)

• (Poor well-being, Basic Depth)
– More free time
– Save Time

Among the 9 effects available under this theme (above 4 listed), the participants from poor well-being
group only point out the effects, where as some participants with good well-being have better reasoning
and explanations for the effect.

4.9.3.5 Well-being and Timescale Analysis

In order to assess the timescale of effects, the richness of effects were checked for the total of
49 correctly identified structural effects, and comparative analysis was done. The total num-
ber of themes were 29, among which 22 of them had only one correctly identified structural
effects, and 7 themes has more than one effect. Among these 7 themes, 2 themes had effects
from purely good well-being group.

Among 49 effects, 14 were from participants with poor well-being, and remaining 35 effects
belonged to participants with good well-being. Quantitatively, it can be observed that par-
ticipants who belong to good well-being group have higher number of moderate richness for
timescale analysis. However, upon analysing the richness of structural effects for the 5 com-
parable themes, enough evidence could not be gathered to support if participants belonging
to either of the group has better timescale analysis of SusAF results.

Some of the examples of the effects with richness of the structural effects identified by par-
ticipants with good and poor well being are presented below
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Theme: Impact on Employment (n=11)
Among 11 structural effects correctly identified in this theme, 4 of them were from participants hav-
ing poor well-being (4 basic richness) and 7 from those with good well-being (1 moderate richness, 6
basic richness). Overall, on comparison, the timescale factor was inconclusive for this theme. Some
examples of the effects identified by the participants are as follows:

• (Poor well-being, Basic Richness)
– Job loss in sectors such as user support
May change job of people such as common CS

• (Good well-being, Basic Richness)
– Job displacement in some sectors such as customer service, language teaching

The participants from poor well-being group and good well-being groups have similar richness for these
structural effects. They are simply stated and lack explanations and supporting details

Theme: Inequity and Inequality in Society (n=4)
Among 4 structural effects correctly identified in this theme, 2 of them were from participants having
poor well-being (1 basic and 1 moderate richness) and 2 from those with good well-being (1 basic and
1 moderate richness). Overall, on comparison, the timescale factor was inconclusive for this theme.
Some examples of the effects identified by the participants are as follows:

• (Good well-being, Basic Richness)
– Inequality based on social status, gender, race, religion

• (Poor well-being, Basic Richness)
– Possibility of amplifying gender or race biases

The participants from poor well-being group and good well-being groups have similar richness for these
structural effects.

4.9.3.6 Well-being group and Synthesis Analysis

In order to assess the synthesis of sustainability analysis, the actions to mitigate threats and
support opportunities were qualitatively analysed.

Opportunities and Supporting Actions: A total of 40 opportunities had corresponding sup-
porting actions, where 8 belonged to participants had poor well-being and 32 had good well-
being. Among the supporting actions identified, only some of them were conveyed well by
participants having poor and good well-being. Among those actions that are conveyed
well, the participants from poor well-being group were able to convey in much better
way than those of good well-being group.

Some of the examples of the supporting actions that have been conveyed well by participants
having different well-being are presented below.
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Properly conveyed supporting actions for opportunities by participants having good well-being

• Opportunity: Greater efficiency and effectiveness of workers
Supporting Action: It is necessary to train workers in the use of ChatGPT so that they can make
the most of it without compromising sensitive data

• Opportunity: Creating new business models based on the use of ChatGPT (plugins or
APIs)
Supporting Action: Promote collaboration with developers and companies to create plugins
and APIs that allow the integration of ChatGPT into various applications and services

• Opportunity: Decreases the effort to obtain information or perform tasks related to texts
(summaries, compositions)
SupportingAction: Improve the algorithm to enable personalized summaries based on demand
and perform more precise searches. Continuous training of the AI

Properly conveyed supporting actions for opportunities by participants having poor well-being

• Opportunity: Improvement in production tasks that can be performed by AI
Supporting Action: There are many tasks that can be optimized using AI, providing greater
efficiency to companies. Actions to take would be adopting this technology in different areas
where behavior is entirely analytical and does not involve emotional or ethical biases, always
under supervision and training of a person. Therefore, as a company, we need to make known
and explain the ethical and social limitations of this tool and promote its more analytical and
assisting/facilitating use.
Training individuals to transition from operators to verifiers, prompters, or quality managers of
the work

• Opportunity: Access to information: Allows quick access to a wide range of information
on various topics, facilitating learning and increasing users’ knowledge.
Supporting Action: OpenAI should expand the coverage of topics, improve the accuracy of
responses, and address misinformation and biases. It can also collaborate with experts and com-
munities, provide documentation and educational resources, and explore options for translation
and multilingualism. These actions would ensure broader and more reliable access to informa-
tion through ChatGPT and provide up-to-date information as of 2023.

• Opportunity: Quick access to information and knowledge
Supporting Action: The company should engage in a continuous effort to improve the al-
gorithms that search and process information in order to select reliable sources and disregard
unverified sources.

Threats andMitigating Actions: A total of 88 threats and corresponding mitigating actions
were identified by 73 participants with good well-being and 13 participants with poor well-
being. It was observed that, among the mitigating actions that are conveyed well, the
participants from poor well-being group were able to convey in much better way than
those of good well-being group.
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Some of the examples of the mitigating actions that have been conveyed well by participants
having different well-being are presented below

Properly conveyed mitigating actions for threats by participants having good well-being

• Threat: Replacing jobs in certain areas
MitigatingAction: Establish retraining and training programs to facilitate employees’ transition
to new job opportunities and growing sectors

• Threat: Energy consumed by the system’s servers
Mitigating Action: Research and apply continuous improvements in server energy efficiency
and use renewable energy sources to reduce environmental impact

• Threat: Spread of fake news or unreliable information
Mitigating Action: Implement mechanisms for verification and validation of information gen-
erated by ChatGPT, such as the inclusion of truth labels or identification of reliable sources

Properly conveyed mitigating actions for threats by participants having good well-being

• Threat: Loss of critical thinking skills
Mitigating Action: The company can offer, especially to schools, training workshops explain-
ing how to correctly use its application, its limitations and the need to check With reliable
sources.

• Threat: Disappearance of trades and jobs
Mitigating Action: The application of AI is similar to the industrial revolution, and the world
must adapt to it. This will cause losses for some and benefits for others. The question is how to
mitigate these threats and enhance these opportunities. AI excels in repetitive tasks, objective
analytical tasks, gathering and synthesizing information, and creating new content through im-
itation. This should result in increased efficiency in our jobs and enable us to accomplish more
with fewer resources. However, the concern is that if everyone becomes more efficient due to
AI, it will directly translate into job destruction. Ideally, the value created by AI should pri-
marily benefit individuals rather than just companies. This way, it could lead to improvements
such as reduced working hours or better work-life balance. We need to break the cycle that
equates all benefits to monetary increases. OpenAI may not have direct control over this, but
they can enable or limit their product until necessary regulations and activities are implemented
by governments to ensure that this revolution benefits the common good for everyone, rather
than leading to destruction for many and benefits for few.

• Threat: Privacy and data security at risk
Mitigating Action: This is a threat that is difficult to mitigate or eliminate since neither the
AI itself nor its creators know the potential uses it may have with the data. The solution would
involve evolving AI to identify and categorize data, as well as training it to forget certain infor-
mation. While this is being achieved, the use of AI must be regulated, and the consequences of
the information input into it must be communicated
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4.9.3.7 Summary: Well-being group and SusAF analysis

Table 31 presents the summary of comparative analysis of different SusAF factors among
participants from poor and good well-being groups. Based on qualitative analysis, enough
evidence could not be found to support if participants from either of group has better broad-
ness, depth or timescale analysis of sustainability effects. However, for synthesis, it was
found that participants belonging to poor well-being group were able to convey actions bet-
ter than those of good well-being group participants for both opportunities and threats.

Table 31: Summary of SusAF analysis comparison among participants of good and poor
well-being

Factors
(themes)

Good Poor Inconc-
lusive

Remarks

Broadness
(53)

4 2 48 Not enough evidence to support if participants from
either of group has better broadness of effects

Depth
(53)

12 12 30 Not enough evidence to support if participants from
either of group has better depth of effects

Timescale
(7)

2 - 5 Not enough evidence to support if participants from
either of group has better timescale analysis

Synthesis
Among the actions that are conveyed well, participants from poor well-being group

conveyed better than good well-being for both opportunities and threats

4.10 Results for Sub RQ4: Well-being activities groups and SusAF Analysis

This section presents results to address the sub-research question ‘Sub RQ4: What are the
differences in the consideration of sustainability effects among group of participants
based on their well-being practices?’

In order to address the research question, this section contains the quantitative and qualitative
analysis related to groups of participants based on well-being activities, breathing practices
or meditation, and gymming (as presented in Table 18) and the metrics used in the factors of
the SusAF analysis (Broadness, Depth, Timescale, and Synthesis).

4.10.1 Comparison among various well-being activities groups: Quantitative

For the quantitative analysis, right-tailed Wilcoxon rank sum test is used to check if there is
any significant difference on the metrics of SusAF among the groups, as shown in Table 32.

Hypothesis definition: If groups based on ‘activities’ indicate the groups based on well-
being activities, breathing practices or meditation, and gymming separately, then for each
metric (M) the general hypotheses for groups of participants based on activities are:
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Null Hypothesis: “There is no difference in value of metric (M) identified by groups of
participants doing activities and not doing activities”, and
AlternativeHypothesis: “The value of metric (M) for group where participants do activities
is greater than that of the group where participants do not do activities”,

Table 32: Comparison of SusAFmetrics within groups based on well-being activities, breath-
ing practices or meditation, gymming done by participants

Metric Well-being activ-
ities based group
(p-value)

Breathing practices
or meditation based
group (p-value)

Gymming based
group (p-value)

Broadness (n=30)

No. of potential effects 0.568 0.231 0.784

No. of positive effects 0.671 0.688 0.975

No. of negative effects 0.412 0.025* 0.297

Avg. No. of effects per dimension 0.568 0.231 0.784

Depth (n=27)

No. of chains of effects 0.671 0.389 0.205

Avg. length of chains of effect 0.341 0.269 0.997

Timescale (n=30)

No. of immediate effects 0.228 0.051 0.617

No. of enabling effects 0.373 0.138 0.407

No. of structural effects 0.551 0.126 0.982

Synthesis (n=30)

No. of mitigating actions 0.259 0.002* 0.161

No. of supporting actions 0.490 0.578 0.734

It is observed that there is no significant difference in all the metrics for the groups based
on whether well-being activities are done by participants, as well as for the groups based on
whether they do gymming, as observed p-values are greater than 0.05. However, for groups
based on breathing practices or meditation, the p-value observed are less than 0.05 for one
metric of broadness (number of negative effects, p-value: 0.025), and synthesis (number of
mitigating actions, p-value: 0.002), signifying that we can reject the null hypothesis for
these metrics, and conclude that the values for these metrics are greater among the group
with participants who do breathing practices or meditation compared to the group where
participants do not do breathing practices or meditation.
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4.10.2 Well-being Activities Done and SusAF Analysis : Qualitative

This section presents qualitative comparison of SusAF results among participants from either
of the two groups: those who do well-being activities, and those who do not, by qualitatively
assessing the factors: broadness, depth, timescale and synthesis of effects identified. Table 33
presents the summary of classification of themes per dimension into groups based on whether
well-being activities are done by participants belonging to the same theme. Quantitatively
it can be seen that number of themes containing participants who do well-being activities is
significantly higher than the number of themes containing participants who do not do well-
being activities.

