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ABSTRACT 
 
Purpose   The purpose of the research is to develop an application that will support diabetes 
management in general practice. The research solution was implied to allow general practitioner to 
see advanced represented data that was measured and recorded into mobile diabetes diary by 
patients with diabetes. 
 
Motivation   The development of mHealth applications for patients with diabetes has large variety 
of mobile diabetes diaries to support self-management for a better life quality. However, these kind 
of applications do not play substantial role in diabetes care in general practice despite the level of 
advanced features in such applications. The data is not in particular use by primary care 
professionals due to the lack of such possibility. Besides, advanced trends representation of daily 
measurements of blood glucose level, insulin and carbohydrates intake, and physical activity can 
play significant role in providing prevention and control for diabetes patients based on their personal 
patterns.  
 
Methods   For the research design, engineering approach was chosen. In particular, the study was 
based on the waterfall model of software development life cycle (SDLS). Mostly, to collect the 
information for the requirements and to understand medical particularity of diabetes management in 
general practice, such methods as interview, questionnaire and discussion were used. Participants 
were four medical doctors and group of technical experts who supported the development on its 
each step. Usability testing was performed during application prototyping and on the final software 
testing with users involvement. During the software testing procedure, the application showed no 
faults. 
 
Results   “Diabetes Care” application was developed to support diabetes management in general 
practice, by helping general practitioner in a more rapid and qualitative way to analyze patient’s 
measurements. For each type of measurements were developed statistics. As well, decision support 
function was embedded into statistical rules for physical activity and morning glucose levels 
monitoring. Color representation of the decision support function was oriented on the error 
minimization and saving time for the rest of the consultation procedure. During the development, 
the application was extended with appointments and recommendation management functionality for 
patients.  
 
The application was tested by medical doctors in order to see its acceptance by potential users. 
Overall, medical doctors expressed highly positive thoughts about the application. “Diabetes Care” 
was accepted as comfortable to use, understandable, and intuitive. The simplicity of use, design and 
the idea of development were highlighted by doctors as strong research aspects. Doctors were prone 
to think that with possible further extensions and consideration of legal issues, the application can 
improve quality of diabetes care generally. 
 
Conclusion   Application testing showed very promising results according to its medical doctors’ 
acceptance. The direction of the research was pointed as an innovative and showed strong interest to 
the application development from medical perspective. Despite the fact that exclusively two medical 
doctors have tested the application, the results of each testing procedure were similar. This allows 
the assumption that relevance of the “Diabetes Care” application should be tested and studied 
further with possible development in order to identify its potential positive effect on quality of 
provided diabetes management in general practice. 
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CHAPTER 1. INTRODUCTION 
 
 

1.1 Background and Motivation 
 
Diabetes Mellitus is a chronic disease, in which either not enough insulin is being produced in 
pancreases or the body is not able to use the insulin effectively. There are three main types of 
diabetes that can cause its own complications [1, 2, 3, 4, 5, 6, 7]. In 2013 an estimated 5.1 
million people have died from diabetes and 548 billion USD were spent in health expenses 
worldwide. By the year 2035, around 592 million people in the world are expected to have 
diabetes, which will state a rise of 55% in compare to year 2013 [1]. 
 
Without effective management programs to prevent and control diabetes, the burden of diabetes 
will continue to increase worldwide [1]. According to the World Health Organization (WHO), 
such paths can be attributed to prevention and control of the disease. Achieving and maintaining 
a healthy body weight, performing physical activity of at least 30 minutes a day, reducing 
healthy eating habits, avoiding tobacco, treating insulin injections and controlling blood glucose 
level can play crucial role for health stability [1, 3].  
 
Based on the component objects of diabetes prevention and control, today many countries are 
seriously focused on the management of diabetes in general practice [2, 8, 9, 10, 11, 12, 13]. 
Diabetes services are provided by a large variety of professionals such as general practitioners 
and other primary healthcare professionals and require a strong cooperation with family 
members of diabetes patients and patients themselves.  
 
Due to the growing usage and functionality development, smartphones and tablets are become 
part of daily life for people in different statuses (for instance, children, students, businessmen, 
patients, etc.). According to a study done by the International Data Corporation (IDC), around 
118 million smartphones were sold in 2011 worldwide [14]. Based on the results of other study 
done by the Pew Internet Research Center, 87% of adults own a cellphone and 31% own a tablet 
computer; 45% of those cellphones can be considered as smartphones [15].  
 
The development of mHealth applications for patients with diabetes has a large variety of mobile 
diabetes diaries to support diabetes self-management for a better life quality [16]. One of such 
applications was developed by the Norwegian Centre for Integrated Care and Telemedicine 
(NST) in Tromsø, Norway. The “Diabetes Diary” application, developed by NST, is created to 
help people with diabetes to manage their health condition by recording into the system of the 
application such measured parameters as blood glucose level, insulin, carbohydrates and 
physical activity. Gathered information is stored in the internal database on the device and can be 
exported into CSV database [17, 18, 19]. 
 
However, while this kind of applications is used by patients to support diabetes self-
management, they do not play significant role in diabetes care in general practice. Meaning, the 
data from such applications is not in particular use by general practitioners due to the lack of 
such possibility. Few studies with a relation to sharing diabetes patients’ information with 
primary care doctors were found; web-based solutions were investigated [20, 21, 22, 23]. 
However, due to the gained results it was concluded that non-communicable way of sharing 
information has to be reconsidered and personal communication between patient and general 
practitioner should be installed for data transfer [20]. 
 
