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Abstract  

Human-computer interaction (HCI) is an important issue in the area of medicine, for 

example, the operation of surgical simulators, virtual rehabilitation systems, telemedicine 

treatments, and so on. In this thesis, the human-computer interaction of a self-operated 

mobile telemedicine device is designed. The mobile telemedicine device (i.e. intelligent 

Medication Box or iMedBox) is used for remotely monitoring patient health and activity 

information such as ECG (electrocardiogram) signals, home medication, patient 

movements, etc., through a wearable bio-patch and a touch screen on the device, thus 

creating interaction between patient and doctor via the internet. The telemedicine device 

also has a reminder function for the time of medication. Two aspects have mainly been 

addressed in designing the HCI. The first one is about the user interface of the telemedicine 

device and the second one is about the interaction between patients and the wearable 

device. Scenario design, user participation and interview were applied as the design 

methodology of this work. Literature study of relevant background information and 

interviews with experts were also used for scenario design. After the first version of the 

prototype was developed, interviews were conducted with some typical users, whose 

feedback and user data were collected and analysed. The thesis includes envisionment and 

evaluation as two parts. The study revealed that HCI is an important issue for 

telemedicine, particularly when it is used for elderly-care. A simple and user-friendly 

interface, proper physical size of devices, better and bio-compatible materials for the bio-

patch etc. are to be considered important for a better HCI for telemedicine devices.  

 

Keywords: Healthcare, Human-computer interaction, Telemedicine, Wearable device, 

Application 

1. Introduction 

The first concept similar to human-computer interaction (HCI) was raised about half a 

century ago (Yang & Chen, 2009). HCI does not have a long history of development but the 

application of HCI in telemedicine has developed rapidly in recent years. In ancient China, 

doctors simply used chemical, physical or biological methods directly for treatment. The 

introduction of computers or other machines for medical treatment has made HCI design 

relevant to medical devices.  

It is a common view that mobile healthcare is a natural tendency in the development of 

medical services in the future. Many people are optimistic about the growing popularity of 

mobile medicine. Many new wearable devices have been introduced in recent years. The 

most popular kinds of wearable devices are wristbands, watches and glasses. According to 

their function, the author divides wearable devices into four categories: health, information, 

control, and blend. For example, a wearable device named “Jawbone Up activity tracker” is 

mainly used for fitness and health and thus belongs to the health category. Another wearable 

device named “Truly eTimer” can be used for sending and receiving messages and it belongs 
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to the information category. When 3D animations are produced, people use such kind of 

wearable sensor to control the action. A watch device called “Zen Watch” has the function to 

control a cell phone to make a phone call or send messages. These two wearable devices 

belong to the control category. Last, an “Apple Watch” can be used in measuring heart rate, 

message informing and controlling other devices with related apps, so it belongs to the blend 

category. 

The main functions of wearable medical devices include blood pressure measurement, 

heart rate monitoring, and so on. Many wearable medical devices carry claims that they can 

be used for medical care, but actually they do not achieve medical standards and can only be 

used for one’s own health management. For example, a smart bracelet named “Jawbone 

UP24” can monitor your sleep. It provides information to the users about the quality of their 

sleep. It could also remind users to take a walk by its vibration alarm system when users 

have been idle for too much time. However, all the functions are used for self-health 

management and do not achieve the professional levels of accuracy needed for medical use. 

Besides, it takes a long period of measurement to get and analyse the results. This means 

potential problems might not be identified in a timely way. The technologies of wearable 

medical devices are actually not well developed, which makes them hard to popularize. 

Because the results of existing devices are not accurate enough patients still need to go to the 

hospital for treatment.  

The above problems are mainly in terms of technology. In terms of people, privacy is 

another issue. People often do not worry about this problem when the wearable device is 

turned off, but actually it is working all the time regardless of the fact that people do not 

realize it is working. In this respect, great amounts of data may have been sent to the service 

provider without the user’s knowledge, which raises concerns about privacy protection. In 

terms of research activity, we should also pay attention to the possible ethical problems. A 

question deserving serious consideration is that research projects or surveys should always 

have a motivation that would benefit people. These are the gaps between the concept of 

wearable devices and the practically useful wearable devices.  

In the end of 1950s, an increasing number of people in the United States tried to use 

electronic technology to work on medical activities and the term ‘telemedicine’ was proposed 

at this time (Wittson & Benschoter, 1972). The earliest telemedicine system that was 

designed to remotely treat patients requiring cardiac resuscitation was developed and 

launched by an American company in 1989 (Blyth, 1990). In a survey of telemedicine (Sood, 

Mbarika, Jugoo, Dookhy, Doarn, Prakash & Merrell, 2007) it is said that “telemedicine is a 

branch of e-health that uses communications networks for delivery of healthcare services 

and medical education from one geographical location to another”. 

Telemedicine makes a new relationship between medical experts and their patients which 

enables patients to be treated at home by following the instructions and directions of 

doctors. It applies computers, communication, medical technologies and different kinds of 

devices to achieve communication and treatment between doctors and patients, through 

data, text, voice, and video transmission, which helps patients to save time and effort and 

thus reduce healthcare costs. About fifteen years ago, a GSM-based mobile tele-cardiology 

system (Istepanian & Petrosian, 2000) was introduced, using the GSM network to transfer 
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ECG data. This system made a great contribution to telemedicine treatment via mobile 

networks for heart disease. As far as the technology is concerned, telemedicine involves not 

only the medication, but also the communication networks, cloud based databases and other 

related aspects. All the above components need to be integrated into a systematic network 

for service delivery. 