Table 33: Classification of themes per dimension based on well-being activities done by
participants

Theme-based groups Social
(32)

Individual
(28)

Environm
ental (19)

Economic
(29)

Technical
(18)

Total
(126)

All participants do well-being
activities

16 13 9 15 9 62

No participant does well-
being activities

4 2 0 2 2 10

Mixed participants 12 12 10 13 7 54

4.10.2.1 Well-being Activities done and Broadness Analysis

Among 54 themes with mixed participants doing and not-doing well-being activities, broad-
ness was observed better for participants who do well-being activities in 4 themes, for par-
ticipants who do not do well-being activities in 1 theme, and for remaining 48 themes, the
comparison results was inconclusive, as summarized in Table 34, indicating that number of
inconclusive results were significantly higher, and the number of conclusive results are very
less. Based on the qualitative analysis, no appropriate evidence was found to conclude if
participants from either of group has better broadness analysis of effects.

Some examples of broadness among various themes and participants based on well-being
activities done are presented below.
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Theme: Benefits of Answers (n=5)
This theme had 5 participants with 3 participants doing activities for well-being and 2 not doing any
activities. A participant who did well-being activities identified effect with high level of broadness, and
all others identified effects with moderate level of broadness. As such, better broadness was found
for participant who did well-being activities for this theme.

• (No activities done, Moderate Depth)
– In competitions, people who use Chat-GPT have high - full answers

• (Activities done, High Depth)
– If we use it to learn or understand about something, it would be very beneficial for human

Explanation: Here, participant who does not do well-being activities explain about benefits of having
ChatGPT for some competitions (limited to competitions) where as the participant who do well-being
activities indicate that Chat-GPT can benefit human, which seems broader and could incorporate various
aspects

Theme: Improved task efficiency (n=4)
This theme had 4 participants where 2 participants who did well-being activities identified effect with
moderate level of broadness,and 2 participants who did not do well-being activities identified effects
with high level of broadness. As such, better broadness was found for participant who did not do
well-being activities for this theme.

• (No activities done, High Depth)
– Reduction in the probability of making errors in tasks

• (Activities done, Moderate Depth)
– Efficiency in coding can assist programmers by providing solutions

Explanation: The effect identified by a participant who does not do well-being activities focuses on
programming (limited scope), where as the one by a participant from who does well-being activities
addresses broader scope, considering the probability of making errors can be for various field where
programming can be one of them.

4.10.2.2 Well-being Activities done and Depth analysis

Among 54 themes containing mixed participants, depth was observed better for participants
who do well-being activities in 16 themes, for participants who do not do well-being activ-
ities in 8 theme, and for remaining 30 themes, the comparison results was inconclusive, as
summarized in Table 34. Quantitatively the number of themes where participants belong to
the group that does well-being activities have better depth of theme compared to those of
the participants who belong to the group that does not do well-being activities. However,
there was not enough evidence and examples to conclude if participants belonging to either
of these groups have better depths of analysis for SusAF results.

Some examples of depth among various themes and participants based on well-being activi-
ties done are presented below.
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Theme: Information security issues (n=4)
Among 4 participants belonging to this theme, 2 of them did not do activities for well-being, and 2 of
them did. Among them, 1 participant who did not do well-being activities identified effect with basic
depth, and all other effects identified were of moderate level depth. As such, better depth was found
for participant who did well-being activities for this theme.

• (No activities done, Basic Depth)
– Users might share personal information not thinking about the security

• (Activities done, Moderate Depth)
– AI may have access to personal information. If not properly managed, there is a risk of privacy
breaches or data falling into the wrong hands, which could have negative consequences for users

Explanation: The participant who does not do well-being activities only mentions about sharing infor-
mation without thinking about security, where as the participant who does well-being activities presents
about the risk associated and possibility of negative consequences for users (better depth)

Theme: Impact on Employment (n=23)
Among 23 participants belonging to this theme, 5 of them did not do any activities for well-being and
had identified effects with basic level of depth. From remaining 18 participants, 9 identified effects had
moderate level of depth, and 9 had basic level depth. As such, better depth was found for participants
who did well-being activities for this theme.

• (No activities done, Basic Depth)
– ChatGPT already replaces most work within CRM in many company

• (Activities done, Moderate Depth)
– ChatGPT can reduce monetary value by increasing unemployment and replacing humans

Explanation: Here the participant who does well-being activities presents the impact of replacing hu-
mans on reducing the monetary value (better depth), which is not mentioned by the participant who does
not do wellbeing activities.

Theme: Reliability and Authenticity (n=4)
Among 4 participants of this theme, 3 did well-being activities, and 1 did not. The participant who did
not do activities had identified effect with moderate level of depth, and among 3 participants, 2 effects
were basic level, and 1 was moderate level. However, when comparing the result of participants related
to misinformation, participant who did not do well-being activities had better depth analysis.

• (No activities done, Moderate Depth)
– Spread of misinformation: There is a percentage of inaccuracy regarding the provided informa-
tion since it is based on data only up to 2021. This can have a negative impact on decision-making
and users’ understanding

• (Activities done, Basic Depth)
– Spread of fake news or unreliable information

Explanation: Here the participant who does not do well-being activities provides in-depth details about
data being based up to 2021 and the possible negative impacts.
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4.10.2.3 Well-being Activities done and Timescale analysis

Among 29 themes for structural effects, 21 themes had participants who do well-being activ-
ities, and 5 themes had participants who do not do any well-being activities. As such, only 3
themes had mixed participants. Quantitatively, it can be seen that the themes where partici-
pants do well-being activities has higher number of moderate richness for timescale analysis.
However, for the themes with mixed participants, qualitatively, no conclusion could be made
if participants from either of the groups has better timescale analysis of SusAF results.

Some examples of the effects along with the richness of structural effects are presented below.

Theme: Impact on Employment (n=11)
Among 11 structural effects correctly identified in this theme, 8 of them were from participants who did
well-being activities (7 basic richness, 1 moderate richness) and 3 from those with did not do well-being
activities (3 basic richness). However, on comparison, the timescale factor was inconclusive for this
theme. Some examples of the effects identified by the participants are as follows:

• (Activities done, Basic Richness)
– Extinction of some professions

• (Activities not done, Basic Richness)
– Disappearance of trades and jobs

The participants from poor well-being group and good well-being groups have similar richness for these
structural effects. They are simply stated and lack explanations and supporting details

Theme: Inequity and Inequality in Society (n=4)
Among 4 structural effects correctly identified in this theme, 2 of them were from participants who did
well-being activities (1 basic richness, 1 moderate richness) and 2 from those with did not do well-being
activities (1 basic richness, 1 moderate). On comparison, the timescale factor was inconclusive for this
theme. Some examples of the effects identified by the participants are as follows:

• (Activities done, Basic Richness)
– Inequality based on social status, gender, race, religion

• (Activities not done, Basic Richness)
– Possibility of amplifying gender or race biases

Similar to above, the richness is basic for both as they lack explanation and supporting details.
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4.10.2.4 Well-being Activities done and Synthesis Analysis

This section makes qualitative comparison of how well the actions to support opportunities
and mitigate threats are conveyed among the participants who do well-being activities and
do not do well-being activities.

Opportunities and Supporting Actions: Among 40 supporting actions, 33 participants did
activities for well-being and 7 did not do any activities for their well-being. While some
participants from both the groups had conveyed the actions properly, no conclusion could
be made to say if participants from either of the groups had better synthesis analysis of the
actions.

Some examples of opportunities and supporting actions by participants doing or not doing
well-being activities are presented below.

Properly conveyed supporting actions for opportunities by participants who did well-being activ-
ities

• Opportunity: Greater efficiency and effectiveness of workers
Supporting Action: It is necessary to train workers in the use of ChatGPT so that they can make
the most of it without compromising sensitive data.

• Opportunity: Access to information: Allows quick access to a wide range of information
on various topics, facilitating learning and increasing users’ knowledge.
Supporting Action: OpenAI should expand the coverage of topics, improve the accuracy of
responses, and address misinformation and biases. It can also collaborate with experts and com-
munities, provide documentation and educational resources, and explore options for translation
and multilingualism. These actions would ensure broader and more reliable access to informa-
tion through ChatGPT and provide up-to-date information as of 2023.

Properly conveyed supporting actions for opportunities by participants who did not do well-being
activities

• Opportunity: Improvement in production tasks that can be performed by AI
Supporting Action: There are many tasks that can be optimized using AI, providing greater
efficiency to companies. Actions to take would be adopting this technology in different areas
where behavior is entirely analytical and does not involve emotional or ethical biases, always
under supervision and training of a person. Therefore, as a company, we need to make known
and explain the ethical and social limitations of this tool and promote its more analytical and as-
sisting/facilitating use. Training individuals to transition from operators to verifiers, prompters,
or quality managers of the work.

Threats and Mitigating Actions: Among 88 mitigating actions, 72 of there were identified
by participants who did well-being activities, and 16 were identified by participants who
did not do well-being activities. Some participants who did well-being activities and some of
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themwho did not do well-being activities conveyed corresponding actions properly, however
qualitatively, no conclusion could be made if participants from either of the groups had better
synthesis analysis.

Some examples of threats and mitigating actions by the participants are given below.

Properly conveyed mitigating actions for threats by participants who did well-being activities

• Threat: Replacing jobs in certain areas
MitigatingAction: Establish retraining and training programs to facilitate employees’ transition
to new job opportunities and growing sectors..

• Threat: Privacy and data security: AI may have access to personal information. If not
properly managed, there is a risk of privacy breaches or data falling into the wrong hands,
which could have negative consequences for users.
Mitigating Action: OpenAI should implement robust security measures, comply with pri-
vacy regulations, and enable user control and consent over their data. Additionally, they should
conduct security assessments, promote privacy education, and ensure transparency in their data
handling practices. These steps are crucial to protect user privacy, maintain data security, and
build trust with users regarding the handling and usage of their personal information.

Properly conveyed mitigating actions for threats by participants who did not do well-being activ-
ities

• Threat: Privacy and data security at risk.
Mitigating Action: This is a threat that is difficult to mitigate or eliminate since neither the
AI itself nor its creators know the potential uses it may have with the data. The solution would
involve evolving AI to identify and categorize data, as well as training it to forget certain infor-
mation. While this is being achieved, the use of AI must be regulated, and the consequences of
the information input into it must be communicated.