As a research area for the master thesis, the research group at the Norwegian Centre of 
Integrated Care and Telemedicine (NST) suggested to study if it is possible to extend the 
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“Diabetes Diary” application with an application dedicated to the medical doctors in primary 
care. The theme of the research direction was announced as “Doctor’s tablet – extended version 
of the “Diabetes Diary” with doctor’s functionality”. The research solution has to allow general 
practitioner to use tablet and to see more statistical data and trends for blood glucose level, 
physical activity, taken insulin and carbohydrates of a patient that have been gathered such data 
in the “Diabetes Diary” application and transferred to a general practitioner. 
 
Discovery of the suggested area can play crucial importance for supporting general practitioners’ 
practice in diabetes management worldwide. Such research is a necessity for the further 
development of the diabetes management, and for possible enhance of the received by patients 
healthcare quality. 
 

1.2 Goal and Objectives 
 
Due to the research area (see section 1.1, Background and Motivation), the goal of the research 
is to develop an application that will support diabetes management in general practice. This 
application will be based on a patient’s exported database from the “Diabetes Diary” application. 
 
To reach the goal, set of objectives was set: (1) to determine the technological resolution of the 
research; (2) to examine technical and medical literature, acquired knowledge of which will help 
to proceed the research development; (3) to establish contact with medical doctors and technical 
experts who will be involved in the application development; (4) to find and analyze in detail the 
literature for similar studies that have been done (state-of-the-art); (5) to determine the research 
design and methods to be used; (6) to investigate application requirements in accordance with 
technical and medical needs; (7) to design the application user interface that will be apprehended 
intuitively and favorably by potential users; (8) to implement the application and gather test 
results. 
 

1.3 Research Questions 
 

Based on the research goal (see section 1.2, Research Goal), in order to achieve it, three 
research questions about how an application can be developed for a tablet device to support 
diabetes management in general practice were posed: 
 
(1) How the data should be transferred to consider ease of use, speed and security issues? 
(2) How the application should be designed to meet functionality and usability needs for patient 
and general practitioners?  
(3) How the data should be processed and represented for a medical overview?  
 

1.4 Assumptions and Limitations 
 
Assumptions of the research are covering (1) relation between existing “Diabetes Diary” 
application and the recent development of the “Diabetes Care” application and (2) types of 
devices used. 
 
(1) Relation between “Diabetes Diary” and “Diabetes Care” applications. The “Diabetes Care” 
application is based on the CSV database exported from the “Diabetes Diary” application. Only 
the data contained in the database can be obtained and represented in an advanced way to a 
general practitioner. (2) Types of devices. General practitioner holds any portable Android OS 
tablet and patient holds any portable Android OS smartphone. Both of the devices contains NFC 
adapter. 
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There are four limitations of the research that effected application development. First is the 
most important limitation is narrow range of participants who tested the application. There are 
only two medical doctors who tested the final implemented application and four who supported 
the development during its progression. As well, considering the application has two accesses for 
general practitioners and patients, the application was not tested by the real patients with 
diabetes. The two reasons were crucial for declining participation are personal reasons and the 
fact of using other tools for self-management then “Diabetes Diary” application, developed NST. 
Second limitation is the fact that participated medical doctors are practicing doctors in Norway, 
and the specific laws may affect the medical practice and further perception of the developed 
application. Third limitation is technical and states that the use of selected NFC technology is 
rapidly growing, nevertheless still insufficiently developed and does not integrated into a broad 
range of portable devices. Forth and the last limitation is lack of time for such sufficiently large-
scale development. 
 

1.5 Methodology 
 
As for the research design, engineering approach was used; part of waterfall model of software 
development life cycle was chosen due to the reason that requirements specification, design, 
implementation and testing results were the key directions for the application development. The 
duration of the research took ten months from the introduction of the research area to the 
implementation and results documenting.  
 
Overall, the research partitioned by objectives (see section 1.2, Goal and Objectives), which 
were supported by such methods as literature review, interview, questionnaire, discussion, 
requirements analysis, software prototyping, usability and software testing (see Table 1). 
 
Medical doctors Nils Kolstrup, Gerd Ersdal, Gro Berntsen, and Thomas Roger Schopf, as well 
as technical experts Keiichi Sato, medical informatics and telemedicine group at the Norwegian 
Centre of Integrated Care and Telemedicine, and participants of Kolarctic Collaboration Event & 
KINTEMPI project were involved in the development of the application in one way or another. 
The target knowledge gained from medical doctors was related to diabetes management in 
primary care, particularity of medical consultations, requirements collection, user interface needs 
and design of functionalities. Technical experts influenced the application development from the 
perspective of ethical issues of technology use in medical routine and direction of the possible 
further extensions of the application.  
 
In Chapter 3, Materials and Methods, entire methodology are clarified in details. 
 

1.6 Contribution 
 
The result of in-depth analysis (see section 2.3, State-of-the-Art) revealed that previous attempts 
in the similar direction of the research were at a web-based main solution to regulate insulin and 
glucose levels. There were no support solutions for general practice routine, which help patients 
and general practitioners with the ongoing consultation oriented on diabetes prevention and 
control. This fact indicates that the recent development represents a novel direction in the field 
of diabetes care in general practice; and also indicates that such application as “Diabetes Care” 
opens new horizons in the cooperation of patients and doctors in order to improve the quality of 
diabetes care. 