Wearable devices have become a popular research topic in recent years and the question 

of how to apply wearable devices to more fields draws the attention of many researchers. As 

far as we learn, there is relatively little published research about the use of self-operated 

wearable devices in clinical telemedicine. The technology is still under development and 

needs to be mature both in practicability and functionality. However, many people hope 

wearable devices could be used widely in the foreseeable future because this will bring much 

convenience to the daily lives of people needing frequent medical assessment and treatment. 

Compared to existing wearable devices, such as smart watches and glasses, tablet PCs and 

laptops that are not wearable have many disadvantages, including poor portability, physical 

size problems, comfort designing issues, and so on. A useful wearable device should 

overcome these problems and also built a mobile interconnection between users and the 

internet. Applying such kinds of wearable device to telemedicine will create a new kind of 

application combining mobility, medical services, and human-computer interaction. 

1.1 Research question 

The study is focused on the HCI-related issues for mobile healthcare application. In this 

thesis work, a wearable device for telemedicine has been designed for improved HCI aspects, 

as compared with the existing systems. The field of research is HCI design. The research 

results will help the improvement of HCI between telemedicine, patients, and wearable 

devices.  

The fundamental idea of the application is to use wearable devices to send heart wave or 

other kinds of bio-signals of patients to the hospital through smart wearable telemedicine 

devices. In addition, the telemedicine device should also have some other functions. For 

example, except for informing the patient that it is time to take their medicine, it will also 

inform which kind of medicine should be taken and how much. The acceptability and 

suitability of sensors used to collect data is also an important consideration. The HCI issues 

are first addressed by scenario analysis and then verified and assessed by user interviews 

after prototype development. Therefore, focus of this study is (1) to identify the main HCI 

issues for such devices, (2) assessment and proposals for a better HCI.     

In terms of the HCI design of telemedicine with wearable devices, the research question 

is: What are the human-computer interaction issues for users of self-operated mobile 

telemedicine devices? 

2. Related Research 

The following section presents some HCI related research about telemedicine systems and 

wearable device interactions. They cover many aspects of HCI on telemedicine and were 

valuable for my design work. The application of HCI in telemedicine has developed rapidly in 
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recent years but there is relatively little published research about smart wearable devices for 

healthcare. My research focuses on the HCI related problems and concentrates on the 

interaction of users with wearable devices and the graphical user interface. This section also 

describes some previous research about interactive system design that frames my work in 

this paper.  

2.1 Telemedicine 

There has been considerable HCI research on telemedicine. In one study (Gil-Rodríguez, 

Ruiz, Iglesias, Moros & Rubió, 2007), an interdisciplinary perspective that includes the 

cognitive and organizational aspects to the technical design of new e-Health services in the 

area of tele-cardiology is presented. The research points out that the organizational culture 

complicates the communications technologies in the healthcare field because the application 

of these technologies always means qualitative changes. Besides, it is important to adjust the 

system to the specific scenario to provide emergency assistance to patients. As for the user 

aspects, usability, user profiles and requirements need to be taken into account. The system 

should be easy to use and to learn for different kinds of user with different aims. Last, the 

technical characteristics of every specific scenario including transmission mode and 

compression techniques should be considered. All these points are very helpful in designing 

an interactive system of telemedicine. 

A study by Jalil, Hardy, Myers and Atkinson (2014a) presents a patient-centred 

evaluation for the diabetes patient who uses an in-home monitoring device. The authors use 

HCI and medical informatics literature to create the bridge between HCI and telemedicine. 

They argue that even though medical researchers think the in-home monitoring device is 

“life-saving” and have high expectation about it, the patients treat this device as a regular 

piece of domestic technology. This means that the usability of the telemedicine device and 

the reliability of its results are a big challenge to the researchers. Current design 

considerations mainly focus on how to deliver healthcare through new technologies but pay 

less attention to patient experiences (Jalil, Myers & Atkinson, 2014b). The patients need to 

adopt the new technologies to prevent a future healthcare crisis. The study (Jalil et al., 

2014b) also presents design guidelines related to touchscreens, data visualization, visual 

appeal and internet browsers. All the factors are important to the patient experience.  

In addition, another study (Gosbee, 1999) provides valuable advice to researchers for 

applying HCI to the development of health care applications. Firstly, researchers should 

learn about the issues in the area of telemedicine. The opportunities and needed training are 

helpful to the HCI and healthcare practitioner. When researchers are accomplishing HCI 

activities in telemedicine, they should become familiar with barriers and resources. Some 

practical techniques and tips are useful in this process. Last but not least, some case studies 

will engage the researchers in the medical software design process from an HCI viewpoint.  

Another study by Pang, Chen and Zheng (2009) presents a telemedicine device prototype 

that is used for healthcare. The telemedicine device has many functions including medicine 

inventory management, medication reminding, and remote monitoring. The system uses an 

RFID reader to detect the medicine information and position. After getting the information, 

the system compares the information to the record and responds to the patient with a 
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message box and sounds. There are also some time records that are used for reminding 

patients to take the medicine. If it is time to take medicine but the reader detects that the 

medicine is still in the box, the system will inform the patient with an alarm and send a 

message to the doctor. In addition, the telemedicine device could receive the instructions 

only from the doctor, which could prevent mistakes made by patients. The telemedicine 

device includes a wearable device that can be used for informing the patient by vibration. 

The wearable can detect the bio-signals, but the problem is it would come off from the skin 

with the movement of users and this will affect the signal receiving. Because the telemedicine 

device cannot work without a power supply, the portability and mobility of the device is 

reduced. When users are traveling, they need to find a power source to use the device, which 

brings them much inconvenience. 