4.10.2.5 Summary: Well-being activities done and SusAF analysis

Table 34 presents the summary of comparative analysis of different SusAF factors among
participants who did well-being activities and did not do well-being activities. It can be seen
that enough evidence could not be found to support if participants belonging to either of the
groups have better broadness, depth, timescale, or synthesis analysis.
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Table 34: Summary of SusAF analysis among participants based on well-being activities
done

Factors
(themes)

Activities
done

Activities
not done

Incon-
clusive

Remarks

Broadness
(53)

4 1 48 Not enough evidence to support if participants from
either of group has better broadness analysis

Depth
(53)

16 7 30 Not enough evidence to support if participants from
either of group has better depth analysis

Timescale
(3)

2 - 2 Not enough evidence to support if participants from
either of group has better timescale analysis

Synthesis
(128 effects)

Not enough evidence to support if participants from either of group has better

synthesis analysis for both opportunities and threats

4.10.3 ‘Breathing exercises or Meditation’ and SusAF Analysis : Qualitative

This section presents qualitative comparison of SusAF results among participants belonging
to either of two groups: those who do breathing exercises or meditation and those who do not,
by qualitatively assessing the factors: broadness, depth, timescale and synthesis of effects
identified. Table 35 presents the summary of classification of themes per dimension into
groups based onwhether breathing exercises or meditation are done by participants belonging
to the same theme. Quantitatively it can be seen that number of themes containing participants
who do not do breathing exercises or meditation is significantly higher than the number of
themes containing participants who do breathing exercises or meditation.

Table 35: Classification of themes per dimension based on breathing exercises or meditation
done by participants

Theme-based groups Social
(32)

Individual
(28)

Environm
ental (19)

Economic
(29)

Technical
(18)

Total
(126)

All participants do breathing
exercises or meditation

6 2 2 5 4 19

No participant does breathing
exercises or meditation

15 10 3 13 7 48

Mixed participants 11 16 14 11 7 59
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4.10.3.1 ‘Breathing exercises or Meditation’ and Broadness Analysis

Among 59 themes with mixed participants, broadness was observed better for participants
who do breathing exercises or meditation in 2 themes, for participants who do not do these
activities in 1 theme, and for remaining 56 themes, the comparison results was inconclusive,
as summarized in Table 36. It can be seen that the number of conclusive results are very
less. Based on the qualitative analysis, no appropriate evidence was found to conclude if
participants from either of group has better broadness analysis of effects.

Some examples of broadness among various themes and participants based on breathing ex-
ercises or meditation done by them are presented below.

Theme: Reduce Waste, Energy, and resources (n=8)
Among 8 effects belonging to this theme, 2 of them were identified by participants who did breathing
exercises or meditation for their well-being (2 high broadness), and remaining 6 were identified by par-
ticipants who did not do breathing exercises or meditation (6 moderate broadness). As such, broadness
for this theme was better for participants who did breathing exercises or meditation.

• (No breathing exercises or meditation done, Moderate Broadness)
– ChatGPT could help reduce waste and pollution by fact checking wrong claim about climate
change

• (Breathing exercises or meditation done, High Broadness)
– Reduction of the carbon footprint

Explanation: A participant who does not do breathing exercises or meditation focuses on fact checking
on claim about climate change to help reduce waste and pollution (limited to fact checking), where as
a participant from who did not do this activity focuses on reduction of carbon footprint which seems to
have wider coverage

Theme: Improved task efficiency (n=4)
Among 4 effects belonging to this theme, 1 of them were identified by participant who did breathing
exercises or meditation for their well-being (1 moderate broadness), and remaining 3 were identified by
participants who did not do breathing exercises or meditation (1 moderate broadness, 3 high broadness).
As such, broadness for this theme was better for participants who did not do breathing exercises
or meditation.

• (Breathing exercises or meditation done, Moderate Broadness)
– Efficiency in coding can assist programmers by providing solutions

• (No breathing exercises or meditation done, High Broadness)
– Reduction in the probability of making errors in tasks

Explanation: The effect identified by a participant who does not do breathing exercises or meditation
focuses on programming (limited scope), where as the one by a participant from other group addresses
broader scope, considering the probability of making errors can be for various field where programming
can be one of them.
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4.10.3.2 ‘Breathing exercises or Meditation’ and Depth analysis

Among 59 themes with mixed participants, depth was observed better for participants who
do breathing exercises or meditation in 3 themes, for participants who not do these activities
in 13 themes, and for remaining 43 themes, the comparison results was inconclusive, as
summarized in Table 36.

Quantitatively the number of themes where participants belong to the group that does not
do breathing exercises or meditation is higher than the number of themes where participants
belong to the group that does breathing exercises or meditation. Also, qualitatively, the ef-
fects identified by participants belonging to the group that does not do breathing exercise or
mediation were found to be better than those identified by participants from other group.

Some some examples of depth among various themes and participants based on well-being
activities done are presented below.

Theme: Reliability and Authenticity (n=4)
Among 4 effects belonging to this theme, 3 of them were identified by participants who did breathing
exercises or meditation for their well-being (2 basic depth, 1 moderate depth), and 1 was identified by
participant who did not do breathing exercises or meditation (1 moderate depth). On comparison about
spread of misinformation, depth was found to be better for the participant who did not do breathing
exercises or meditation.

• (No breathing exercises or meditation done, Moderate Depth)
– Spread of misinformation: There is a percentage of inaccuracy regarding the provided informa-
tion since it is based on data only up to 2021. This can have a negative impact on decision-making
and users’ understanding.

• (Breathing exercises or meditation done, Basic Depth)
– Spread of fake news or unreliable information

Explanation: Here, the effect identified by participant who does breathing exercises or meditation is
basic and simple statement, where as the effect identified by participant from another group provides in
depth detail of information being based on data until 2021, and possible negative impacts due to spread
of misinformation (higher depth).
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Theme: Impact on Employment (n=23)
Among 23 effects belonging to this theme, 8 of them were identified by participants who did breathing
exercises or meditation for their well-being (5 basic depth, 3 moderate depth), and 15 were identified by
participant who did not do breathing exercises ormeditation (9 basic depth, 6moderate depth). However,
on comparison about spread of misinformation, depth was found to be better for the participant who
did breathing exercises or meditation.

• (No breathing exercises or meditation done, Basic Depth)
– Job Loss of employees

• (Breathing exercises or meditation done, Moderate Depth)
– ChatGPT can reduce monetary value by increasing unemployment and replacing humans

Explanation: Here the participant from the group that does not do breathing exercises or meditation
simply mentions about job loss, where as the one from group that does these activities mentions about
reduction in monetary value due to unemployment (better depth).

Theme: Impact of Biased Information (n=3)
Among 3 effects belonging to this theme, 2 of them were identified by participants who did breathing
exercises or meditation for their well-being (2 moderate depth), and 1 was identified by participant who
did not do breathing exercises or meditation (1 high depth). Overall, depth was found to be better for
the participant who did not do breathing exercises or meditation.

• (No breathing exercises or meditation done, High Depth)
– Dependency: Since this is a website programmed by individuals, there is a possibility that it
reflects or influences people’s decisions based on preloaded ideologies. This can lead to biased
responses or recommendations in terms of gender, race, or other aspects, which could be harmful
and discriminatory.

• (Breathing exercises or meditation done, Moderate Depth)
– Users can be affected by biased information which is normal and the users can not do anything
about it or blame the product

Explanation: Here the participant who does not do breathing exercises or meditation has better in depth
explanation for the cause of the biased response as well as its possible impact, where as participant who
does breathing exercises or meditation only mentions the impact of the effect identified.

4.10.3.3 ‘Breathing exercises or meditation’ done and Timescale analysis

Among 29 themes for structural effects, 9 themes had participants who do breathing exercises
or meditation, 16 themes had participants who do not do breathing exercises or meditation,
and only 4 themes had mixed participants. Quantitatively, it was observed that the themes
where participants do not do breathing exercises or meditation has higher number of moder-
ate richness for timescale analysis. However, for the themes with mixed participants, qual-
itatively, no conclusion could be made if participants from either of the groups have better
timescale analysis of SusAF results, as summarized in Table 36.
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Some examples of the effects with the richness of structural effects are presented below.

Theme: Impact on Employment (n=11)
Among 11 structural effects correctly identified in this theme, 5 of them were from participants who
did breathing exercises or meditation (4 basic richness, 1 moderate richness) and 6 from those with did
not do breathing exercises or meditation (6 basic richness). On comparison, the timescale factor was
inconclusive for this theme. Some examples of the effects identified by the participants are as follows:

• (Activities done, Basic Richness)
– Extinction of some professions
- Increase in unemployment

• (Activities not done, Basic Richness)
– Disappearance of trades and jobs

Participants belonging to both groups have similar richness for these structural effects where they simply
state the effects, and lack explanations or supporting details.

Theme: Lower Trust (Society) (n=3)
Among 3 structural effects correctly identified in this theme, 2 of them were from participants who did
breathing exercises or meditation (1 basic richness, 1 moderate richness) and 1 was from the participant
with did not do breathing exercises or meditation (1 basic richness). The timescale factor was found
better for participants who did breathing exercises or meditation for this theme. Some examples of
the effects identified by the participants are as follows:

• (Activities done, Moderate Richness)
– If we use it as a worker or make it do a job for you which we really don’t understand the output,
or just use the output from the ChatGPT, it would affect the trust among humanity

• (Activities not done, Basic Richness)
– Lack of Trust

A detailed explanation can be seen in effect identified by participant who does breathing exercises or
meditation, as compared to the one who does not as it has basic richness in the statement.

4.10.3.4 ‘Breathing exercises’ or meditation done and Synthesis Analysis

This section makes qualitative comparison of how well the actions to support opportunities
and mitigate threats are conveyed among the participants who do breathing exercises or med-
itation and those who do not.

Opportunities and Supporting Actions: Among 40 supporting actions, 17 participants did
breathing exercises or meditation while 23 of them did not. While some participants from
both the groups separately had conveyed the actions properly, based on the qualitative anal-
ysis, the participants who did not do breathing exercises or meditations had conveyed those
actions in comparatively better way.
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Some examples of opportunities and supporting actions by participants doing or not doing
breathing exercises or meditation are presented below.

Properly conveyed supporting actions for opportunities by participants who did breathing exer-
cises or meditation

• Opportunity: Creating new business models based on the use of ChatGPT (plugins or
APIs) workers
Supporting Action: Promote collaboration with developers and companies to create plugins
and APIs that allow the integration of ChatGPT into variou applications and services.

Properly conveyed supporting actions for opportunities by participants who did not do breathing
exercises or meditation

• Opportunity: Inclusion and diversity: It should be inclusive of all users, including those
with disabilities.
Supporting Action: OpenAI should consider including voice command functionalities to en-
sure accessibility for blind or visually impaired individuals. This would allow these individuals
to interact and obtain information through ChatGPT in a more accessible and inclusive manner,
facilitating their participation and user experience.

• Opportunity: Quick access to information and knowledge
Supporting Action: The company should engage in a continuous effort to improve the algo-
rithms that search and process information in order to select reliable sources and disregard un-
verified sources.

• Opportunity: Improvement in production tasks that can be performed by AI.
Supporting Action: There are many tasks that can be optimized using AI, providing greater
efficiency to companies. Actions to take would be adopting this technology in different areas
where behavior is entirely analytical and does not involve emotional or ethical biases, always
under supervision and training of a person. Therefore, as a company, we need to make known
and explain the ethical and social limitations of this tool and promote its more analytical and as-
sisting/facilitating use. Training individuals to transition from operators to verifiers, prompters,
or quality managers of the work.