 
The “Diabetes Care” application was received by medical doctors very positively (see section 
7.2, Usability Test), and in terms of primary care, was strongly pronounced interest in the use of 
this application and its further development. 
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Table 1. Objectives of the research and methods used 
 

 
 

Objective 

 
Method 

 
Literature 
review 

Interview Questionnaire Discussion Requirements 
analysis 

Software 
prototyping 

Usability 
testing 

Software 
testing 

To determine the technological 
resolution of the research 

        

To examine technical and 
medical literature, acquired 

knowledge of which will help to 
proceed the research 

development 

        

To establish contact with 
medical doctors and technical 

experts who will be involved in 
the application development 

        

To find and analyze in detail the 
literature for similar studies that 
have been done (state-of-the-art) 

        

To determine the research 
design and methods to be used 

        

To investigate application 
requirements in accordance with 

technical and medical needs 

        

To design the application user 
interface that will be 

apprehended intuitively and 
favorably by potential users 

        

To implement the application 
and gather test results 
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1.7 Organization 
 

The rest of the thesis is organized into Chapters that provides theoretical and practical basis of 
the application development. The table below is filled with chapters’ numbers, name and 
summary description for each chapter (see Table 2). 
 

Table 2. Organization of the thesis 
 

 
Chapter  

 
Description 

 
Chapter 2. 

Theoretical 
Background 

This Chapter is devoted to the theoretical background. The target medical 
field and information related to diabetes as a disease, technological 
background and state-of-the-art for chosen area of the research are 
provided to introduce the needed essential knowledge for the development.  

Chapter 3. 
Materials and 

Methods 

In the Chapter, materials and methods used for the research are provided. 
Research design, procedure and tools, as well as research methods are 
described.  

Chapter 4. 
Requirements 
Specifications 

The Chapter discloses requirements for the “Diabetes Care” application 
built upon technological and medical basis. Application description and 
requirements specifications are presented. 

 
Chapter 5. Design 

In this Chapter, the design development is clarified by providing general 
overview of the application, illustration of the running application, logic 
behind the data representation and evolution of the design development. 

Chapter 6. 
Implementation 

The Chapter provides technical information about implementation process. 
The source code details are provided in a relation to a specific way of the 
implementation.  

Chapter 7. Testing 
and Results 

In the Chapter, functionality and usability testing of the implemented 
application are reflected. For both of the tests, procedure and results are 
provided. 

 
Chapter 8. 
Discussion 

The Discussion Chapter reveals explanation of the testing results, 
technology used, and an indented use of the application. Future work for 
further possible application use, functionality extensions, and limitations 
are stated as well. 

Chapter 9. 
Conclusion 

This chapter clarifies evaluation of the application development, 
concluding remarks and thesis contribution. 

 
!
!
!
!
!
!
!
!
!
!
!
!
!
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CHAPTER 2. THEORETICAL BACKGROUND 
 

 
In the beginning of the Chapter, diabetes mellitus is explained as a target medical field of the 
research, its mechanism of affecting human body and overview of diabetes statistics worldwide. 
Ways to reduce burden of diabetes that are relevant worldwide, are disclosed based on the 
information provided by the World Health Organization (WHO). Prevention and control is the 
key in diabetes management. Despite the fact, diabetes services provided by a variety of medical 
professionals, general practitioners are still play crucial role in diabetes care. 
 
Further, the key technology used for the development is clarified. Android Beam feature 
specification is disclosed. Near field communication technology is studied from the perspective 
of historical overview and development, functioning, standardization, its particularity and 
security concerns and solutions. 
 
State-of-the-art for the area “application software for diabetes management is general practice” is 
covered by the in-depth analysis of relevant literature using electronic databases such as PubMed 
(National Library of Medicine and National Institute of Health), IEEE (Institute of Electrical and 
Electronics Engineers), Journal of Diabetes Science and Technology, and ACM (Association for 
Computer Machinery). All relevant literature is examined and the results are revealed. 
 
 

2.1 Target Medical Field 
 

2.1.1 Diabetes Mellitus 
 
Diabetes Mellitus is a chronic disease, in which either not enough insulin is being produced in 
pancreases or the body is not able to use the insulin effectively. Insulin is a hormone that 
regulates the movement of glucose from blood to muscles, liver, and fat cells where it is stored 
for energy. When there is a lack of insulin or insulin does not work correctly, blood glucose 
levels rise. This causes diabetes or prediabetes. Prediabetes blood glucose levels are not high 
enough to be diagnosed as diabetes [1, 2, 3, 4, 5]. As of 2013, around 382 million people in the 
world are diagnosed with diabetes; 175 million are undiagnosed [1].  
 
There are three main types of diabetes: type 1, type 2 and gestational diabetes (see Figure 1) [3, 
4, 5, 6, 7]. 
 
Type 1 or insulin-dependent diabetes is diagnosed when pancreases do not produce enough or 
any insulin. It usually develops in childhood and adolescents and patients need to get insulin 
injections to survive. Symptoms include excessive urination (polyuria), thirst (polydipsia), vision 
changes, weight loss, fatigue, and constant hunger and can occur suddenly [3, 4, 6, 7]. 
 
Type 2 or non-insulin-dependent diabetes is diagnosed when the body cannot or ineffectively 
uses insulin. Such type of diabetes usually develops in adulthood. Type 2 diabetes is the most 
common type with around 90% of diabetes patients having type 2. The symptoms are very 
similar to type 1 but occur much more slowly, so it becomes harder to diagnose in the early 
stages [3, 4, 6, 7].  
 
Gestational diabetes is diagnosed when hyperglycemia is detected during pregnancy. Usually 
detection is because of prenatal tests, not reported symptoms [3, 4, 6, 7]. 
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Figure 1. Types of diabetes [1] 
 
Close to 184 million people with diabetes are between the ages of 40 and 59 with 80% living in 
low and middle-income countries. By 2035 this age group will rise to around 264 million with 
84% living in low and middle-income countries. It is expected that all types of diabetes will have 
a rise of 55% by the year 2035 to around 592 million people (see Figure 2) [1, 24].  
 

