
 Eindhoven University of Technology

MASTER

Blood pressure management application designed for seniors
a comparison of graphical and speech-based interfaces

Tao, H.

Award date:
2017

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/001734a0-1025-4477-854d-45d20395f121


Eindhoven, 21th of September 2017 

 

 

 

Blood Pressure Management Application Designed for Seniors: A 

Comparison of Graphical and Speech-based Interfaces 

 

by Huan Tao  

 

Identity number: 0977440 

 

 

in partial fulfilment of the requirements for the degree of 

 

Master of Science 

in Human Technology Interaction 

 

 

 

 

Supervisors: 

Prof. Dr. W.A. IJsselsteijn                             IE&IS, Eindhoven University of Technology 

Dr. J.R.C. Ham                                                 IE&IS, Eindhoven University of Technology 

Dr. Ir. N. Velthoven                                        Philips Research, Eindhoven    



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Keywords:  

Technology acceptance theory, voice assistant, graphical interface, blood pressure management, 
m-health 



 I 

Summary 

Hypertension has become a public health problem worldwide as it increases the risk of heart 

diseases and stroke. Self-management has been proven to be effective for blood pressure 

management (BPM). With recent technology development, both voice assistants (implemented as 

speech-based interface) and m-health (implemented as graphical interface) offer solutions for 

Blood pressure management (BPM) tools. 

The technology acceptance model (Davis,1989) suggested that the usage intention can be directly 

or indirectly influenced by external variables (e.g. systems characteristics). Whereas no previous 

work is available directly comparing speech-based interfaces with graphical user interfaces 

targeted at a senior population, the current study aimed to investigate the influence of interface 

types on the acceptance of BPM tools designed for the seniors. As suggested in the literature, 

interface types, as an external variable, could influence perceived enjoyment, social presence, ease 

of use and trustworthiness, and further influence the intention of use for the BPM tools. In addition, 

interface type could influence anthropomorphism, hedonic quality and pragmatic quality.  

A speech-based interface that aimed for the BPM via food monitoring has been developed and 

improved in the first two phase of the study. In the third phase, we experimentally compared the 

speech-based application with the graphical interface application developed and improved in 

Cheng (2016)’s study. 

The results indicated that the interface type had no significant direct effect on the senior’s intention 

to use a BPM tool. In addition, we found had a significant effect on pragmatic quality. Furthermore, 

perceived enjoyment, social presence, trustworthiness and ease of use had a significant positive 

correlation with the intention of use. These results suggested that although perceived enjoyment, 

social presence, ease of use and trustworthiness showed a significant correlation with the intention 

of use, the interface types have almost no significant effect on these variables. This might explain 

that interface type has no overall effect on the seniors’ acceptance of the BPM tools developed. 
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Chapter 1 Introduction  

Hypertension (also called high blood pressure), has become a public health problem worldwide. 

Causing extra burdens to the heart, high blood pressure increases the risk of heart disease and 

stroke. The raised blood pressure is estimated to cause 7.5 million deaths worldwide, about 12.8% 

of the total of all deaths (World Health Organization, 2017). In the Netherlands, more than 35% 

of people, who were 65 years old or older, reported having hypertension (Statistics Netherlands, 

2017).  

Compared with the younger population, senior people are more likely to have hypertension. People 

who do not have hypertension at the age of 55, have a 90% chance of developing it during their 

lifetimes (National Institutes of Health, 2006). In addition, senior people suffer from physical 

(Fletcher & Jensen, 2015) and cognitive decline (Fisk et al, 2009), which cause extra difficulties 

for the elderly to manage hypertension by themselves. Introducing technology into hypertension 

management could offer a convenient or potentially powerful solution for seniors to manage their 

blood pressure. 

In recent years, the combination of technology and healthcare has become a trend. Mobile-health 

(m-health), which is mainly carried out via a software interface known as an application or app, 

provides a new idea to integrate mobile devices with healthcare. Employing mobile devices (e.g. 

smartphones and tablets), m-health usually aims for diagnosis, treatment, or health management 

functions (Kumar, Khunger, Gupta & Garg, 2015). In addition, speech-based interface (e.g. voice 

assistant) has become a possible choice with the development of artificial intelligence. Many 

companies have launched their voice assistants. Empowered by artificial intelligence, voice 

assistants provide a new interaction modality – interacting with the system via spoken language. 

Everyone knows how to talk. Hence, interacting via spoken language might be easy to learn and it 

can release users’ eyes and hands. Most conventional applications adopt graphic user interfaces 

(GUI), whereas voice assistants use speech-based interfaces. Both mobile application and voice 

assistants could be possible solutions to assist the elderly people with blood pressure management 

(BPM).  

Graphical interfaces have been widely applied in our daily life, for example, in computers, smart 

phones, etc. Speech-based interfaces are less widely used, but their penetration rate is expected to 
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increase. It is recognized as a potentially good interface choice for seniors as it may be more natural 

to use than a text-based interface for people who are not experienced in using computer technology 

(Neerincx et al., 2008). With the gradually declining physical (Fletcher et al., 2015) and cognitive 

ability (Fisk et al, 2009), the elderly people have less knowledge toward the new technology and 

are relatively slow at technology acceptance. Former research studies explored the difference 

between different interface types, whereas no study has been done to draw a graphical interface 

with speech-based interfaces in terms of technology acceptance from the elderly perspective.  

Each type of interface has its pros and cons. According to the technology acceptance model (TAM) 

(Davis,1989), external variables (e.g. systems characteristics) would influence people’s internal 

beliefs, attitudes, and the probability of system use. Davis (1989) suggested among the various 

system characteristics, interface style represents one of the important factors that could impact user 

perceptions about a new system. Therefore, could interface types, as an external factor, influence 

the seniors’ usage intention of a BPM system? The current study aims to answer this question by 

examining the effect of interface type on perceived ease of use, trustworthiness, social presence 

and enjoyment. Meanwhile, the effect of perceived ease of use, trustworthiness, social presence 

and enjoyment on the intention of used will also be examined. 

In this introduction section, the importance of blood pressure management for seniors will be 

introduced in section 1.1. Section 1.2 presents the characteristics of speech-based interfaces and 

graphical interfaces. Section 1.3 discusses the effect of interface types on the perceived ease of 

use, social presence, anthropomorphism, trust and perceived enjoyment, and further on the 

intention to use, within the Technology Acceptance Model framework. Section 1.4 discusses the 

different user experiences of speech-based interfaces and the graphical interfaces in terms of 

hedonic quality and pragmatic quality. In the section 1.5, the research question has been defined 

and hypotheses have been generated. 

1.1 Hypertension Management 

1.1.1 What is hypertension?  

Hypertension, which is also known as high or raised blood pressure, is defined as a persistently 

elevated blood pressure (Perloff et al., 1993). The blood pressure includes two values: the systolic 

(upper) value and diastolic (lower) value. The systolic (upper) value is the pressure in the arteries 
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when the heart beats. The diastolic (lower) value is the pressure in the arteries between heartbeats. 

Usually, the hypertension occurs if the resting blood pressure is at or above 140/90 mmHg.  

Long term hypertension is a major risk factor to develop coronary artery disease, stroke, heart 

failure, peripheral vascular disease, vision loss, and chronic kidney disease (Lackland & Weber, 

2015).  Hypertension is a silent killer that rarely causes any symptom (World Health Organization, 

2013). This could cause extra obstacles for people to be aware of their disease and to adherence to 

any given treatment. 

Seniors have a higher probability to suffer from hypertension. The increase in blood pressure with 

age is mostly associated with structural changes in the arteries and especially with large artery 

stiffness (Pinto, 2007). Therefore, an increase of blood pressure has always been an unavoidable 

consequence of ageing (Pinto, 2007).  

1.1.2 How to manage hypertension? 

Lifestyle changes and pharmacological therapies are validated measures to reduce hypertension. 

Current treatments involve one of, or both of these approaches for the management of hypertension 

depending on the patient profile. The recommended lifestyle changes are salt restriction, 

moderation of alcohol consumption, diets with high consumption of vegetables, fruits and low-fat 

food, weight reduction and maintenance, and regular physical exercise (Dickinson et al., 2006). 

The pharmacological therapy refers to anti-hypertensive drugs, in the form of mono-therapy or 

combination therapy (Mancia et al., 2013). 

Pharmacological approaches could help people control their blood pressure, but it also has the 

disadvantages of low adherence and attitude barriers. Like the medication for other diseases, the 

medication for anti-hypertension also suffer from low adherence. The treatment of high blood 

pressure is usually ignored because of its symptomless condition (Hallberg et al., 2016). People 

don’t feel any difference if they have taken medication or not. Negative beliefs toward the 

antihypertensive medication also cause obstacle for medication adherence. In the African-

American hypertension studies, Ogedegbe et al. (2003) found negative beliefs that medications are 

toxic and may cause damage to the eyes, kidneys, liver, other parts of the body, or even cause 

death; beliefs that taking blood pressure medications daily can make one become addicted to them; 

beliefs that there is no need to take medications in the absence of symptoms or when the blood 
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pressure is normal; and the belief that medications do not work. Cheng (2016) did a series of 

studies in the Netherlands on the hypertension seniors and found that the seniors didn’t like or 

even hate medication. Some seniors prefer to change lifestyle in order to lower medication. 

Appropriate lifestyle changes could play an important role in the hypertension management. Elmer 

et al. (2006), in their clinical studies, showed that the lifestyle and diet modifications can result in 

significant improvements in BP control that persist over 18 months. They also suggested that BP 

lowering effects of targeted lifestyle modifications can be equivalent to drug mono-therapy (Elmer 

et al., 2006). Although for some high-risk patients, lifestyle changes should not delay or replace 

the medication, it’s still a way that is worthwhile to try.  

It is known that patients’ views of hypertension influence their decision on the adherence of 

treatment and/or lifestyle changes (Marshall, Wolfe & McKevitt, 2012; Moen et al., 2009). As a 

chronic disease, hypertension needs long term treatment. Therefore, patients’ self-management 

could play a vital role on the hypertension management. Both pharmacological approaches and 

lifestyle changes have a low adherence. However, the elderly people have a more positive attitude 

toward lifestyle changes than pharmacological approaches. Some hypertensive seniors have 

negative impression on the medication and they preferred lifestyle improvement than using 

medication (Cheng, 2016). Hence, self-management by lifestyle changes might be a possible 

solution to assist the elderly to manage their blood pressure. 

1.1.3 Hypertension self-management and technology 

A self-monitoring system can help to increase the understanding of the relationship among the 

treatment, blood pressure level and other symptoms, and furthermore, to improve the adherence to 

medication (Bengtsson et al., 2014). This approach may also increase the motivation to follow the 

treatment and maintain certain behaviors when users are aware of the interplay between blood 

pressure and lifestyle (McLean et al., 2015). Bengtsson et al. (2016) performed a longitudinal study 

with a self-management tools which consisted of self-reported measurements, reminders and 

motivation messages and feedback of self-reported data, and they found a significant reduction in 

blood pressure. Self-management tools could benefit the elderly people for their hypertension 

management. 
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With the availability of internet access and powerful computing capacity of mobile devices, m-

health technology provides a potential approach to assist with hypertension self-management. M-

health usually presents in the form of application or app and employ graphical interface. Many 

applications have been developed for hypertension management. Kumar et al. reviewed 107 

hypertension management apps on iPhone and Android phone (Kumar et al., 2015). As the most 

used interface type in our daily life, the graphical interfaces are possible to be liked by the elderly 

adults. 

With the development of artificial intelligence, speech-based interface could also offer a choice 

for self-management tools. Interacting with the system via talking, a speech-based interface may 

be more natural to use than a text-based interface for people who are not experienced with 

computer technology (Neerincx et al., 2008).  

Cheng (2016) investigated the opinions of hypertensive seniors toward the acceptance of blood 

pressure management tools and developed an application for the seniors via a three-iteration study. 

The application aimed to assist the seniors by salt intake monitoring.  She found out that the ease 

of use could play an important role in the adoption of blood pressure management tools. 

Participants mentioned they did not have much former experiences with the application. Therefore, 

it would be difficult for them to learn a new application on the tablet or smartphone. In addition, 

participants were not willing to use the blood pressure management application developed, because 

it needed too much work to do it. 

Many studies pointed out that the cognitive decline of the elderly people lead to the decrease of 

working memory, decrease of spatial acuity, decrease of both selective and dynamic visual 

attention, and ease of affecting by salient events (Fisk et al., 2009). Suffering from the gradually 

declined physical (Fletcher et al., 2015) and cognitive ability (Fisk et al., 2009), the elderly people 

are relatively slow at technology acceptance. It could be a challenge for them to learn a new 

application. With different characteristics, the speech-based interface and the graphical interface 

might lead to different experiences on the ease of use, social presence, perceived enjoyment, 

trustworthiness, anthropomorphism, hedonic quality and pragmatic quality. Hence, the different 

interface type (i.e. graphical interface and speech-based interface) could influence people’s attitude 

or experience toward the blood pressure management tools and further influence technology usage 
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intention. It is worthwhile to investigate the influence of interface types on the acceptance of self-

management tools.  

1.2 Speech-based interface and graphical user interface 

Nowadays, there is a trend to involve artificial intelligence into our daily life. The voice assistant 

could be an example of that. The conversation agent involved in Conversational user interfaces 

(CUI) or Voice user interface (VUI). The VUI enables people to interact with the system through 

voice/speech instead of graphic elements. Compared with VUI, CUI is an advance version which 

applies a conversational style instead of command-and-control style. The CUI interfaces often 

emulate human-to-human conversations. Computer-synthesized speech generators, also known as 

text-to-speech (TTS) systems, are often applied in the speech-based application to generate 

humanlike speech. Mobile apps, for example Siri, Google Now and Cortana, which combine visual 

and auditory information, and voice-only devices, such as the Amazon Echo, HomePod and 

Google Home, are becoming more and more popular now. 

As a medium for interaction, speech/voice have a number of key advantages. Pearl (2016) suggests 

voice user interface is hand-free, more intuitive and capable of expressing empathy. Imaging that 

you want to use the device when you are cooking or driving, or your device is far away from you. 

It’s easier to use speaking than searching and typing. Everybody knows how to talk. For human 

beings, speech is a fundamental way to communicate. There are many forms of communication, 

for example writing, gesture, facial expression. However, in all cultures, people persuade, inform 

and build relationship primarily through speech (Pinker, 1995). Speech is not merely a medium 

that simply transmit words from a person to another person. Using speech, humans are capable to 

convey a wide range of socially relevant cues (Nass & Gong, 2000).  

Besides the mentioned advantages, speech-based interfaces also have many disadvantages. For 

example, it’s not always suitable to talk to your computer in public spaces. Not everyone feels 

comfortable to speak to a machine, even in private spaces. Since it’s already a daily routine to 

interact with graphical interface via smartphone or computer, they might not want to shift to voice 

(Pearl, 2016). Pearl also pointed out people might have privacy concerns for sensitive topics, 

because everyone around you can hear your conversation. 



 
 

7 

Compared with the speech-based interfaces, graphical user interfaces (GUI) apply a different style 

which involved a series of visual elements to represent information. A GUI allows users to interact 

with electronic devices through graphical icons and visual indicators. Some common elements in 

GUIs, especially in the personal computer, include the windows, icons, menus, etc. The 

distinguishing feature of GUI lies in its graphical control features, such as toolbar buttons or icons 

(Cortes, 1997). GUIs allow users to manipulate text and images as visually displayed via input 

devices (e.g. mouse). GUIs, which consist of a series of visual elements, makes it easier for users 

with few computer skills to work with computer. 

With the appearance of the mobile devices (e.g. iPhone, iPad), users are allowed to manipulate the 

input and output via a touchscreen. The touchscreen enables users to manipulate or control the 

system through simple or multi-touch gestures by touching the screen. These support styles of 

interaction using more than one finger in contact with a display, which allows actions such as 

pinching and rotating, which are unsupported by one pointer and mouse (Jacob et al., 2008). 

Mobile devices have different user interface styles than personal computer, while it also uses visual 

elements, such as icons, menus, wallpapers, etc.  

1.3 Technology acceptance 

1.3.1 Technology acceptance theories 

The technology acceptance model (TAM) (Davis,1989) is one of the most cited theories that 

explains technology acceptance in information technology. The TAM theory (see Figure 1.1) 

suggests that perceived ease of use (PEOU) and perceived usefulness (PU) are the two most 

important factors in explaining system use. Perceived usefulness refers to the beliefs of users that 

using the system will enhance his or her job performance. Perceived ease of use refers to the beliefs 

of a user that using the system will be free of effort. Users are more likely to have a positive feeling 

about the new technology if he or she thinks the new technology is easy to use and can be useful. 

This kind of positive feeling could generate a positive attitude toward using the technology and 

furthermore influence the user's behavioral intention and actual usage. After a long period of 

research, TAM has been proven to be a robust, powerful theoretical model for predicting user 

acceptance. It has been successfully tested across a wide range of computing technologies, 

organizational settings, and user populations (Hasan & Ahmed, 2007). 

https://en.wikipedia.org/wiki/User_(computing)
https://en.wikipedia.org/wiki/Human%E2%80%93computer_interaction
https://en.wikipedia.org/wiki/Human%E2%80%93computer_interaction
https://en.wikipedia.org/wiki/Computer_icon
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Figure 1.1: The Technology Acceptance Model, version 1. (Davis, 1989) 

Many studies proposed extension version for TAM by adding external variables in it, in order to 

explore the effects of external factors on perceived usefulness, perceived ease of use, users' attitude 

or behavioral intention. For example, Davis proposed an extension of his model called TAM2 

(Venkatesh & Davis, 2000). TAM2 includes subjective norms and explains perceived usefulness 

and usage intentions in terms of social influence and cognitive instrumental processes.  

