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Abstract. The prevalence of depression among university students in Malaysia
can be reflected in unprecedented suicide acts and attempts among university
students across the country. However, there is a scarcity of reliable, practical,
and comprehensive methods to curb the issue at the root cause - to empower
one’s controllability awareness. This study believes that promotion and awareness
regarding the pertinent to the importance of mental health problems, especially
to specific target groups, can be enhanced through technology. Meanwhile, stud-
ies have confirmed the relevance of persuasive methods in wearable technology,
though to varying degrees. Persuasive technology has been widely used to cre-
ate awareness in various domains. Moreover, the multimedia elements could be
a value-added property to ensure the effectiveness of the technological solutions
in enhancing awareness. Accordingly, this paper discusses constructing a model
that integrates wearable, persuasive, and multimedia design principles to enhance
one’s controllability awareness of depression. The model is constructed through
the content analysis method. As a result, a triad of three design principles was
consolidated and validated through multidisciplinary expert reviews. This paper
discusses the refinement process made to the proposed model, which is aimed to
serve as a guideline for developing solutions to enhance controllability awareness
on depression issues.
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1 Introduction

The recent National Health and Morbidity Survey reported that 2.3% of adults aged 18
and above in Malaysia experienced depression [1]. According to [2], lack of controlla-
bility awareness is the effect of depression and Obsessive-Compulsive Disorder (OCD).
Controllability awareness is the ability of an individual to pay attention and differenti-
ate whether the aspects of possible consequences are controllable or uncontrollable in
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responding to life situations [3]. Nevertheless, amongMalaysian university students, the
effects of depression are still unexplored [4] and remain challenging [5]. Accordingly,
[6] agreed that it is significant to study the depression problem among students as they
have a potential influence on their family, society, and the country and contribute to their
country’s labour force in the future. Furthermore, as the technology used among mental
illness patients is on the rise [7], the promotion and awareness regarding the vitality
of mental health problems, especially to specific target groups, can be promoted and
enhanced [1] through technology.

1.1 Related Works

Wearable Technology (WT) is a promising means to help individuals develop awareness
[8]. In mental health, the capability of WT in capturing behavioural, physiological, and
social data related to severe mental illness [9] can be leveraged in enhancing depression
awareness among undergraduates. Meanwhile, over the years, persuasive technology
also has evolved to deal with diverse practices besides behaviour and attitude [10]. Since
the actual transformation in behaviour requires a more extended evaluation period, a
review by [10] found that 72% out of 85 studies finally evaluated their system effec-
tiveness by measuring other various outcomes of behaviour-related or psychological
including awareness. Moreover, with the help of interactive media, a well-designed
application is able to persuade people effectively towards behaviour change [11, 12] as
well as influencing them to utilize the technology for learning and sharing information
in an interactive way [13].

1.2 Using Content Analysis in Model Development

Content analysis as a research method is an easy-to-use, explicit, and systematic tool
for analyzing documents and text, which can be used to develop an understanding and
provide new insights and knowledge in different contexts. For instance, [14] applies
content analysis for decision criteria, techniques, theories, and Human Computer Inter-
action (HCI) components to develop a design model for youth personal decision aid.
Furthermore, the components and elements in the interactive computer-assisted learn-
ing conceptual model were also determined using content analysis [15]. Similarly, [16]
conducted content analysis to identify potential solutions from existing solutions for
computerized personal-decision aid. Finally, in the study of conceptual design of Real-
ity Learning Media (RLM) model, [17], the content analysis is referred to as the effort
to gather basic information at the early stages of study.