Threats and Mitigating Actions: Among 88 mitigating actions, 47 of them were identi-
fied by participants who did breathing exercises or meditation, and 41 were identified by
participants who did not do breathing exercises or meditation. On qualitatively assessing
the mitigating actions, the participants who did not do breathing exercises or meditation had
conveyed the mitigating actions in better way than the participants from other group.

Some examples of threats and mitigating actions by the participants are shown below.
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Properly conveyed mitigating actions for threats by participant who did breathing exercises or
meditation

• Threat: Replacing jobs in certain areas
MitigatingAction: Establish retraining and training programs to facilitate employees’ transition
to new job opportunities and growing sectors.

• Threat: Spread of fake news or unreliable information
Mitigating Action: Implement mechanisms for verification and validation of information gen-
erated by ChatGPT, such as the inclusion of truth labels or identification of reliable sources.

Properly conveyedmitigating actions for threats by participant who did not do breathing exercises
or meditation

• Threat: Privacy and data security: AI may have access to personal information. If not
properly managed, there is a risk of privacy breaches or data falling into the wrong hands,
which could have negative consequences for users.
Mitigating Action: OpenAI should implement robust security measures, comply with privacy
regulations, and enable user control and consent over their data. Additionally, they should con-
duct security assessments, promote privacy education, and ensure transparency in their data
handling practices. These steps are crucial to protect user privacy, maintain data security, and
build trust with users regarding the handling and usage of their personal information.

• Threat: Loss of critical thinking skills
Mitigating Action: The company can offer, especially to schools, training workshops explain-
ing how to correctly use its application, its limitations and the need to check With reliable
sources.

• Threat: Disclosure of dangerous information: It is possible for AI to provide information
that is potentially harmful or dangerous to users. This may include instructions or advice
that could result in physical harm, promotion of illegal or dangerous activities, or disclo-
sure of sensitive personal data.
Mitigating Action: OpenAI should consider implementing continuous training and supervi-
sion, implementing safety filters, feedback mechanisms, and user reporting, human review, and
education on responsible use. These measures would help ensure the system’s ongoing im-
provement, enhance safety, address potential issues, and promote responsible and ethical usage
of ChatGPT.

4.10.3.5 Summary: Breathing exercises or meditation done and SusAF analysis

Table 36 presents the summary of comparative analysis of different SusAF factors among
groups based on breathing exercises or meditation done. As it can be seen, there was not
enough evidence to make conclusion on participants from which of the two groups had better
broadness and timescale, where as the participants from the group who did not do breathing
exercises or meditation were found to have better depth and synthesis analysis.
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Table 36: Summary of SusAF analysis among participants based on breathing exercises or
meditation done

Factors
(themes)

Breathing exer-
cises or medita-
tion done

Breathing exer-
cises or medita-
tion not done

Incon-
clusive

Remarks

Broadness
(59)

2 1 56 Not enough evidence to support if par-
ticipants from either of group have bet-
ter broadness analysis

Depth
(59)

3 13 43 Participants belonging to the group
who did not do breathing exercises or
meditation were found to have slightly
better depth analysis

Timescale
(4)

1 - 3 Not enough evidence to support if par-
ticipants from either of group have bet-
ter timescale analysis

Synthesis
(128 effects)

Some participants belonging to the group who did not do breathing exercises or meditation

were found to have better synthesis analysis

4.10.4 Gymming and SusAF Analysis : Qualitative

This section presents qualitative comparison of SusAF results among participants from either
of two groups: those who do gymming and those who do not, by qualitatively assessing the
factors: broadness, depth, timescale and synthesis of effects identified by the participants.
Table 37 presents the summary of classification of themes per dimension into groups based on
whether gymming is done by participants belonging to the same theme effects. Quantitatively
it can be seen that number of themes containing participants who do not do gymming is
significantly higher than the number of themes containing participants who do gymming.

Table 37: Classification of themes per dimension based on gymming done by participants

Theme-based groups Social
(32)

Individual
(28)

Environm
ental (19)

Economic
(29)

Technical
(18)

Total
(126)

All participants do gymming 3 5 2 4 2 16

No participant does gymming 14 7 4 9 10 44

Mixed participants 15 16 13 16 6 66

4.10.4.1 Gymming and Broadness Analysis

Among 66 themes with mixed participants, broadness was observed better for participants
who do and do not do gymming in 2 themes each, and for remaining 62 themes, the compar-
ison results was inconclusive, as summarized in Table 38. It can be seen that the number of
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conclusive results are very less. Based on the qualitative analysis, no appropriate evidence
was found to conclude if participants from either of group has better broadness analysis of
effects.

Some examples of broadness among various themes and groups of participants based on
gymming done by them are presented below.

Theme: Benefits of Answers (n=5)
Among 5 effects belonging to this theme, 3 were identified by participants who did gymming (2 mod-
erate broadness, 1 high broadness), and 2 were identified by participants who did not do gymming (2
basic broadness). The broadness was better for participant from the group that did gymming. Examples
of some effects for participants in this group are as follows:

• (No gymming done, Moderate Broadness)
– In competitions, people who use Chat-GPT have high - full answers

• (Gymming done, High Broadness)
– If we use it to learn or understand about something, it would be very beneficial for human.

Explanation: Here the participant who does not do gymming mentions the benefits of ChatGPT to
some competitions, where as the participant who does gymming mentions about it being beneficial for
human which seems much broader.

Theme: Impact of Biased Information (n=3)
Among 3 effects belonging to this theme, 2 were identified by participants who did gymming (1 mod-
erate broadness, 1 high broadness), and 1 was identified by participant who did not do gymming (1
moderate broadness). The broadness was better for participant from the group that did not do gymming.
Examples of some effects for participants in this group are as follows:

• (No gymming done, High Broadness)
– Dependency: Since this is a website programmed by individuals, there is a possibility that it
reflects or influences people’s decisions based on preloaded ideologies. This can lead to biased
responses or recommendations in terms of gender, race, or other aspects, which could be harmful
and discriminatory.

• (Gymming done, Moderate Broadness)
– ChatGPT only knows what the user enters, and has therefore highly limited capability to give
suggestions about individual health. This is usually known to the user though.

Explanation:Here the effect identified by participant who does not do gymming mentions the impact
of information on individual health (limited scope) as compared to the one mentions on broader scope.

4.10.4.2 Gymming and Depth Analysis

Among 66 themes with mixed participants, depth was observed better for participants who do
gymming in 9 themes, for participants who not do gymming in 8 themes, and for remaining 49
themes, the comparison results was inconclusive, as summarized in Table 38. Qualitatively,
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no significant evidence was found to conclude if participants from either of the groups has
better depth of analysis for SusAF results.

Some examples of depth among various themes and participants based on gymming done are
shown below.

Theme: Energy by Hardware and Infrastructure (n=13)
Among 13 effects belonging to this theme, 3 were identified by participants who did gymming (1 high
depth, 2 basic depth), and 10 were identified by participants who did not do gymming (1 moderate depth,
9 basic depth). On comparision, the depth was better for participant from the group that did gymming.
Examples of some effects for participants in this group are as follows:

• (No gymming done, Basic Depth)
– May affect on waste and energy consumption due to data center
- Emissions will be on greater extent from its data centers

• (Gymming done, High Depth)
– Consumes lots of energy via servers and data centers for service resides. To produce the energy,
fossil fuels or coals need to be burned, which results in waste and pollution.

Explanation: Here, the effects identified by participants who do not do gymming are basic and simple
statement, where as the effect identified by participant who does gymming provides some details about
source of production of energy resulting in waste and pollution (higher depth)

Theme: Better Value (n=3)
Among 3 effects belonging to this theme, 1 was identified by a participant who did gymming (1moderate
depth), and 2 were identified by participants who did not do gymming (1 moderate depth, 1 basic depth).
On comparision, the depth was better for participant from the group that did not do gymming. Examples
of some effects for participants in this group are as follows:

• (No gymming done, Moderate Depth)
– Create value for business because it could replace a lot of admin work and company can work
more efficient as one person can do lot more workload with help of ChatGPT

• (Gymming done, Moderate Depth)
– Increases value by providing services in all fields.

Explanation: Here, both the participants mentions about value provided by ChatGPT, but the one listed
by participant who does not do gymming has comparatively detailed explanation that the participant who
does gymming.

4.10.4.3 Gymming and Timescale Analysis

Among 29 themes for structural effects, 3 themes had participants who do gymming, 22
themes had participants who do not do gymming, and only 4 themes had mixed participants.
Quantitatively, the number of themes with participants belonging to gymming group has
less moderate level of richness compared to the ones belonging to the non-gymming group.
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However, for the 4 themes with mixed participants, no evidence could be found to conclude
if participants from either of the group has better timescale analysis.

Theme: Impact on Employment (n=11)
Among 11 effects belonging to this theme, 2 were identified by participant who did gymming (1 mod-
erate richness, 1 basic richness), and 9 were identified by participants who did not do gymming (9 basic
depth richness). On comparision, the richness of structural effects was found to be similar among par-
ticipants who did and did not do gymming. Examples of some effects for participants in this group are
as follows:

• (No gymming done, Basic richness)
– Extinction of some professions
Disappearance of trades and jobs

• (Gymming done, Basic richness)
– Will make many jobs disappear (people will have to adapt).

Explanation: Participants belonging to both groups have similar richness for these structural effects
where they simply state the effects, and lack explanations or supporting details.

Theme: Lower Trust (Society) (n=3)
Among 3 effects belonging to this theme, 2 were identified by a participant who did gymming (1 mod-
erate richness, 1 basic richness), and 1 was identified by participant who did not do gymming (1 basic
depth). On comparision, the richness was better for the participant who did gymming. Examples of
some effects for participants in this group are as follows:

• (No gymming done, Basic richness)
– Lack of Trust

• (Gymming done, Moderate richness)
– If we use it as a worker or make it do a job for you which we really don’t understand the output,
or just use the output from the ChatGPT, it would affect the trust among humanity.

Explanation: A detailed explanation can be seen in effect identified by participant who does gymming,
as compared to the one who does not as it has basic richness in the statement.

4.10.4.4 Gymming and Synthesis Analysis

This section presents results of qualitative comparison of how well the actions to support
opportunities and mitigate threats are conveyed among the participants who do gymming
and those who do not.

Opportunities and Supporting Actions: Among 40 supporting actions, 12 participants did
gymming while 28 of them did not. Based on the qualitative analysis, the participants who
did not do gymming had conveyed those actions in comparatively better way than those who
did gymming.
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Some examples of opportunities and supporting actions by participants doing or not doing
gymming are shown below.

Properly conveyed supporting actions for opportunities by participants who did gymming

• Opportunity: More people use it for all purpose tasks like summarizing, generating, out-
lining
Supporting Action: Mitigating biases and enabling users to think about individual problems
themselves, chat GPT can be highly helpful for general purpose decision support / textual pro-
cessing.

Properly conveyed supporting actions for opportunities by participants who did not do gymming

• Opportunity: Creating new business models based on the use of ChatGPT (plugins or
APIs)
Supporting Action: Promote collaboration with developers and companies to create plugins
and APIs that allow the integration of ChatGPT into various applications and services.

• Opportunity: Inclusion and diversity: It should be inclusive of all users, including those
with disabilities.
Supporting Action: OpenAI should consider including voice command functionalities to en-
sure accessibility for blind or visually impaired individuals. This would allow these individuals
to interact and obtain information through ChatGPT in a more accessible and inclusive manner,
facilitating their participation and user experience.