An important character of TAM is that TAM considers the impact of external variables on user 

perceptions of an information system. The conceptual framework of the TAM theory explains the 

influence of external variables (e.g. systems characteristics) and capabilities on people’s internal 

beliefs, attitudes, and the probability of system use. It suggests perceived ease of use and perceived 

usefulness are directly determined by external variables. 

1.3.2 Perceived ease of use 

Interface type could be the external variable that directly influences perceived ease of use, and 

further indirectly influences people’s attitude and intention to use. Davis (1989) suggested that 

among the various system characteristics, interface style represents one of the important factors 

that could impact user perceptions about a new system. Hasan and Ahmed (2007) conducted a 

study to explore the effects of interface style on the intention to use. They made a comparison for 

the menu-based interface style and the command-based interface style and found that computer 

interface style had a significant direct effect on perceptions of ease of use. Hence, we can expect 

that for the self-management tools, the different interface style (i.e. speech-based interface and 

graphical interface) could also have influence on the perceived ease of use. 
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Bostrom, Olfman, and Sein (1990) suggested that when users were presented with a new and 

unfamiliar system, they formed their perceptions about the system based on the mental models that 

they developed about the system. The mental model of a system referred to people’s internal 

representation of the system’s features, structure and functionality. Since user interacts with the 

system via the interface, the features of the interface could play an important role for user to form 

mental models. 

In the food monitoring context, people need to enter similar data into the system every day. Telling 

several sentences to the system could require less effort than manually inputting data. Although 

the seniors could already have some experience with the graphical interface in their daily life, a 

new application, which employ new texts, graphs, different functionalities and complexed menu 

structure, could take some effort for the seniors to learn it. Hölzl and Schaffer (2013) claimed that 

there was a common issue that the menu structure and functions that were too complicated for the 

elderly. For example, when using the application, the senior users usually got lost in the nested 

menu.  Ziefle and Bay (2004) suggest that elderly mobile phone users do not have a mental model 

of the ubiquitous hierarchical menu system in mobile phones. They struggled to find the 

functionalities they want to use and therefore do not use them.  

The speech-based interface, which employs conversational style and with no or less menu, could 

assist users to finish daily tasks simply by daily conversation. Since everybody knows how to talk, 

the speech-based interface might be easier for the seniors to build mental models. Hasan et al. 

(2007) suggested that people would prefer the interface that requires less cognitive and mental 

effort to develop mental models. Therefore, we argue that the speech-based interface, which needs 

less effort to build the mental model, would be perceived as easier to use than the graphical 

interface.  

1.3.3 Social presence 

Social presence refers to the experience of sensing a social entity when interacting with the system. 

According to Biocca, Harms and Burgoon (2003), as social beings, humans want to increase the 

sense of social presence, by seeking sociality. This could make an interface with a strong social 

presence become more appealing to a user, who instinctively seeks for sociality.  
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Voice could lead to more social presence than text. In the context of feedback, Keil and Johnson 

(2002) showed an opposite result that voice-mail generates more social presence than email in a 

student-supervisor setting. Walter, Ortbach and Niehaves (2015) did a study that used text, audio, 

and video as feedback intervention. They found that participants reported a significant higher level 

of social presence in the audio-based text-to speech output setting than in the text-based message 

box condition. Hence, we expect that the speech-based interface will elicit stronger sense of social 

presence than the graphical interface. 

1.3.4 Trust 

Trust will also influence technology acceptance. Trust, which played a key role in reducing 

uncertainty, could positively affect intention to use the data exchanges system (Nicolaou & 

McKnight, 2006). Liang, Laosethakul, Lloyd and Xue (2005) did a large sample study and found 

that trust positively affects usage intention for online prescription filling. In the healthcare context, 

seniors worried especially for health application and monitoring function, therefore, the privacy 

and security concerns became the barriers (Fletcher et al., 2015). They worried about the 

inappropriate use and access of data by the unauthorized people. The system handles delicate data 

and acts autonomously. People will not use the system if they do not trust it. Thus, it is of utmost 

importance that people can trust the system (Looije, Neerincx & Cnossen, 2010). Hence, we argue 

that trust have a positive effect on the intention of use. 

Former researchers found that trust was related to uncertainty (Bensaou, & Venkatraman, 1995; 

Morgan, & Hunt, 1994). Lewicki and Bunker (1995) proposed that trust develops as a result of the 

aggregation of trust-related knowledge. This kind of knowledge could be obtained from the 

familiarity (Gulati, 1995) and media or other people (Lewicki et al., 1995). The elderly people 

could be familiar with the graphical interface, as the personal computers or even smartphones and 

tablets were widely applied in their daily life. The speech-based interface has existed for a long 

time. However, due the technology limitations, it has never been widely applied in our daily life. 

Speech-based applications implemented in smart speakers haven’t been launched in the 

Netherlands. Therefore, the elderly people in the Netherlands might have never experienced this 

kind of application before. They are expected to have relatively less knowledge with the speech-

based system. In their perspective, the speech-based interface could be more unpredictable and 
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have more uncertainties than the graphical interface. Hence, we argue that the elderly people would 

perceive the speech-based interface as less trustworthiness than the graphical interface. 

1.3.5 Perceived enjoyment 

Enjoyment was defined as the extent to which using a system is perceived to be enjoyable in its 

own right, apart from any performance consequences that may be anticipated (Carroll & Thomas, 

1988). Davis, Bagozzi and Warshaw (1992) found that enjoyment directly influenced the 

intentions of use and they classified enjoyment as an intrinsic motivation for adopting technology. 

Heerink, Kröse, Evers & Wielinga (2008) did a research on companion robot with older people. 

They found that the increased levels of perceived enjoyment would lead to a higher intention of 

use. In the blood pressure management context, people might use the system every day. Therefore, 

the perceived enjoyment could play an important role on the usage intention.  

Speech-based interfaces could be lead to higher pleasure than the graphical interface. Bickmore et 

al. (2016) conducted a study, which compared the conversational search engine interface to the 

existing keyword- and facet-based search engine interface. The conversational search engine 

interface was designed as a dialog with an embodied voice assistant, whereas the keyword- and 

facet-based search engine interface was designed as a Web form-based (graphical) search engine. 

They found that although interacting with conversational search engine interface took more time, 

people felt more pleased, more satisfied and less frustrated, compared with the Web form-based 

graphical interface.  

1.4 Anthropomorphism 

Anthropomorphism can be defined as the tendency of people to imbue real or imagined behavior 

of nonhuman agents with human characteristics, motivations, intentions, or emotions (Epley, 

Waytz, & Cacioppo, 2007). It was an important element in the user experience design and therefore, 

could be interesting to explore. 

It has been examined in research on robotics that audio cues can activate anthropomorphism. In a 

study by Eyssel, Kuchenbrandt, Hegel, and De Ruiter (2012), the effect of vocal cues provided by 

a robot was studied with synthetic human-like voice. The study suggested that hearing familiar 

features from a robot's voice would activate observer’s elicited agent knowledge, leading to 
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anthropomorphism. Research has revealed that users make attributions about the interfaces with 

voice output using the same rules and heuristics they normally apply to humans (Nass & Brave, 

2005) 

Compared with robotics, speech-based interfaces lack visual cues, but they provided audio cues in 

the same way as robots by providing cues from recorded human audio via convincing text-to-

speech audio. People's social responses could be automatically elicited by any cues that are related 

to human characteristics (Reeves & Nass, 1996). Speech is the predominant way for the 

interpersonal communication instead of text and graph. Only human beings have speech. We 

expect that speech-based interface could be more likely to anthropomorphic than the traditional 

graphical interface. 

1.5 Hedonic quality and pragmatic quality 

Hedonic qualities and pragmatic quality, which are part of the user experience for the interface 

(Tractinsky, Katz & Ikar, 2000), could be important to explore. Pragmatic quality is defined as the 

extent to which a system allows for effective and efficient goal-achievement, and is closely related 

to usability (Hassenzahl, 2001). Hedonic quality could be divided into hedonic stimulation quality 

and hedonic identification quality. Hassenzahl (2004) suggested that simulation, novelty and 

challenge could be basic human need, whereas identification addresses the human need to express 

oneself through objects. Different interface types could elicit different perceived hedonic quality 

and pragmatic quality. Van Beurden, Ijsselsteijn and de Kort (2011) conducted a study which 

compared both the gesture-based interaction and device-based interaction on pragmatic and 

hedonic qualities. They suggested that hedonic quality and fun were higher for embodied (i.e., 

gesture-based interaction) than non-embodied interaction technologies (i.e., mouse).  

As we mentioned early, we argue that the speech-based interface would be easier to use than the 

graphical interface. The pragmatic quality, which have a similar definition with the ease of use, 

might similarly be influenced by the interface types. Therefore, the speech-based interface could 

be perceived with a high level of pragmatic quality than the graphical interface. 

The speech-based interface was usually considered as natural and hand-free. It allowed users to 

freely express themselves to some extent. Speech-based interface could allow for freely or partly 

freely input, whereas the graphical interface have a certain pattern for data input. Therefore, it 
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might be easier for the users to express themselves through the speech-based interface than the 

graphical interface. Thus, we expect people would perceive speech-based interface with a higher 

hedonic identification quality than the graphical interface. 

Speech was capable to convey a wide range of socially relevant cues (Nass et al., 2000), which 

allowed users to consider it as a social entity. The graphical interface, which was decorated with 

beautiful graphs, could also be attractive to users. For the elderly people, who have less experience 

with the smartphone, tablet, smart speaker, could consider that both the speech-based interface and 

the graphical interface are novel and challenging. Therefore, we don’t have clear prediction for the 

effect of speech-based interface and graphical interface on hedonic stimulation quality.  

1.6 Research question and hypotheses 

In the current research, based on the theories described in the section above, we argue that the 

interface types can influence the perceived ease of use, social presence, perceived enjoyment and 

trust, which directly or indirectly influence the seniors’ acceptance for the blood pressure 

management tools. In addition, the interface types can influence anthropomorphism, hedonic 

quality and pragmatic quality, which are important elements of the user experience. However, no 

previous researches have directly compared the speech-based interfaces with the graphical user 

interfaces of a simple blood pressure management tool (food and blood pressure monitoring) for 

hypertensive seniors. Therefore, we come up with the following research question:  

What is the influence of interacting with a food monitoring system equipped with a speech-based 

interface versus a graphical interface on user’s technology acceptance and usage intention? 

To answer this question, we plan to make a comparison between the speech-based interface and 

the graphical interface. In 2016, Cheng did a series study to build and improve a tablet based 

application for a hypertension management self-management tool for senior. The current study is 

a follow-up of Cheng (2016)’s study. With similar functionalities, as the ones developed by Cheng 

(2016), a speech-based hypertension management tool for the elderly people has been developed, 

refined and optimized in this research. and compared to Cheng (2016)’s graphical user interface 

in an experiment. Our hypotheses are derived from the literature and are as follows: 
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H1: Participants would judge the ease of use of a speech-based interface to be higher than the ease 

of use of a graphical interface. The rationale is that speech-based interface, which was 

implemented in a conversational manner, could be easier for the seniors to form a mental model. 

H1a: The ease of use has a positive effect on the intention to use for the blood pressure management 

tool. According to TAM theory, ease of use could positively influence people’s the intention of 

use. 

H2: Participants would perceive the speech-based interface to have a higher social presence than 

the graphical interface. Former studies (Keil et al., 2002; Walter et al., 2015) suggested that voice 

can generates more social presence than text. Therefore, speech-based interface, which applied 

text-to-speech technique, was expected to generate more social presence than the graphical 

interface, which applied texts and graphs. 

H2a: Perceived social presence has a positive effect on the intention to use for the BPM tool. Since 

humans instinctively seek for sociality, they could find an interface with a strong social presence 

is more appealing and more likely to use it. 

H3: Participants were more likely to anthropomorphize speech-based interface than the graphical 

interface. The vocal cue, which was the unique characteristics of human, could be more likely to 

elicited anthropomorphism than texts and pictures. 

H4: Participants would perceive a higher level of trustworthiness in a graphical interface than a 

speech-based interface. As a novel technology, the elderly people have less trust-related 

knowledge toward the speech-based interface. The speech-based interfaces could be less 

predictable and have higher uncertainty, which will lead to less trust for it. 

H4a: The increased level of trust could lead to higher intention to use for the BPM tool. In the self-

management context, the system handles delicate data and acts autonomously. People might never 

use the system if they do not trust it. 

H5: Participants would perceive higher level of enjoyment from the speech-based interface than 

the graphical interface.  Former study (Bickmore et al., 2016) found that people felt more pleased 

to interact with the speech-based interface than the graphical interface. 
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H5a: The increased level of enjoyment could lead to higher intention to use for the BPM tool. In 

different context, former studies found that enjoyment have positive influenced on the intentions 

of use (Carroll et al., 1988; Davis, et al., 1992; Heerinket al., 2008). Therefore, we argued that 

within the acceptance of BPM tools context, the perceived enjoyment has positive influenced on 

the intentions of use. 

H6: The speech-based interface could be perceived with a high level of pragmatic quality than the 

graphical interface.  

H7: Participants would perceive speech-based interface with a higher hedonic identification 

quality than the graphical interface. 
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Chapter 2 Methodological Framework 

2.1 Overview of the research design 

The goal of the current study was to gain deeper insight about the influence of interface types on 

the elderly people’s technology acceptance of BPM tools. To obtain a comprehensive insight, the 

current study also investigates the elderly’s attitude on the BPM tools. In Cheng’s (2016) study, a 

graphical interface prototype has been improved using an iterative process in three steps. Since 

people are more likely to accept the application with better usability, the huge usability discrepancy 

between graphical interface and speech-based interface could influence people’s trust, perceived 

ease of use, social presence, perceived enjoyment, anthropomorphism, hedonic quality and 

pragmatic quality. Therefore, we conducted two studies to improve the speech-based application 

in an iterative manner, and then, as a third study, the improved speech-based interface has been 

experimentally compared with the graphical interface. An illustration of the research design is 

presented in Figure 2.1. 

 

Figure 2.1: Illustration of the research design 

The first phase of the study was aimed to validate the usability of the graphical interface application, 

test the usability for the speech-based application, and gather in-depth information about the 

differences between these two kinds of interfaces. To gain a thorough understanding of the 
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differences, the study adopted a qualitative descriptive approach which consist of semi-structured 

interview and usability test. 

Based on the findings from the first phase, the speech-based prototype has been improved. In the 

second phase of the study, a usability test and semi-structured interview have been conducted to 

verify the changes and test the prototype in terms of usability. 

After two phrases of improvement, we experimentally compared the graphical interface 

application with the speech-based application in the third phase. Survey has been chosen to 

quantify the factors, including trust, perceived ease of use, social presence, perceived enjoyment, 

anthropomorphism, hedonic quality and pragmatic quality. Besides the survey, semi-structured 

interviews were conducted to gather people’s experiences and preference toward these two 

applications. 

2.2 Participants 

In total, 38 participants aged between 65 and 74 participated in the project. Five participants 

participated in the study 1; five in study 2; and 28 in study 3. The target users for this project are 

hypertensive adults who are older than 65 years old and have been diagnosed with hypertension. 

The inclusion criteria were: (1) older than 65 years old, (2) with hypertension and (3) able to speak 

English (4) no hearing problems or medium to high cognitive decline.  

Compared with normotensive seniors, hypertensive elderly adults could have increased motivation 

to reduce sodium intake for their blood pressure. Considering the language limitation (English or 

German) of the available voice assistant device used in the study, participants should have a 

sufficient ability for English. More details on the participants can be found in chapters 3, 4 and 5. 

2.3 Data collection and analysis 

During the series study, qualitative and quantitative data have been collected. Qualitative data were 

collected during the interview for the first, second and third phases of the study. The interviews 

have been audio recorded with the participants’ consent. The audio recordings were then 

transcribed and analyzed. The quantitative data were collected in the third phase of the study via 

validated questionnaires. In chapters 3 and 4, the results of the interview and user test will be 
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described with a focus on usability. In chapter 5, the quantitative results of the comparison study 

will be described. Chapter 6 compiles the results from 3 studies about the insights and attitudes of 

the participants towards BPM.  

. 
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Chapter 3 Phase 1 – first iteration study 

The first study aims to test for usability of two prototypes and make qualitative comparison of the 

graphic and speech-based interfaces with similar functionalities. 

3.1 Method 

3.1.1 Materials 

In the first study, a GUI prototype and a speech-based interface prototype have been built and 

tested. To keep in line with Cheng (2016)’s study, both interface prototypes have the same 

functionalities as in Cheng (2016). The functionalities enabled users to: 

-    record food intake 

-    record blood pressure measurement 

-    check sodium intake history 

-    check blood pressure history. 

GUI prototype: The GUI prototype was built with Adobe Experience Design CC (Beta). 

Participants could interact with the prototype via a tablet. The GUI prototype applies the same 

design than Cheng (2016)’s prototype. In her last study, Cheng (2016) found out that users had 

difficulties to find the button to access the next page of food. Therefore, the button in the progress 

bar has been replaced by two arrows with a bigger size. Six dots have been used to show which 

page it’s now in. The modification is displayed in figure 3.1. 

 

Figure 3.1 Progress bar 
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Figure 3.2 shows the application flow of the GUI prototype. For the food intake monitoring tool, 

a list of food would be presented to the participants. Participants can choose from the food list for 

the consumed food. Besides food intake, blood pressure record tool enables participants to enter 

their blood pressure measurements, which consists of a systolic and a diastolic value. Participants 

can check their food intake history in the sodium intake report and blood pressure history in the 

blood pressure report tool. 