 
Figure 2. Expectation of diabetes progression by 2035 [1] 

 
Around 246 million people with diabetes are living in urban and 136 million in rural areas. This 
gap will widen in 2035 with an expected 347 million in urban and 145 million in rural areas. The 
difference of diagnosed diabetes in gender is not substantial with men having around 14 million 
more diagnosed than women and expected to rise to 15 million by 2035 [1, 24]. 
 
Diabetes is a serious disease and might lead to death. In 2013 an estimated 5.1 million people 
have died from diabetes and 548 billion USD were spent in health spending. Cardiovascular 
disease is the major cause of death for people with diabetes and accounts to 50% or more of the 
deaths. Around 48% of the deaths caused by diabetes where people under the age of 60. The 
largest amount of people with the disease and the largest amount of deaths are in China, India, 
USA, and Russian Federation.  Gender difference is very small in everywhere but Middle East, 
North Africa and Western Pacific Regions where women account for more deaths than men but 
this could be because men die at a higher rate from other causes [1, 24].  
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Diabetes services are provided by a large variety of professionals such as general practitioners 
and other primary healthcare professionals. Well-organized and coordinated diabetes services are 
very important to have good outcomes for people diagnosed with diabetes and prevention of the 
rise of diabetes in the future. These services need to accumulate knowledge and skills of 
professionals from primary and secondary care [25, 26, 27]. 
 

2.1.2 Ways to Reduce Burden of Diabetes 
 

The previous section (see section 2.1.1, Diabetes Mellitus) provides statistics on diabetes 
worldwide; numbers are very impressive and intimidating. Without effective management 
programs to prevent and control diabetes, the burden of diabetes will continue to increase 
worldwide. Therefore it is important and necessary to give special meaning paths to reduce 
disease. According to the World Health Organization, such paths can be attributed to prevention, 
and diagnosis and treatments (control) [1, 3].  
 
There are multiple ways to prevent Type 2 diabetes that have shown effectiveness. Achieving 
and maintaining a healthy body weight is one of the key steps. Physical activity of at least 30 
minutes a day can play crucial role for health stability. Higher physical activity might be 
required to maintain healthy body weight. Healthy eating habits, such as eating three to five 
servings of fruits and vegetable, and lower intake of sugar and saturated fats are very important 
in diabetes prevention. To decrease risk of cardiovascular diseases, avoiding tobacco is a 
necessity [3]. 
 
Treatment involves insulin injections for type 1 diabetes; people with type 2 diabetes can be 
treated with oral medication but can still require insulin injections. Blood glucose control is 
important in both cases. Ending tobacco use is important to not cause complications. These 
measures also should be accompanied with prevention care [3]. 
 
Based on the component objects of diabetes prevention and control, today many nations 
worldwide are seriously focused on the management of diabetes in general practice. For 
example, countries such as UK, Australia, and USA are particularly involved in the building of 
special programs as evidenced by the large range of brochures and guidelines on the topic. 
Particular all of Europe, including Norway, has a mandatory program for diabetes management 
in primary care [8, 9, 10, 11, 12, 13]. 
 

2.2 Technology 
 

2.2.1 “Diabetes Diary” Application 
 
“Diabetes Diary” application was developed by the Norwegian Centre for Integrated Care and 
Telemedicine (NST) in Tromsø, Norway. The main purpose of the application is to help people 
with diabetes to manage their health condition. The application available for the Android 
platform and requires at least version 2.2. It is also available for the Apple iOS and requires iOS 
version 6.0 or later. “Diabetes Diary” is available in both English and Norwegian languages [17, 
18, 19]. 
 
The application can be described as a tool that provides environment for self-monitoring to 
record and save into the system such measured parameters as blood glucose level, insulin and 
carbohydrates intake, and physical activity (see Figure 3). The information is entered manually 
by the person with diabetes (see Figure 3-2).  
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Figure 3. “Diabetes Diary” application [17] 
 

Gathered information is stored in the internal database on the device and is accessible only 
through the application. Data is not protected and the user must ensure to protect the device 
though device lock mechanisms. To allow other programs to use the data, it needs to be 
exported. The application supports such tool and the database can be formatted for CSV (see 
Figure 4).  

 
 

Figure 4. Database export from the “Diabetes Diary” application 
 

2.2.2 Android Beam 
 

Android Beam is a feature that was introduced in Android version 4.0 (Ice Cream Sandwich) and 
lets data to be transferred using the near field communication (NFC) technology. Android 
version 4.0 came out on October 19th, 2011 [28, 29].  
 
Android Beam is not supported by Apple IOS and is limited to Android devices. Starting with 
Android version 4.1 (Jelly Bean, July 9, 2012) Android Beam is able to send larger files such as 
photos and videos over Bluetooth. Android Beam with the use of NFC will enable Bluetooth on 
both devices, pair them and disable Bluetooth once the transfer is complete. To use Android 
Beam, both of the devices need to support NFC [28, 29].  
 
The process of beaming data is illustrated on the figure below (see Figure 5). Devices need to 
have lock-screen passed and are placed back to back (see Figure 5-1).  A sound will be played 
when the devices are within four centimeters of each other and are able to send or receive data 
(see Figure 5-2, 5-3). The content that is going to be shared needs to be displayed in an 
application that can support it. If the data can be sent, the screen will shrink down and “Tap to 
Beam” message will display on the top area of the screen (see Figure 5-4). To send the data, the 
screen needs to be tapped (see Figure 5-5). Either a confirmation or a negative tone will play and 
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the content will shrink off the screen. Sharing is only one direction and the receiving device will 
not send the content that is displayed, only receive from the sending device [30].  
 