• Opportunity: Quick access to information and knowledge
Supporting Action: The company should engage in a continuous effort to improve the algo-
rithms that search and process information in order to select reliable sources and disregard un-
verified sources.

Threats and Mitigating Actions: Among 88 mitigating actions, 42 of them were identified
by participants who did gymming, and 46 were identified by participants who did not do
gymming. On qualitatively assessing the mitigating actions, the participants who did not do
gymming had conveyed the mitigating actions in better way than the participants from other
group.

Some examples of threats and mitigating actions identified by the participants are as follows.

Properly conveyed mitigating actions for threats by participants who did gymming

• Threat: A huge model required and an extensive training required which will generate
e-waste and co2 emissions
Mitigating Action: More sustainable coding practices / compressing data / making infrastruc-
tures more sustainable.

82



Properly conveyed mitigating actions for threats by participants who did not do gymming

• Threat: Loss of critical thinking skills
Mitigating Action: The company can offer, especially to schools, training workshops explain-
ing how to correctly use its application, its limitations and the need to check With reliable
sources.

• Threat: Spread of fake news or unreliable information
Mitigating Action: Implement mechanisms for verification and validation of information gen-
erated by ChatGPT, such as the inclusion of truth labels or identification of reliable sources.

• Threat: Replacing jobs in certain areas
Mitigating Action: Establish retraining and training programs to facilitate employees’ transi-
tion to new job opportunities and growing sectors.

4.10.4.5 Summary: Gymming done and SusAF analysis

Table 38 presents the summary of comparative analysis of different SusAF factors among
groups based on gymming done.

Table 38: Summary based on gymming done and SusAF analysis comparison

Factors
(Compara-
ble themes)

Gymming
done

Gymming
not done

Inconclusive Remarks

Broadness
(66)

2 2 62 Not enough evidence to support if par-
ticipants from either of group has better
broadness analysis

Depth
(66)

9 8 49 Not enough evidence to support if par-
ticipants from either of group has better
depth analysis

Timescale
(4)

1 - 3 Not enough evidence to support if par-
ticipants from either of group has better
timescale analysis

Synthesis
(128 effects)

Some participants who did not do gymming were found to have better synthesis analysis
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5 Discussion

This chapter provides an interpretation of the findings based on the results for each research
question. Furthermore, threats to validity and future works will be explored.

5.1 Results interpretation

This thesis study investigates the potential relationship well-being and sustainability mind-
set among a sample of IT students. To explore the well-being of participants, three stan-
dard instruments were used: WHO-5, PWB, and SWLS. The sustainability mindset of the
participants were explored by assessing their belief, attitude, and intention towards sustain-
ability, and their consideration for sustainability effects of IT products and services, which
is obtained from SusAF analysis on Chat-GPT. Also, comparative analysis was done among
participants belonging to different groups based on their well-being practices and their sus-
tainability mindset.

This section presents a detailed analysis on the findings from the results and their implications
with respect to the sub research questions of the study.

5.1.1 Discussion Sub RQ1: Relationship of well-being of IT students with their belief,
attitude, and intention towards sustainability.

Based on the Kendall’s correlation test, there was no statistically significant correlation be-
tween well-being scores from different instruments, and statements related to belief, attitude,
and intention towards sustainability. For most of the statements, the participants had higher
mean scores, despite having different well-being scores. Also, when comparing the scores
among participants from good and poor well-being using Wilcoxon rank sum test, no signifi-
cant difference was found among these two groups for all statements related to belief, attitude
and intention (except one statement for intention, I5: I will participate in campaigns/causes
that promote sustainable development ). It was found that participants with good well-being
groups were more willing to participate in campaigns/causes that promote sustainable devel-
opment. However, among a total of 25 statements combined, the difference was found only
in the one statement related to intention, overall implying that both groups have similar be-
lief, attitude, and intention towards sustainability. This indicates lack of evidence to say that
well-being might affect an individual’s belief, attitude, and intention towards sustainability.

Addressing related works: Some of the studies presented positive correlation between Sub-
jective well-being (SWB) and aspects related to environmental sustainability such as Ecolog-
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ically responsible behavior (ERB) [44], Ecologically sustainable behavior (ESB) [10] and
Pro-environmental behavior (PEB) [9]. However, the thesis study is unable to support this,
as participants’ scores for belief, intention and attitude statements related to environmental
aspects of sustainability were higher irrespective of their well-being, giving an indication that
well-being might not be correlated with these aspects of environmental sustainability. For ex-
amples, for a belief statement B1 (I feel more morally obliged to do something about environ-
mental problems), the mean value was 4.2, for an attitude statement A2 (I ammore concerned
about environmental pollutions), the mean value was 4.067, and for intention statement I1
(I prefer to work for an environmentally responsible employer in the future), the mean score
was 4.4, indicating higher scores for these statements irrespective of difference in well-being
among participants.

A study presented that higher levels of well-being is related to adoption of a more sustainable
lifestyle [43]. In this thesis study, a statement of intention (I3: I intend to change/continue to
change my lifestyle for better sustainability) highlighted if participants intend to adopt a more
sustainable lifestyle. The mean value for this statement was 4.367 indicating that participants
had high intention to adopt a more sustainable lifestyle, irrespective of their well-being level,
failing to demonstrate enough evidence to support the relationship of well-being and adoption
of sustainable lifestyle. Similarly, this thesis study could not support the research findings of
sustainable values and attitudes being associated with higher well-being [45], as the correla-
tions between well-being and belief, attitude and intention was found to be insignificant for
most of the statements.

This inability to support findings from various studies, as well as the results of no correlation
of well-being with belief, attitude and intention towards sustainability is highly influenced by
the smaller sample size of the participants in this study. Also, it is to be considered that most
of the participants are familiar with sustainability through various sources, and they seem
to have a better understanding on the importance of sustainability, which is shown by their
scores for various statements of belief, attitude, and intention towards sustainability. Along
with this, most of the participants were students of the Software Engineers for Green Deal
program who have been taught about sustainability in certain depth.

5.1.2 Discussion Sub RQ2: Differences in belief, attitude, and intention towards sus-
tainability among different groups of participants based on theirwell-being prac-
tices.

Based on whether the participants do well-being activities, do breathing exercises or medi-
tation, and do gymming, two groups were made for each category, and comparative analysis
was done for each category among two groups to find out if there is any statistical difference
of the scores for belief, attitude, and intention towards sustainability. For the well-being
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activities based groups and breathing exercises or meditation based groups, no significant
difference was found, whereas for gymming based groups, significant difference was found
for one statement for Attitude (A11: I make an effort to use energy and resources more effi-
ciently) and a statement for Intention (I2: I prefer to work for a socially responsible employer
in the future). However, no evidence was found to conclude if the group that does gymming
has better scores that the group that does not do gymming. Not having a significant differ-
ence among various groups of participants is logical as the participants seem to be well aware
about the importance of sustainability through various sources, and have similar higher scores
for various statements of belief, attitude and intention towards sustainability, independent of
whether they do well-being activities, breathing exercises or meditation, and gymming. As
such, the results also indicate lack of evidence to claim that doing these activities might affect
participant’s belief, attitude, and intention towards sustainability.

Addressing related works: Various researches show positive association of mindfulness
with motivation for climate adaptation actions [7], planetary well-being [10], sustainable
food consumption [10] and social sustainability at organizational level [50]. As there was
lack of evidence to claim that the group doing breathing exercises or meditation had better
scores for belief, attitude and intention towards sustainability, a claim could not be about
the positive association found by these different researches. Overall, participants had higher
scores for belief, attitude and intention statements irrespective of whether they did breathing
exercises or meditation. As such the failure of supporting the claims by research is highly
influenced by a small sample of participants, and their familiarity with sustainability.

5.1.3 Discussion Sub RQ3: Relationship of well-being of the students with their con-
sideration for sustainability effects of software products and services.

To address this sub-research question, correlation analysis was carried out among well-being
scores (WHO-5, PWB, SWLS) of participants with various metrics for each factor (broad-
ness, depth, timescale, and synthesis) of SusAF analysis, along with comparison on the met-
rics among good and poor well-being groups.

The results presented a lack of statistically significant correlation between well-being scores
(WHO-5, PWB, SWLS) and the metrics of SusAF factors, indicating lack of evidence to
claim that well-being scores of participants might affect any particular metric of the SusAF
analysis.

Further comparison of the metrics between poor and good well-being groups of participants
was done using the right-tailed Wilcoxon test, and the values were found to be significantly
higher only for one metric of broadness (number of negative effects), and one metric of
timescale (number of immediate effects) favoring good well-being group. However, for all
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other metrics there was no significant difference found between the groups. As a result of this,
no conclusion could be made about which group has better SusAF analysis quantitatively.

Additionally, the qualitative analysis did not provide conclusive evidence to support if partic-
ipants from either groups had better broadness, depth and timescale analysis of effects. For
some of the themes, the effects listed by the participants were almost the same among par-
ticipants with good and poor well-being, and for the majority of the themes they had similar
levels of broadness and depth, and hence failed to provide conclusive supporting evidence.
In the case of timescale analysis, more than half of the structural effects identified had basic
richness, and the remaining had moderate richness. Also, among these effects with moder-
ate levels of richness, no strong evidence was found to conclude if participants belonging to
either of the groups had better richness of the structural effects identified.

However, on comparing the corresponding actions for opportunities and threats, the partic-
ipants with poor well-being conveyed them better than participants with good well-being.
Interestingly, some of the participants with poor well-being had detailed and better explana-
tions about the possible actions to support opportunities and mitigate threats, enabling us to
conclude that participants with poor well-being had slightly better synthesis of SusAF results
compared to participants with good well-being. Particularly, the participants with poor well-
being who had better synthesis were the students from LaSalle university, and this might be
influenced by the data collection biases in this research study.

Addressing related works: Unfortunately, no relevant studies were found to make a com-
parison of answers to this research question. While Zollo, Maurizio, et al. [4] mentions
sustainability mindset, it only compares between an activity for well-being and cognitive
training practice. This has been addressed in the discussion for Sub RQ4 below.

5.1.4 Discussion Sub RQ4: Comparison of consideration for sustainability effects of
software products and services among groups of participants based on their well-
being practices.

To address this sub-research question, participants were grouped separately based on well-
being activities, breathing practices or meditation, and gymming done by them. And for each
case, comparison of SusAF metrics were done using the right-tailed Wilcoxon test. No sig-
nificant difference was found in all metrics for groups based on well-being activities done
by participants, and groups based on gymming. For the groups based breathing practices
or meditation, the values were found to be significantly higher for one metric of broadness
(number of negative effects) and one metric of synthesis (number of mitigating actions) fa-
voring the group consisting of participants doing breathing exercises or meditation. For all
other metrics, no significant difference was found between the groups. As a result, quanti-
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tatively, no conclusion could be made about which groups have better SusAF analysis. To
gain further insights on the results, qualitative analysis was carried out.

