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Abstract. As people record, visualize, analyze, share, reflect on, etc. their everyday life using digital and 
network technologies, how can researchers and designers empower them to engage both the technologies and 
health about themselves? Though the Health Belief Model (HBM) has been used to explain and predict health-
related behaviors, and the Technological Self-efficacy (TSE), and the PEN-3 cultural model has been used as 
constructs of technological and cultural self-efficacy, it remains a challenging task to tease out the impact of 
cultural and technological factors for people to improve their health conditions and well-being by taking direct 
and indirect actions. With the aim to develop a conceptual framework to overcome such a challenge, this study 
examined and selected a few constructs from the TSE and PEN-3 cultural models, respectively, and then use 
them to enrich the HBM so that the impact of cultural and technological factors can be better integrated and 
examined. The integrated model can be used as an analysis tool for both researchers and designers to identify 
first the relevant cultural and technological factors (using selected constructs), and then formulate and then 
test hypotheses regarding how these factors shape their health and technology actions (using the causal 
modeling of the enriched HBM).The integrated model proposed and illustrated in this study shows the ways 
in which both cultural and technological factors can be conceptualized to explain and predict health-related 
behaviors via perceived beliefs (often related to technology and health). For example, self-tracking 
visualization involves both cultural and technological factors that may facilitate or impede health-related 
behaviors.  

1 INTRODUCTION 

As people record, visualize, analyze, share, reflect, etc. on 
their everyday life using digital and network technologies, 
how can researchers and designers empower them to 
engage both the technologies and health about themselves? 
As a mixture of making, thinking, contextualizing and 
envisioning, design should create tangible propositions for 
the mutual benefit of both user and manufacturer, both 
human and technology[1]. Some design and user research 
efforts have been made to put the perspective of the user 
and digital product designers in the context of individual 
and social well-being outcomes[2,3]. Others searched for 
basic principles and theories to design endeavor from 
philosophy and psychology, proposing that designers and 
HCI people should value human body as bodily 
experience improves reflective capacities[4], therefor, 
adopt the aesthetics of technologies emerge out of a 
dynamic interaction between a user and an interactive 
system[5]. Such research aims to figure out the context of 
technology design for people and the way it enriched our 

daily lives with self-presentation, culture preference and 
social being. 

However, self-tracking and related technologies have 
been highly rejected and abandoned by users[6,7]. 
Research had been done to investigate the particular role 
of privacy concerns in continuous usage of fitness 
trackers[8]; the factors that lead to continuous use of self-
tracking devices had also been concluded through 
empirically analyzation[9]. Such past studies adopted 
HBM and TSE independently to explain internet use for 
health-related behaviors. However, they lack the ability to 
explain comprehensive relationships among health belief, 
technology belief, and culture belief in explaining users' 
behaviors of health technology. 

With the aim to develop a conceptual framework to 
overcome such a challenge, this study examined and 
selected a few constructs from the TSE and PEN-3 cultural 
models, respectively, and then use them to enrich the 
HBM so that the impact of cultural and technological 
factors can be better integrated and examined. This paper 
will first provide a background and review of related work. 
Then it will combine TSE and PEN-3 culture model with 
traditional HBM, in order to investigate the causality 
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among health belief, technology belief, and culture belief 
to action of adopt/refuse of health technology.  

2 BACKGROUND AND RELATED WORK 

2.1 Health Belief Model 

Self-efficacy has been deeply discussed as it predicted a 
range of health behaviors and is often included in other 
health behavior models, including the Health Belief 
Model (HBM), where it has improved the predictive 
efficacy through the HBM and personal health behavior, 
the role of behavioral science theory in development and 
implementation of public health interventions, and 
historical origins of the HBM[8,10–12]. As one of the 
most widely applied theories of health behavior[13], the 
self-efficacy HBM has been successfully adapted to fit 
diverse cultural and topical contexts[14].  

One successful approach to improving health 
behaviors has been the development of interventions 
based on a sociologic approach that takes into account 
people’s cultural beliefs, attitudes, and behaviors[15], as 
well as the involvement of diverse social relationships, for 
example, lay health educators in the context of an 
educational program[16,17]. Further research should be 
done to exam the exact connotation and effect of such 
social elements of users’ behaviors using technologies 
through self-efficacy HBM. The remaining of the paper 
seeks to propose a Theoretical Technological HBM for 
Self-tracking in designing self-tracking systems. First, it 
generalized a theoretical model to incorporate 
technological self-efficacy into HBM. Then based on the 
theoretical model, it generalizes what elements are 
influencing people’s behavior when using self-tracking 
technology, and explores the elements that may be 
influencing such behavior.  