 
 

Figure 5. Use of Android Beam feature [30] 
 

2.2.3 Near Field Communication Technology 
 
Nowadays, smartphones and tablets are growing in the usage and functionality. According to a 
study done by the International Data Corporation (IDC), around 118 million smartphones were 
sold in 2011 worldwide [14]. Based on the results of other study done by the Pew Internet 
Research Center, 87% of adults own a cellphone and 31% own a tablet computer; 45% of those 
cellphones can be considered as smartphones [15]. 
 
Smartphones with NFC functionality were introduced in 2001. Based on current rates of 
adoption of NFC, it is expected to have around 28% of the devices will be NFC capable by 2015 
[31]. It can be assumed when compared to personal computers that with the current rate of 
adoption of smartphones, sooner or later majority of the population will have a device capable of 
using NFC technology.  
 
Today, NFC technology is used in a large variety of applications such as mobile payment 
facility, transit and ticketing, advertising, educational systems, and indoor navigation system [14, 
32, 33, 34]. Most recently it is starting to be used in medical applications and on e-Health arena 
in general [35, 36, 37, 38, 39, 40, 41].  
 
This section is describing near field communication technology from the perspective of historical 
overview and development, operation principles, standards and security concerns. 
 

2.2.3.1 Historical Overview and Development 
 
Modern use of the near field communication technology has a distant evolution of radio 
frequency identification (RFID) technology. RFID can be traced to World War II when a 
Russian inventor developed an audio spying device. In 1970s RFID technology was rapidly 
developed and a first RFID device, which was a transponder with memory, was invented. In 
1983, the term “radio frequency identification” was patented as “Portable radio frequency 
emitting identifier” by Charles Walton [14, 42, 43]. Evolution of NFC technology is illustrated 
on the figure below (see Figure 6). 
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Figure 6. Evolution of NFC technology [43] 
 
Phillips and Sony started development on NFC in 2002. In 2004, the NFC Forum, a non-profit 
organization, was formed by NXP Semiconductors, Sony, Nokia and Philips. The purpose of the 
NFC Forum is to bring existing technology and standards of RFID and smart cards to create new 
and innovative short-ranged communication [43]. 
 

 
 

Figure 7. Logo of NFC technology [44] 
 
As of July 2013, over 190 companies are involved in the NFC Forum. NFC technology standards 
are acknowledged by the International Organization for Standardization/International 
Electrotechnical Commission (ISO/IEC), European Telecommunications Standards Institute 
(ETSI), and European Computer Manufacturers Association (ECMA). Today, NFC can be 
considered as a second generation of RFID and a fast developing technology [45, 46, 47].  

 
2.2.3.2 NFC Operation Principles 

 
NFC technology uses bidirectional and short-range wireless communication technology. It 
applies a 13.56 MHz magnetic field and allows data transfer speeds of 106, 212, and 424 Kbps. 
NFC-compatible devices need to be held within a few centimeters of each other. Depending on 
the operating mode, NFC-enabled mobile device can interact with smart objects like NFC tag, 
NFC reader or another NFC-enabled mobile device (see Figure 8) [43, 48]. 
 

 
 

Figure 8. Interaction of NFC-enabled mobile device [43] 
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There are three different operating modes for NFC functioning: peer-to-peer, reader and writer 
and NFC card emulation mode (see Figure 9) [43, 48]. 
 

 
 

Figure 9. NFC operating modes [49] 
 

In peer-to-peer operating mode, NFC devices are able to exchange data in both directions 
using ISO 18092 standard for communication interface. In reader and writer mode, NFC device 
is able to read information from RFID tags and smart cards and write information to them. This 
operating mode uses ISO 14443 / ISO 15693 FeliCa interfaces. In NFC card emulation mode, 
NFC devices can act as RFID tags and interact with NFC or RFID devices as such. In this mode, 
smart card capability is added which makes it is possible to use NFC devices as payment, for 
instance. Card emulation mode uses ISO/IEC 14443 for its communication interface [43, 48]. 
 
Without dependency on the operating mode, NFC devices can be used in two communication 
modes. In an active communication mode, both the initiator and the target provide their own 
power. In a passive communication mode, the initiator supplies Radio Frequency (RF) energy to 
the target for power [43, 48]. 

 
2.2.3.3 Peer-to-Peer Operation Mode 

 
In the previous section (see section 2.2.3.2, NFC Operation Principles) three operation modes 
were shortly described. However, special attention has to be paid on the peer-to-peer operating 
mode for the reason this mode is used in the “Diabetes Care” application development. 
 
Two NFC-enabled mobile devices such as phones and tablets can establish connection through 
peer-to-peer mode. During the operation, they are able to exchange a wide variety of information 
such as text, multi-media and other files. The connection is bidirectional, meaning that 
information can be sent both ways. The peer-to-peer operating mode’s radio frequency (RF) 
communication interface is defined as NFC Interface and Protocol-1 (NFCIP-1) in the ISO/IEC 
18092 standard (see Figure 10) [43, 48]. 
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Figure 10. Peer-to-peer operating mode [43] 
 
Before starting the communication, both of the devices are defined as either initiator or target 
(see Figure 12). The two devices need to be within four or less centimeters of each other. The 
initiator generates a 13.56 MHz magnetic field to which the target listens to and responds after 
the requests are made. The running application takes over after the initial handshake and makes 
the decision in the application layer. On the Android operating system, starting with version 4.0, 
such program is Android Beam [43]. 
 

 
 

Figure 11. Identification of devices before communication [43] 
 

Protocol stack architecture 
 
Based on the NFC Forum specifications, an NFC capable device that is using peer-to-peer 
operating mode has the following protocol stack elements (see Figure 12) [43]. 
 