Accordingly, this study believes that enhancing controllability awareness can be
effective by consolidating all three technologies’ design principles. Nevertheless, a pre-
vious review of persuasive multimedia principles in wearable technology had confirmed
that the absence of the integration of wearable, persuasive and multimedia principles
unfold a potential to integrate those principles in enhancing depression awareness [18].
Thus, this study aims to propose the conceptual model of wearable persuasive multi-
media to enhance awareness, particularly controllability awareness, to lower the risk of
depression, especially among undergraduates.
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2 The Conceptual Model: Development Process

The innards for each component of a conceptual model are determined through the
implementation of content analysis. As previously discussed, [14–16, 19] has applied
this kind of analysis in developing their model. For this study, the analysis involved four
phases, as depicted in Fig. 1. Sections 2.1–2.4 provide the discussion of detailed activity
for each phase.
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Fig. 1. Conceptual model development phases

2.1 Analyze: Common Components

Altogether, 22 studies were selected based on keywords related to persuasive multi-
media in various domains and technologies and utilized persuasive or/and multime-
dia principles. Those criteria determine the common components and subcomponents,
where both are the primary requirement of the conceptual model in enhancing control-
lability awareness. As displayed in Table 1, it clearly shows that most of the chosen
sub-components (in bold) have a higher percentage of frequency compared to other
potential sub-components.

2.2 Define: Elements for Each Sub-component

Sub-component: Persuasive, Multimedia, and Wearable Design Principles
In consequence, the previous analysis phase successfully identifies 29 persuasive and
13 multimedia design principles. Furthermore, a study by [18] also confirmed that some
studies integrate both design principles. Therefore, all the persuasive multimedia studies
are selected to define persuasive and multimedia principles because the effectiveness of
principle integration has undergone an empirical test.

As forwearable, the user interface designwas defined as an essential element because
it will serve as an interface that can influence and attract users to achieve the target
outcome. Therefore, all the studies that implemented user interface designwere chosen in
eliciting the common user interface components. Eventually, the most utilized interface
design and suitable to be applied in wearable technology were considered the elements
of this sub-component.

Sub-component: Controllability Awareness
The selected studies that target awareness as an outcome reported in various domains,
includingmental health. In psychological terms, awareness iswhen individuals are aware
of their feelings and behaviour [20]. However, people who suffer from depression are
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Table 1. Percentage of the frequency of common components and sub-components

Common components Sub-components Percentage of the frequency

Design principles Persuasive Design Principle 73.3

Wearable Design Principle 18.8

Multimedia Design Principle 45.5

Target outcome Behaviour 27.3

Knowledge 9.1

Perception 4.5

Awareness 36.4

Engagement 13.6

Motivation 13.6

Attitude 9.1

Habit 4.5

User Children 36.4

Youth 40.9

Adults 45.45

Seniors 18.18

Technology Computer-based 45.5

Mobile Technology 40.9

Wearable 31.8

caused by lack of controllability awareness [2]. Controllability awareness can be mea-
sured using four controllability aspects: Personal control, Shared control, Others in
control, and No one in control, as stated in the Controllability Awareness Inventory
(CAI) developed by [21]. [21] use the inventory to evaluate controllability awareness
as a characteristic of stress tolerance. Meanwhile, [3] use it to assess the controllabil-
ity awareness among schools’ teachers as a predictor of effective coping in potentially
traumatic stress situations after a Katyusha rocket attack. For this sub-component, con-
trollability awareness is the most relevant element, even though it is not highlighted in
any selected studies that intend to raise awareness in mental health.

Sub-component: Youth
This study will give proper attention to young adults undertaking tertiary education in
Malaysianpublic universities, also knownasuniversity students. The consideration is due
to various determinant factors of academic depression that may lead to deterioration in
their academic achievement [22], may impair a relationship [23], problems in marriage,
and affect their employment in the future [24]. Therefore, in identifying their emotion,
the physiological symptoms such as heartbeat, respiration rate, blood pressure, Galvanic
Skin Response (GSR) measurements, and other nervous system responses [25] could
provide an accurate signal. Although only several selected studies used physiological
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symptoms, all the studies that detect or monitor emotional changes reported measuring
heart rate and heart rate variability. Thus, heart rate is the chosen element for the sub-
component of the physiological parameter.

Sub-component: Wearable Technology
The behavioural, psychological, and social signals that often reflected the mental state
changes [9] could be detected using the sensing technologies integrated into wearable
devices. Therefore, it is crucial to identify an appropriate sensor in the wearable capable
of measuring the targeted physiological parameter. For example, in detecting heart rate
or heart rate variability, the selected studies utilizing wearable technology were reported
using a pulse oximeter sensor to measure the symptoms.