2.2 Technological self-efficacy 

Social Cognitive Theory (SCT) is common model used to 
explain users’ social behavior, which states that behavior 
is a function of individuals’ expectations of the 
consequences of the action, their abilities to execute the 
action, and their beliefs that the action will achieve a 
desired outcome[18]. Among which self-efficacy has been 
deeply discussed as it predicted a range of health 
behaviors[19,20].  

As possible explanations for the acceptance or 
rejection of technological innovations have become a 
crucial topic in research, technological self-efficacy (TSE) 
becomes a crucial factor affects acceptance motives of 
different types of technology. TSE is one’s perceived 
ability to use a product successfully[21], one’s 
expectations of personal mastery and success[22], and 
one’s confidence in ability to perform specific tasks[23], 
which refers to a key variable for explaining users’ 
acceptance of technology infrastructure[24]. Educational 

researchers have employed TSE in a wide range of 
academic and technology-related settings and have found 
positive and strong influence of efficacy beliefs on 
achievement and persistence regarding specific, criterial 
tasks[25,26]. Such research had help explain individual 
approval, discomfort, or residence towards technical in 
certain scenarios. 

However, TSE is rarely used to explain the user 
behavior of a category of technology products, but more 
to investigate the relationship between general concept of 
technology, other elements and user behavior in certain 
contexts. 

2.3 PEN-3 Culture Model 

Over the past decade, available evidence focusing on the 
impact of culture on health has increased dramatically. 
This indicates not only a widespread and growing interest 
in the influence of culture but also the realization of its 
importance in eliminating health disparities, addressing 
health literacy, and designing and implementing effective 
public health interventions[27]. One significant model that 
has been at the forefront of understanding the influence of 
culture on health is the PEN-3 cultural model[28]. The 
PEN-3 cultural model consists of three primary domains: 
(1) Cultural Identity, (2) Relationships and Expectations, 
and (3) Cultural Empowerment. Each domain includes 
three factors that form the acronym PEN; Person, 
Extended Family, Neighborhood (Cultural Identity 
domain); Perceptions, Enablers, and Nurturers 
(relationship and expectation domain); Positive, 
Existential and Negative (Cultural Empowerment 
domain)[27](See Fig.1).The PEN-3 culture model as an 
organizing frame to centralize culture when defining 
health problems and framing their solutions has been 
adopted by researchers mainly from public health 
interventions[14,29]. 

3 THE HBM COMBINES WITH TSE AND 
PEN-3 CULTURE MODEL 

3.1 Combines HBM with TSE 

The HBM suggests that a person's belief in a personal 
threat of an illness or disease together with a person's 
belief in the effectiveness of the recommended health 
behavior or action will predict the likelihood the person 
will adopt the behavior [30]. As shown in Figure.2, 
besides basic demographic variables and psychological 
characteristics, elements like perceived susceptibility,  
perceived severity, health motivation, perceived benefits, 
perceived barriers, and cues to action are included in the 
model, which are commonly used to health management 
proposal by researchers of diverse fields such as 
information management, social commerce, culture, 
etc.[10,14,31] 
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CULTURAL EMPOWERMENT 
  

Fig1. The original PEN-3 Cultural Model. (Bowered from 
Airhihenbuwa[28] ) 

Fig2. The common Health Belief Model (HBM).  (Bowered 
from Rosenstock [8] ) 

Technological Self-efficacy (TSE) was first discussed 
in Pam Scholder Ellen’s research on the factors cause 
individual resistance to technological innovations. Ellen 
proposed variables as criterion resistance, manipulation 
checks satisfaction, self-efficacy, outcome expectancy, 
performance attribution, covariates intrinsic satisfaction, 
and innovativeness are proposed, with results could 
indicate that a person's perceived ability to use a product 
successfully affects their evaluative and behavioral 
response to the product[21].  

As TSE suggests one’s confidence in ability to perform 
specific tasks, or one’s perceived ability to use a product 
successfully, it is also a discussion of one’s belief and ones’ 
(technological) behavior or action, which makes it 
possible to combine TSE into HBM, especially when 
discussing a person's belief in a personal threat of 
technology together with a person's belief in the 
effectiveness of the recommended technological behavior 
or action will predict the likelihood the person will adopt 
the technology. 