 
 

Figure 12. NFC Protocol stack architecture [43] 
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(1) Standardized by the NFCIP-1, analog and digital protocols are the lower layer protocols. (2) 
Logical Link Control Protocol (LLCP) lets two NFC devices transfer upper layer information 
units between each other. (3) Protocol bindings provide standard binding to the NFC Forum 
protocols and to inter-operate with registered protocols. (4) NFC Forum protocols are defined by 
the NFC Forum as binding to LLCP. (5) NDEF exchange protocol is responsible for exchange of 
NDEF messages. Other protocols can be run over the data link layer provided by LLCP. (6) 
Applications can run NDEF exchange, NFC Forum, and other protocols to share data [43]. 
 
SNEP and LLCP 
 
Peer-to-peer exchanges rest on the Simple NDEF Exchange Protocol (SNEP). Simple NDEF 
Exchange Protocol (SNEP) is a request-and-response protocol, which allows the initiator to send 
a request with the type of data that it wants to send. As the next step, the target responds with a 
requested data. SNEP uses the NFC Forum’s Logical Link Control Protocol (LLCP). SNEP and 
LLCP are part of the command protocols that include RFID and smart card protocols, which 
provide compatibility with NFC (see Figure 13) [43, 48].  
 
Every operating system implements SNEP and LLCP in its own way. For instance, prior to 
Android version 4.0, Android’s implementation was called the NDEF Push Protocol (NPP). 
Android version 4.0 and later uses Android Beam as an implementation. When NFC is enabled 
on the device with Android Beam, Beam keeps NFC radio in active mode and constantly listens 
for new connections. If another radio is detected, “Touch to Beam” interface will be brought up 
in any application that is running at that time. With Android Beam, the user interacts with the 
transfer through the application layer [48].  
 

 
 

Figure 13. SNEP and LLCP fit into the NFC architecture [48] 
 

2.2.3.4 Security Concerns and Solutions 
 
There are various security concerns that need to be accounted for consideration, such as 
eavesdropping, data corruption, data modification, data insertion and man-in-the-middle-attack. 
However, the high level of NFC security itself and special use of the technology can provide 
solutions to security threats [14, 50]. 
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Eavesdropping can be a big concern. A third party could capture information transferred through 
the RF signal. Even though NFC devices need to be close to interacting, it is quite ambiguous to 
judge the distance at which the data can’t be intercepted. Location and the antennas used give a 
big variance. Passive mode transmission is more complicated to eavesdrop on. Applications like 
Android Beam, which use Bluetooth technology for data transfer, are more secure to 
eavesdropping [50]. 
 
Data corruption is essentially a Denial of Service attack. The attack sends a lot of valid 
frequencies of the data spectrum, confusing the communication between the NFC devices. Data 
cannot be manipulated. Because the power that is needed to corrupt the data is a lot higher than 
the power needed by the NFC devices, NFC devices are able to detect the attack and block the 
attacks [50]. 
 
Data can be modified through overriding the signal with a stronger one. It is possible to do full 
or partial modification depending on the encoding used. Using 106 Baud in active mode, it gets 
impossible to modify the data. Sensitive data can be sent through Bluetooth using Android 
Beam. If the answering device takes a long time to answer, the attacker can send its own answer 
ahead of the answering device [50].  
 
Data insertion is happening when that the attacker inserts messages into the data exchange 
between two operating devices. There are three possible scenarios. Firstly, when the answering 
device answers with no delay and the attacker cannot be faster than the correct device and no 
correct data is received when two devices answer at the same time. Secondly, the device can 
detect the attacker by listening the channel. Thirdly, a secure channel between the two devices 
can be set in order to protect the data transfer [50]. 
 
In a man-in-the-middle-attack, an attacker tricks both of the communicating devices to 
communicate through a third device. In this instance it is possible to both send modified data and 
receive data. Man-in-the-middle attack is practically impossible to achieve due to the needed 
perfect emulation of RF fields and restricting the devices to talking to each other directly [50].   
 

2.3 State-of-the-Art 
 
This section reveals review of published literatures related to applications and software intended 
for medical doctors use to monitor and view data collected by patients through mobile diabetes 
diaries. 

 
2.3.1 Purpose 

 
Mobile devices are progressing from making simple phone calls to being used as personal 
computers. There are multiple applications for mobile devices that act as a diary for people with 
diabetes to help keep track of diabetes related measurements. Systematic review and analysis of 
literature, that is describing use of the data from mobile diabetes diaries by medical doctors for 
analysis, was performed as state-of-the-art for the recent thesis. 
 

2.3.2 Data Sources and Search Criteria 
 

Four electronic databases were used for search of literature relevant to the recent “Diabetes 
Care” application development. Such databases as PubMed (National Library of Medicine and 
National Institute of Health), IEEE (Institute of Electrical and Electronics Engineers) Xplore, 
ACM (Association for computer machinery), and DST (Journal of Diabetes Science and 
Technology) have been used within April, May and June in 2014. 
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The following inclusion criteria were used: (1) papers written in English; (2) papers that have 
fully included text; (3) papers close or similar to the recent application development.  Review 
articles were excluded. Relevance of each paper was examined by reading the abstracts and full 
texts. 
 

2.3.3 Search Methods 
 

Multiple journal sources were searched for relevant literature. First of all, where possible, MeSH 
(Medical Subject Headings) was used. This simplified the search process, instead of searching in 
the text of the articles, MeSH term search allows to search through indexed subjects. PubMed 
and IEEE have the option to use MeSH term search. “Diabetes mellitus” was used as a MeSH 
search. “Software” or “application” terms were used to search for any software or applications 
used for diabetes. Further, “mobile device” or “portable device” were used. “Diabetes diary”, 
“data sharing”, “data transfer”, and “data representation” terms were used to find any literature 
that talks about a diabetes diary or transfer, sharing, and representation of that data. Publications 
that were not related to data analysis by medical doctors were eliminated. Duplicated 
publications were also eliminated.  
 