2.2 Wearable ECG sensor 

The Electrocardiography (ECG) sensors we see in the hospital are usually small patches 

stuck on the bodies of patients, connected to the signal processing receiver by many wires or 

cables. When the patients are using the ECG sensor, they should lie or sit on the bed. The 

actions they can do are limited by the connecting wires, which brings many troubles to their 

lives. When the patients have to move to another place, they need to take off all the sensors. 

However, everything will be much better when patients use a mobile ECG sensor. With a 

mobile ECG sensor, the range of the activity space for patients is greatly increased. Patients 

will be much less restricted in the range in which the signal could be received. They can even 

walk to the window enjoying the scenery that could improve their emotions and help the 

treatment. 

Concerning mobile HCI, a paper (Vinciarelli, Murray-Smith & Bourlard, 2010) provides a 

survey of mobile HCI and social signal processing (SSP). The authors point out the key 

challenges in the design of mobile systems, including the small size of mobile devices, the 

reduced input capability and the diverse usage situations. These points are important with a 

mobile system because they have a direct impact on the experience of users. A small physical 

size, simple input methods, the effective mobility and portability are necessary for wearable 

devices. 

One study (Xie, Yang, Mantysalo, Jonsson & Zheng, 2012) presents a wearable patch used 

for detecting the bio-signal named Wearable Bio-Sensing Node. This kind of patch uses the 

printed electric circuit as the sensing electrodes and internal circuits. It has many advantages 

including cost effective, large scale, and fast prototyping. The performance of the patch is as 

good as the common commercial electrodes and it needs less raw material to produce. 

Because the sensing electrodes and internal circuits are printed by a professional printer, it 

can be customized by users into different shapes and sizes with high efficiency. There is only 

a thin layer of conductive material on the patch, so it is flexible and very light to use.  

 In another study (Song, Yu, Liang, Wang, & Shi, 2012), a body monitoring system 

designed for use with android smartphones is presented. The system can be used for 

brainwave capture, heart wave acquisition, and body temperature detection. The chip they 

used has a small physical size and a high sensitivity to catch very faint bio-signals. In 

addition, the system is based on the android operation system, which means it would be 
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convenient to apply the same chip to other applications on the android platform. The same 

development platform will bring better compatibility to systems, and will lead to more 

available functions and lower cost of development.  

A study by Scheffler & Hirt (2005) provides some examples of the applications in this 

area and also points out the challenges and the aspects that the designer should consider 

when designing the system for telemedicine and wearable devices. These include power-

saving design, physical size, and so on. In terms of physical aspects, a useful wearable ECG 

sensor should have good performance in flexibility and portability. A wearable device will be 

successful when users wear the device like clothing. Comfortable user experience of the 

wearable device is a challenge to the designer. 

2.3 Interactive system design 

The PACT framework is a useful framework in interactive system design (Benyon, 2010). The 

PACT framework has four aspects as follows: 

 People 

 Activities 

 Contexts 

 Technologies 

People engage in various activities in different contexts with many kinds of technology. 

The centre of the framework is the people. They undertake activities and generate the 

requirements in this process. The technologies are used for meeting the requirements from 

people and contexts, offering the opportunities to the activities. With the development of the 

technologies, people will be satisfied for a short period and then their demands will becomes 

higher. This change makes the new requirements to the technologies. There is a dynamic 

equilibrium between the requirements and technologies development. 

In interactive design, developing personas and scenarios (Benyon, 2010) is very useful 

method. When designing the system, the users are represented by personas. The activities 

and the contexts are envisioned through using scenarios. Personas and scenarios usually are 

involved by each other. Personas are concrete representations of the different kinds of 

people that the system is designed for. They should have enough details including age, 

gender, job, and aspirations or goals. The goals should be the most important one because it 

motivates the personas to use the system. Once the user wants to achieve their aims, it will 

make sense for them to undertake activities by using the system that will be designed. As 

designers, we need to remember that we are not designing for ourselves. Creating personas 

could help us focus on the users for whom we are designing and we can think about the 

problems from the perspectives of users. When the users are not accessible or available, like 

the patient who has serious illness, the personas would be very useful. The designer could 

ask participants to imagine they are the users that the system is designed for and get useful 

details from them by interview.  

Scenarios are stories including people, activities, contexts, and technologies. They are 

presented in different forms and play an important role in design approaches. Scenarios are 

used in many areas including software engineer, interactive system design, and other HCI 

work. Scenarios can be collected from our daily lives. Because of this, using scenarios could 
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help designers to notice many problems that they did not realize at once. Scenarios could 

help designers in all four stages of the interactive system design: understanding, envisioning, 

evaluation, and design. There are four kinds of scenario: stories, conceptual scenarios, 

concrete scenarios and use cases. Stories are the experiences of people from their daily lives. 

Conceptual scenarios are abstract descriptions without many details. The conceptual 

scenarios are a reflection of the relationship between each element in the interactive system. 

Concrete scenarios are the development of the abstract scenarios and they have added 

specific design decisions and technologies. Compared with conceptual scenarios, concrete 

scenarios have more details and also bring more constraints to the design process. Once the 

concrete scenarios have been completed, they can be represented as use cases. Use cases are 

formal descriptions about the interactive system that can be used by the software 

programmers or hardware engineers. Scenarios have various functions in four stages 

respectively. In the understanding stage, they help designers to notice and understand 

problems or difficulties. For the design stage, they could bring us inspirations and test ideas. 

In the envisionment stage, they can demonstrate thoughts and communicate ideas to others. 

As for the evaluation stage, they can be used to evaluate the design. In designing an 

interactive system, designers can start at any point – understanding users, a conceptual 

design or a prototype (Benyon, 2010, p. 50). 