As shown in Figure. 3, variables as perceived self-
efficacy, perceived technological benefits, and perceived 

technological barriers are added to the original HBM, as 
these variables are very likely to influence individual’s 
behaviors to technology. These three variables summarize 
and includes those variables of Pam Scholder Ellen’s 
research. “Perceived self-efficacy” includes the original 
“self-efficacy”, which indicates people’s belief in self-
efficacy; “Perceived Technological Benefits” indicates a 
person's perception of the effectiveness of various actions 
available to successfully use technology, which 
summarized the core concepts of some of the original 
variables from Ellen (“manipulation checks satisfaction”, 
“covariates intrinsic satisfaction”, “innovativeness”, 
“outcome expectancy”, and “performance attribution”).   
“Perceived Technological Barriers” refers to a person's 
feelings on the obstacles to performing a technological 
action. There is wide variation in a person's feelings of 
barriers, or impediments, which lead to a cost/benefit 
analysis. It also summarized the core concepts of some of 
the original variables (“criterion resistance”, “outcome 
expectancy”, and “performance attribution”). 

 

 

Fig3. The Health Belief Model combines with Technological Self-efficacy 
 

There would be two types of action as consequence in 
this model, “Action to Technology” and “Action to 
Health”. The traditional HBM suggests the causality 
between a person's belief in in an illness or disease and 
health behavior or action. By combining with TSE, 

variables could result in people’s action either to health or 
technology, or both. 

 
 

RELATIONSHIP
S 

CULTURAL IDENTITY 
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3.2 Combines PEN-3 Culture Model with HBM 

As human behaviors to health and technology are a 
comprehensive consequence of mixture elements includes 
culture, some research had investigated norms of a certain 
cultures and human actions to health.  Scarinci combines 
the PEN-3 cultural model and HBM as theoretical 
guidance for the intervention development and 
implementation of prevention of cervical cancer among 
Latina immigrants, which expanded the original HBM to 
a wider cultural context[14]. 

According to Iwelunmor, the PEN-3 cultural model 
highlights the impact of behavior on health (positive, 
existential, or negative), the key influences of the behavior 
(perceptions, enablers, or nurturers), and the focus of the 
health behavior intervention (person, extended family, or 

neighborhood)[27], as shown in Figure 1.In the HBM 
combines with TSE above in Figure 2, we combined TSE 
to HBM to investigate whether technological belief affects 
healthy behavior or healthy technological behavior. In this 
step, we would add cultural considerations, because both 
culture belief and technological belief may affect healthy 
behavior. In order to know how cultural belief, 
technological belief and health belief affect healthy / 
unhealthy technological behavior in whole or in part, the 
relationship between culture and technology need to be 
studied. The traditional PEN-3 culture model is not a 
causality diagram but “an organizing frame to centralize 
culture when defining health problems and framing their 
solutions”[27]. In this paper, we try to integrate culture 
elements into HBM. The expanded HBM combines with 
TSE and PEN-3 is shown in Figure 4. 

 

 

Fig4. The HBM combines with TSE and PEN-3 
 

4 CONCLUSION 

The main contribution of this paper is combining TSE and 
PEN-3 culture model with traditional HBM, in order to 
investigate the causality among health belief, technology 
belief, and culture belief to action of adopt/refuse of health 
technology. This paper enriches the HBM so that the 
impact of cultural and technological factors can be better 
integrated and examined, as it tries to complete a 
challenging task to tease out the impact of cultural and 
technological factors for people to improve their health 
conditions and well-being by taking direct and indirect 
actions. The integrated model proposed and illustrated in 
this study shows the ways in which both cultural and 
technological factors can be conceptualized to explain and 
predict health-related behaviors via perceived beliefs 
(often related to technology and health). 

We will continue our research with a quantitative-
empirical evaluation base on the model. With our research, 
we aim at contributing to both a better theoretical 
understanding in the field of technology for well-being in 
a social context and giving practical implications for 

producers of daily-used technologies such as self-tracking, 
moreover, to propose a conception of Sustainable Smart 
Health. , which align design to individual desire for self-
improvement through self-presentation, and to the 
behavior changes that make healthier and caring 
individuals and a more sustainable built or natural 
environment. Although future empirical work must be 
conducted to see whether and how well the integrated 
model works, the study nevertheless has facilitated more 
systematic and holistic understanding of the impact of 
culture and technologies for health sustaining activities, 
the key question to advance what we call Sustainable 
Smart Health. 
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