Table 3. State-of-the-art search results 
 

Database Keywords Found Hits 

 

 

 

 

PubMed 

diabetes mellitus[MeSH Terms] AND ("software" OR 
"application") AND "mobile device" 

4 1 

diabetes mellitus[MeSH Terms] AND ("software" OR 
"application") AND "data transfer" 

3 0 

diabetes mellitus[MeSH Terms] AND ("software" OR 
"application") AND "data representation" 

0 0 

diabetes mellitus[MeSH Terms] AND ("software" OR 
"application") AND "data sharing" 

2 0 

diabetes mellitus[MeSH Terms] AND "diabetes diary" 3 1 

diabetes mellitus[MeSH Terms] AND "data sharing" 8 0 

diabetes mellitus[MeSH Terms] AND "portable device" 14 0 

 

 

 

 

 

IEEE 

("MeSH Terms":diabetes mellitus) AND ("software" OR 
"application")) 

22 1 

(("MeSH Terms":diabetes mellitus) AND ("software" OR 
"application") AND "mobile device") 

0 0 

(("MeSH Terms":diabetes mellitus) AND ("software" OR 
"application") AND "data transfer") 

0 0 

(("MeSH Terms":diabetes mellitus) AND ("software" OR 
"application") AND "data representation") 

0 0 
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(("MeSH Terms":diabetes mellitus) AND ("software" OR 
"application") AND "data sharing") 

0 0 

(("MeSH Terms":diabetes mellitus) AND "diabetes diary") 0 0 

 (("MeSH Terms":diabetes mellitus) AND "portable 
device") 

0 0 

(("MeSH Terms":diabetes mellitus) AND "mobile device") 1 0 

 

 

 

 

DST 

application or software in all fields and "mobile device" in 
all fields 

18 3 

application or software in all fields and "portable device" in 
all fields 

7 0 

application or software in all fields and "data 
representation" in all fields 

3 0 

application or software in all fields and "data sharing" in all 
fields 

8 1 

application or software in all fields and "portable transfer" 
in all fields 

0 0 

application or software in all fields and "diabetes diary" in 
all fields 

5 0 

 

 

 

ACM 

"diabetes mellitus"+monitoring 3 0 

"diabetes mellitus"+"data sharing" 2 0 

"diabetes mellitus"+"data representation" 1 0 

"diabetes mellitus"+"mobile device" 2 0 

"diabetes mellitus"+"portable device" 0 0 

"diabetes mellitus"+"food diary" 0 0 

Total 136 7 

 
2.3.4 Results 

 
From the four electronic databases, 136 unique papers were found from which 54 were 
duplicated. 82 papers were analyzed and 7 papers were identified as related to the search area 
(see Appendix 1, Analyzed articles for state-of-the-art). After applying exclusion criteria, four 
papers had full texts available and were relevant to the purpose of the state-of-the-art (see 
section 2.3.1, Purpose). All the articles were read and analyzed. The overview is provided 
further. 
 
Article 1. The purpose of the study was to support self-management for patients with type 2 
diabetes with the use of web-based and smartphone support. Fifteen people participated in the 
study. The study consisted of four elements: (1) face-to-face meeting and initial telephone 
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consultation, (2) online diaries, (3) written situational feedback, and (4) automatic transfer of 
blood glucose levels to the smartphone. The patients received a smartphone for this study. A 
therapist, who was responsible with writing feedback to the patients, had a telephone contact 
with the patients before the trial. In the online diaries, patients answered 16-19 questions for self-
monitoring and awareness of health behavior, thoughts, and feelings. The diaries were filled out 
three times a day and were reminded by SMS messages. Automated transfer of blood glucose 
levels to the smartphone was done with the help of a glucose meter and the Few Touch 
Application (FTA). The therapist would then give feedback. The results of the study showed that 
out of fifteen participants, eleven evaluated the study as supportive and meaningful. The 
therapist mentioned that nonverbal communication was a challenge and that face-to-face 
communication provides more valuable information [20].  
 
Article 2. The purpose of study in the article was to test an effect of data-driven feedback by 
utilizing a statistics-based feedback module (Diastat) for a diabetes diary for mobile phones. In 
the study, participants were divided into two groups and were given use of the Few Tough 
Application (FTA). After four weeks, one group kept using FTA and the second group started to 
use FTA with Diastat. After twelve weeks, the first group started using FTA with Diastat. FTA 
was run on a smartphone that was provided with the study or could use their own. Participants 
were also provided a blood glucose meter and a Bluetooth adapter for connection with the 
smartphone. Diastat consisted of three modules: (1) Periodicity: ‘Typical’ blood glucose over 24 
hours and over 1 week graphically and 24-hour value and variation on the app’s main page; (2) 
Trend: Using cSiZer-method, multi-scale analysis of registered blood glucose was performed 
and shown in the graphic trend view; (3) Situation matching: Patients were able to have case-
based reasoning tool aiding decision making for administering insulin after recoding their insulin 
injections [22].  
 