3. Prototype introduction 

The author had the opportunity to cooperate with the iPack VINN Excellence Center. The 

thesis work focuses on the interaction design of the telemedicine system. With the help of 

electronic researchers and engineers at iPack, two prototypes were made. This section 

provides an introduction to these prototypes.  

The system has two main functions, one is the ECG examination and the other is the 

medicine inventory management. When designing the application, a navigation map (Figure 

3.1) and some design drafts for the system (Figure 3.2) were made first.  

 

 

Figure 3.1 Navigation map of the system 
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Figure 3.2 Design drafts 

The selection page is presented after the login page and is where users can select the function 

they want. This page was added to the system because some users that need not make the 

ECG examination could then use the medicine inventory management directly.  

According to the functions requirements and the early drafts of the user interface, the 

engineers made the telemedicine device prototype. The appearance of the prototype was like 

a medicine box. The screen of the telemedicine device is embedded in the lid of the medicine 

box. The medicine box has two layers and both layers can be used for storing medications. 

The circuits and function modules are fixed in the bottom of the medicine box.  

 

 

Figure 3.3 Telemedicine device prototype 

The telemedicine device can detect the presence of the medications. When it is time to take 

the medicine, the system will inform the user with a message and with sounds. When it is the 

wrong time to take the medication or the wrong medication had been taken out of the device, 

the system will warn the users with different kind of sound. An obvious disadvantage is that 

the system cannot detect the dose that the patient had taken. It could detect the kind of 

medicine by reading the electronic tags stuck on the pill bottles. However, when the patient 

takes out the pill bottle, the system can only detect that the electronic tag had been removed. 

Only the user knows the dose he or she has taken and this cannot be monitored by the 

system.  
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Figure 3.4 The welcome page 

When the telemedicine device is connected to the power supply, the system will start after 

turning on the switch. Then it will present the welcome page and ask the user to input the 

user numbers. After inputting the numbers and pressing the OK button, the system will 

require the data from the server. A useful function on the login page is the scan button, 

which embodies the humanization of the system. When users try to login, they can press the 

scan button instead of inputting many numbers. After touching the scan button, a box will be 

presented on the screen and the camera will be activated to scan the barcode. After the 

barcode had been scanned, the patient numbers will automatically be input to the system. 

The barcode can be generated on the website and patients could print it out or download it to 

the cell phone. When logging in to the system, users only need to scan the barcode. The 

process only takes a few seconds and it is very convenient for users. Especially for some 

disabled people and elderly users, this design saves a lot of time they might otherwise spend 

on the login.  

 

 

Figure 3.5 The barcode scanner 
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Figure 3.6 The ECG examination 

After the patient logs in to the system, they can choose to make an ECG examination first. 

Meanwhile, patients need to put on the wearable device for the examination. When the 

examination is finished, the doctor would make a medicine list according to the examination 

result. 

 

Figure 3.7 The medicine inventory list and warning 

When the doctor has made a medicine inventory list for the patient, the medications will be 

listed on the screen. All the medications have their respective times, doses and doctor advice. 

Other useful information is also presented on the screen, including the time, the patient 

name, and the telephone number of the doctor. 

3.1 Wearable device prototype 

The wearable device prototype that the author constructed includes three parts:  signal 

receiver, bio-signal cable and bio-signal patch. At first, a survey was carried out for designing 
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the wearable device and twenty people were interviewed to make their own choices about the 

patch material, connection methods and signal receiver details. There were ten male and ten 

female people in the survey and the range of their age was between 22 and 65. Some material 

samples and prototypes were presented to each of them during the survey. The questions are 

presented below. 

Question a: Choose one among cotton patch, silk patch and plastic patch and explain why. 

Question b: Choose between wired connected and directly connected and explain why. 

Question c: Should the receiver be hung around neck or be put in the pocket and why? 

The left chart in figure 3.8 shows that most people chose the silk patch. They said the silk 

patch is better than other patches in comfort and flexibility. For the connection between the 

signal receiver and the patch, three-fourths people preferred the wired connection. They said 

the signal receiver is too heavy and it is uncomfortable if the receiver is directly connected to 

the patch. Five people chose the directly connected because they said that it is inconvenient 

to use wires. Some data has been collected about the signal receiver indicating that most 

people prefer the receiver that can be hang from the body (around neck) since it will increase 

the portability of the device. 
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Figure 3.8 Details of the wearable device 

The first part is the signal receiver that consists of the battery, the bio-signal circuit and the 

Bluetooth module. This part is mainly used for bio-signal processing and Bluetooth signal 

transmission. Because the signal receiver is not light enough, according to the survey, it is 

designed to be put in a pocket or hung around the neck.  

Considering the time of using without charging, we chose a larger battery ensuring that it 

will be enough for a number of interviews. Because it belongs to a wearable device, the size of 

the product for using in daily lives should be smaller than the prototype. A good method is 

choosing a smaller battery. However, it brings another problem that a small battery cannot 

be used for a long time and users need to charge the wearable device frequently. It is a 

challenge to find a balance between the using time without charging and the battery size.  
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Figure 3.9 The bio-signal cable 

Because most people chose the wired connection, so the next part is the bio-signal cable used 

for bio-signal transmission. The difference between this cable and other normal cables is 

that it is very soft and pliable. This feature brings users a comfortable user experience 

without reducing the signal quality. One end of the cable is designed to be the normal audio 

connector that is connected to signal receiver, and the other end is the socket connected to 

the next part. The reason for using the audio connector is that it is very cheap and easy to be 

found in daily life, which reduced the cost of the system. 