Apart from the sensor, the other elements that need to be considered are the types
of wearable as they can be divided into groups of screen-based and non-screen-based.
For instance, studies that utilize smartwatches and fitness trackers can be considered
as a screen-based group, while studies that use wearables such as gloves, shirts, and
belts are categorized as non-screen-based. Unlike non-screen-based, users can directly
access the application via the wearable screen without tethering with other devices such
as smartphones. Furthermore, it is also imperative to consider the size of the screen as
it will implicate the user interface design.

2.3 Ideate: Components Integration

In this phase, all the defined elements for each sub-component were integrated, forming a
framework as depicted in Fig. 2. The framework was ideated based on the Generic Steps
in Persuasive System Development suggested by [26], where all steps are essential
in realizing an idea into reality. In the framework, many aspects are implicitly cov-
ered, including responsiveness, error-freeness, ease of access, ease of use, convenience,
information quality, positive user experience, attractiveness, user loyalty, and simplicity.
Those aspects need to be recognizedwhen designing a persuasive system.However, prior
to communicating the ideas to developers, precise requirements for software qualities
need to be defined. Eventually, software quality checklists must be prepared to evaluate
the persuasive system.
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Fig. 2. The framework of Wearable Persuasive Multimedia (WPM) integration
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For this study, multimedia principles are defined as functional requirements to
describe how the system should behave, while wearable principles are the non-functional
requirements that specify the qualities that should be owned by the system [27, 28]. Even-
tually, the selected persuasive principles are integrated with the system requirements and
embedded in theWearable Persuasive Multimedia application to enhance controllability
awareness. Next, the framework was transferred into a conceptual model that will be
explained in Sect. 3.

2.4 Validate: Multidisciplinary Expert Reviews

Finally, the conceptual model underwent a first validation process by using the multidis-
ciplinary expert reviewsmethod. Themethod was suggested by [29] and implemented in
[30] to cover all the viewpoints, which are user acceptance, mobile intervention design,
and persuasive design, that are required in their study. As this study will also be looking
into multi-technology and human psychology, all appointed experts were among the
academics and practitioners with years of experience in the related field of persuasive
multimedia, wearable technology, and human psychology. The detailed information of
all experts is demonstrated in Table 2.

Table 2. Experts’ information

Expert Position Year of experience Field Organization

1 Academic More than five years Persuasive Technology,
Multimedia Technology,
Wearable Technology

Public university

2 Academic More than five years Persuasive Technology,
Multimedia Technology

Public university

3 Academic More than five years Persuasive Technology,
Multimedia Technology

Public university

4 Psychologist More than five years Human Psychology Ministry of Health of
Malaysia

The review process occurred through an online workshop. During the workshop,
first, the researcher presents and introduces the model to the experts. The process of
constructing the model, which is content analysis, is also explained in detail. Then, all
the experts validate the model according to three main criteria as follow:

i) The chosen components and subcomponents
ii) The selected elements for each component
iii) The integration of design principles

The review process continued with a discussion where experts shared their
comments, feedback, and recommendation.
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3 The Conceptual Model: Result and Discussion

The main issue highlighted by the experts is how the conditions are set in selecting the
elements in the Design Principles component. Before the review, all the principles that
at least fulfil two criteria were chosen as depicted in Table 3.

Table 3. Design principles of persuasive, wearable and multimedia technology based on
2-selected criteria
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Table 4. Design principles of persuasive, wearable and multimedia technology based on
n-selected criteria
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However, the reviewers suggested constructing an n-criteria table, as shown in Table
4, where design principles can be appropriately selected based on the best number of
selected criteria.

Consequently, the elements are chosen based on the frequency of the design prin-
ciples that fulfil three-selected criteria because the number of principles is relevant to
apply in the model. Moreover, more criteria in selecting the elements were considered to
compensate for the shortage of probably more relevant studies. Based on experts’ feed-
back, comments, and suggestions, the relationships among the four major components
and their sub-components and their defined elements are finally expressed through the
conceptual model (as depicted in Fig. 3). The proposed conceptual model is assembled
based on Generic Steps in Persuasive System Development (as discussed in Sect. 2.3),
comprising fourmain components:Design Principles, Technology,User, andTargetOut-
come. Every main component consists of sub-components and the selected elements.
All the main components are connected according to their dependency on one another.