 

Figure 3.2: Graphical interface application flow  
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Speech-based prototype: The speech-based interface prototype was built via an audio recording 

and played through a Bluetooth speaker. The voice simulator of Amazon Alexa was chosen as the 

platform to generate the audio record for the prototype. Speech synthesis markup language (SSML) 

has been employed to create a better flow of the audio record. When participants interacted with 

the speech-based prototype, one researcher would select a corresponding response (pre-recorded) 

and play it via the speaker in a Wizard of Oz set-up. 

The speech-based prototype achieves the same functionalities of the GUI prototype with some 

differences inherent to the device used. The present smart speaker needs an invocation name for 

the system and also an invocation name for the application. For example, Amazon Echo uses 

“Alexa” as the invocation name, Google home use “Ok Google”. Amazon Echo has been chosen 

to implement the prototype. “Alexa”’ is the default invocation name. The application was first 

named “Molly”. Therefore, to open the application, participants need to say: “Alexa, open/ask/tell 

Molly”. 

To help users learn to use the application, some information was designed and presented via both 

paper and voice. A paper with sample utterances for the application was provided to the 

participants. Those sample utterances were used to inspire users to generate appropriate command 

for the application. The sample utterances were presented in figure 3.2.  

 

Figure 3.2: Sample utterances provided to participants  
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In addition, to further guide users on how to use the application, several introductions via voice 

was designed. For example, when participants say, “Alexa, open/ask/tell Molly” or “Alexa, ask/tell 

Molly I want some introduction/help”, the voice assistant will welcome the participants by saying: 

“Welcome to the blood pressure management center! What do you want to do today? Record your 

meal, enter your blood pressure, check your sodium intake report, or check your blood pressure 

report”. 

For the food intake record, participants could access this functionality by saying: “I want to record 

my food”. For food monitoring, there could be tens hundreds of food items in the system. It would 

have been time consuming and less efficient if the whole list was provided to the participants via 

speech. Therefore, no list was offered to the participants. Participants were able to record foods by 

speaking out the most common name of the food eaten and its quantity. To inform people about 

this, an introduction about how to report the food was designed and was provided to users, if they 

mentioned “I want to record my food”. For example, if participants want to record four slices of 

bread, they can say to the system: “I have eaten/ate/had four slices of bread”. Participants can 

record their blood pressure by saying: “I want to record my blood pressure”. Similarly, in the blood 

pressure record section, users can invoke this function by saying: “I want to record my blood 

pressure”. A simplified version of the application flow of the food record and blood pressure record 

was presented in the figure 3.3. 
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Figure 3.3: Simplified application flow of introduction, recording food intake and recording 

blood pressure 

The food intake history can be checked by saying: “Alexa, ask Molly how much sodium did I have 

today?”; blood pressure history can be checked by saying “Alexa, ask Molly what was my blood 

pressure yesterday?”. The application flow for these two sections was shown in figure 3.4. 

 

Figure 3.4: Application flow of the checking food intake and checking blood pressure 
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3.1.2 Procedures and tasks 

This study was held in a meeting room at the Philips office in Eindhoven. The study was conducted 

in English. The study procedures show in figure 3.5. After arriving at the meeting room, 

participants were invited to read the information letter and sign the informed consent. After giving 

their informed consent, participants were asked to fill in a demographic questionnaire, and a 

technology usage questionnaire. Subsequently, participants were interviewed on their relationship 

with hypertension. After that, participants would be invited to finish some tasks with one of the 

speech-based interface or graphical interface applications in a counterbalancing order, followed 

by a short interview toward usability. After participants completed the interview, they evaluated 

another application following the same procedure. After completing the evaluation of both the 

speech-based application and graphical interface application interaction, a short interview was 

conducted in which participants further compared their experiences with the interaction methods. 

Finally, participants were thanked for their participation. The interviews lasted between 70 - 120 

minutes. 

 

Figure 3.5: Study procedures 

In the study, participants were asked to perform 4 tasks, which were adapted from the usability 

tasks in Cheng (2016)’s study. When participants experienced difficulties in the tasks or asked 

questions, the research would provide hints to help them to continue the task. If needed, explicit 

hints about what to do was provided. The tasks were presented to participants in a paper form (see 

figure 3.6). The detailed tasks can be found in the Appendix D. 
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Figure 3.6: Tasks in study 1 

During the study, the interviewer followed a semi-structured interview guide, which involved in 

both open and closed-ended questions. The interview topics consisted of four topics: hypertension 

background, usability of graphical interface, usability of speech-based application, and preference. 

The questions for hypertension background, usability of graphical interface and preference were 

adapted from Cheng (2016)’s study. The questions for usability of speech-based interface were 

based on the guidelines in Larsen (1999). The topic list can be found in Appendix A. Video records 

were made when participants were interacting with the prototypes. In addition, interviews were 

audio recorded to allow for transcription and subsequent analysis.  

3.2 Results 

3.2.1 Descriptive Results 

Five participants (two females and three males), who were aged between 65 and 79, have been 

recruited for the study. Four participants had higher education and one participant has entered 

secondary education. The following table 3.1 shows the general information about the participants. 

All the participants use internet at least once a day. All of them access the internet through 
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computer and mobile phone. Besides computer and mobile phone, two participants use a tablet 

and one participant use a television. Only one participant had some experience with a voice 

assistant (Siri, Apple) before. The rest four participants have never tried or heard of any voice 

assistant.  

Table 3.1: Demographic information of the participants 

 A1 A2 A3 A4 A5 

Age 65-69 65-69 70-74 75-79 70-74 

Gender Female Male Male Male Female 

Education 
Higher 

education 
Secondary 
education 

Higher 
education 

Higher 
education 

Higher 
education 

Frequency of 
using 
internet 

More than 3 
times a day Everyday 

More than 3 
times a day Everyday 

More than 3 
times a day 

Access the 
internet 

Computer, 
tablet, mobile 
phone 

Computer, 
mobile phone 

Computer, 
tablet, mobile 
phone 

Computer, 
mobile phone 

Computer, 
television, 
mobile phone 

Experience 
with voice 
assistant 

I have never 
tried any. 

I have never 
tried any. 

I have used 
one or more 
several times. 
(Apple Siri) 

I have never 
tried any. 

I have never 
heard of 
them.        

3.2.2 Usability test 

Figure 3.7 displays the time needed to finish each task. Participant 4 did not finish all the tasks due 

to the time limitation. Therefore, we excluded him in the usability test. Introduced figure 3.6, we 

could find that participants spent less time to finish the task 1 (record foods), task 3 (record blood 

pressure) and task 4 (check blood pressure measurement) with the speech-based application, 

whereas spent less time to finish task 2 (check sodium intake) with the graphical UI application. It 

could be that in the graphical UI application, participants needed to search in the food lists and 

find the target foods. But in the speech-based application, participant only needed to tell which 

foods they have consumed. The time took with the speech-based application also depended on the 
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length of the sentences. Longer sentences will increase the times that participants take to finish the 

task. 

Participant A5 took the longest time to complete the task 1 and task 3 with the graphical interface, 

whereas relatively shorter time with the speech-based interface. In the usability test, we found that 

participant A5 have never tried touch-screen devices before. This might explain why he or she was 

slow at using the graphical interface. 

 

Figure 3.7 The average time needed to complete the tasks 

Figure 3.8 represents the errors that participants made to finish the tasks as well as help that participants 

asked for. During the interaction, participants asked for more help for the graphic interface than the 

speech-based interface. It could be that we have provided sample utterances for each task in the speech-

based interface. Therefore, participants only need to change for several words when they were generating 

sentences. Through the observation, we also found that participants needed more explanation when they 

tried the speech-based application.  

 
Figure 3.8: The number of errors occurred and the number of help was needed in each task 
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3.2.3 Results of thematic analysis 

In total, the interviews took about 10 hours. The audio recordings of the interviews were 

transcribed and a thematic analysis conducted. The findings from the interview have been 

identified into several themes: usability of speech-based interfaces, usability of graphical 

interfaces, expectations, barriers and drivers for technology acceptance. In this section, only 

usability themes are discussed. The results on expectation, barriers and drivers for technology 

acceptance from all 3 studies have been combined and the results can be found in in Chapter 6. 

In general, people possessed positive attitude at the speech-based application and sodium 

monitoring system. Two participants prefer the speech-based application and three participants 

prefer the graphic application. 

Theme 1: usability of graphical interface application 

For the graphical interface application, all the people thought it’s clear, easy to use and easy to 

learn. This is in line with Cheng (2016)’s usability result. All the participants successfully found 

and understood the modified progress bar. 

“It was very clear and straightforward, very intuitive.” (A1)  

“It’s rather simple things, so I feel rather confident to use it.” (A3) 

Two participants claimed that the application didn’t react on their finger. This could result from 

the deficiency of the prototype. The platform we used to build the prototype might have some 

latency if the prototype was too complex. 

“I think it's the tablet didn't react on my finger.” (A1) 

“It’s a bit of simple, but it’s okay. When you press something, this does not reflect that you 

press a number or something. If you press fill, then it should at least change color or 

something like that. ” (A3) 

Four participants felt they can learn the application by themselves. One participant mentioned she 

would like to have some help for the first time she used this application. This participant has never 

tried any application on the tablet or smartphone before. When she started to use the application, 
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we observed that she didn’t even know how to work with the touchscreen. Therefore, she needed 

some guidance with it. 

“The second time I could do without your help. (So, the first time you need some help?) 

Yes. That would be nice. But if there is a manual, an introduction, on how to use, it would 

be okay.” (A5) 

One participant suggested that the graphical interface would take a lot of time. The participant 

mentioned that he has tried a similar application for the calorie before, however, he gave up the 

application as it was too much work and time-consuming. 

“To start it up and to takes it in, it took a lot of time. When I try this at home, it takes too 

much time. So, I stop. (You already have use this kind of?) Yes, it was calorie, it was very 

difficult, took a lot of time... (You mentioned you have try the tools before, how long have 

you tried that?) Only one week or so. I stop immediately, too much work.” (A2) 

Theme 2: usability of speech-based application 

For the speech-based interface application, most participants stated the application was easy to use 

and easy to learn. However, they mentioned they want to see things, especially for the result/history 

part. With more visual information, it’s more convenient and efficient to interpret and remember 

the result/history. 

“For me the problem is that you don’t get any written responses, so you have to write it 

down yourself, otherwise you forget it within 5 minutes.” (A3) 

“When you do this, you always want to see the result. In the screen, you can see today 

was too high, this is the average you are good.” (A2) 

In addition, participants pointed out that the voice in the speech-based application was friendly 

and polite. They mentioned that talking to speech-based application felt like talking to a robot or 

even a person. This indicates the possibility of anthropomorphism and social presence existence. 

“It feels like a real person controlling you. It’s more natural than the tablet. It feels as if 

your family doctor.” (A5) 
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“This is easier, much easier. You talk with a robot. Robot is much easier than the tablet. 

(A5)” 

In addition, three participants mentioned the speech-based application was convenient to input 

data. The most reported reason for this opinion was hand-free and less time-consuming.  

“It takes more time than speaking. You have to do a lot more on the tablet than 

speaking.” (A2) 

“It’s easier to use, you don’t have do, and you just have to talk. (A1)” 

Two participants expressed the need for better introduction. The participants reported that they 

had difficulties to choose words or generate sentences. Since it might be the first time for most 

participants to experience the speech-based application, it could be difficult to think about what 

kind of speech can be recognized by the system. Besides generating sentences, it’s also a 

challenge to select a word since there are some many possible expressions could be for one 

single food. 

“I don’t how many words you can use for a slice of bread. Piece of bread, or breads, just 

breads. That makes it easier or more difficult to use. But that’s also something that you 

get used to. After a few weeks, you know what words you can use.” (A1) 

“I was not sure if I have to use exactly the same words, or maybe other words. I have a 

paper with me, I have to the exactly paper says.” (A2) 

Two participants pointed out they didn’t feel in control with the application. The only feedbacks 

from the system when people are recording foods or blood pressure, are “food recorded” and 

“blood pressure recorded”. This lead to doubt that whether the system has stored the correct data. 

“No (, I don’t always know what the system is doing). I say something, he doesn’t repeat 

it. When he repeats, then I know he understand, he is recording the right things.” (A1) 

“You don’t know if the data has been correctly recorded in the system. It cannot 

recognize the right data every time.” (A4) 
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3.3 Discussion 
The graphical interface application was easy to use and easy to learn, whereas the speech-based 

application still needed to be further improved. The only usability issue mentioned by the 

participants for the graphical interface was the latency, which might result from the platform that 

we chose. 

Currently, participants thought the speech-based application was hand-free and less time-

consuming and talking to speech-based application felt like talking to a robot or even a person. 

From the usability test, we could also found that it took less time to finish the task 1, 3 and 4 

through speech-based interface application than the graphical interface application. However, they 

also mentioned that they wanted to see things and they had difficulties in creating sentences. Some 

participants didn’t feel in control with the speech-based application.  

To improve the speech-based application, these improvements could be done for a better usability: 

(a) create a visual-based report; (b) have better introduction about how to use the application; (c) 

provide more feedbacks to make people feel in control; (d) provide more nutrition information 

about food intake.  
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Chapter 4 Phase 2 – second iteration study 

In the second study, the speech-based prototype has been improved based on the findings in the 

first study. A usability test has been conducted to verify the modifications and examine the refined-

prototype in terms of usability. 

4.1 Method 

4.1.1 Materials 

A speech-based interface prototype has been built for the second study. Different from the first 

phase, the speech-based interface prototype has been implemented in the Amazon Alexa platform 

and Amazon Web Services (AWS) using Javascript and Json. Speech synthesis markup language 

(SSML) has been employed to create a better flow of the audio record. The prototype has the same 

functionalities as the graphical and speech based prototypes of the first iteration study. The 

application flow (see figure 4.1 and figure 4.2 a simplified version) has been refined based on the 

findings of study 1. For better learnability, the commands for all the functionalities have been 

unified as: “I want to do (something)”. For example, I want to record food.  

 

Figure 4.1: Application flow of introduction, recording food intake and recording blood pressure 



 
 

33 

In Study 1, participants claimed a feeling of lack of control on the system. Therefore, voice 

feedbacks which help to confirm the food input and blood pressure input has been added in the 

prototype. For example, when people have mentioned their blood pressure XX/YY to the 

application, the application would say “your upper number is XX, and your lower number is YY. 

Is that correct?”  

In addition, from Study 1, we found that participants would like to have some advices from the 

application. Therefore, the advices functionality has been implemented into the application (see 

figure 4.2). Sample utterances have been added in the system to teach participants how to use the 

application (see figure 4.1 for a simplified version). For example, when participants have finished 

to record food, the system would say: Okay, food recorded! If you want some advices for lifestyle, 

you can say, “Alexa, ask Molly to give me an advice”  

 

Figure 4.2: Simplified application flow of advices, checking food intake and blood pressure 

Besides this, a graphical application has been added to the speech, in order to give a visual 

presentation of the report (see figure 4.3). The application was built using Microsoft PowerPoint 

2013. When participants asked for the sodium intake or blood pressure history, one research will 

present the relevant report in the screen. Therefore, participants can go through the reports by 

giving some voice commands. The report applied the similar design guidelines and same style as 

the graphical interface of study 1.  
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Figure 4.3:  Graphical application for reports 

4.1.2 Procedures and tasks 

This study was held in a meeting room at the Philips office in Eindhoven. The study was conducted 

in English. After arriving in the meeting room, participants were invited to read the information 

letter and sign the informed consent. After that, participants were asked to fill in a demographic 

questionnaire, which asked about demographic information and technology usage. Next, 

participants would have an interview with some background questions on their hypertension. Later, 

participants would be invited to use the prototype to finish some tasks. After completing their tasks, 

participants were questioned about the usability of the prototype via a set of questionnaires and a 

short interview. Finally, participants were thanked for their participation. The interviews lasted 50 

to 80 minutes. Figure 4.4 presents the study procedures. 

 

Figure 4.4 presents the study procedures 

In this study, participants were asked to perform 7 tasks, which were adapted from the usability 

tasks in Cheng (2016)’s study. When participants were stuck in the tasks or asked questions, the 

researcher would provide hints to help them continue the task. If needed, explicit hints about what 

to do was provided. The tasks were presented to participants in a paper form (see figure 4.5). The 

detailed tasks can be found in the Appendix D. 
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Figure 4.5: Tasks in the second study 

Similar to the first study, the interviewer followed a semi-structured interview guide, which 

involved in both open and closed-ended questions. The interview topics consisted of three topics: 

hypertension background, usability of speech-based application and opinions for the BPM tool. 

The questions for hypertension background and opinions for the BPM tools were adapted from 

Cheng (2016)’s study. The questions on the usability of the speech-based interface were based on 

the guidelines in Larsen (1999). The topic list can be found in Appendix A. Video records were 

made when participants were interacting with the prototypes. In addition, interviews were audio 

recorded to allow for transcription and subsequent analysis.  

Besides the interview, system usability scale (Brooke, 1996) and hedonic quality and pragmatic 

quality questionnaire (Hassenzahl, 2004) were applied to test the usability, hedonic quality and 

pragmatic quality for the application in the current study. The System Usability Scale (SUS) is a 

ten-item scale on a five-point Likert scale ranging from 1 (“strongly disagree”) to 5 (“strongly 

agree”), whereas the hedonic quality and pragmatic quality were measured by a 21-item scale with 

seven-point Likert scale. The questionnaires can be found in the appendix B. 

4.2 Results 
4.2.1 Descriptive Results 

In total, the interviews took about 7 hours. All participants had secondary education. Table 4.1 

shows the general information about the participants. Four participants have used internet at least 
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one time every day and one participate used internet three to five times a week. All of them 

access internet through a computer. Besides computer and mobile phone, only two participants 

used tablet and mobile phone for internet. Only one participant had experience with the voice 

assistant (Siri made by Apple) before. The other four participants had never heard of voice 

assistants. Those participants were already familiar with internet and graphical interface, whereas 

they have less or even no experience with the speech-based interface. 