 

 

Figure 3.10 The patches 

The third part is the bio-signal patch that is used for bio-signal acquisition. A patch has two 

electrodes and there is a layer of conductive gel that touches the surface of the electrodes. 

The conductive gel can stick to the skin of the patient, which makes it that the signal can be 

received continually. A patch with two electrodes was designed because it enables the 

patients to put on the electrodes in one simple action. On the back of the patch are the 

connectors that are made as brass buckles. Because the buckles are the normal size that is 

used widely in our daily lives, the cost of the system will also be reduced. Since most people 

chose the silk, the silk patch was used and it is very soft and comfortable to the users. In 

addition, the silk material usually will not cause allergy to the skin so that the patient could 

wear it for a long time. 
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Figure 3.11 The wearable device prototype 

 

Figure 3.12 The ECG monitoring 

However, one of the disadvantages of using silk patch is the lack of water resistance. It is 

unavoidable that the patient will sweat after wearing the patch for a while, which will cause 

interference to transmissions. The patch falls off easily if it absorbs too much sweat. Another 

defect of the silk patch is that the silk is not as extendable as the skin of human beings, which 

may make users feel it is tight when they are moving. But compared with the plastic material, 

it is still much comfortable.  

4. Research methodology 

This section presents the framework interpreting the results and the methodology used to 

conduct the design process.  

4.1 Basic framework 

The PACT framework, which was outlined in Section 2.3, is the basic framework for 

implementing my design because, as Benyon (2010, p. 26) states: “the PACT framework is a 

very useful framework for thinking about a design situation”. This framework was used for 

guiding and interpreting the analysis and discussion.  
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First of all, attention should be paid to the users of the application and how to get access 

to them for design inputs and evaluation.  

The activities and contexts are another two important factors that should be focused on. 

The activities that users will carry out become the main requirements and issues of the 

design. Contexts are another key aspect that would influence the functions of the application. 

Certain kinds of functions and characteristics are needed to fulfil the requirements in 

specific contexts. In different contexts, even the same activities would have different 

requirements for the system.  

The last point considered in the framework is the technologies. Technologies are hard to 

classify and they usually will bring practical constraints to the design. However, technologies 

and the other three aspects are of equal importance because the design aim is to identify and 

overcome the HCI issues of products in real use. We always need to take the practical factors 

into consideration and take advantage of the available resources. 

4.2 Method 

The main approach for the research was the scenario-based design method (Benyon, 2010). 

The reason for choosing this method is as follows: “scenario-based design method is a 

classical method in the interactive system design, and it becomes an important approach to 

the interactive systems design in the twenty-first century” (Alexander and Maiden, 2004). 

4.2.1 Interviews  

For the scenario-based design method, interviews are the most frequently used technique. 

Interviews were used in the survey of designing the wearable device (see section 3.1) and in 

the evaluation of the system. Benyon (2010, p. 152) states: “One of the most effective ways of 

finding out what people want and what problems they have at the moment is to talk to 

them”. The interviews used for the survey were structured interviews because the samples or 

prototypes were presented to participants who were limited to very restricted replies. Thus 

the questions were developed beforehand. Participants were asked to make their own 

choices about the patch material, connection methods, signal receiver details and explain the 

reason.  

Unstructured interviews were used in the evaluation of the system because it was 

depended on what the user did during the session. 

4.2.2 Users 

Because the author did not have access to actual patients who have heart disease and need to 

use the ECG devices, the data could not be collected from them. Instead, students and some 

middle-aged people were asked to use the personas and scenarios to evaluate the prototypes. 

The participants in the survey of designing the wearable device consisted of ten male and 

ten female people. Eight of the participants were under 35 and the rest were older than 48. 

Besides, four participants were retired people and the rest were students or employees. The 

range of their age was between 22 and 65.  

There were five participants in the evaluation of the system and their details are presented 

below. 

User 1, male, student, 28 years old    
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User 2, male, researcher, 30 years old  

User 3, male, student, 28 years old, experienced about the medical electronics 

User 4, male, office worker, 52 years old 

User 5, female, 48 years old 

4.2.3 Scenarios  

Scenarios and personas were used in the process of data collection. Two scenarios coupled 

with personas were developed. The first scenario was used to guide all the evaluations and 

the other simpler scenario was used as a backup if people did not seem to understand the 

first one.  

First of all, the participants were asked to read the scenario thoroughly for a better 

understanding about the system functions and the content of the evaluation. They were 

required to imagine that they are the real patients of the scenario for the evaluation.  

Then they were asked to use the prototype to finish the test session. The evaluation 

started out by taking one user at a time and that user was given brief instructions on a paper 

about what to do. These instructions were developed from the scenario and the contents 

described the actions that the persona did.  

4.3 Personas and scenarios design 

To help participants to imagine that they are real patients using the prototypes, two 

scenarios were developed. When we were making the prototype, the author attended some 

meetings and interviewed two project partners who are the experts in telemedicine. During 

and subsequent to these meetings, these two scenarios coupled with personas were 

developed to explore the use cases of people with different health status and lifestyles. One 

scenario was used to guide all the interviews in the evaluation section and another was used 

as a backup. 

 

Scenario 1 

Lee 

 Male 

 Age 61 

 A director of an architecture company 

 He lives with his wife who works in a bank 

 His lives far away from the hospital 

 He always be busy with his work and has no time to do physical exercises 

 He feels angina sometimes and needs to take medicines three times every week 

 His daughter is under thirty years old 

 His daughter has bought him a home using telemedicine device for health care 

1. We meet Lee at his home, we come here with our friend - his daughter  

2. His family are worried about his health. Since he always be busy with his work, he does 

little exercise every week. 