Fig. 3. Conceptual model of Wearable Persuasive Multimedia (WPM) for depression awareness

4 Conclusion

This study believes that awareness regarding the vitality ofmental health problems, espe-
cially to specific target groups, can be promoted and enhanced through recent technology.
In line with the plan to improve controllability awareness among university students per-
tinent to depression issues, an integrated model comprising wearable, persuasive, and
multimedia design principles is proposed. The conceptual model is suggested due to
the absence of wearable, persuasive, and multimedia design principles integration in
enhancing controllability awareness in mental health-related issues. Thus, a concep-
tual model is constructed through a series of rigorous content analysis. Through all the
processes, the main component and sub-components of the model and their elements
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were identified. After thorough multidisciplinary expert review sessions, the conceptual
model has undergone a refinement process. Finally, the proposed conceptual model is
assembled based on Generic Steps in Persuasive System Development (as discussed in
Sect. 2.3), comprising four main components: Design Principles, Technology, User, and
Target Outcome. The validated model is aimed to serve as a guideline by the applica-
tion developers in developing a solution to enhance controllability awareness on mental
health-related issues.

Acknowledgement. This research was supported by the Ministry of Education (MOE) through
Fundamental Research Grant Scheme (FRGS/1/2019/ICT04/UUM/02/5).

References

1. Institute for Public Health (IPH). National Health and Morbidity Survey 2019: Non-
Communicable Diseases, Healthcare Demand and Health Literacy (2019)

2. Dasgupta, M.: A Psychosocial Study of Controllability Awareness, Cognitive Emotion Reg-
ulation and Other Related Variables Across Some Selected Clinical Samples. University of
Calcutta (2008)

3. Somer, E., Weitzman, A.Z., Heth, J.T.: Controllability awareness in professionals under the
threat of terror: chronic versus acute community stress. J. Trauma Pract. 3(1), 1–18 (2004)

4. Suleiman,A.K., Ismadi,N.F.I., Choudhry, F.R.,Munawar,K.,Muhammed,A.H.:Determinant
factors of depression: a survey among university students. Malaysian J. Public Heal. Med.
17(3), 97–103 (2017)

5. Kotera, Y., Ting, S.-H., Neary, S.: Mental health of Malaysian university students: UK com-
parison, and relationship between negative mental health attitudes, self-compassion, and
resilience. High. Educ. 81(2), 403–419 (2020). https://doi.org/10.1007/s10734-020-00547-w

6. Islam, M.A., Low, W.Y., Wen, T.T., Choo, C.W.Y., Abdullah, A.: Factors associated with
depression among university students in Malaysia: a cross-sectional study. In: The 2nd Inter-
national Meeting of Public Health 2016 with theme “Public Health Perspective of Sustainable
Development Goals: The Challenges and Opportunities in Asia-Pacific Region, pp. 415–427
(2018)

7. Robotham,D.: DoWe still have a digital divide inmental health? a five-year survey follow-up.
J. Med. Internet Res. 18(11) (2016

8. Burnett-Ziegler, I.E., Waldron, E.M., Hong, S., Yang, A., Wisner, K.L., Ciolino, J.D.: Acces-
sibility and feasibility of using technology to support mindfulness practice, reduce stress and
promote long term mental health. Complement. Ther. Clin. Prat. 33, 93–99 (2018)

9. Saeed, A., Tanzeem, C.: Sensing technologies for monitoring serious mental illness. IEEE
Multimedia no. January–March 2018 (2018)

10. Orji, R., Moffatt, K.: Persuasive technology for health and wellness: state-of-the-art and
emerging trends. Health Inform. J. 24(1), 66–91 (2018)

11. Fogg, B.J.: Persuasive Technology: Using Computers to Change What We Think and Do.
Morgan Kaufmann (2003)

12. Fogg, B.J., Cuellar, G., Danielson, D.: Motivating, influencing, and persuading users. In:
Jacko, J.A., Sears, A. (eds.) The human-computer interaction handbook, pp. 358–370.
Lawrence Erlbaum Associate Inc, Hillsdale, NJ, USA (2007)