Table 4.1: Demographic information 

 B1 B2 B3 B4 B5 

Age 65-69 70-74 65-69 70-74 70-74 

Gender Male Female Male Female Male 

Education 
Secondary 
education 

Secondary 
education 

Secondary 
education 

Secondary 
education 

Secondary 
education 

Frequency of 
using 
internet 

More than 3 
times a day Everyday 

3-5 times a 
week Everyday 

More than 3 
times a day 

Access the 
internet Computer Computer Computer 

Computer, 
tablet, mobile 

phone 

Computer, 
tablet, mobile 

phone 

Experience 
with voice 
assistant 

I have never 
heard of 

them. 

I have never 
heard of 

them. 

I have never 
heard of 

them. 

I have never 
heard of 

them. 

I have used 
one or more 
several times. 
(Apple Siri) 

4.2.2 Usability test 

Figure 4.5 displays the completion time of each task. In the second study, due to the system 

limitation/error, some participants could not finish all the tasks. In addition, it would take more 

time to finish tasks. From the figure 4.6, we could found that, task 1 (add foods) took the longest 

time among all the tasks. However, task 3 (add the same foods) and task 4 (add the same foods 

and hams) where they also entered food into the food journal, it took shorter time than the first 

task.  
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Figure 4.6: The average completion time of each task 

Figure 4.7 displays the errors that participants made in each task. Task 1 (record foods) took the 

longest time and had most errors happened. Since the participants were unfamiliar with the application 

in the beginning, it’s likely that they needed more time to learn this application. 

During the study, we found that some participants did not understand the tasks. It was hard for 

them to imagine that they have taken the food in the picture, which was not the truth. Therefore, 

sometimes they would record extra foods and we did not consider this as an error. The most errors 

were resulted from the invocation name. When participants need to use the speech-based system, 

they need to mention 2 names (Alexa and Molly) to invoke the application. All the participants 

have made mistakes on this. One participant misinterpreted the biggest food contributor. One 

participant said he wanted to record food when he needed to check the food report.  

 

Figure 4.7: The sum of errors assessment in each task 
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4.2.3 Results of thematic analysis 

Similar to the first study, in this second study, interviews have been recorded and transcribed. One 

researcher categorized the findings from the interview into several themes: usability of speech-

based interfaces, expectations, and barriers and drivers for BPM tools acceptance. The expectation, 

and barriers and drivers would be combined with the other two studies. The results will be 

presented in Chapter 6. 

Usability of speech-based interfaces 

The second study was not a Wizard of Oz study, but it made use of a speech-based prototype, 

developed within Amazon AWS. This lead to new usability issues. Since elderly people speak 

slower than younger adults, there were more pauses in the sentences when they interacted with the 

application. The application would then interrupt the participants as the pauses were considered to 

be the end of a sentence. For example, when participants said, “I ate two slices of cheese, four 

slices of bread”, there usually has a longer pauses between “cheese” and “four”. Because of the 

long pause, the voice recognition system would think people have finished their speech. The 

system would then interrupt the participants and give unexpected answers. This led to lots of extra 

work to record the food, and therefore to a negative experience with the application. 

 “At the moment, it was complex. We didn't understand each other.” (B4) 

“Her (Alexa’s) English is very good to understand. But she has to wait, and she answers 

too quickly.” (B5) 

Since most of the participants have never heard of a voice assistant before, they mentioned they 

felt surprised when they used the speech-based application. Three participants thought they can 

learn to use the application without help from others. Two participants would prefer more 

introduction on how to use it.  

“It was completely new. I didn't know what to expect, so I have no idea. I'm little bit 

surprised, then I think it's a good thing. I think I could manage to do it by myself, but I 

prefer help a little bit on how to use it.” (B2) 

“No (I don’t need help), When there is a manual and it is good written.” (B1) 
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After implementing more feedback for the data recorded, four participants felt in control with the 

application. Only one participant thought the application was out of control. For this participant, 

the system always failed to recognize his or her speech. 

“I think it’s in control. There's no problem. I don't know if the assistant is doing something. 

Maybe listening. I get an answer, so that is response.” (B3) 

Report: graphical interface 

All the participants liked to see the reports on the screen. For the food/blood pressure record part, 

two people preferred to use only the voice, three people preferred to use screen combined with the 

voice. This indicated that people might prefer to process complex information via seeing, instead 

of hearing. 

“I want to see it (the results) in the end, because then I can read it back.” (B4) 

“I think for the input, talking is good. But you have seen, it's not what you want to see every 

minute on screen. … At certain moment to ask some information is good. But when I want 

to see the whole ingredients, I want to go to the computer to see it, or tablet.” (B1) 

Although participants had some difficult time with the application, they still liked the speech-based 

way to use the application.  

“I don't have to type it. It is hand free I think. That is the only reason, it is hands-free and 

communicate. So, it's easier.” (B3) 

Two participants complained that they had to say Alexa and Molly to invoke the system and open 

the application. It makes them feel confused and strange. The participants would only say Alexa, 

instead of Alexa, ask/tell/open Molly. We found that all the participants have made this mistake. 

“I would like to say talk to one person and ask for one person. Now there is another person” 

(B3) 

“There's too many people. Just Molly or Alexa, that makes it easier. if you talk to two 

people, it is confusing.” (B5) 
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4.3 Conclusion 
In this 2nd study, people’s attitudes were less positive toward the speech-based application. 

Providing appropriate visual feedback could make people feel more in control with the speech-

based system. Although participants had some bad experience /difficulty with the prototype, they 

were still positive with inputting data via speech. Usability test showed that it took less time for 

the participants to record food via speech. When developing speech-based application for elderly, 

the speech recognition system should be adapted to the speaking pattern of elderly. Participants 

liked to see the results in the screen. Sample utterances provided via voice could be helpful, 

however it might be difficult for participants to remember and recall them. 

During the study, we found out that the elderly people didn’t like the way to interact with the 

application, by calling both Alexa and Molly. Since we cannot change the way that the system 

works as it is how Alexa is currently designed, better introductions should be provided to explain 

the system. 

Although some introductions have been provided via speech on how to interact with Alexa, 

participants still made mistakes. It could be because learning via speech is less effective than 

learning via visual information, especially in this population as it increased participant’s memory 

workload. 
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Chapter 5 Phase 3 – third iteration study 

5.1 Method 

5.1.1 Materials 

The GUI prototype, which was developed in Cheng (2016)’s study, has been further adapted for 

study 3. The prototype was built with Ionic (version 3.5.0) and installed on iPad Air 2. Participants 

could interact with the prototype via a tablet. The GUI prototype applies the same design than 

Cheng (2016)’s prototype (see Cheng’s design in the Appendix C). The progress bar remains as 

redesigned for study 1(cf. chapter 3.1.1). In addition, the text in the application has been translated 

from Dutch to English. In order to keep the same functionality as the speech-based application, an 

advice has been added in the blood pressure history module.  

Since the prototype developed with the Amazon Alexa platform and Amazon Web Services had 

some intrinsic limitations as described in chapter 3.2.2, a Wizard of Oz setting has been used to 

build the speech-based prototype. Similar with the setting of the study 1, the speech-based interface 

prototype was built via series of audio recordings, to be played through a normal speaker. In line 

with the first two studies, the voice simulator of Amazon Alexa was used to generate the audio 

recordings of the prototype. When participants interacted with the speech-based prototype, the 

researcher would choose a response and play it via the speaker. To ensure the consistency of the 

prototype, a protocol has been created which helps to choose the corresponding response. Key 

words would be recognized as certain intention, for example, record food/meal indicate that people 

want to record their food. Each intention has its own conversation flow. The figure 5.1 illustrates 

the protocol for the system response. To activate the intent, participants need to mentioned 

keywords in their conversation.  
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Figure 5.1: Response protocol 

In the first and second phase of the study, the speech-based interface was called Molly, which was 

a person’s name. This was chosen to facilitate people to anthropomorphize the application, but has 

the disadvantage to involve 2 names (Alexa and Molly) to access the application, which was not 

well perceived by the participants. It is less natural to ask a person to ask another person about 

something and remembering 2 names was confusing. To avoid the influence of the name, the 

application was named Sodium Guide in the third study. Based on the findings of study 2, an 

additional graphical interface application has been created to present the introduction and the 

report. The introduction for how to use the application has been modified. The explanation of 

system evocation and data input pattern have been added into the introduction, and presented via 

an application on tablet. The graphical interface prototype was built with Adobe Experience 

Design CC (Beta) and installed in the iPad Air 2. People could learn the application via the tablet, 

input data via speech and check the history via both speech and tablet. The figure 5.2 illustrates 

the application on the tablet. 
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Figure 5.2 Application flow 

5.1.2 Measures 

Intention to use the system was measured with a three-item scale on a seven-point Likert scale 

ranging from 1 (“strongly disagree”) to 7 (“strongly agree”). The scale was tailored, and based on 

the scale developed by Venkatesh et al. (2003). Perceived ease of use was assessed via a 6-item 

scale, which was developed in Davis (1989). The perceived social presence off the system was 

measured with a five-item scale on a seven-point Likert scale ranging from 1 (“strongly disagree”) 

to 7 (“strongly agree”). The scales were tailored from Gefen and Straub, (2003). A 5-items scales 

for the perceived enjoyment toward the virtual counselor agent (Lisetti, Amini, Yasavur & Rishe, 

2013) has been tailored for the current study. Participants can rate the applications from 1 

(“strongly disagree”) to 7 (“strongly agree”). System usability scale (Brooke, 1996)) has been 

applied to test the usability for the application in the current study. It’s a ten-item scale on a five-

point Likert scale ranging from 1 (“strongly disagree”) to 5 (“strongly agree”). The hedonic quality 

and pragmatic quality were measured by a 21-item scale, which was created by Hassenzahl (2004). 

Godspeed questionnaire (Bartneck, Kulić, Croft & Zoghbi, 2009) has been tailored to test the 

anthropomorphism. In our study, the speech-based interface was implemented in a unmovable 

speaker, as well as the graphical interface was implemented in the tablet. Therefore, the item 

Moving rigidly/moving elegantly was not suitable to describe the two interfaces and would be 

excluded for the current study. This led to a 4-items scales for the anthropomorphism.  
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Trust: Lisetti et al. (2013) built a 4-items scale for the trust toward the virtual counselor agent. In 

addition, Venkatesh, Thong, Chan and Hu (2016) created a 3-item scale to measures the trust to 

virtual agent in the uncertainty reduction dimension. Similar with Lisetti (2013)’s study, 

participants were required to disclose their personal information to the applications and received 

advices from the applications in our study. In the healthcare context, people might also have the 

desire to reduce the uncertainty, since it’s related to their personal information. Both these two 

scales were suitable for the present study. Therefore, we combined and tailored these two scales. 

The item - “I feel better interacting with the virtual counselor than with a human counselor in terms 

of privacy” - was deleted as we did not need to compare the application with human. This leaded 

to a 6-items scales for the anthropomorphism.  

All scales used for measurement can be found in Appendix B. All the items in the questionnaires 

were rated on a 7-point scale, excepted the ten items in the system usability scale, which were 

rated on a 5-point scale. 

5.1.3 Procedures and tasks 

This study was carried out at the High-Tech Campus in Eindhoven in meeting rooms from July 

26th to August 4th, 2017. Each participant was tested separately in English. After arriving at the 

meeting room, participants were invited to read the information letter and sign the informed 

consent. Subsequently, participants would be asked to fill in a demographic questionnaire, which 

asked about demographic information as well as technology usage. Next, participants would have 

an interview with some background questions on their relation to hypertension. After that, 

participants would be invited to finish some tasks with one of the two graphical interface or speech-

based interface applications in a counterbalancing order, followed by a short interview toward 

usability. After participants completed the interview, they evaluated another application following 

the same procedure. Finally, we asked participants to make further comparison of these two 

applications. The study lasted between 50 and 90 minutes. 

In the study, participants were asked to perform 5 tasks (plus 3 sub-tasks), which were adapted 

from the usability tasks in Cheng (2016)’s study. When participants were stuck in the tasks or 

asked questions, the research would provide hints to help them continue the task. If needed, explicit 

hints about what to do was provided. For the first 6 participants, tasks were provided in English-
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only version. However, we found that participants had issues to understand and act the script: they 

were more tempted to enter the food they had or their own measured BP. Therefore, we added a 

Dutch explanation below the English version tasks. The tasks were presented to participants in a 

paper form (see figure 5.3). The detailed tasks can be found in the Appendix D. 

 

Figure 5.3: Tasks in the third study 

During the study, the interviewer followed a semi-structured interview guide, which involved in 

both open and closed-ended questions. The interview topics consisted of four topics: hypertension 

background, usability of graphical interface, usability of speech-based application, and preference. 

The questions for hypertension background, usability of graphical interface and preference were 

adapted from Cheng (2016)’s study. The questions for usability of speech-based interface were 

based on the guidelines in Larsen (1999). The topic list can be found in Appendix A.1. Video 

records were made when participants were interacting with the prototypes. In addition, interviews 

were audio recorded to allow for transcription and subsequent analysis.  

5.2 Results 

5.2.1 Descriptive Results 

From the interview, we found that 21 participants preferred to use the graphical interface, whereas 

7 participants preferred to use the speech-based interface. Table 5.1 shows the distribution of the 
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demographic characteristics. All the participants have successfully finished the study. In the study, 

all the participants had experience with internet for more than 5 years. Only 16 participants surfed 

the internet via tablets or smart phone. Interestingly, 8 participants mentioned they have often used 

one or more voice assistants before. But when being asked for what kind of voice assistant they 

have experienced, all of them answered google or chrome. Until we finished the study, Google 

home nor Amazon Echo have been launched in the Netherlands. It’s a small chance that so many 

people have tried Google home. One participants even asked if the Google home was the same as 

Google when he or she was filling the demographic questionnaire. It could be that the Google 

home was offered in the multiple choices list, and some participants thought Google home was the 

same thing as google. We could consider that actually most people never heard of voice assistant 

before. Therefore, in the third study more than a half of the participants had experience with 

tablet/smart phone, most of the participants did not have experience or never heard of the voice 

assistant. 

Table 5.1: Demographic information for the study 3 

Characteristic Category 

Age 
65-69 70-74 75-79 80-84 85-89 

13 7 4 3 1 

Gender 
                                Male                                            Female 

                                 15                                                   13 

Education 
Higher education           Secondary education         Primary education 

                      4                                      17                                   3                              

Frequency of 

using internet 

     More than 3 times a day           Everyday                     3-5 times a week 

                     11                                   13                                     4 

Access internet 
                Computer                          Tablet                         Mobile phone 

                     28                                   16                                    16 

Experience with 

voice assistant 

I often use 

one or more. 

I have used one 

or more several 

times. 

I have never tried 

any. 

I have never 

heard of them. 

           8                             8                              6                               6 
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Questionnaires and scale reliability: 

In the third phase of the study, questionnaires have been employed to measure psychological 

variables. All the questions used a 7-point scale, except that System Usability Scale questionnaire 

used 5-point scale. Cronbach's alpha has been applied to test the reliability of questionnaires. The 

System Usability Scale consisted of 10 items (α = 0.8630), the anthropomorphism scale consisted 

of 4 items (α = 0.9175), the ease of use scale consisted of 6 items (α = 0.9679), the trust scale 

consisted of 6 items (α = 0.8483), the social presence scale consisted of 5 items (α = 0.9634), the 

intention of use scale consisted of 3 items (α = 0.8162), the enjoyment scale consisted of 5 items 

(α = 0.8988), the pragmatic quality scale consisted of 7 items (α =  0.9118), the hedonic quality 

stimulation scale consisted of 7 items (α =  0.8521), and the hedonic quality identification scale 

consisted of 7 items (α = 0.9086). All the alpha values were higher than 0.8, which indicated that 

the scales were reliable. The descriptive statistics of all psychological measurements are presented 

in Table 5.2. 

Table 5.2: descriptive statistics for psychological measurements 

 Graphical interface  Speech-based interface 

 Mean 
Std. 

Deviation Mean Std. Deviation 
Anthropomorphism 4.937 1.385 4.652 1.202 

Ease of use 5.381 1.286 4.887 1.430 

Enjoyment 3.414 1.364 3.450 1.470 

Usability 3.521 0.712 3.329 0.722 

Intention of use 4.751 1.233 4.703 1.322 

Social presence 4.086 1.181 3.929 1.523 

Trust 5.357 0.889 4.889 1.430 

Hedonic quality stimulation (HQS) 5.383 0.958 5.367 0.995 

Hedonic quality identification (HQI) 4.888 1.202 5.051 1.001 

Pragmatic quality (PQ) 5.2296 1.17568 4.714 1.304 
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5.2.2 Hypotheses Testing 

To examine the effect of the interface type on all the psychological variables, one-way repeated 

measure ANOVA test (when normality assumption was satisfied) or nonparametric Related-

Samples Wilcoxon Signed Rank test (when normality assumption was violated) was used. 

Mean scores of eases of use, social presence, anthropomorphism, usability, intention of use, 

trustworthy and perceived enjoyment for two interface types was plotted in figure 5.5. One way 

repeated measure ANOVA was conducted to examine effect of interface types on the ease of use, 

social presence, anthropomorphism, usability, intention of use. Results showed that there was 

marginally significant group difference for ease of use (F (1, 27) = 3.874, p = 0.059). We expected 

participants judged the ease of use of a speech-based interface to be higher than the ease of use of 

a graphical interface (H1). The mean ease of use for the speech-based interface (M = 4.89, SD = 

1.43) was lower than the graphical interface (M = 5.38, SD = 1.29). It was opposite with our 

expectation. Results thus provided no evidence in support of H1.  