3. He says he will occasionally forgot to take the medicine and sometimes he will suddenly 

feel angina.  
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4. His daughter already knew this from her mother and gives him the telemedicine device. 

She says it could remind him to take medicines and can connect to the wearable device to 

measure the ECG. She explains the collected data would be sent to the hospital and 

patient could get the instructions from the doctor. 

5. Because Lee is not familiar with this kind of novel electronic device, he plans to have a 

try before we leave. 

6. Lee opens the instructions booklet and starts the operation. 

7. Following the instructions, Lee turns on the telemedicine device. 

8. The screen shows the welcome page and asks the user to connect the system to the 

Internet by wireless.  

9. Then the system asks the user to login or create a new patient account. 

10. After creating a new patient account, the devices shows that it already had connected 

to the hospital server. 

11. Then, there are two buttons showed on the screen. One is signed with medicine 

inventory and another button is signed with start examination.  

12. Following the instructions, Lee puts on the wearable device and turns on the switch on 

it. A blue light that comes from the inside of the wearable device begins to twinkle at first 

and keeps shining after a few seconds. 

13. The wearable device keeps lighting, which means it had connected to the telemedicine 

device. According to the instruction, Lee touches the start examination button on the 

screen and his ECG begins to be showed on the screen. 

14. After using for ten minutes, the system informs that the examination had finished 

with sounds. Lee touches the stop button and the system shows that the data had been 

saved. 

15. Lee leaves a voice message about the condition of his illness and sends the data to the 

hospital. 

16. A few minutes later, the medicine inventory list had been added two new kinds of 

medicine. Besides, the dose, time, and the doctor advices are all listed in the medicine 

inventory. 

17. Lee takes the medicine bottles out of his old medicine box and takes the sensors out of 

the telemedicine device.  

18. When he takes the sensors out of the telemedicine device, it begins to warn and shows 

that it is wrong time to take medicine.  

19. Following the instructions, he sticks a sensor on the pill bottle and puts it back into 

the telemedicine device. He touches the OK button and the device stops warning. 

19. After half an hour, it is the time to take the medicine. The devices informs him with 

message box and sounds first. Lee takes out the pill bottle and touches the OK button. 

After taking the medicine, Lee puts the pill bottle back to the device and it shows “finished 

the medicine” on the screen. 

20. Lee touches the OK button on the screen and the system goes back to the page of 

medicine inventory management. 

21. Lee is satisfied with the examination and shares the experience on his social network. 
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Scenario 2 

Jenny 

 Female 

 Age 30 

 An accountant of an international company 

 She lives with her husband who works for the government 

 It takes an hour to drive from her home to the hospital 

 Her child is eight years old 

 She does not quite like doing physical exercises 

 Sometimes she feels angina  

1. Jenny goes to the hospital in the morning. She comes here to get the treatment for her 

angina. 

2. The doctor tells her that she needs to go to the hospital to take physical examination 

every two weeks in the next six month. 

3. The doctor says if she would like to buy a telemedicine device, she is able to do the 

examination at home. 

4. Jenny goes back home, and books a telemedicine device online. 

5. Two days later, Jenny received the telemedicine. She opens the package and takes out 

the instruction booklet to read it. 

6. Jenny starts the configuration. Following the instructions, she turns on the 

telemedicine device. 

8. The screen shows the welcome page and asks the user to connect the system to the 

Internet by wireless.  

9. Then the system asks the user to login or create a new patient account. 

10. After creating a new patient account, the devices shows that it already had connected 

to the hospital server. 

11. Then, there are two buttons showed on the screen. One is signed with medicine 

inventory and another is signed with start examination.  

12. Following the instructions, Jenny puts on the wearable device and turns on the switch. 

A blue light that comes from the inside of the wearable device begins to flicker at first and 

keep shining after a few seconds. 

13. When wearable device keeps lighting, it is connected to the telemedicine device 

successfully. According to the instruction, Jenny touches the start examination button on 

the screen and her ECG begins to be showed on the screen. 

14. After using for an hour, the system informs that the examination had finished with 

sounds. Jenny touches the stop button and the system showed that the data had been 

saved. 

15. A few minutes later, Jenny receives a message form the doctor who treated her this 

time.  

16. The doctor says her condition is good and informed her the next time for examination. 

17. Jenny touches the OK button on the screen and the system goes back to the start page. 

18. Jenny is satisfied with the examination and shares the experience on her social 

network. 
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4.4 Evaluation and data collection 

In order to get enough details in each step and explain any problems with the prototype as 

soon as possible, the cooperative evaluation method was used since it is a reliable but 

economical technique and makes it possible to maximize the data gathered from a single 

evaluation (Monk, Wright, Haber and Davenport, 1993).  

Before the test session began, the participants were told that it is the system but not them 

that was under test. Firstly, all participants were expected to read the scenario. Then the 

tasks were introduced to them. There was a list of prompt questions prepared for them. After 

starting the session, they were encouraged to keep talking about what they were doing, why 

they were doing it and any difficulties or uncertainties they encountered. Following 

completion of the scenario, they used the prototypes for evaluation. When the participants 

had finished, they were interviewed to talk about the usability of the prototype and the 

session. The interview was unstructured and it depended on what the user did during the 

session. For example, if the user clicked on a button several times, he or she would be asked 

to explain that. So the interviews were different for each user and developed according to 

their actions. 

5. Data analysis 

My research focuses on the HCI issues when designing human-computer interaction of a 

self-operated mobile telemedicine device. The results of the evaluation are presented below. 

The transcription is taken from what the users said, based on what could be annotated 

during the session or from the voice recording. 

Most problems involve the interface of the telemedicine device but there are also 

problems related to other aspects including the physical size, the portability of the device 

and the reliability of the result. 