13. Zulkifli, A.N., Ahmad, M., Bakar, A.J.A., Mat, C.R., Noor, M.N.: Interactive persuasive
learning for the elderly: a conceptual model interactive persuasive learning for the elderly:
a conceptual model. In: 1st International Conference on Educational Studies (ICES-2015),
pp. 1–12 (2015)

https://doi.org/10.1007/s10734-020-00547-w


Integration of Wearable, Persuasive, and Multimedia Design 49

14. Ibrahim, N.: Cnceptual Design Model for Youth Personal Decision Aid. Universiti Utara
Malaysia (201)7

15. Ahmad, S.Z.: A Conceptual Model of Interactive Computer Assisted Learning for Low
Achieving Primary School Student. Universiti Utara Malaysia (2017)

16. Sarif, S.M.: Conceptual Design Model of Computerized Personal-Decision Aid (ComPDA).
Universiti Utara Malaysia (2011)

17. Mutalib, A.A.: Conceptual Design of Reality Learning Media (RLM) Model Based on
Entertaining and Fun Constructs, p. 294 (2009)

18. Mazlan, U.H., Sarif, S.M., Abdul Salam, S.N., Faisal Mohamed, N.F.: A review of persuasive
multimedia principles in wearable technology for enhanced awareness depression: oppor-
tunities for consolidation. In: e-Proceedings: Creative Humanities International Conference
(CHiC 2020), pp. 55–63 (2020)

19. Mutalib, A.A.: Conceptual design of Reality Learning Media (RLM) model based on
entertaining and fun constructs (2009)

20. Dohalit, M.L., Salam, A.S.N., Mutalib, A.A.: A Review on Persuasive Technology (PT)
Strategy in Awareness Study. vol. 9, no. September (2016)

21. Heth, J.T., Somer, E.: Characterizing stress tolerance: ‘controllability awareness’ and its
relationship to perceived stress and reported health. Pers. Individ. Dif. 33, 883–895 (2002)

22. Stewart-Brown, S., et al.: The health of students in institutes of higher education: an important
and neglected public health problem? J. Public Health Med. 22(4), 492–499 (2000)

23. Ali, B.S., Rahbar,M.H.,Naeem, S., Tareen,A.L.,Gui,A., Samad,L.: Prevalence of and factors
associated with anxiety and depression among women in a lower middle class semi-urban
community of Karachi, Pakistan. J. Pak. Med. Assoc. 52(11), 513–517 (2002)

24. Eisenberg, D., Gollust, S.E., Golberstein, E., Hefner, J.L.: Prevalence and correlates of depres-
sion, anxiety, and suicidality among university students. Am. J. Orthopsych. 77(4), 534–542
(2007)

25. Balters, S., Steinert, M.: Capturing emotion reactivity through physiology measurement as a
foundation for affective engineering in engineering design science and engineering practices.
J. Intell. Manuf. 28(7), 1585–1607 (2015). https://doi.org/10.1007/s10845-015-1145-2

26. Oinas-Kukkonen, H., Harjumaa, M.: Persuasive systems design: key issues, process model,
and system features. Commun. Assoc. Inf. Syst. 24(1), 485–500 (2009)

27. Robertson, S., Robertson, J.: Mastering the Requirements Process. Addison-Wesley London,
Upper Saddle River, N.J (2006)

28. Sommerville, I., Sawyer, S.: Requirements Engineering: A Good Practice Guide. JohnWiley,
Chichester (1997)

29. Bass, L.J., Gornostaev, J., Unger, C. (eds.): EWHCI 1993. LNCS, vol. 753. Springer,
Heidelberg (1993). https://doi.org/10.1007/3-540-57433-6

30. Chang, T.-R.,Kaasinen, E.,Kaipainen,K.: Persuasive design inmobile applications formental
well-being: multidisciplinary expert review. In: Godara, B., Nikita, K.S. (eds.) LNICST 61,
pp. 154–162. Springer, Cham (2013). https://doi.org/10.1007/978-3-642-37893-5_18

https://doi.org/10.1007/s10845-015-1145-2
https://doi.org/10.1007/3-540-57433-6
https://doi.org/10.1007/978-3-642-37893-5_18