For participants who did and did not do well-being activities, no evidence was found to sup-
port if participants from either of the groups had better broadness, depth, timescale and syn-
thesis analysis. Participants who did not do breathing exercises or meditation were found to
have slightly better depth analysis, and better synthesis analysis of supporting and mitigating
actions, compared to the participants who did breathing exercises. However, for broadness
and timescale, enough evidence could not be found to make a conclusion. Likewise for gym-
ming, participants who did gymming were found to have better synthesis analysis, however,
for broadness, depth, and timescale, conclusive supporting evidence could not be found.

The inconclusiveness for the broadness and depth analysis is similar as mentioned in the
discussion of Sub RQ3 where the effects listed were almost same in some themes, and for
majority of themes they had similar level of broadness or depth, although identified by par-
ticipants belonging to different groups. However, the participants who did not do breathing
exercises or meditation were found to have listed effects with more detail for similar effects
identified by participants who did ‘breathing exercise or meditation’, as such providing con-
clusive evidence to say participants who did not do ‘breathing exercise or meditation’ had a
bit better depth analysis. Similarly, for the timescale analysis, most of the structural effects
had basic richness, and the effects with moderate richness were comparably not very different
in terms of explanation, as such no conclusive evidence was found.

Interestingly, some of the participants who did not do ‘breathing exercises or meditation’ and
gymming had conveyed actions for opportunities and threats in a better and detailed way
than those who did ‘breathing exercises or meditation’ and gymming respectively. However,
as in discussion about Sub RQ3, these participants who did not do ‘breathing exercises or
meditation’ and gymming were from LaSalle university, and are prone to be influenced by
the data collection bias in this research study.

Addressing related works: Zollo, Maurizio, et al. [4] mentioned that meditative practices
can help individuals to consider long-term consequences of their decisions and actions more
effectively. In this thesis, consideration of long-term consequences were indicated by rich-
ness in the structural effects identified by participants; however this consideration was related
to IT product (Chat-GPT). But enough evidence could not be found to claim that participants
who did breathing practices or meditation had better synthesis analysis compared to those
who did not. Hence, no claims or comparison could be made with respect to the studies by
Zollo, Maurizio, et al.
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5.2 Threats to Validity

This section aims to identify and discuss various threats that could impact the external, con-
struct, and conclusion validity of this research [57].

External Validity This study was carried out among IT students to assess relationship be-
tween their well-being and sustainability mindset. The results are limited only among the IT
students and can not be generalized, mostly because the sample size was small, and partici-
pants were only from two universities - LUT and La Salle. Majority of the participants were
the Software Engineers for Green Deal students, who already have been taught about sus-
tainability in a certain depth, indicating a biased sample of participants. However, the partic-
ipants were from diverse education levels and different universities, which helps to mitigate
this threat to some extent. To mitigate this threat in future works, diverse participants with
and without in-depth knowledge on sustainability should be considered.

Construct Validity A threat to construct validity is observed from the fact that, although
SusAF helps us to identify potential sustainability effects, there is no standard methods to
assess SusAF results (quantitatively or qualitatively), or to compare the results among dif-
ferent participants to conclude who had a better consideration of sustainability for any given
product or service. In an attempt to mitigate this threat, various factors for SusAF were de-
fined with various quantitative and qualitative metrics in each factor, and those factors were
analyzed to make comparisons on the SusAF results. Similarly, the method of data collec-
tion for SusAF results from the participants of LUT university is different from that of La
Salle university. For LUT, SusAF results were collected through a workshop of 110 min-
utes whereas for LaSalle, answers were submitted by the students as a part of their online
assignments. To mitigate this threat, students were suggested to consider the same time of
workshop to complete the different parts of the SusAF. In future, data should be collected
through the same methods to mitigate this threat completely. Also, a possible bias can also
be caused by the teacher and teaching materials used to teach about the SusAF to the partic-
ipating students. To mitigate this in future work or replication, the same materials could be
used to teach students, following the same approach of teaching.

Along with this, the survey used for data collection consisted of various likert scales, and
some open ended questions. There is a risk of participants selecting options randomly for the
likert scale questions without carefully considering the options, and for open ended questions,
they may have provided short or no answers (for the optional ones). As such this might result
with answers that are not accurate and impact the construct validity of this study. To mitigate
this threat, the participants were given clear information on the objective of the thesis and
were requested to be honest with their answers. Also, they were informed that their identities
would be kept anonymous during analysis of data.
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Conclusion Validity A threat for the conclusion validity is the total number of participants
being 30, which is a small sample size to be able to identify any significant correlation and
conclusion. Also, the number of participants in good WHO-5 well-being groups was signif-
icantly less compared to the number of poor WHO-5 well-being groups, indicating that the
group comparison may not be fair, and may not accurately represent the general scenario.
While the well-being of the participants is not in the control of the researcher, in future, this
threat can be mitigated by considering larger sample size, and making comparison between
equivalent (comparable) group sizes. Also, some research bias may be observed during the
analysis of results, as there is no standard way to analyze the SusAF results. To qualitatively
assess SusAF results, the effects identified into different themes, various levels (basic, mod-
erate, high) were defined for factors (Broadness, Depth, Timescale) of SusAF analysis, and
order of effects were checked if they were correctly identified. This categorization depends
on how the researcher interprets the effects and is prone to bias due to limited individual
perspective. While peer review was done with a classmate to check the order of effects, the
researcher was not able to do peer review for other categorizations including theme identifi-
cation, and levels for factors. In future, this can be tackled by doing extensive peer reviews
and gaining a diversified perspective on the analysis.

5.3 Future works

This research is one of the earliest studies to address ‘well-being’ and ‘sustainability mind-
set’ in the domain of Information Technology. In general, existing research are limited and
mainly focus on mindfulness aspect of well-being and environmental aspect of sustainability,
and there was no research available for these concepts in the domain of IT. This absence of
research highlights the need for further exploration about well-being and sustainability, in
general as well as in the field of IT. Further explorations in the field of IT could be done
among students (as done in this research) as well as working professionals. As this research
study had only 30 participants, one of the future work could be replicating this study with
a larger sample size of population and see if conclusive results can be obtained. Addition-
ally, this research uses limited instruments to assess well-being (WHO-5, PWB, SWLS) and
sustainability mindset (belief, attitude, intention, and SusAF results). Exploring different in-
struments and theoretical frameworks or methodologies might provide different and deeper
insights on the relationship between well-being and sustainability concepts among various
field of studies, including IT. Also, research to developing a new framework to assess well-
being and sustainability mindset could be another possible future work. Overall, a clear gap
exists in the research which address well-being and sustainability together, and clearly there
are many possibilities for future works.
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6 CONCLUSION

This thesis research explores the relationship between two broader concepts: ‘well-being’ and
‘sustainability mindset’ among IT students, and serves as one of the earliest studies to address
these two concepts together in the field of IT. Well-being of participants is given by the well-
being score measured through standard instruments (WHO-5, PWB, and SWLS), where are
the sustainability mindset is explored by assessing their belief, attitude and intention towards
sustainability, and their ability to consider sustainability effects of IT products and services
which was obtained from SusAF analysis of Chat-GPT. Also, comparison of these aspects
of sustainability was done among various groups of participants based on their well-being
score, and well-being activities done by them.

No statistical significant correlation was observed between well-being scores and belief, at-
titude and intention towards sustainability. Additionally, significant differences were not
found between groups of participants based on well-being as well as groups based on well-
being activities done (also ‘breathing exercises or meditation’ and gymming) in terms of be-
lief, attitude and intention towards sustainability. However, all the participants were found to
be familiar with sustainability and its importance through various sources, which was evident
through their scores for various statements of belief, attitude and intention towards sustain-
ability.

The quantitative analysis of SusAF results presented statistical differences for some metrics
of SusAF factors, the qualitative analysis showed evidence for some factors favoring partici-
pants with poor well-being, who did not do ‘breathing exercises or meditation’ as well as who
did not do gymming. However, overall there was no conclusive evidence to strongly support
if participants with good or poor well-being as well as participants belonging to groups based
on well-being activities had better consideration of sustainability effects.

To conclude, the findings of this study has mostly resulted in an inconclusive relationship
among ‘well-being’ and various measures to assess ‘sustainability mindset’ among IT stu-
dents. However, this topic of research being relatively new, the research highlights the need
for further investigation to reach some conclusion. As such, future studies should be carried
out to explore this topic in a comprehensive way to gain valuable insights and contribute to
this topic of research in the field of Information Technology.
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A APPENDIX: Well-being instruments

A.1 The 5-item World Health Organization Well-Being Index (WHO-5)

The five items of WHO-5 well-being index is shown in Table 39, in which the respondents
rate about how they have felt over the last two weeks from the scale of 0 - 5 where,
0 = None of the time, 1 = Some of the time, 2 = Less than half the time, 3 = More than half
the time, 4 = Most of the time, and 5 = All of the time.

Table 39: WHO-5 Questionnaires Items

Item Statement: Over the last two weeks,...

who-1 I have felt cheerful and in good spirits.

who-2 I have felt calm and relaxed.

who-3 I have felt active and vigorous.

who-4 I woke up feeling fresh and rested.

who-5 My daily life has been filled with things that interest me.

Result Interpretation: The total score is obtained by adding the score of individual items.
As such the score can range from 0 - 25, where the score below 13 indicates poor well-being,
and the score equal to or higher than 13 indicates good well-being. If the score is below 13
or the score on any item is 0 or 1, then it is recommended to test for depression under ICD-10.

A.2 Diener et al’s scale of Psychological Well-Being (PWB)

The eight items of PWB is shown in Table 40, in which the respondents rate from 1 - 7 where,
1 = Strongly Disagree, 2 = Disagree, 3 = Slightly Disagree, 4 = Neutral (neither agree nor
disagree), 5 = Slightly Agree, 6 = Agree, 7 = Strongly Agree.

Result Interpretation: The total score can range from 8 (Strong disagreement with all items)
to 56 (Strong agreement with all items). High score imply that the respondents view them-
selves in very positive terms in diverse areas of functioning.

For this study, the scores were classified into seven categories as shown below:
49 - 56: Extremely Satisfied; 41-48: Satisfied; 33-40: Slightly Satisfied; 32: Neutral
24-31: Slightly Dissatisfied; 16-23: Dissatisfied; 8-15: Extremely Dissatisfied
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Table 40: PWB Items

Item Statement

pwb-1 I lead a purposeful and meaningful life.

pwb-2 My social relationships are supportive and rewarding.

pwb-3 I am engaged and interested in my daily activities.

pwb-4 I actively contribute to the happiness and well-being of others.

pwb-5 I am competent and capable in the activities that are important to me.

pwb-6 I am a good person and live a good life.

pwb-7 I am optimistic about my future.

pwb-8 People respect me.

A.3 Satisfaction with Life Scale (SWLS)

The five items of SWLS is shown in Table 41, in which the respondents from the scale of 1
- 7 where, 1 = Strongly Disagree, 2 = Disagree, 3 = Slightly Disagree, 4 = Neutral (neither
agree nor disagree), 5 = Slightly Agree, 6 = Agree, 7 = Strongly Agree.

Table 41: SWLS Items

Item Statement

swls-1 I In most ways my life is close to my ideal.

swls-2 The conditions of my life are excellent.

swls-3 I am satisfied with my life.

swls-4 So far I have gotten the important things I want in life.

swls-5 If I could live my life over, I would change almost nothing.