 

User 1, male, student, 28 years old  

The first participant was a student majoring in electronic systems. After listening to my 

explanation about the session, he sat down and was told to read the instructions to get going. 

After connecting to the power supply, he turned on the telemedicine device. The device had 

already been connected to the Internet. Following the instruction, he entered the patient 

numbers prepared earlier and did not try to use the scan button. He put on the wearable 

device for the measurement and asked “This is the switch, right?” for confirming that it is the 

correct one. When the blue light in the wearable device kept lighting, he touched the “start 

examination” button on the next page. His heart wave was shown on the screen of the 

telemedicine device and his heart rate was almost one hundred. He said he feels a little 

nervous about the session because it looks like a test for his health. When he was doing the 

examination, he asked if the doctor could see his ECG in the hospital at this time. The author 

explained that it is synchronous data, which means that the doctor can see the ECG at the 

same time. After a few minutes, he was informed by the system that the examination had 

finished and he pressed the stop button on the screen. After a while he received the medicine 

list sent from the doctor and was asked to stick the sensor in the telemedicine device to the 
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pill bottle. There were three sensors in the device and he did not know which sensor would 

match up with his medicine. This issue was ignored when the author wrote the instructions, 

so the author told him which sensor would be the correct one. When he took out the sensor, 

the warning was activated. He stuck the sensor to the pill bottle and put it back to the 

telemedicine device. Then he pressed the OK button to stop the warning. A few minutes 

later, it was the time to take the medicine. He took out the pill bottle and then put it back. 

Finally, he pressed the OK button to close the taking medicine reminder. 

Then a few questions were asked. The first one was, “Did you notice the scan button on 

the login page?” He answered that when he was looking at the login page, it was just 

intuition to input numbers into the box. He said he found the scan button but did not think 

much about it. The second one, “Why you asked about the switch of the wearable device?” 

He said he did not know it was the switch at once because there was no sign on the wearable 

device. Then he found it was the only thing that looks like a switch on the wearable device. 

He asked for confirmation because he was afraid of damaging it. 

 

User 2, male, researcher, 30 years old  

This participant started in the same way. He did not have any problem with starting the 

device. On the login page, he entered the patient numbers into the box and did not ask about 

the scan button. On the next page, he hesitated, then realized that he should put on the 

wearable device at first. After putting on the wearable device and pressing the switch, he 

touched the start examination button and found that his heart wave appeared on the screen. 

Only one sensor was put in the telemedicine device this time because the author considered 

that this part obviously needed to be changed and he planned to discuss this problem in the 

discussion part. After that the medicine reminder went on smoothly. 

At the end, he was asked about which aspects needed to be improved. He answered that 

there should be some instructions about the operations on the screen and in this way he 

would put on the wearable device without hesitation. Besides, there should be some signs on 

the wearable device like switch, charging port, and signal port. In addition, he considered 

that the size of the telemedicine device was too large. 

 

User 3, male, student, 28 years old 

This participant who has the experience about the medical electronics had made the 

contribution to the prototype of the wearable device. He sat down and got his paper with 

instructions. He read it thoroughly before operating the prototype. On the login page, he 

used the scan function to login the system and then put on the wearable device to begin with 

the examination. The other parts went smoothly.  

In the interview, he pointed out that the professional medical device in the hospital has 

eight channels but this wearable device only has one channel. This cannot reveal some 

problems that already existed. In addition, he said that the cable of the wearable device is not 

soft enough and the signal receiver is too big for a wearable device. Another choice that he 

suggested was connecting the wearable device to the patch without cable. He also said there 

should be some texts for the buttons on the ECG page, which would make for less confusion. 
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About the mobility and portability of the telemedicine device, he said that they need to be 

improved. 

  

User 4, male, office worker, 52 years old 

The fourth user started the device after reading the instructions. In the login page, he 

chose the scan button to login the system. When he tried to put on the wearable device, he 

was not sure how to stick the patch on and tried to find the instruction on the screen. The 

author asked him: “what are you looking for?” He said that he was trying to find instructions 

about how to stick the patch on. The author told him just attach it on your chest near the 

heart. He did this and then touched the start examination button. The medicine reminder 

went smoothly. 

After the test session, he said that he is not familiar with the wearable device or the 

telemedicine device and it would be better if there were some pictures about how to put on 

the wearable device before the ECG examination. When talking about what aspects needed 

to be improved, he said it would be better if he could choose Chinese language because his 

English is not good enough. Besides, he thought the size of the screen on the telemedicine 

device is far too small for him. 

 

User 5, female, 48 years old 

The fifth user read the instructions thoroughly before starting the operation. She had no 

problem with starting the telemedicine device and she chose to input numbers into the box 

for login. The part of putting on the wearable device also went smoothly. After touching the 

start examination button, she began with the ECG examination. When being informed by the 

system that the examination had finished, she hesitated, and then pressed the stop button. 

Then the sticking sensor and medicine reminder went on without problems. 

In the interview, the author asked her why you would be hesitated to touch the stop 

button on the page of ECG. She said that she did not quite sure about which one is the stop 

button and she chose the one that most looks like the stop button on that page. She said 

there should be some text for the buttons on that page. The second question was: why did 

you not try to use the scan button? She said she noticed the button on that page but in her 

opinion the scan function is not as reliable as inputting numbers. She explained that the 

teller in the supermarket usually cannot scan the barcode and needs to input the numbers. 

The next question was to ask her to say something about the advantages and disadvantage of 

the prototype. She said the advantages are time saving and convenience, and the 

disadvantages are the signal language, the too small screen size, and the limited mobility of 

the telemedicine device. 