In addition, results indicated that there was no significant difference for social presence (F (1, 27) 

= 0.507, p = 0.483), anthropomorphism (F (1, 27) = 1.584, p = 0.219), usability (F (1, 27) = 2.243, 

p = 0.146) and intention of use (Z = 202.0, p = 0.864) between speech-based application and the 

graphical application. There was no evidence that supported for the hypothesis 2, 3 and 4.  

 

Figure 5.5: Mean scores of the variables 
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Related-Samples Wilcoxon Signed Rank test has been conducted for the trustworthy and perceived 

enjoyment. Results indicated that interface types have marginally significant on the trustworthy (Z 

= 183.5, p = 0.063). We expected participants perceive a higher level of trustworthiness in a 

graphical interface (H4).  The mean of trustworthy for the speech-based interface (M = 4.887, SD 

= 1.430) was lower than the graphical interface (M = 5.357, SD = 0.889), which was in line with 

our expectation. Therefore, the H4 was supported by the data. In addition, the perceived enjoyment 

(Z = 144.0, p = 0.864) was not significantly influenced by the interface. Therefore, the H5 which 

expected a higher level of perceived enjoyment in the speech-based interface, was not supported 

by the data. 

Mean scores of pragmatic qualities, hedonic quality identification and hedonic quality stimulation 

were plotted in the figure 5.6. Related-Samples Wilcoxon Signed Rank test has been conducted 

for hedonic quality stimulation and hedonic quality identification. The hedonic quality stimulation 

(Z = 129.5, p = 0.626) have no statistic significant different between interface types. Besides, there 

was no significant difference for hedonic quality identification (Z = 185.5, p = 0.310). Repeated 

measure ANOVAs showed that interface types have a significant effect on the pragmatic quality 

(F (1, 27) = 5.203, p = 0.031). The graphical interface (M = 5.230, SD = 1.176) demonstrated a 

significantly higher pragmatic quality on average than the speech-based interface (M = 4.714, SD 

= 1.304). We expected that the speech-based interface would be perceived with a high level of 

pragmatic quality (H6) and a higher hedonic identification quality (H7) than the graphical interface. 

Unfortunately, the H6 and H7 was not supported by the data. 

 
Figure 5.6: Mean scores of PQ, HQI and HQS 
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In sum, the interface types have statistically significant influence on the pragmatic quality. The 

ease of use (F(1, 27) = 3.874, p = 0.059) and trustworthy  (Z = 183.5, p = 0.063) were close to 

significant. No significant difference has been found for the other variables. 

Regression analysis: predicting intention of use 

Mixed-effects REML regression was performed to predict the intention of use based on 

trustworthiness, social presence, enjoyment and ease of use. The trustworthiness (Z = -2.13, p = 

0.033), social presence (Z = 3.68, p < 0.001), enjoyment (Z = 3.47, p = 0.001) and ease of use (Z 

= 3.04, p = 0.002) were the significant predictors for the intention of use. See table 5.3 for the 

detailed results. The social presence, enjoyment and ease of use had a positive effect on the 

intention of use, whereas the trust had a negative effect on the intention of use. The residual intra-

class correlation (ICC) was 0.559, which indicated that between-group variance counted for 55.9% 

proportion of the total variance. Outlier analysis was carried out for the regression. No 

standardized residual was found to have a Z-score of < -3 or > 3, so no participant was excluded.   

Table 5.3: Mixed-effects REML regression for the intention of use 

Independent 
variables 

Coef. Std. Err. Z P 

Ease of use 0.360 0.118 3.04 0.002 

Enjoyment 0.474 0.137 3.47 0.001 

Social presence 0.375 0.102 3.68 <0.001 

Trustworthiness -0.434 0.203 -2.13 0.033 

Constant 2.022 0.753 2.68 0.007 

Variance inflation factor (VIF) has been calculated to examine the multicollinearity. Tests for VIF 

indicated that a moderate level of multicollinearity was present (VIF = 2.81 for ease of use, 3.90 

for enjoyment, 1.82 for social presence and 3.15 for trustworthiness). Since the sample size was 

fairly small (N = 28), the multicollinearity might have existed among the independent variables. 

Therefore, mixed-effects REML regression was performed again for each single independent 

variable.  
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In total, mixed-effects REML regression has been conducted for four times. Table 5.4 presents the 

detailed regression. Mixed-effects REML regression was calculated to predict intention of use 

based on ease of use. A significant regression equation was found (Z = 7.79, p < 0.001), with an 

ICC of 0.56. Enjoyment (Z = 7.94, p < 0.001) significantly predicted the intention of use, with an 

ICC of 0.38. Social presence (Z = 7.01, p < 0.001) significantly predicted the intention of use, with 

an ICC of 0.38. Trust (Z = 4.75, p < 0.001) significantly predicted the intention of use, with an 

ICC of 0.38. All these four variables were significant predictors of the intention of use and all of 

them have a positive effect on the intention of use. Therefore, the H1a, H2a, H4a, H5a were 

supported by the data. Different from the results in table 5.3, the trust had a positive effect on the 

intention of use, which indicated the existence of multicollinearity. 

Table 5.4: Mixed-effects REML regression for the intention of use 

Independent variables Coef. Std. Err. Z P>z 

Ease of use 0.699 0.090 7.79 < 0.001 

Constant 1.128 0.486 2.32 0.02 

Enjoyment 0.713 0.090 7.94 < 0.001 

Constant 2.279 0.335 6.8 < 0.001 

Social presence 0.642 0.092 7.01 < 0.001 

Constant 2.147 0.388 5.54 < 0.001 

Trust 0.791 0.166 4.75 < 0.001 

Constant 0.553 0.890 0.62 0.534 

To examine whether mediation effects were existed, a simple linear regression was performed to 

predict the intention of use based on the interface type. The results showed that the coefficient of 

the interface type (t(56) = 0.14, p = 0.89, R2 = 0.0004,  b = 0.047) was not significant. Muller, Judd 

and Yzerbyt (2005) suggested that if there was no overall treatment effect on the outcome variable, 

the mediation effect did not exist. Hence, no evidence suggested the exist of mediation effects.  

5.2.3 Exploratory analysis for the interface types preference 
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From the interview, we found that 21 participants preferred to use the graphical interface, whereas 

7 participants preferred to use the speech-based interface. However, when asking about their 

intention to use the speech-based interface and graphical interface, there were no difference in 

intention to use between speech-based interface and graphical interface. To explore which 

dimensions in the interface resulted in the interface type preference, logistic regression was 

performed to test the effect of ease of use, trustworthiness, enjoyment and perceived social 

presence on the intention of use.  

As we mentioned in the section 5.2.2, the ease of use trustworthiness, enjoyment and perceived 

social have high correlations with each other’s. Since we want to investigate which variables 

influenced the interface preference, instead of predicting the preference, logistic regression would 

be performed for each independent variable.  

The difference in ease of use for different interfaces (i.e. Δ ease of use = ease of use score for 

graphical interface - ease of use score for speech-based interface) has been calculated as an 

independent variable. A logistic regression was calculated to predict the interface preference based 

on Δ ease of use. Results indicated that the delta ease of use (Z = 2.11, p = 0.035) significantly 

predicted the interface type preference, with an R2 of 0.216. Similarly, the delta trustworthiness, 

delta enjoyment and delta perceived social presence have been used to predict the interface 

preference separately. The delta trustworthiness (Z = 1.27, p = 0.204, R2 = 0.0629) and delta 

perceived social presence (Z = 1.16, p = 0.247, R2 = 0.00465) have no significant effect on 

predicting the interface types preference. The delta perceived enjoyment (Z = 1.70, p = 0.088, R2 

= 0.1088) have marginally significant effect on predicting the interface types preference. Table 5.5 

shows the detailed results. This indicated that the ease of use and the perceived enjoyment 

explained for participants’ preference. If the graphical interface was easier to use than the speech-

based interface, participants were more likely to prefer the graphical interface, and vice versa. 

Similarly, if participants perceived more enjoyment from using graphical interface than the speech-

based interface, participants were more likely to prefer to use the graphical interface. 

Table 5.5: Logistic regression of interface preference 

Independent variables Coef. Std. Err. Z P>z 
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Delta ease of use 3.322 1.889 2.11 0.035 

Constant 2.114 1.019 1.55 0.12 

Delta trustworthiness 3.901 4.181 1.27 0.204 

Constant 2.085 0.914 1.68 0.094 

Delta social presence 1.669 0.738 1.16 0.247 

Constant 2.481 1.074 2.1 0.036 

Delta perceived enjoyment 2.343 1.170 1.7 0.088 

Constant 3.010 1.442 2.3 0.021 

 

5.2.3 Usability test 

Figure 5.7 displays the completion time for each task. For the task 1, task 3, task 4, task 5-1 and task 

5-3, participants required more time to finish the tasks with the graphical application. For the rest 

tasks, participants took more time to finish the tasks with speech-based application. Similar with 

the first and second study, the task 1 took the longest time among all the tasks. In the task-5-2, 

participants needed to find the biggest contributor for their sodium intake. When using the speech-

based application, all the participants would ask the system first. When they found out that they 

cannot get answer directly from the speech, they would start to check the application on the tablet, 

which worked together with the speech-based one to explain the food intake history. Through the 

observation, we found that participants often confused at this task as they didn’t know whether 

they needed to check the biggest contributor from the speech or from the application on the tablet. 

This might explain why the task 5-2 took much more time with the speech-based application than 

the graphical application. In sum, participants took less time to finish all the task with speech-

based application than with the graphical application. 
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Figure 5.7: The average completion time of each task 

Figure 5.8 displays the errors that participants made in each task. Participants made more errors in 

the task 1, task 2, task 4 with the speech-based application, whereas made more errors with 

graphical interface for the rest tasks. For the speech-based application, 22 out of 28 errors were 

resulted from the invoke name that participants needed to mention 2 names (Alexa and Sodium 

Guide) to invoke the application. 6 errors were resulted from participants asked for the wrong 

function. For the graphical application, 4 (out of 27) errors were made in the record food. 

Participants confused at the add food from the previous list. 6 (out of 27) errors were made in 

record blood pressure. We observed that participants ignored the upper/lower number mentioned 

in the application and attempted to add both lower number and upper number in the input box that 

asked for the upper number. The rest errors were made as participants entered the wrong functions. 

For example, when asked to check blood pressure, some participants would choose the record 

blood pressure function and enter their blood pressure. This could be because participants would 

see the blood pressure history once they have entered their blood pressure. Therefore, they might 

think that by entering the blood pressure, they could see their blood pressure history. 



 
 

55 

 

Figure 5.8: The sum of errors assessment in each task 

5.2.4 Results of thematic analysis 

Interviews records in the third study have been transcribed. One researcher categorized the 

findings from the interview into several themes: usability of speech-based interfaces, usability of 

graphical interfaces, comparison of interface types, expectations, and barriers and drivers for BPM 

tools acceptance. In the current session, only the usability part would be discussed and the rest part 

would be presented in Chapter 6. 

Theme1: Usability of graphical interfaces 

Most participants mentioned that the graphical interfaces were easy to use. They liked the direct 

feedback that the graphical interfaces gave them.  

“I am not very handy with computer, but this was very easy. I could manage it without 

help.” (C10) 

Learnability for the graphical application still needed further improvement. Four participants 

mentioned that they need some explanations and time to learn it. 

“I need some simple explanations, but it’s easy to use for me.” (C13) 

“It needs a little time to learn it.” (C18) 
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One participants thought the graphical interface was difficult to use. This could because he has 

never tried the application on the touchscreen before.  

“It is difficult... It is weird for me. I don't know what to do. I told you have no smartphone, 

no apps, absolutely I don't understand how to use them.” (C7) 

Although we have explanation in the application to explain that only sodium contained foods 

would be listed, two participants still felt confused when they saw the limited lists.  

“I see no fruit by this. (You cannot find fruit and vegetables in this application?) Yes.  I eat 

in the morning one from this, one from this, plus fruits.” (C6) 

“Maybe for the food, a wider range. Because sometimes you eat more things, and it’s not 

inside.” (C16) 

Theme 2: Usability of speech-based interfaces 

The opinions for the speech-based interface were quite diverse. A large proportion of participants 

thought the speech-based interface was difficult to use. Two participants mentioned that the system 

spoke too fast. 

“You have to listen and you have to concentrate, because it is a little too fast. With a little 

help from you, and it's ok… It was a little difficult in the beginning. I think I could do it 

with a little bit of help.” (C11) 

“It was too fast. In the beginning, it was difficult, I don’t understand it. Later (I find) there 

is lots of way to use it. Later easier.” (C15) 

Two participants mentioned that the application was difficult for them in the beginning, but later 

when they used it, they found the application was easy. The learnability for the speech-based 

interface should be improved. In addition, three participants thought the application was easy to 

use. 

“In the beginning, it was difficult. I get used to it slowly. In the beginning, I thought it was 

very complex, when I start to use it, it was easy, useful.” (C14) 
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“In the beginning, I don’t know what I have to say. Now I know. It’s easy to use, once you 

know… You have to ask Alexa, and then what you want, and she gives you answer.” (C16) 

Two participants complained that it’s hard for them to create sentences.  

“Sometimes I did not know how to give a good question. But I am thinking, would the 

computer understand what I mean. Maybe I need to say it like this (the examples.).” (C13) 

“Sometimes, I didn’t know how to go on, how to speak to it.” (C14) 

Two participants thought it was not natural to talk to a machine. However, one participant 

suggested that the speech-based interface could create a feeling of companionship. 

“It is very new. I think people of my age are not used to talking to something at the table. 

But I also know that my mother, from the television took something to talk to her. She was 

alone in the house. It will help to talk to you.” (C4) 

“It’s not natural to speak to a machine. That’s it. The voice is warm. It’s nice. But it’s not 

so natural to talk to a machine, a robot. I think.” (C10) 

One participant suggested that it would be easier if there was only Alexa (without the sodium guide) 

in the system. One participant he expected to talk to the speech-based application as talking to a 

real person. 

“You say Alexa, ask sodium guide, it’s a little too long. That would be easier if you only 

ask for the Alexa… I think it would be nicer, if you say, just Alexa, what did I eat today. 

Not Alexa, ask sodium guide. That for me is more natural.” (C13) 

“For me, I would like to have it the same as talking to you. It’s very nice, very good. The 

sounds are very good.” (C13) 

Theme 3: Comparison of interface types 

During the interview, 21 participants claimed that they preferred the graphical interface, whereas 

7 participants preferred the speech-based one. The main reason that participants preferred 



 
 

58 

graphical interface was that the graphical interface was quicker and easier. They expressed a 

preference on visual information instead of audio information. 

“Like I told you, better than that (speech-based application). I think that gives the same 

information in the same manner. But I prefer this one (graphical interface) than that. I 

have told you, it is quicker and faster, I don't need to talk, I don't need to listen, that are 

the reason I think.” (C9) 

“I think I would prefer the tablet than that one. Because it’s visible, I can see and I can 

learn. I think this is better, because it’s visible, I can see if it (blood pressure) is high and 

low.” (C16) 

At least five participants complained that the language (English) was difficult for them. This could 

be an obstacle for participants to use the applications. Compared with reading, listening English 

was more difficult as participants could have more time in reading and understanding. 

“For me, it should be slower and in Dutch, not in English.” (C12) 

“Especially when you have to do it in English, it is a little bit difficult. It'll be much easier 

in Dutch.” (C11) 
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Chapter 6 Attitude towards the BPM Tools 

In Chapter 3, 4, and 5, participants’ opinions on the application design were analyzed. In this 

chapter, the opinions on the BPM tools in the first, second and third study are discussed around 

the following 6 topics: (1) the current blood pressure management situation; (2) drivers for self-

management tools acceptance; (3) barriers for self-management tools acceptance; (4) expectation 

for the blood pressure management tools; (5) Preference in interface types; (6) Privacy and security 

concern.  

6.1 Current blood pressure management situation 

Blood pressure management information 

Ways of accessing blood pressure information were relatively limited for the senior people. All 

the participants are getting information on BPM information from medical professionals, for 

example, the doctors, dietician and the assistant of doctors. 16 (out of 38) participants mentioned 

that they also searched for information from the internet, whereas 4 (out of 38) participants 

accessed the information via books, magazines or other ways. Suggestions from medical 

professionals was the most important way for participants to get blood pressure information. They 

also trusted the medical professionals. 

“My friend said do this and do that, but I don’t do it. I live my own life. I go to the doctor, 

I trust her.” (C15) 

“Every three months, I go to my doctors, and he checkup. Every three months, they take 

my blood and see how it is. That's what I do. Every year I have a total checkup... I trust my 

doctor.” (C10) 

“I am a good patient. I would follow everything my doctor want me to do.” (A4) 

As a supplement for information, Internet also played an important role. Three participants 

mentioned if they wanted to know more about the hypertension or did not feel very well, they 

would search relevant information in the internet. However, the frequency of searching might be 

low. 
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 “Sometimes I use internet for the information. The doctor normally gives no information, 

it’s more that assistant. The doctor does nothing on that. But when it’s not correct, you go 

to the doctor.” (C22) 

“Internet for blood pressure, not so often, sometimes. Mostly, if I also look for another 

disease, or something like that (then I will look for it in the internet.” (C21) 

“First, my wife is an active nurse. Secondly, my cardiologist. And thirdly of course the 

internet. Let’s say in order of frequency.” (A3) 

In addition, three participants mentioned that the information in the internet were not in an 

administrable manner for them. One participant stated that he or she cannot find useful information 

in the internet. The large quantity of information as well as the complexity of information could 

be an obstacle for the senior to access the relevant BPM information. 

“Sometimes I look at the internet, but there are so many meaning about blood pressure, so 

I forget that, I only take my advices from doctor.” (C28) 

“From the doctor. I have looked for the Internet, but there's so many about blood pressure, 

I lost the contact.” (C4) 

“When I want to know somethings, if some nutrition is good or bad for my blood pressure, 

then I look at the internet... I look at the internet and there was nothing about high pressure” 

(A1) 

Current blood pressure management methods 

During the interview, participants were asked in which way that they managed their blood pressure. 