Result Interpretation Score can range from 5 (Strong disagreements with all items) to 35
(Strong agreements with all items). Higher score represents higher life satisfaction. The
scores can be classified into six well-being categories as follows:
30 - 35: Extremely Satisfied; 25-29: Satisfied; 20-24: Slightly Satisfied;
15-19: Slightly Dissatisfied; 10-14: Dissatisfied; 5-9: Extremely Dissatisfied
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B APPENDIX: Statements forBelief, Attitude, Intention towards
Sustainability

Table 42: Belief, Attitude and Intention towards Sustainability

Item Statement

Belief statements

B1 I feel more morally obliged to do something about environmental problems.

B1.5 I feel more morally obliged to do something about social problems.

B1.5 I think I should take more responsibility for sustainable development.

B4 I believe that humans have the right to subdue and control nature.

B5 I believe that humans should adapt to nature rather than modify it to suit them.

B6 I think it is important to control human population to ensure social sustainability.

Attitude statements

A1 I am more aware of current environmental, social, economic and cultural issues.

A2 I can analyse issues related to sustainable development more holistically.

A3 I am more concerned about environmental pollutions.

A4 I am more willing to safeguard sustainable development.

A5 I make an effort to use green products and services whenever possible.

A6 I refuse the use of packaging.

A7 I set aside garbage for reuse, recycling or safe disposal.

A8 I reduce the use of air-conditioning, lighting and domestic electrical appliances

A9 I consciously make a change in my lifestyle to reduce my carbon footprint

A10 I consciously reduce the amount of wastes generated from my daily activities

A11 I make an effort to use energy and resources more efficiently

A12 I reduce water consumption

A13 I am willing to pay more for energy-efficient products

Intention statements

I1 I prefer to work for an environmentally responsible employer in the future

I2 I prefer to work for a socially responsible employer in the future

I3 I intend to change/continue to change my lifestyle for better sustainability

I4 I will promote the concept of sustainable development to my family and friends

I5 I will participate in campaigns/causes that promote sustainable development

I6 I will apply the concept of triple bottom line ( Economic, Social, Environmental impacts) more
in making decisions

1



C APPENDIX: SURVEY FORM

Thesis study on Well-Being and sustainability mindset of Students

Researchers:
Shrawan Bishowkarma (shrawan.bishowkarma@student.lut.fi) | Erasmus Mundus Scholar in Software Engi-
neers for Green Deal program | LUT University, Finland
Dr. Birgit Penzenstadler (birgitp@chalmers.se) | Associate Professor, Chalmers University of Technology
Dr. Leticia Duboc (l.duboc@salle.url.edu) | Lecturer and Researcher at La Salle ´´ Ramon Llull University,
Spain

Purpose of the research study: The purpose of this thesis-research study is to examine the well-being of stu-
dents from IT, computer science, software engineering and similar fields, and their mindset about sustainability.
To do this, you are asked to participate voluntarily and contribute to the research study filling up this survey
form.

Time taken to fill the survey: It will take about 10 - 12 minutes to fill and submit the survey.

Types of Data : We use reliable standard survey instruments, which have been developed under rigorous
quality, and are derived from validated research. These include closed-ended multiple choice questions where
you chose a rating, and open-ended questions where we ask for examples of your experiences. Also, some of
the questions are optional, whereas some of them are compulsory.

Potential Risks andDiscomforts : We had to ask for your email address in the survey so that we could send you
the survey you filled, share research report, and other surveys (if additionally needed for the research purpose).
To maintain your anonymity, you can create a ’special nickname’ for yourself in this survey form, and the
nickname will be used to identify the response, link your survey data to SusAF workshop data and analyze
them.

The risks of participating in this study are minimal. However, there is a small risk of inadvertent disclosure.
In addition, your identity and the study findings may be disclosed through legal action - when, for example,
non-disclosure would constitute contempt of court. However, as far as possible, we will ensure that any such
disclosure is very unlikely.

Potential Benefits for participants: By filling up a series of questions in this survey, you can get a reflection
on your personal well-being, and your thinking of sustainability. This reflection might be useful for you to make
changes in your daily lifestyle (if needed) for your own well-being and also contributing to a more sustainable
world.

Upon request, we can also provide the interested participants to examine and study our research results.

Payment for participation: You will not be paid for participating in this study.

Participation and withdrawal: Your participation for this research is completely voluntary, and you may
withdraw at any time without consequences of any kind.

1



Identification of investigators: If you have any queries or concerns regarding this research, please feel free
to contact Shrawan Bishowkarma (shrawan.bishowkarma@student.lut.fi) or Dr. Birgit Penzenstadler (bir-
gitp@chalmers.se) or Dr. Leticia Duboc (l.duboc@salle.url.edu)

Signature of research subject: I understand the procedures and conditions ofmy participation described above.
My questions have been answered to my satisfaction, and I agree to participate in this study. I have been given
a copy of this form. By clicking next, I agree to the procedures and conditions.

We follow standard ethics procedures at the University of Chalmers, Sweden.

To take part in this study, please provide your email and click next. You are agreeing to voluntarily
participate in the study and let us use the data we collect for research. You have rights to withdraw this
study at any time.

Email*

Demographics

The demographics will be used during data analysis and statistics.

A special Nickname (which is as unique as possible, and easy for you to remember) *
The nickname will be used to link your entries, and will be used to analyze the data by maintaining your
anonymity. Please put this nickname in the sheet you fill during the workshop.

What is your age (in years) ? *

What is your gender identity?

Which university are you attending? *

What is your faculty of study? *

What is your current educational level? *

• Bachelors degree - Year 1

• Bachelors degree - Year 2

• Bachelors degree - Year 3

• Bachelors degree - Year 4

• Masters degree - Year 1

• Masters degree - Year 2

• PhD - Year 1

• PhD - Year 2

• PhD - Year 3

• PhD - Year 4

• Other:
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The WHO-5 Well Being Index

Below are five statements that you may agree or disagree with.

Using the 0 - 5 scale below, indicate your agreement with each item by placing the appropriate number on the
line preceding that item.

Please be open and honest in your response.

1) Over the last two weeks, I have felt cheerful and in good spirits.*

• 0 - None of the time

• 1 - Some of the time

• 2 - Less than half the time

• 3 - More than half the time

• 4 - Most of the time

• 5 - All of the time

2) Over the last two weeks, I have felt calm and relaxed.*

3) Over the last two weeks, I have felt active and vigorous.*

4) Over the last two weeks, I woke up feeling fresh and rested.*

5) Over the last two weeks, My daily life has been filled with things that interest me.*

The Psychological well-being (PWB) (Diener et al. 2009)

Below are five statements that you may agree or disagree with.

Using the 0 - 5 scale below, indicate your agreement with each item by placing the appropriate number on the
line preceding that item.

Please be open and honest in your response.

1) I lead a purposeful and meaningful life.*

• 1 - Strongly Disagree

• 2 - Disagree

• 3 - Slightly Disagree

• 4 - Neutral (neither agree nor disagree)

• 5 - Slightly Agree

• 6 - Agree

• 7 - Strongly Agree

2) My social relationships are supportive and rewarding.*

3) I am engaged and interested in my daily activities.*

4) I actively contribute to the happiness and well-being of others.*

5) I am competent and capable in the activities that are important to me.*
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6) I am a good person and live a good life.*

7) I am optimistic about my future.*

8) People respect me.*

SWLS (5 items on life satisfaction)

Below are five statements that you may agree or disagree with.

Using the 1 - 7 scale below, indicate your agreement with each item by placing the appropriate number on the
line preceding that item.

Please be open and honest in your response.

1) In most ways my life is close to my ideal.*

• 1 - Strongly Disagree

• 2 - Disagree

• 3 - Slightly Disagree

• 4 - Neutral (neither agree nor disagree)

• 5 - Slightly Agree

• 6 - Agree

• 7 - Strongly Agree

2) The conditions of my life are excellent.*

3) I am satisfied with my life.*

4) So far I have gotten the important things I want in life.*

5) If I could live my life over, I would change almost nothing.*

Your Well-being Practices/Activities

Do you do any practices or activities for your well being?

• Yes

• No

Your Well-being Practices/Activities

This section consists of questions related to activities you do for your well-being, and how often you do them.

What activities do you do for your physical well being? Please separate your activities using comma (E.g.
Gym, walk, running, sports etc.)

(If you answered above question) Howmany hours a week do you usually engage in the activities youmentioned
above?

• Less than 1 hour per week
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• 1 to 4 hours per week

• 4 to 8 hours per week

• 8 to 12 hours per week

• 12+ hours per week

What activities do you do for your emotional and mental well being? Please separate your activities using
comma (Mindfulness Meditation, breathing exercise etc.)

(If you answered above question) Howmany hours a week do you usually engage in the activities youmentioned
above?

Any other activities that you do for your well being? Please separate your activities using comma (Engage in
hobbies like cook food, read etc.)

(If you answered above question) Howmany hours a week do you usually engage in the activities youmentioned
above?

Familiarity with Sustainability

This sections is aimed to analyze the familiarity of participants with sustainability.

What is your understanding of the term “sustainability”?*

On a scale of 1-5, please indicate the extent to which the following sources have contributed to your familiarity
with sustainability. Please rate each option where 1 indicates ”not at all” and 5 indicates ”to a very great extent”.

1) I read about sustainability from news, websites, and social media *

• 1 - Not at all

• 2 - To a small extent

• 3 - To some extent

• 4 - To a great extent

• 5 - To a very great extent

2) I discuss about sustainability with my friends, families or colleagues *

3) I have read books (at least one) about sustainability *

4) I learn through active engagement in community activities or political action *

5) I study about sustainability in academic courses *

What do you do for sustainability in your daily life? Please list some concrete examples.

Belief, Attitude and Intention towards Sustainability

Below are statements related to your belief, attitude, and intention towards sustainability, which you may agree
or disagree.

Using the 1 (Strongly disagree) – 5 (Strongly agree) scale below, indicate your agreement with each item by
indicating that response for each statement.

5



Please be open and honest in your response.

This section contains 6 statements related to your belief towards sustainability

1) I feel more morally obliged to do something about environmental problems *

• 1 - Strongly disagree

• 2 - Disagree

• 3 - Neutral

• 4 - Agree

• 5 - Strongly Agree

2) I feel more morally obliged to do something about social problems *

3) I think I should take more responsibility for sustainable development *

4) I believe that humans have the right to subdue and control nature *

5) I believe that humans should adapt to nature rather than modify it to suit them *

6) I think it is important to control human population to ensure social sustainability *

This section contains 13 statements related to your attitude towards sustainability

1) I am more aware of current environmental, social, economic and cultural issues *

• 1 - Strongly disagree

• 2 - Disagree

• 3 - Neutral

• 4 - Agree

• 5 - Strongly Agree

2) I can analyse issues related to sustainable development more holistically *

3) I am more concerned about environmental pollutions *

4) I am more willing to safeguard sustainable development *

5) I make an effort to use green products and services whenever possible *

6) I refuse the use of packaging *

7) I set aside garbage for reuse, recycling or safe disposal *

8) I reduce the use of air-conditioning, lighting and domestic electrical appliances *

9) I consciously make a change in my lifestyle to reduce my carbon footprint *

10) I consciously reduce the amount of wastes generated from my daily activities *

11) I make an effort to use energy and resources more efficiently *

12) I reduce water consumption *

13) I am willing to pay more for energy-efficient products *

This section contains 6 statements related to your intention towards sustainability

6



1) I prefer to work for an environmentally responsible employer in the future *

• 1 - Strongly disagree

• 2 - Disagree

• 3 - Neutral

• 4 - Agree

• 5 - Strongly Agree

2) I prefer to work for a socially responsible employer in the future *

3) I intend to change/continue to change my lifestyle for better sustainability *

4) I will promote the concept of sustainable development to my family and friends *

5) I will participate in campaigns/causes that promote sustainable development *

6) I will apply the concept of triple bottom line more in making decisions *

Report preferences

Would you like to receive a research report after the study is completed?