6. Discussion 

In this section, the HCI issues for users of the telemedicine device are discussed further in 

terms of people, activities, contexts, and technologies. From the interviews above, some 

useful information was collected and is presented below.  
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The issues related to people are generated by the users themselves. Some users pointed 

out that all the buttons on the screen or the switch of the wearable device should be marked 

with text, and in this way there will be less confusion. The screen size of the telemedicine 

device was too small for middle-aged users, who thought a larger size screen would be more 

suitable for them. In addition, one user argued that there should be some instruction pages 

for new users. When they were using the device, the instruction page would help them to go 

smoothly and pictures may be more useful to them than the texts. Two users said that if the 

language could be changed to their own they would understand the system better. Another 

user thought the wearable device should be smaller, lighter, and more comfortable. Earlier 

research argued that the system should be easy to use and to learn for different kinds of user 

(Gil-Rodríguez et al., 2007) and the result confirmed this. The users could be people who 

speak different languages, so the system should have language choices. In addition, a new 

user would be unfamiliar with the application, so it would be better to add some texts and 

picture instructions. People of different ages are likely to become users of the application and 

the screen size may be too small for elderly users. Increasing the screen size could help them 

to use and understand the system information better.  

Activities issues are the points related to the purposes of users. The aim of the system is 

providing healthcare to the patients. It brings many conveniences and saves much time 

compared to other methods. In addition, it could reduce the chances of taking the wrong 

medicine or forgetting to take the medicine. However, as one user said, the results have not 

achieved medical level and only could be used as a guide. It is not the case that the users 

treat telemedicine devices as a regular piece of domestic technology (Jalil et al., 2014a). The 

wearable device is neither small nor light enough for users to wear it all the day.  

The contexts issues are the aspects related to the usage scenarios and external conditions. 

The system is mainly designed for using indoors. The mobility and portability of the system 

did not meet the requirements of some users. They thought the telemedicine device should 

be smaller and more portable, and it should be usable in the open air. The author agrees that 

the main challenges in the design of mobile systems are the physical size, input methods, the 

effective mobility and portability (Vinciarelli et al., 2010). The prototypes only can be used in 

the contexts with power supply and wireless network. This greatly reduces the mobility and 

portability of the system. The mobility could be increased by using a lithium battery and the 

3G network.  

The problems related to the technologies are generated from the requirements of users. 

They usually need to be carefully considered and elaborately designed. There are two main 

technological problems in the system. One is matching sensors to the medicine. When 

making the prototype, we used the software to input the medicine data into the sensor. 

However, this process actually needs to be considered in the evaluation. It is an important 

part in using the telemedicine device. There should be a page in the system for instructing 

users to match the sensor to the medicine. All sensors should be numbered at first. When the 

medicine list had been made, each medicine should have a number that is the same one as 

the matched sensor number. Then the user could attach the same numbered sensor onto the 

medicine according to the medicine list. As for the scan function, the system should 

encourage users to use the function. This is a very useful function, especially for disabled 
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people. However, this function can easily be missed by users. The scan button was placed on 

the page of login below an input box. The people who did not have experience of scanning 

would input the patient numbers by intuition. Inputting the numbers into a box is the first 

reaction of the people who had used traditional login pages for a long time. The scan button 

is an unfamiliar function to the users who have never seen it before. Comparing the two 

methods, one user considered that the scan function was not as reliable as inputting 

numbers. She would choose to input all the numbers rather than use the scan function. 

Earlier research has shown that it is important to adjust the system to the specific scenario 

to provide emergency assistance to patients (Gil-Rodríguez et al., 2007). However, little 

attention has been directed towards emergency assistance. For example, the system could 

activate this function automatically on the login page and ask users to scan the barcode. 

Meanwhile, there should be a choice for inputting numbers on the page in case the scan 

function does work smoothly. 

There are still many aspects that need to be changed and improved. However, I believe 

that this prototype provides us with a valuable design example for medical treatment in the 

future.  

7. Conclusions 

This research has been an exploration of an HCI design for telemedicine treatment. The 

research question concerned two aspects. The first one was about the user interface of the 

telemedicine device and the second one was about the interaction between the wearable 

device and the users. This thesis presented the HCI issues and proposals for the design of the 

self-operated mobile telemedicine device, which in my opinion is valuable for the areas of 

both telemedicine and of human-computer interaction.  

The evaluation of the research had its limitations because the author did not have access 

to real patients and only asked other people to evaluate the application. Such an evaluation 

cannot fully reflect the practical needs and feelings of the patients who are the actual end 

users of the application. On the other hand, real patients could perhaps not reflect on all the 

problems of the application in general, but they would be very useful to collect practical and 

reliable data. The lack of real patients and the time limitation forced me to make the 

evaluation with other people. In light of this, the scenarios and personas were designed to 

make the evaluation reflect the real situation as closely as possible. The author cooperated 

with electronic researchers and engineers to make a high fidelity prototype for the 

evaluation, and had access to a student who has experience in medical electronics. I believe 

these factors were enough for me to get useful and quite reliable data during the evaluation. 

On the other hand, the prototype still has some technological limitations and needs to be 

improved. For example, the matching sensor problem and the scan function need to be 

improved and further developed. Different language options and instruction pages need to 

be added to the application. As for the wearable device, it should be lighter, smaller and 

more comfortable.  

The author was unable to make the evaluation outdoors or to make other kinds of 

examination except for the ECG. For future research, applications should not only focus on 
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ECG examination but have more functions, including blood pressure, body temperature etc. 

The contexts of use should also be more varied, including on a trip, at home and outdoors. 

All of these are premised on the basis of the advancement of technology. 
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