In total, 38 participants answered this question. 38 participants used medication to control their 

blood pressure; 30 participants tried to control the food intake; 26 participants did physical 

activities. None of the participant followed a special diet for their high blood pressure. Participants 

controlled their food by controlling the salt, fat, calorie and sugar intake with their knowledge 

about the food.  



 
 

61 

“Not specifically diet. My feelings, it goes based on my feeling… I read about healthy food. 

And I was also for a year by the diet specialist.”  (C21) 

The awareness for the importance of the BPM diary was relatively low. Ten people reported that 

they have tried a diary before. Eight participants did the diary to control their weight. One 

participant tried a diary because of diabetes and one for cholesterol management. Two participants 

mentioned that their blood pressure went down after they controlled their weight. 

“I go down in weight. I can see what the good food is, and what the wrong food for me... 

To get down my weight and also after a long time the blood pressure down.” (C1) 

“I did in the past, because I count my calorie… That’s a lot of work.” (C22) 

“I had a diary before, for a year, I check what I eat on the day, on the breakfast, on the 

lunch... On the computer. And then I also have the belt for the blood pressure and for my 

weight. I can check what I lost weight and lost about my blood pressure.” (A2) 

For those who did not try a diary, all of them mentions that they didn’t have the motivation for 

that. The most mentioned reasons were that they knew what they should eat and keeping diary 

was too much work. Two participants mentioned only overweight person would need to keep a 

diary.  

“I think people who are overweight, stuff like that, will be busy with these things.” (B3) 

“My weight is not very high, nobody advises me to do that” (C7) 

The blood pressure meter was considered as an information source for the blood pressure 

management. 12 out of 38 participants had a blood pressure meter at home. 

Preference on blood pressure management 

When asking about their preferences between taking medication and changing their lifestyle, 22 

participants preferred lifestyle change, whereas 15 participants preferred medication intake. One 

participant did not have preference between these two methods. The negative impression on 

medication was a main reason for these participants who claimed to prefer healthy lifestyle. All of 
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them expressed their resistance for medication at different levels. In general, the participants 

thought the medication was not natural and poisonous.   

 “I prefer no medication. I don’t like medication at all.” (C23) 

“I hate medication, so prefer to change lifestyle. My body has to do it itself.” (B2) 

Four participants mentioned that they suffered from side effect of medication. Large doses of 

antihypertensive medications would lead to low blood pressure and make people feel 

uncomfortable. Also, the medication could result in some side effects, for example dizziness. 

“When I am a little bit dizzy, then my blood pressure is too low.” (C9) 

“Sometimes it becomes low because of the medication, then I have to measure it to see if I 

need one pill more or not.” (A1) 

Most of the participants who preferred to take medications were active with their lifestyle. Five 

participants mentioned it’s not possible for them to stop medication. The effect of lifestyle was not 

enough for them to control their blood pressure. 

“I think it is not possible to do without medication, because I also try to do (with lifestyle) 

as much as possible… If it was possible, without medication. But I don't think it is possible.”  

(C11) 

“I take pills, ask my doctor to end the pills. He says, no, you never can stop the medicine… 

I prefer to change lifestyle. But for my age, it's not so easy. I have tried mainly with healthy 

food. I don’t like medication at all. I prefer to live without medication. But sometimes, It’s 

not possible.” (C21) 

“Changing my lifestyle is not enough to keep my blood pressure in control, so I need to 

have medication. That was too serious than it could be, if changed by just change my 

lifestyle.” (A3) 

Two participants stated that they suffered from the side effects of their medication. However, they 

cannot control their blood pressure without medication. 
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“I have to take that medication, I tried to do without. It didn't work… this medicine I have 

a long time, I became sick, not pretty feeling, side effect.” (C20) 

“Only the medication, it’s what the doctor says to me: you have to take this medicine… If 

there was a possibility, in that way I don’t need medication. I say yes. But I think there is 

no chance. I think every medication have negative effect on healthy. In the beginning, at 

the first medication, I have water in my ankle, it was horrible. What I have now. it has no 

side effect.” (C25) 

One reason for those participants who preferred medication, was that they thought their lifestyle 

was ready very health for the blood pressure. There was nothing more they can do to improve their 

lifestyle. 

“I think I've already done enough, so I don't think there's any other thing to do.” (C4) 

 “If necessary, I will take medication, but I think I have a good lifestyle. I am not overweight, 

I exercise, I don’t drink, I don’t smoke… Then I think the medication, because I cannot 

adjust more for my lifestyle.” (C24) 

Two participants preferred the medication, because the medication was easy and convenient.  

“It is easier to use medication than change my lifestyle.” (C19) 

“I prefer pills. It’s easy. I have done a lot for my health, I think that is enough. But smoking 

is difficult to stop.” (C4) 

Three participants thought it was difficult to change lifestyle because of their age. Therefore, they 

preferred to take medication. According to TAM theory, perceived usefulness also plays an 

important role in the technology acceptance. This might indicate that the perceived usefulness 

explained the most important part the technology acceptance. 

 “I had the medication, on my age, you are not changing lifestyle. I am already 85, it is my 

lifestyle, which you should not change. It is difficult to change lifestyle.” (C7) 
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“I think you must eat well and try to reduce your high blood pressure. But that was not 

fascinating and working. It’s always difficult, at my age, to change.” (C18) 

6.2 Drivers for self-management tools acceptance  

From the interview, we found drivers which could motivate people to use BPM tools. 30 out of 38 

claimed that they need to manage their blood pressure. The desire for health could motivate people 

to manage their blood pressure. People want to live longer and have longer time to spend with 

family. According to Maslow's hierarchy of needs theory, health and well-being were one of 

fundamental needs.   

“I did it for my health, for my own health. When I am health, I can make myself happy. But 

the most important is, I do it for my children and grandchildren. So, I have longer time to 

spend, especially my grandchildren.” (C24) 

“I want to live, that’s why I control it.” (C15) 

The fear of health risk could motivate people to control their blood pressure. Three participants 

stated that they realized hypertension would increase the possibility of developing further diseases.  

“To prevent heart attack. I have a problem with the vision when the blood pressure is too 

high.” (C1) 

“Because it is the start of many diseases. I want to live long, and I want to be health.” 

(C28) 

“Because I think if the blood pressure is too high, is not good for your heart, and your 

vessel.” (C19) 

The loss of family members that resulting from heart diseases would remind people the importance 

of controlling blood pressure. Genetic factors could play a role in high blood pressure, heart disease, 

and other related conditions. Four participants mentioned that they inherited the blood pressure 

and their family members also suffered from the heart disease. 

 “It’s a family gene. My father died for heart attack, I think it’s important, you can have so 

many diseases of bad blood pressure. So, it’s very important to me.” (24) 
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“I started my medication 7 years ago, because in my family, there was heart disease. My 

mother had heart attack at sixty, my brother had heart attack when he was forty, my sister 

had several diseases. It is in the family. So, I want to be safe that it won’t come to me. That 

is why I use medication.” (B1) 

The medical professionals could motivate people to care for their blood pressure. Two participants 

stated that they controlled their blood pressure only because of the suggestion doctors. 

“My physician thought I need to, so I use medication… If the medical people tell me it is 

too high, I have to look after my health.” (C8) 

“When the cardiologist says yes, then yes. That it's the only reason.” (C9) 

In addition, four participants treated the BPM tools as a replacement or supplement to the current 

healthcare. The desire of controlling blood pressure by themselves could also be a motivation. 

 “I always want to know my condition, not every day of course. Sometimes I think this is 

not too high, then I would control it. Because twice a year to the doctor is not too much” 

(A5) 

“The patient come back from the doctor. This (the voice assistant) is better for the doctors, 

talking with patients. And patients can record the food.” (C6) 

“Then I don’t need to go to the doctor every three months.” (C10) 

“What I like is you do this, then you go to your doctor. And you can show the result to the 

doctor... So, you are responsible for yourself.” (B2) 

6.3 Barriers for self-management tools acceptance 

Besides the drivers, there were also barriers to adopt BPM tools.  Five participants did not feel the 

need to control their blood pressure as their blood pressure was already under control. Therefore, 

no further control or measure was required. 

“I think it is perfect. One hours ago, I measured my blood pressure… The machine said it 

was very good. I feel nothing about it.” (C5) 



 
 

66 

“Because I don’t have problem with it. It’s only that my doctor said it’s too high.” (C18) 

 “I don't know. I think my lifestyle is healthy enough at this moment.” (B3) 

Only 8 out of 38 participants stated that they had feeling in their body for the hypertension. 

Hypertension was also called the “silent killer”, because usually people did not feel it. This could 

create obstacles to generate awareness for BPM.  

“Even if I forget to take my medicine, I don’t feel any difference. I had this high blood 

pressure for at least five to seven years without knowing it... If I don’t take my medicine, I 

don’t feel any difference. There may be a difference. But I hardly see.” (A3) 

Participants mentioned that they lacked knowledge toward how diet influence the blood pressure. 

The way that participants got information was limited. All the people mainly got BPM information 

from the doctors. In addition, people could lack of initiative to learn more information by 

themselves. Only about 42% participants tried to search information from the internet or (health) 

magazines.  

 “(To what extent do you think healthy eating habit is important in managing hypertension?) 

I don't know, I have no information about that.” (B2) 

“I didn't get any information… I am in control now with medicine. The blood pressure is 

okay. So, I keep going on like that. I don't think so. Why should I record my food? there is 

no reason.” (B4) 

“Perhaps it exists in some way already, but I did not look for it.” (A3) 

In addition, the cost of the BPM tools could also become a barrier for the elderly. When asking 

about whether they would use it or buy it, seven participants mentioned it depended on the price. 

“I don’t know the price, but that would also be a one thing.” (A5) 

“It depends on the money.” (A2) 

One participant who have use calorie management application said that it’s too much work and 

time consuming to use monitoring applications.  



 
 

67 

“The other thing is you have to measure your blood pressure yourself every day. I think 

measuring every day is intensive, too much work… It is always just a moment. In the 

morning, it can be high; in the afternoon, it can be low. It is kind of flexible” (B4) 

Finally, two participants mentioned that they preferred to enjoy life than spending effort on 

improving their lifestyle. 

“I eat what I like. Life is short.” (A3) 

“I can eat what I want, no problem. So, I'm never busy with those kinds of things… I have 

to take my medicine.” (B3) 

All the participants who claimed that they don’t want to use the blood pressure gave the same 

reason that they have enough knowledge of the food. Therefore, the BPM tools brought no extra 

value for them.  

“If you want to know in which food you have most salt, I think it is everyone knows that 

already... I used less salt, I cook with a little bit of salt. We are using less fat because we 

know it is bad for our blood pleasure. I make my own bread, and I put the half of the salt 

in it. For me, it’s no use. I don't think it will be useful.” (C4) 

“I see no added value to me. I know salt and I know about vegetables, everybody is telling 

me and also my doctor is telling how to live, and make choice how to live.” (C7) 

6.4 Expectation for the blood pressure management tools 

A general point emerging from the interviews was that participants expect BPM tools can help 

them lower their blood pressure. 

“To keep my blood pressure under control, if it is possible.” (B4) 

“To be in control. Health and food. And to get rid of medication.” (A5) 

It could be a motivation to keep on improving diet, if people can see the connection between 

food intake and blood pressure.  
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“If the things in your normal life is recorded, and the blood pressure is recorded, and the 

connection between them, that's important. If you do somethings raise blood pressure, you 

must try to avoid that.” (C5) 

18 participants expected to get practical advices from the BPM application. The advices should 

be personalized and practical and can help them move to a healthier lifestyle. In Cheng (2016)’s 

study, participants also mentioned they wanted some advices from the application and want to 

record more data into the application. 

“Maybe she can say from tomorrow you have no four slices of bread, but two slices of 

bread. Or maybe it can say do you have walk today, are you still at home?” (A2) 

“Perhaps Alexa can give some advices in the way that, don’t eat too much peanut butter, 

because it has fat etc. If it would give me the exact the outcome of my living. I could reduce 

by this. I would be a fan. I would do it... A personal advisor.” (A5) 

Besides advises, people would also be willing to record more data and see more information 

about their food intake from the application. Two participants stated that BPM was more than 

just salt. 

“But you can also bring in, how much do you smoke, how much do you drink, how many 

glasses of beer or alcohol, how much is your physical activity.” (C9) 

“Blood pressure management is more, it's related with move, what your weight is. This 

(application) is only about food.” (A1) 

“Maybe a dietician can make a program, for what it’s normal for a diet. Then it can be the 

input. I am looking normally when I am shopping. All the ingredient inside…. This (the 

history page) only the salt, the same as sodium, you can put inside the thing, diagram, put 

the fat and, if it’s possible.” (B1) 

Two participants mentioned that they would like to have multiple users to share one devices. 

“The monitor system, my husband also uses this thing. So, I don’t know which blood 

pressure is his or mine.” (A1) 
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“Perhaps on the blood pressure, you have several changes, so I can have my own personal 

things. When my daughter visits me, I can have her input, and grandchildren. That would 

be nice to encourage them to live in a health way. (It’s like you can have a lot of people 

can use this devices) Yes. If a friend of me visit me for a cup of coffee, we can talk about 

health. I can say I have a nice tool, so now we take not A, but B for you, and then we can 

see your result.” (A5) 

The medicine reminder could be a possible functionality for the BPM tools. Four participants 

said that they always forgot their medication and a medicine reminder could help them with that. 

“So, my iPad or phone gives me an alarm, when it’s time to take my medicine. And that’s 

help, I would say. I am using the application just for taking my pills in time. That I don’t 

forget it to take them.” (A3) 

“I always forget (medications), so my husband made in the kitchen. Every morning the 

light is opening, and when I take medication I have to put it out. And the next morning it’s 

automatically burring again. A signal. I should prefer that. I think a lot of people forget 

medication.” (A1) 

Four participants claimed that they would have a warning system in the application. If the blood 

pressure or their lifestyle was wrong, they could get warning from the application. 

“I think for the salt reducing. I expect in the management, there is a warning. If you're 

working in the wrong direction, then give you a warning. Give you a warning if your blood 

pressure is too high. Mostly it is salt. It is a perfect warning system for me.” (C10) 

 “If you have an exceeding too high or too low, then it should give you some kind of warning, 

or advices, or explanation, or maybe a link for website. But at least it should give you a 

sign that it is above the average or outside your normal range.” (A3) 

The connection with printer could also be an expected function for blood pressure management 

tools. The senior people preferred to read things on paper instead of screen. Four participants 

mentioned that they would like to connect the application with the printer. Then, they could print 

the introduction or the result, which was easier for them to read. 
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“I hope it will be also connect to the printer, so I can print it out. When I read something, 

it’s easier for me. I prefer to read on paper. On my computer, you can read on the screen, 

but I like to read it on paper.” (C14) 

One participant mentioned that he would like to have a personalized food list, which fitted in his 

eating habit. It could save much time for him to record food. 

“But what I would like to prefer is that, if you want to use for daily use, that you can have 

your personal preference, I mean if I would be an English guy, that should be on the top of 

my list. My standard breakfast is more or less the same, so you don’t have to tap and search. 

Because the meal was a little bit further away.” (A3) 

6.5 Preference for interface types 

In total, 33 participants answered this question. 23 out of 33 participants preferred to use the 

graphical interface, whereas 10 out of 33 participants preferred to use speech-based interface. For 

those who preferred the graphical interface, the first reason was that that they have got used to the 

traditional graphical interface. The way of using tablet/smart phone was similar with using 

computer.  

“It looks more like working on computer and I have get used to work on the computer more 

than talking. So, it is more like you are working on PC.” (C3) 

“The picture is better. I am an old man. I like this, what you see is what you get.” (C6) 

All the participants who preferred the graphical interface, expressed their preference on visual 

information than audio information. Vision was a prominent way that people dealt with 

complication information. They mentioned that it was easier to learn and remember by visual 

information. Audio information could be easily disturbed by the environment noise. 

“I can see something, for me nicer then hear something. Because I think seeing better... 

Because when I see it, it is clearer that I hear it. When I see things, I remember better than 

hearing it.” (C5) 
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“Compared to something else, I prefer to read a book, then a book on my computer. It is 

almost the same things, I prefer the one that I can read, it is easier for me.” (C8) 

 “It’s easier to see on the tablet. That one (speaker), you hear, listen, that is sometimes 

complicated.” (C15) 

Direct feedback that the graphical interface could provide, was also a reason why participants 

preferred the application on the tablet. When using the application on the tablet, people could get 

feedback immediately once they click or touch somethings.  

“It’s easier to use. You see things and you can just click on.” (C12) 

“I should prefer the tablet. I can see what I do. I see pictures, so I know exactly what I 

choose... I can see everything, and every group of nutrition I can put in it. So, I know what 

I can choose. It’s clearer.” (A1) 

“I think this (the application on the tablet) is much faster than talking and listening” (C9) 

Most participants who used the speech-based application, were very engaged in interacting with 

the voice. They often laughed and said, “thank you” to the application. However, only 10 out of 

33 participants preferred to use the speech-based application. For those participants who preferred 

to use the speech-based application, they thought the speech-based application was easy to use and 

hand free. 

 “It’s much easier, you can almost direct the answer back. You have to do nothing, just 

speak.” (A2) 

“It can be put or say to Alexa. So, Alexa remembers for me. It’s easy. Later on, I can see 

on the screen.” (B1) 

The sense of human that people can experience from the speech-based interface could also be the 

reason for the preference. 