• Yes

• No
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D Participant’s Understanding of the term ‘Sustainability’

The understanding of the term ‘Sustainability” among participants is presented separately for participants with
good and poor WHO-5 based well-being groups. They are presented in Table 43 and 44.

One participant belonging to good well-being group had stated “Medium Knowledge”, which was discarded as
this explained more about how much understanding the participant has about sustainability rather than explain-
ing the understanding of the term ‘sustainability’.

Table 43: Participants’ understanding of the term “Sustainability” (n = 8, poor well-being)

Sustainability Understanding

Protect the need of current generation without compromise the future

Longevity and preservance

Sustainability refers to the concept of meeting the needs of the present generation without compromising
the ability of future generations to meet their own needs.

In simple terms, sustainability is the ability to sustain something for a long while

Don’t harm the Earth and practice sustainable activities that tackle all 5 dimensions of sustainability.

Things that are contribute to the greater good. Not as individuals but for humanity or even life.

Living without harming the environment

Been good for a long time
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Table 44: Participants’ understanding of the term “Sustainability” (n = 21, good well-being)

Sustainability Understanding

the ability to maintain or support something over the long term

The mindful uses of resources

A net zero footprint life - taking and giving back into the planetary resources are in balance.

Optimizing the usage of resources in a way to maximize usage and try to save those resources for future gener-
ations

Consumption of resources for fulfilling needs without compromising needs of future generations

The ability to meet the needs of the present generation without compromising the ability of future generations
to meet their own needs. It involves balancing economic, environmental, and social factors to ensure long-term
well-being and resource conservation.

Being able to use resources in a way that you don’t run out of them

Well being of life in all dimensions sustained for the future years

The ability to exist and grow for a longer course of time without having or a minimum impact on environment,
society, individual, and economic condition.

Making the actions of today while putting in mind the ramifications of it on multiple dimensions in the short
and long term.

Being in balance with life, bringing no harm to surroundings, and being helpful as much as possible

Sustainability is for long term and beneficial for future without using lot of resources.

Brundtland report definition + the use of sustainability dimensions depending of the scope of the usecase

The concept of making sustainable choices in every aspect of life

To not negatively affect environment or surroundings (people, places) by my actions and live in a peaceful way
while encouraging the positive practices of sustainability

To preserve/save and consume carefully the resources you have to last it for future

It is a very broad concept, but overall it is all about entertaining life while keeping other things like the envi-
ronment, the current and future generation in mind.

Well, in short its preserving the resources and careful use

To sustain and use resources according to needs without affecting future generations

It is a realm of thinking that deals with the balance of systems to ensure their continuity.

Raise awareness and take the necessary actions to ensure that our daily activities do not impact the environment.
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E APPENDIX: SusAF Materials

This section includes the questionnaires used for data collection through SusAF workshop and assignments.

E.1 SusAF Questions

1. Dimensions: Social

Trust means having a firm belief in the reliability, truth, or ability of someone or something.

• How can the product or service change the trust between people and other people, the business,
or other institutions?

Equity means the quality of being fair and impartial.

• How can the system make people to be treated differently from each other? (think data analytics
or decision support)

2. Dimensions: Individual

Health means the state of a person‘s mental or physical condition.

• How can the product or service improve or worsen a person’s physical, mental, and/or emotional
health?

• (For example, can it make a person feel anything good or bad - e.g. (under)valued, (dis) respected,
(in)dependent, or coerced?)

Self-awareness and Free will means the capacity of an individual to act or make decisions on their
own.

• How can the product or service empower (or prevent) a person from taking an action / decision
when necessary?

• Can those affected by the product or service understand its implications, express concerns or be
represented by someone?

3. Dimensions: Environment

Waste & pollution means effects the product or service might have on soil, atmospheric, and water
pollution.

• How can producing parts or supplies generate waste or emissions?

• How can the use itself produce waste or emissions?

• How can it influence how much waste or emissions are generated?

• How can it promote (or impair) recycling?

Energy means all energy use that results from producing and using a product or service.

• How can the product of service affect the need for production of energy?

• What about the use of energy? E.g. encourages less energy.

• Does the hardware run on renewable energy? Is there a way to incentivise that?

4. Dimensions: Economic

Value means the worth, or usefulness of something, principles or standards; judgement of what is im-
portant in life.
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• How can the product or service create or destroy monetary value? For whom?

• Are there any other related types of business value? For whom?

Customer Relationship Management steers a company’s interaction with current and potential cus-
tomers to improve business relationships (e.g. retention, growth).

• How can the product or service affect the relationship between the business and its customers?

• How can it enable co-creation or co-destruction of value?

• How can it impact the financial situation of their customers & others?

5. Dimensions: Technical

Securitymeans freedom from, or resilience against, potential harm (or other unwanted coercive change)
caused by external or internal attacks.

• Which assets controlled by this system would be desirable to an attacker? E.g. financial infor-
mation, people’s whereabouts or preferences, etc.

• What are the risks associated with these assets?

• What are other likely vulnerabilities of the system?

Scalability means the systems ability to handle growing amounts of work in a graceful manner or to be
enlarged horizontally or vertically and will continue to function with comparable response times.

• How can the system support changes in workload?

• What can make that easier/more difficult?

E.2 Software product used for SusAF

Chat-GPT (Fastest growing app in the world) [58]

• A trained AI chatbot model developed by OpenAI

• Launched - Nov 2022

• 1 million users in 5 days

• 150 million+ unique active users in Feb 2023

• 1 Billion+ visits to chat.openai.com in Feb 2023
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F APPENDIX: Themes per dimension

F.1 Social Dimension Themes

Theme Effects
count

Theme Effects
count

1) Bias Information and Concerns 17 17) Lack of transparency 2
2) Inequity and Inequality in Society 12 18) Increase Trust 2
3) Lower Trust (society) 11 19) Overtrust information 2
4) Academic Cheating and Distrust 6 20) Dependency on Technology 2
5) Promote Equity 6 21) Ethical and Emotional concerns of AI 2
6) Benefits of Answers 5 22) Human vs Machine 2
7) Unsuitable Answers 5 23) ChatGPT integration 2
8) Access to Information 5 24) Aware Society 1
9) Privacy and Security Issue 4 25) No originality and No Creativity 1
10) Reliability and Authenticity 3 26) Increased social interaction 1
11) Language Inclusivity and Trust
Fostering

3 27) Hold sensitive information 1

12) Enhance Communication 3 28) Business Decision Support 1
13) Information Verification 3 29) Online education 1
14) Reduced human interaction 3 30) Society Radicalization 1
15) Accurate Info 2 31) Global Empowerment 1
16) Lack of Inclusiveness 2 32) Decreased Teachers’ work value 1

F.2 Environmental Dimension Themes

Theme Effects
count

Theme Effects
count

1) Energy by Hardware and Infrastructure 13 11) Sustainable practices with resources 3
2) Energy by high usage 9 12) Increased Resource Consumption 3
3) Model Training Effects 9 13) Increased hardware production 3
4) Reduce Waste, Energy, and resources 8 14) Raw Material Extraction 2
5) E-waste and effects 7 15) Energy Production 2
6) Aware users about sustainability 7 16) Global Warming 1
7) Energy by the product 6 17) Creation of similar models 1
8) Green House and Carbon emission 6 18) Improving Algorithms 1
9) High Water Usage 4 19) Decreased Commuting 1
10) Reduced paper and benefits 4
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F.3 Individual Dimension Themes

Theme Effects
count

Theme Effects
count

1) Learning, Personal Development
Support and Empowerment

17 15) Impact of Biased Information 3

2) Influence Decision Making and Ac-
tions

17 16) Independent Feeling 2

3) Improve Mental and Emotional
health

10 17) Social Isolation 2

4) Negative Mental Health Impacts 10 18) Stress on being caught 1
5) Addiction and Dependency 10 19) Fear of regulations against Chat-GPT 1
6) Diminish Thinking abilities 9 20) Gradual Change in Mindset 1
7) Save Time and Effort 9 21) Accurate Information 1
8) Incorrect Answers / MisInformation
and Impacts

6 22) No possibility of Concerns Expression 1

9) Accessible Health Care Advice 5 23) Trust Issue 1
10) (Personalized) Recommendations 4 24) Lack of Understanding 1
11) Information security issues 4 25) Hard Legal Redressal 1
12) Diminished self-value 4 26) Unemployment Risk 1
13) Reduced social isolation 4 27) Reduce Free will and Self Awareness 1
14) Improved task efficiency 4 28) Reduced Education Quality 1

F.4 Technical Dimension Themes

Theme Effects
count

Theme Effects
count

1) Privacy and Security Issues 28 10) Verification and authorship concerns 2
2) Services and Advancement with Chat-
GPT

10 11) Easy Usability 2

3) Decreased Usability 7 12) No information breach 1
4) Analyze, optimize and automate 6 13) E-waste 1
5) Scalability Needs, Possibilities and
concerns

6 14) Hardware obsolescence 1

6) Need for more resources and hardware 5 15) Code Sharing Concern 1
7) Teach/Learn platform 4 16) Analyze and predict user whereabouts 1
8) Ethical usage of ChatGPT 3 17) Excessive Dependency Risk 1
9) User input at training data 2 18) AI evolving risks 1

2



F.5 Economic Dimension Themes

Theme Effects
count

Theme Effects
count

1) Impact on Employment 23 16) Learning Opportunities 2
2) Improved Customer Service and En-
gagement

7 17) Time Saving and relief 2

3) Increase efficiency and optimization 7 18) Marketing 2
4) Cost Saving for Business 6 19) Customers decision making and fi-

nance advice
2

5) Support New Product Development 5 20) Possibility of AI revolution 2
6) Ethical Concerns 5 21) Cheaper services 2
7) Ideas generation and problem solving 5 22) Investment in OpenAI 1
8) Task / Process Automation and Re-
dundancy

5 23) Expensive Training Cost 1

9) Data Analysis 4 24) Students’ dependency on ChatGPT 1
10) Business dependency on ChatGPT 4 25) Downside of dependency 1
11) Negative Impact on Business that
fail to adapt

4 26) Risk of losing customers 1

12) Value co-creation and customer en-
gagement

3 27) Educational establishments 1

13) Better Value 3 28) Increased Usage 1
14) Create Monetary Value 3 29) Possible Economic Collapse 1
15) Destroy Monetary Value 3
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