“It’s personal, it’s more direct than the iPad I think. Easier to use, especially for people of 

my age.” (A5) 
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“It seems there is a person in this device. You are not alone... (The voice assistant seems 

like) a friend to share your feeling... that (voice assistant) is an easier one. I talk to it, and 

it answers. And if it doesn’t understand, it tells you what do you mean.” (C4) 

“Because it’s more human than the tablet.” (C16) 

Besides the advantages, participants also mentioned the disadvantages for the speech-based 

application. Three participants mentioned that it’s hard for them to talk to a machine. One 

participant mentioned that an image of a person might help him easier to speak to a machine. 

“The voice is warm. It’s nice. But it’s not so nature to take to a machine, a robot.” (C10) 

“It like my computer have somebody that speaks to you in a computer way. If it (portrait) 

is on the screen, like a robot, it’s much easier to speak.” (B2) 

“I am not used to talk with a machine, I was to work on the machine.” (C3) 

The fear of new technology could also prevent people from trying the speech-based application. 

One participant was surprised when he was using the speech-based application. He mentioned that 

he would buy it. However, later when asking about his preference for the interface type, he stated 

that the speech-based application was too new for him. Therefore, he preferred the graphical 

interface. 

“(But you also mentioned you will buy the speaker you, when you were using it?) Yes. (Why 

do you want to buy the speaker, but you still prefer the tablet?) It's the feeling, at this 

moment. Maybe when I was 40 years younger, I will say, yes, it is this (speaker). Maybe 

it's my age. This (tablet) is new, and this (speaker) is newer. (You mean the speaker is too 

new for you, so prefer tablet?) Yes, I think that is the reason.” (C10) 

One participant lost part of his hearing. He disliked using the speech-based application, because 

he could not clearly understand the speech. 

“I cannot hear it... If I don't get information, it's difficult… I cannot hear the information, 

it is out.” (C7) 
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20 participants preferred to learn how to use the application via the visual presentation, 6 

participants preferred to learn it via the voice, and 2 participants preferred the combination of voice 

and visual presentation. 19 participants preferred to record their personal data via the tablet 

application, whereas 9 participants preferred to record it via the voice. 19 participants preferred to 

check the report via the visual presentation, 7 participants preferred to check the report via the 

voice, and 2 participants preferred the combination of voice and visual presentation. 

“It’s a bit too long for me, the advice. That can be a little bit shorter. I can hear it, and 

later I can check it on the tablet. That would be good.” (C13) 

 “I think for the input, talking is good… You had a communication with another person, 

you want to know and then you go to a computer to watch, or ask her what it is.” (B1) 

“The only thing for me is the combination your voice input and the application.” (A3) 

Interestingly, among all the 38 participants, only one participant (A2) mentioned that he or she had 

tried an application on smartphone for food monitoring.  He liked the speech-based application 

very much. After he installed the food monitoring application for one week, he gave it up. Because 

it’s too much work and time consuming.  

“It (the application on the tablet) takes more time than speaking. You have to do a lot more 

on the tablet than this speaking. So, I have to choose speaking form. To start it up and to 

takes it in, it took a lot of time. When I try this at home, sort of that it takes too much time. 

So, I stop. (You already have use this kind of application?) Yes, it was calorie, it was very 

difficult, take a lot of time. A way can speak, you own language speaker is a lot easier. 

(You mentioned you have try the tools before, how long have you tried that?) Only one 

week or so. I stop immediately, too much work.” (A2) 

6.6 Privacy and security concern 

35 participants have answered this question. 32 out of 35 participants claimed that they did not 

have privacy concern or security concern for the food monitoring application. They deemed that 

nobody would want their food and blood pressure information, since there was no value in the 

data. Four participants mentioned that everybody could see his or her data. One participant 

pointed that all the devices would have privacy risk, therefore he didn’t care about that. 
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 “The whole world may know what my blood pressure is, I don't mind.” (B2) 

“Who is interested in my blood pressure? I don’t make it a secret for my blood pressure.” 

(C5)” 

“When there is a hacker, you always got a problem. It’s common thing with computer. 

Everything with internet will have this kind of problem. It doesn’t matter.” (B1) 

Three participants had privacy concern for the personal data.  

“There's always concerned with everyone. Yes, a little bit concern. Because anyone can 

get my personal data.” (C8) 

“Only my family member can see the data. No other people.” (B5) 

“The security must be very good, because I don’t want somebody else to see the things I 

do for my health.” (C13) 

37 out of 38 participants trust the BPM tools. This could result from the trustworthiness for both 

the application and the study setting. In addition, if people did not trust the study, they would not 

participate in the study. 

“When Philips is building this, and it comes into the market, I think it is reliable.” (B2) 

“(Do you think you can trust it?) Yes. The feeling is good. (You mean the feeling to the 

application?) Yes, and the feeling to you.” (C15) 

Only one participant casted doubt on the trustworthiness for BPM tools. 

“Anyone can take information for any machine, if you want.” (C8) 

Besides the privacy and security, participants who preferred to use the speech-based application 

and participants in the study 2, pointed out that they would not use it in public place.  

“I wouldn't use it in the restaurant. I will go into another space outside I'm not ashamed 

of people, but I don't think you should behave like that.” (B2) 
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“I only use it at home” (B4) 

“I prefer to use it in some private place.” (C4) 
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Chapter 7 General Discussion and Conclusion  

7.1 Discussion 

The current research aimed to study the effect of interface types as an external factor on the elderly 

people’s technology acceptance and usage intention for BPM tools. Accordingly, it was 

hypothesized that the speech-based application would have a lower perceived trustworthiness, and 

have a higher perceived enjoyment, social presence, anthropomorphism, ease of use, hedonic 

quality and pragmatic quality. It was also hypothesized that the trustworthiness, perceived 

enjoyment, social presence and ease of use would facilitate the intention of use in the elderly 

hypertensive population. To obtain a comprehensive insight, the current study also investigates the 

elderly’s attitude to the BPM tools. To achieve this, semi-structured interviews, usability tests and 

surveys have been conducted during the three phase studies. A speech-based interface application 

has been developed and improved in the first and second phase of the study. After two phrases of 

improvement, we experimentally compared the graphical interface application with the speech-

based application in the third phase.  

7.1.1 Attitude of the elderly toward the BPM tools 

The hypertensive elderly participants, currently, have limited access to BPM information. We 

could find that the medical professional was the predominant way for the participants to access 

BPM information and the medical professional was also perceived as trustworthy information 

source. In addition, internet also played an important role in information supplement. However, 

the ability to find appropriate information could be an obstacle for the seniors to get more BPM 

information. Cheng (2016)’s studies also found that the elderly people in the Netherlands obtained 

information from the medical professional and internet. 

Although more than half of the participants preferred to improve their lifestyle instead of taking 

medication, all of them took medication for high blood pressure. To different extent, most of them 

controlled their food intake and did physical activities for blood pressure or health in general. The 

awareness for the importance of the food monitoring diary was relatively low. But most 

participants realized the importance of the food intake for their blood pressure. 

The desire for health, the fear of health risk and medical professionals’ recommendation could be 

the drivers for BPM tools acceptance. These was in line with Cheng (2016)’s finding. Lack of 
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blood pressure information, satisfaction with the current BPM stage, lack of symptom of their 

hypertension and too elevated cost for BPM tools could be the barriers for people to accept BPM 

tools.  

Participants expected the BPM tools to have lower blood pressure, receive personal advices, record 

more data’s, receive more information from the food intake. Former studies also found that 

information on the salt intake result, coaching messages for diet change, tracking other measures 

were expected for the BPM tools (Cheng, 2016). Besides, we also find that some participants 

expected to have warning/reminder for their health/blood pressure, which could create the 

awareness for the BPM. 

In the study, around 70% participants preferred to use the graphical interface, whereas the rest 30% 

preferred to use the speech-based interface. Although we found through the observation that 

participants were more engaging with the speech-based application, participants expressed a strong 

preference for the visual information, especially for the reports and the introduction part. They 

mentioned the graphical interface was easier for them to understand and learn. Speier and Morris 

(2003) found an interaction effect between interface style and performance of decision makers. 

They found that text-based interface resulted in better decision-making performance when task 

complexity was low, while visual interface resulted in better decision-making performance when 

task complexity was high. The speech-based application provides information with a flow of texts 

in audio form, which could work in a similar way with the text-based interface. When participants 

were reading the introduction and reports during the studies, they were performing complex tasks 

- learning and interpreting in a limited time. Therefore, they might prefer the graphical interface, 

which is more visual and can elicit better performance, instead of the speech-based interface, which 

is more text-based. 

Under the BPM context, most of participants did not consider the privacy as an important issue. 

Almost all the participants trusted the application that they experienced. Fletcher et al. (2015) 

suggested that the privacy and security concern become the barriers for health application and 

monitoring function. This was not the case in the present studies. Gefen, Karahanna and Straub 

(2003) conducted researches in online shopping and found that online trust could be built 

through a belief that the vendor has nothing to gain by cheating. During the interview in our 
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studies, large part of participants deemed that there was no value in their food intake or blood 

pressure data and therefore they did not worry about the privacy and security. The belief that 

there was nothing to gain from their food intake or blood pressure data could result in the trust 

for BPM tools and less concerns for the privacy and security issues. 

From the interview, we could see that health was the main motivation for the participants to accept 

the BPM tools. They desired more information about their food intake, physiological data and 

medical professional advices to help them become healthier. Therefore, an interface, which could 

facilitate the information exchange for the elderly and help them move for a healthier life, would 

be appreciated. 

7.1.2 Effect of interface types on the elderly people’s BPM tools usage intention 

From the hypotheses tests, the results suggested that the interface types did not have significant 

influence on the perceived enjoyment, social presence, anthropomorphism, hedonic identification 

quality, hedonic stimulation quality and intention of use. The interface type has a significant effect 

on the pragmatic quality. The interface types almost have a significant effect on the trustworthiness 

and ease of use. In line with our expectation, participants perceive a higher level of trustworthiness 

in a graphical interface than a speech-based interface. However, the graphical interface was 

perceived as higher pragmatic quality and ease of use, which was opposite to our expectation. The 

results provide support for the hypotheses that perceived enjoyment, social presence, 

trustworthiness and ease of use had a positive effect on the intention of use. 

The results showed interface type had no significant direct effect on behavioral intention to use. In 

the current project, both the graphical interface application and speech-based application have the 

same functionalities and similar text. Furthermore, the tasks provided to the participants, were the 

same for each application. In real life, this kind of comparison doesn’t exist. According to TAM 

theory, perceived usefulness also plays an important role in the technology acceptance. Earlier 

research suggested that the perceived usefulness was most important determinant instead of ease 

of use in technology acceptance within the healthcare area (Hu, Chau, Sheng, & Tam, 1999; 

Wilson & Lankton, 2004; Jung & Loria, 2010). During the studies, all the participants who claimed 

that they would not use the BPM tools, explained that the applications did not bring any extra value 

to them, because they knew about the foods. This might indicate that the perceived usefulness 

explained an important part the usage intention for the BPM tools. Since the functionalities were 
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the same, it’s likely that perceived usefulness should be the same for each application. Therefore, 

the no difference in intention of use might result from the similar functionalities for the two 

applications. If participants intended to use a BPM tool, the interface types were less important to 

them. 

The results demonstrated that the interface style had an almost significant direct effect on 

perceptions of ease of use, which corroborates the results reported in past studies (Hasan & Ahmed, 

2007; Davis, 1989). The mean score of ease of use indicated that graphical interface was perceived 

as being easier to use than the speech-based interface. During the interview, several participants 

pointed out they already got used to the computer and the application on the tablet worked in the 

similar way with a computer. This could infer that participants already have a mental model for 

the graphical interface. Although the interfaces in mobile devices were different with the interface 

in the personal computer, these interfaces shared some common features, which helped to reduce 

the cognitive and mental effort needed to develop mental models. 

Although the participants were recruited with the criteria that they should speak fluent English, we 

found out that some participants had limited English skills. In the third study, many participants 

mentioned that it would be easier for them if speech-based applications were in Dutch. This 

limitation in language ability could create extra obstacles for the participants, which increased the 

needed cognitive and mental effort to develop a new mental model. With the limitation in language, 

the speech-based application is not yet as easy as a daily conversation.  

The seniors already got used to the traditional graphical interface. The speech-based interface was 

completely new to them. Many participants even have never heard of that in our study. Some 

participants mentioned they were surprised when the system spoken to them. This indicated that 

participants might have less trust knowledge related to the speech-based interface. The novel 

speech-based application could be unpredictable, which increased the uncertainty. In addition, all 

the participants mentioned that they have tried or heard of application on the tablet. Familiarity 

has been found to facilitate the trust in the former researches (Luhmann, 2000; Gefen, 2000). Given 

the same developers, same functionalities, and the same study settings, it could be that participants 

prefer to trust the interface type that they were already familiar with, instead of something that 

they experienced for the first time. 
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There is no evidence to support the effect of interface type on the perceived enjoyment and the 

hedonic stimulation quality. In the third study, almost half of people have never used a tablet or a 

smartphone before. For the senior people, who have less or even no experience with graphical-

based application on tablets or speech-based application, both these two applications could be 

interesting and novel to them.  

Although there was no significant difference found for anthropomorphism, 8 participants said, 

“thank you” or even “Alexa, you are good” to the speech-based interface. This could be the sign 

of anthropomorphism. However, no one did those for the graphical interface. In the third study, 

the texts in the speech-based application were similar with the texts on the graphical interface. 

Purington et al. (2017) analyzed the review for the Amazon Echo/Alexa and found about 50% of 

the reviewers have the sign of personification. This could indicate the existence of the 

anthropomorphism with the Amazon Echo/Alexa devices. It could be that the effect of the voice 

on anthropomorphism was small and the sample size in our third study was limited (N = 28). In 

addition, the Godspeed questionnaire included four items: natural/fake, humanlike/machinelike, 

conscious/unconscious and lifelike/artificial. These items might be strange to describe the 

graphical interface and not suitable to measure anthropomorphism effect on graphical interface.  

In the third study, we didn’t find an effect on social presence. Qiu and Benbasat (2009) compared 

the influence of textual output, text-to-speech and human speech output under no avatar condition 

and found opposite results. They found that users in the text-to-speech report lower social presence 

than those in text-only conditions. They suggested that the text-to-speech voice sounded not 

naturally and this might have leaded to the fact that participants felt the voice was no better than 

text. Although the artificial (text-to-speech) voice technique already have improved, however, 

people could still easily differentiate the artificial voice from human voice. During the interview, 

we found that all the participants in our study could recognize that the voice was artificial and not 

naturally. In addition, all the participant in our study were native Dutch, but the whole study was 

conducted in English. An artificial voice with foreign language might not be so appealing to the 

participants than texts.  

Although there was no difference in self-report usage intention between two interface types, 21 

out of 28 participants claimed that they preferred the graphical interface. In these three studies, 

each participant was asked to record food for only two times. It could be that they were still at the 
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learning phase of the application. They felt the already familiarized graphical interface were easier 

to learn than the speech-based application, making them prefer the graphical interface. In real life, 

people would spend more time with the application. In the food monitoring context, people need 

to enter similar data into the system every day. Their opinion might change as they are using the 

application for longer. In these three studies, one participant, who was the only one that have tried 

food monitoring application before, mentioned that he gave up the food monitoring application 

because it was too much work and time-consuming. He preferred to use the speech-based 

application, as it’s much easier and hand free. The three usability tests suggested that it took less 

time to input data via speech than the graphical interface.  

In the third study, although we found the social presence, trustworthiness, ease of use and 

perceived enjoyment have a positive effect on the intention of use, the effect of the interface types 

on the social presence, trustworthiness, ease of use and perceived enjoyment was relatively small. 

This might explain why there was no difference on intention of use between interface types. 

Through the logistic regression, we found that the difference of ease of use and perceived 

enjoyment between two interface types explained the interface preference. During the interview, 

indeed we found that the ease of use was the main reason that participants preferred for the 

graphical interface. However, through the observation, we found that some participants obviously 

laughed more when they were interacting with the speech-based interface. Former studies 

suggested the ease of use could facilitate perceived enjoyment (Van der Heijden, 2004; Igbaria & 

Maragahh,1995). Since participants thought the graphical interface was easier to use, it could be 

that the enjoyment elicited from the ease of use overwhelmed the joy of using the speech-based 

interface. 

7.2 Limitation and future research 

The main limitation of the study was linguistic. Since the text-to-speech simulator was not 

available in Dutch, the study was conducted in English. Some participants complained that it was 

difficult for them to use an application in a foreign language. The language could create extra 

obstacles for people to learn the applications. Further study could be conducted in the participant’s 

native language to verify the findings in the current study. 
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The Wizard of Oz setting in Study 1 and Study 3, enabled people to have a better experience with 

the speech-based application, which was not possible in the current state of development of Alexa. 

When participants experienced the speech-based application in the real setting in study 2, the 

system failed to recognize their speech and the limited listening time created obstacles for the 

seniors to finish the tasks in our study. An explanation is that participants were not native English 

speakers, so they therefore needed more time to organize their sentences, their accent was difficult 

for Alexa services to translate to text. In addition, the learning functionality embedded in the 

system did not have time to be functional as people only interacted a maximum of 30 minutes with 

the system. The speech recognition system used in this study, needs to be further improved adapt 

to the seniors speaking patterns. A longer study will need to be carried out to learn about the 

dynamics of abilities of seniors to use speech-based interfaces and its effect on intention of use 

and preferences. 

Furthermore, the study only measured the intention of use instead of the actual usage. Turner et 

al., (2010) reviewed 73 studies and suggested that the intention of use was likely to be correlated 

with the actual use. However, the actual usage was different with the intention of use. Further 

research may investigate the effect of the interface types on the actual usage and the effect of ease 

of use, trustworthiness, perceived enjoyment, social presence on the actual usage. 

7.3 Conclusions 

In conclusion, this exploratory study investigated the effect of interface type on perceived 

enjoyment, social presence, trustworthiness and ease of use, and further on the senior’s intention 

to use an BPM tool. Meanwhile, it studied the effect on interface type on anthropomorphism, 

hedonic quality and pragmatic quality. Furthermore, it investigated the elder’s attitude to the BPM 

tools and the graphical interface as well as the speech-based interface. 

The findings of this study indicated that although the perceived enjoyment, social presence, ease 

of use and trustworthiness have significant correlation with the intention of use, interface types 

have almost no significant effect on these variables. This resulted in interface types have no overall 

effect on the seniors’ acceptance of BPM tools. The seniors’ preference on the interface type could 

be explained by the perceived ease of use. Via three iteration studies, the current study gained 

more insights of the influence of interface types, which is an important step towards the elderly 

people’s adoption of blood pressure management tools and sheds light on the design of BPM tools.  
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Appendix A – Interview questions 

Interview topics guideline for the first study 

Background questions 

1. Do you think you need to manage your blood pressure?  

a. Why do you want to manage your blood pressure? 

i. How do you feel about having high blood pressure? Does it have influence 

on your daily life? 

b. If no, why don’t you want to manage your blood pressure? 

2. What do you usually do to manage your blood pressure?  

3. Where do you get blood pressure management information? 

4. To manage your blood pressure, do you prefer to take medication or change your life 

style? Why? Do you have any other preferred way? 

a. Do people around you (for example, your family, and friends) have influence on 

your preference? 

b. Will you be willing to change your diet, for example, reduce salt intake, for 

healthier lifestyle? Why (not)? Have you already tried that (diet)? 

5. To what extent do you think healthy eating habit is important in managing hypertension? 

6. Have you tried any food diary (food monitoring) before? 

a. If yes, what is your experience with that? How do you monitor your food intake? 

i. Do you find it helpful? Why? 

ii. Do you have difficulties? Why? 
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b. If no, why not? 

7. To control your blood pressure, do you need any tool to help you manage your food 

intake or salt intake? 

8. What function do you think is important in this kind of food monitoring tools? 

Usability topics for speech-based prototype: 

1. How was your experience with this application? What do you expect from this 

application?  

2. Comprehension  

a. Is there any phrase or sentence that you don’t understand (its meaning)? 

b. Is there any task that you found was difficult? 

3. Was the application easy to use? Or unnecessarily complex? If yes, where (is the 

problem)? 

4. Do you feel you always know what the system is doing? If no, when? 

5. Do you feel a high level of concentration is required when using the system? If yes, when? 

6. Do you feel flustered or confused when you interact with the application? If yes, when? 

7. Do you think you need help from others or need to learn how to use it? If yes, what kind 

of help? 

8. Do you always know what to say to the system? If no, when?  

9. Do you think the voice is friendly and polite?  

10. Would you use such an application every day? When would you use it? When do you 

think this will not fit in your life – please explain in which situations and locations? Why? 

11. Do you expect that this voice assistant acts like a human being? Why (not)? 



 
 

92 

12. Do you think it will be better if we add an application for this prototype? Why? 

Usability topics for GUI prototype: 

1. How was your experience with this application? 

2. What do you like or dislike? 

3. Was the application easy to use? Or unnecessarily complex? 

4. Do you think it’s effective (not cumbersome) to use this application? 

5. How confident did you feel when using this application? 

6. Do you think you need help from others or need to learn how to use it? 

Since you have done with the two application,  

1. Which nutrition monitoring interaction tool do you prefer? Why do you like it? 

2. Do you have any suggestion to improve the voice assistant?  

3. What do you expect from a blood pressure management tool? 

4. Do you think this application could help you manage blood pressure by yourself? 

5. Do you see any benefit in using such blood pressure management tools?  

a. If yes, what are the benefits? 

b. If no, what are the drawbacks? 

6. What is your concern for the blood pressure management tools? For the voice assistant? 

7. Do you have any concerns about privacy and security for this kind of food monitoring 

application? For the voice assistant? Do you think you can trust it? 

8. Would you use it? Why? Why not? How often? When? 
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9. If this kind of blood pressure management tools would be available on the market, will 

you be willing to use it? 

a. If yes, who do you think should pay for it? Pay by yourself, children, or health 

insurance? 

b. If no, why not? 

Interview topics guideline for the second study 

Background questions  

1. Do you think you need to manage/control your blood pressure?  

a. Why do you want to manage/control your blood pressure? 

i. How do you feel about having high blood pressure? Does it have influence 

on your daily life? 

b. If no, why don’t you want to manage your blood pressure? 

2. What do you usually do to manage your blood pressure?  

3. Where do you get blood pressure management information? 

4. To manage your blood pressure, do you prefer to take medication or change your life 

style? Why? 

a. Do people around you (for example, your family, and friends) have influence on 

your preference? 

b. Will you be willing to change your diet, for example, reduce salt intake, for 

healthier lifestyle? Why (not)? Have you already tried that (diet)? 

5. To what extent do you think healthy eating habit is important in managing hypertension? 

6. Have you tried any food diary before? 
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a. If yes, what is your experience with that? How do you monitor your food intake? 

i. Do you find it helpful? Why? 

ii. Do you have difficulties? Why? 

b. If no, why not? 

7. To control your blood pressure, do you need any tool to help you manage your food 

intake or salt intake? 

Introduce the task and prototype and invite participants to have some practices with Alexa. 

Usability topics for speech-based interface prototype 

1. How was your experience with this application? What do you expect from this 

application?  

2. Comprehension  

a. Is there any phrase or sentence that you don’t understand (its meaning)? 

b. Is there any task that you found was difficult? 

3. Was the application easy to use? Or unnecessarily complex? If yes, where (is the 

problem)? 

4. Do you think the application is effective to help you accomplish the tasks proposed? 

5. Do you feel a high level of concentration is required when using the application? If yes, 

when? 

6. Do you feel stressed when you are using this application? If yes, when? 

7. Do you feel flustered or confused when you interact with the application? If yes, when? 

8. Do you feel the application is out of control when you are using it? If yes, when? 
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9. Do you think you need help from others or need to learn how to use it? If yes, what kind 

of help? 

10. Do you always know what to say (or what to do) with the application? If no, when?  

11. Do you think the voice is friendly and polite? Do you think the voice is clear?  

12. Do you think the voice assistant speak too fast? Do you like the voice? 

13. To what extend do you think this application is reliable? (For the data collection?) Which 

part makes you feel it’s less reliable? 

14. Do you feel you need to remember too much when using this application? If yes, when? 

15. Do you think this application needs improvement? If yes, where? (For result part, do you 

want to see it in the tablet, or website, or on your smart phone? Or just automatically show 

with the conversation?) 

16. What do you expect from a blood pressure management tool? (Functionality or role in 

your life) 

17. Do you think this application could help you manage blood pressure by yourself? 

18. Do you see any benefit in using such blood pressure management tools?  

a. If yes, what are the benefits? 

b. If no, what are the drawbacks? 

19. What is your concern for the blood pressure management tools? Do you have any 

concerns about privacy and security for this kind of food monitoring application? Do you 

think you can trust it? 

20. Would you use such an application again if you have it? When would you use it? When do 

you think this will not fit in your life – please explain in which situations and locations? 

Why? 
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21. If this kind of blood pressure management tools would be available on the market, will 

you be willing to use it?  

a. If yes, who do you think should pay for it? Pay by yourself, children, or health 

insurance?  

b. If no, why not? 

Interview topics guideline for the third study 

Background questions 

8. Do you think you need to manage/control your blood pressure?  

a. Why do you want to manage/control your blood pressure? 

i. How do you feel about having high blood pressure? Does it have influence 

on your daily life? 

b. If no, why don’t you want to manage your blood pressure? 

9. What do you usually do to manage your blood pressure?  

10. Where do you get blood pressure management information? 

11. To manage your blood pressure, do you prefer to take medication or change your life 

style? Why? 

a. Do people around you (for example, your family, and friends) have influence on 

your preference? 

b. Will you be willing to change your diet, for example, reduce salt intake, for 

healthier lifestyle? Why (not)? Have you already tried that (diet)? 

12. To what extent do you think healthy eating habit is important in managing hypertension? 

13. Have you tried any food diary before? 
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a. If yes, what is your experience with that? How do you monitor your food intake? 

i. Do you find it helpful? Why? 

ii. Do you have difficulties? Why? 

b. If no, why not? 

14. To control your blood pressure, do you need any tool to help you manage your food 

intake or salt intake? 

After experiencing the graphical interface application, the following questions would be asked. 

22. How was your experience with this application? What do you expect from this 

application?  

23. Do you think this application needs improvement? If yes, where? 

After experiencing the voice-based application, the following questions would be asked. 

1. How was your experience with this application? What do you expect from this 

application?  

2. Do you think this application needs improvement? If yes, where? 

When participants have experienced with two prototypes, we will ask participant the following 

questions. 

1. For the two applications, which one do you prefer? Why? 

2. Would you use the preferred application again if you, have it? When would you use it? 

When do you think, this will not fit in your life – please explain in which situations and 

locations? Why? 

3. What do you expect from a blood pressure management tool? 

4. Do you think this application could help you manage blood pressure by yourself? 
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5. Do you see any benefit in using blood pressure management tools?  

a. If yes, what are the benefits? 

b. If no, what are the drawbacks? 

6. What is your concern for the blood pressure management tools? Do you have any 

concerns about privacy and security for this kind of food monitoring application? Do you 

think you can trust it? 

7. If this kind of blood pressure management tools would be available on the market, will 

you be willing to use it?  

a. If yes, who do you think should pay for it? Pay by yourself, children, or health 

insurance?  

b. If no, why not? 
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Appendix B - Questionnaires 

Demographic questionnaire 

Section 1: Demographic questionnaire 

1. Age (only one answer possible): 

◻ 65-69 ◻ 70-74 ◻ 75-79 ◻ 80-84 

2. Gender 

◻ Male  ◻ Female    

3. Educational level (only one answer possible): 

◻ Primary    ◻ Secondary  ◻ University ◻ Others: 

4. For how long do you have this condition – hypertension (in years or months):_____ 

5. How often do you eat at the restaurant (including ordering food) (only one answer 

possible)? 

◻ 3-5 times a week ◻ 1-2 times a week ◻ Once per month or less  

◻ Others (please state) _______ 

6. Who does the cooking at home (More answers possible)?  

◻Myself                  ◻my partner        

◻My child(ren)     ◻somebody else   (please state: __________ ) 

Section 2: Technology usage 

1. I am using Internet for _______years 

2. How often do you use Internet (only one answer possible)? 

◻ More than 3 times a day ◻ Every day ◻ 3-5 times a week 

◻ Once a week   ◻ Once a month or less 

3. I access Internet using (More answers possible): 

◻ Desktop/laptop  ◻ Tablet ◻ Mobile phone  

◻ Others: _____ 

 

4. Do you have any experience with intelligent personal assistant (for example, Siri, Alexa, 

Google now) (only one answer possible)? 
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◻ Yes, I often use one or more.    

◻ Yes,  I have used one or more several times. 

◻ No, I have never tried any.  

◻ No, I have never heard of them.        

◻ Others: 

 

If YES: which one did you use (more answers possible): 

◻Apple Siri  ◻Google Now  ◻Amazon Alexa  ◻Other: 

_________ 

5. Which kind of smart speaker or home assistant devices device do you have (more 

answers possible)? 

◻ Amazon Echo ◻ Google Home  

◻ Others: ◻  I don’t have any.  

 

6. If applicable, what do you usually use the smart speaker or home assistant for (more 

answers possible)? 

◻ Listen to music  ◻ Set Alarm ◻ Read news ◻ Play games   

◻ Search for information ◻ others: _____________ 

 

Ease of Use: 

1. Easy to learn 
2. Controllable 
3. Clear and understandable 
4. Flexible 
5. Easy to become skillful 
6. Easy to use 

Seven-point Likert scale ranging 
from 1 (“strongly disagree”) to 7 

(“strongly agree”) 

Trust: 

To what extend do you agree/disagree with the 
following statement: 

1. I would trust the system if it gave me advice. 
2. I would follow the advice the system gives me. 

Seven-point Likert scale ranging 
from 1 (“strongly disagree”) to 7 
(“strongly agree”) 
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3. I would disclose information about my food to 
the system. 

4. I believe the system acts in my best interest. 
5. I expect the system to be sincere and genuine. 
6. I would trust the system if it gave me advice. 

Perceived enjoyment: 

To what extend do you agree/disagree with the 
following statement: 

1. I enjoyed using this system. 
2. I enjoyed participating in this session with the 

system. 
3. I found using system enjoyable. 
4. I found using system fascinating. 
5. I found using system boring. 

Seven-point Likert scale ranging 
from 1 (“strongly disagree”) to 7 
(“strongly agree”) 

Intention of Use: 

To what extend do you agree/disagree with the 
following statement: 

1. I would like to have further interactions with the 
system. 

2. I would like to own a system like the one I 
interacted with. 

3. I would recommend my friends to get a system 
like the one I interacted with if it were available 
on the market. 

Seven-point Likert scale ranging 
from 1 (“strongly disagree”) to 7 
(“strongly agree”) 

Social presence: 

To what extend do you agree/disagree with the 
following statement: 

1. I felt a sense of human contact in the system. 
2. I felt a sense of personalness in the system. 
3. I felt a sense of human warmth in the system. 
4. I felt a sense of sociability in the system. 
5. I felt a sense of human sensitivity in the system. 

Seven-point Likert scale ranging 
from 1 (“strongly disagree”) to 7 
(“strongly agree”) 

Anthropomorphism: 

Instructions:  For each of the following statements, 
mark one box that best describes your opinion to the 

Seven-point Likert scale 
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system.  For example, if you think the system is more 
Fake rather than Nature, then you can mark a box that 
closer to Fake. 

Please rate your impression of the system on these 
scales: 

1. Fake - Natural  
2. Machinelike - Humanlike  
3. Unconscious - Conscious  
4. Artificial - Lifelike 

System Usability questionnaire: 

To what extend do you agree/disagree with the 
following statement: 

1. I think that I would like to use this application 
frequently. 

2. I found this application unnecessarily complex. 
3. I think this application was easy to use. 
4. I think that I would need assistance to be able to 

use this application. 
5. I found the various functions in this application 

were well integrated. 
6. I thought there was too much inconsistency in 

this application. 
7. I would imagine that most people would learn to 

use this application very quickly. 
8. I found this application very 

cumbersome/awkward to use. 
9. I felt very confident using this application. 
10. I needed to learn a lot of things before I could 

get going with this application. 

Five-point Likert scale ranging 
from 1 (“strongly disagree”) to 5 
(“strongly agree”) 

Hedonic and Pragmatic Questionnaire: 

Instructions: For each of the following statements, 
mark one box that best describes your opinion to the 
prototype. I find the system is: 

11. Complicated - Simple 
12. Technical - Human 
13. Impractical - Practical 
14. Cumbersome - Direct 
15. Unpredictable - Predictable 
16. Confusing - Clear 

Seven-point Likert scale 
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17. Unruly - Manageable 
18. Typical - Original 
19. Standard - Creative 
20. Cautious - Courageous 
21. Conservative - Innovative 
22. Lame - Exciting 
23. Easy - Challenging 
24. Ordinary - New 
25. Isolating - Connective 
26. Amateurish - Professional 
27. Styleless - Stylish/classy 
28. Cheap - Valuable  
29. Non-inclusive - Inclusive 
30. Takes me distant from people - Brings me closer 

to people 
31. Unpresentable - Presentable 
32. Ugly - Beautiful 
33. Bad - Good 

 

Appendix C - Graphical interface application flow in Cheng (2016)’s study 
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Appendix D – Tasks in the first, second and third study 

Tasks in the first study: 

1. Please input the following food to the application as your breakfast today.   
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2. Check the salt intake results: how much sodium did you take today? 

3. You just measured your blood pressure. It is 145/95 mmHg. You want to record it in the 

application. 

4. You want to check your blood pressure measurement you entered in the application on 

14/May (Today is 15/May). How much was it? 

Tasks in the second study: 

Day 1: This is the first day that you start to use this application.  

1. Please look at the following picture. Imagine that you have those foods for lunch. Now you 

are going to add them into the application. 

 

2. You just measured your blood pressure. It is 145/ 95 mmHg. You want to record it in the 

application. 

Day 2: This is the second day that you use this application.  

1. Today you had the same lunch as yesterday (see the following picture). Now you are going 

to add them in the salt intake application. 
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2. You realized that you had one slices of bread after lunch but you forgot to add it. Now you 

want to add it. 

3. You just measured your blood pressure. It is 153/ 94 mmHg. You want to record it in the 

application. 

Day 3: This is the third day that you use this application.  

1. Today you had the same lunch as yesterday, but ate two slices of ham more (see the 

following picture). Now you are going to add the meal in the application. 

 

2. Check the salt intake results 

a. From the result, how much salt did you take today? 

b. From the result in the screen, what was the biggest contributor? 

3. You want to check your blood pressure measurement you entered in the application on 

21/June. How much was it? 

 

Tasks in the third study 
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Day 1: This is the first day that you start to use this application.  

1. Please look at the following picture. Imagine that you have had those foods for lunch. Now 

you are going to add them into the application. 

 

2. You just measured your blood pressure. It is 145/ 97 mmHg. You want to record it in the 

application. 

Day 2: This is the second day that you use this application.   

1. Today you had the same lunch as yesterday, but ate two slices of ham more. Now you are 

going to add the meal in the application. 

 

2. You want to check your blood pressure measurement you entered in the application in July 

25. How much was it? 

3. Check the history 

a.  From the history, how much sodium did you take today? 

b. From the history, what was the biggest contributor for the sodium intake? 

c. Get some advices from the application 
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