Article 3. The paper describes two projects that were funded by the European Union to help 
patients with diabetes to report their measurements and receive feedback from a physician. The 
first project was T-IDDM project (1996-1999), which consisted of a patient unit (PU) and a 
medical unit (MU). The patient would collect data either manually or automatically from the 
glucometer, get self-monitoring of blood glucose levels, and deliver monitoring data to the 
health care center (HCC). The MU would visualize and analyze patient’s data, support his or her 
decision and therapy planning, and exchange messages and therapeutic advices to the patients. 
Communication was driven by the patient every 7-10 days. The limitations of technology at the 
time provided a big hurdle. M2DM project (2001-2003) was the second project that focused on 
overcoming the previous limitations. Patients did not have to have a PC and could upload data 
through the phone line with the use of a smart modem. Communications became timelier with 
the help of automatic reminders and notifications. With the addition of smartphones with 
Bluetooth capabilities, that helped with the connection between glucometer and insulin pump to 
the HCC. Physician was also able to provide feedback directly to the smartphone [23].  
 
Article 4. SMARTDIAB is a system that consists of a patient unit (PU) and patient management 
unit (PMU). Using the PU, the patients recorded his or her glucose levels, insulin intake, diet, 
and physical activity and transmitted them with the use of a cellular phone or a PC to the PMU. 
PMU was able to be accessed by the patient or a physician. The physician was able to monitor 
health evolution of the patient with the help of advanced tools for intelligent processing of 
patent’s data. The physician was then able to make recommendation for the patient’s treatment. 
Patient was able to get this feedback through either a cellular phone or thought a web-based 
interface [21].  
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2.3.5 Conclusion 
 

All previous attempts at providing communication between medical doctors and patients with 
diabetes were done through a distance web-based interactions and it was not state as a 
supplement to the diabetes management in general practice. Face-to-face interaction is still very 
important to diabetes care. Methods to help primary care doctors to get the information on 
glucose levels, taken insulin, diet and physical activity during regular checkups will help general 
practitioner's and patient’s interaction, and will support diabetes management in general practice 
in a way of possible further health outcomes in patients. 
 

2.4 Summary 
 

First, diabetes mellitus disease was explained from the perspective of its mechanism of affecting 
human body and statistical overview of the disease worldwide. Prognosis related to areas of 
living, age, and gender are expected by 2035. Ways to reduce burden of diabetes were 
explained based on the information provided by the World Health Organization (WHO) with 
a relation of the disease management to the world population. Despite the fact, diabetes services 
provided by a variety of medical professionals, general practitioners are still play crucial role in 
diabetes care. 
 
Second, the technological theoretical basis was explained with a relation to the recent application 
development. Near field communication technology was studied from the perspective of 
historical overview and development, functioning, standardization and security concerns and 
solutions. 
 
Third, to provide any close or similar developments to the “Diabetes Care” application, state-of-
the-art section was performed. Four electronic databases, such as PubMed (National Library of 
Medicine and National Institute of Health), IEEE (Institute of Electrical and Electronics 
Engineers), Journal of Diabetes Science and Technology, and ACM (Association for Computer 
Machinery), were used in the search for any relevant literature. 84 articles were examined to 
detect its relevance to the recent development; 4 articles were fully analyzed due to its relevance 
and described with the relation to the research area. 
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CHAPTER 3. MATERIALS AND METHODS 
 
 

In the Chapter, materials and methods used for the research are provided.  
 
The research design is based on the software development life cycle, waterfall model in 
particular. Such phases as requirements specification, design, implementation and testing are 
used for the application development. As well, tools that are used for the study are specified. 
 
For the research, both data collection and analysis, and experimental methods have been used. 
For data collection and analysis, such methods as systematic review, interview, questionnaire, 
discussion and requirements analysis are used. Software prototyping, usability testing and 
software testing are used as experimental methods for the research. All of the used methods are 
disclosed with its relation to the application development. 
 
Critique of the used methods is provided for the each method of the research. 
 
 

3.1 Research Design and Procedure 
 
Relying on the fact that the main goal for the master thesis is to develop an application, the 
engineering approach was used research based on the software development life cycle (SDLS). 
In particular, waterfall model has been taken as a source of building development procedure 
[51]. Requirements specification, design, implementation and testing were key directions on the 
way to create the application. 
 

3.2 Tools 
 

Tools that have been used for the study are listed in the table below (see Table 4). 
 

Table 4. Tools used for the study 
 

Tool Description 
Cacoo.com [52] Cacoo is online diagram software for creating basic, UML, 

Android, and other types of diagram [52]. 
Eclipse Java EE IDE 

(version: Kepler Release; 
Build id 20130614-0229) 

[53]  

Eclipse Java EE is integrated development environment that 
contains all tools for mobile and Web applications development 
(such as Data Tools Platform, Eclipse Git Team Provider, 
Eclipse Java Development Tools, Eclipse Java EE Developer 
Tools, JavaScript Development Tools, Maven Integration for 
Eclipse, Mylyn Task List, Eclipse Plug-in Development 
Environment, Remote System Explorer, Eclipse XML Editors 
and Tools) [53]. The choice of the platform were based on the 
principle of developing the application for two types of users 
and for each of them, the application covers completely different 
goals. As well, such application development is not for 
individual needs and the choice of the platform from this 
perspective was clear. 

Android SDK (minimum 
version: 8; target version: 19)  

Android software development kit was used for enabling to 
create application for the Android platform. SDK includes 
development tools, an emulator, and libraries to build the 
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application. Java programing language was used [54]. 
Libraries  

(achartengine-1.1.0 [55], 
GraphView-3.0 [56],  
android-support [57],  

ksoap2-android-assembly-
2.6.5-jar-with-dependencies 

[58]) 

Libraries represent collections of implementations of behavior 
that a higher level program can use to make system call without 
the need to have those calls written. Programming languages 
have built in libraries and custom libraries can be implemented. 

Tablet Sony Xperia Z (2013) 
and smartphone Samsung 

Galaxy Note II (2012) 

Tablet with 10,1 inches screen and smartphone with 5,5 inches 
screen were used to support the development. Both of the 
devices embedded with NFC adapter and have Android OS 
version 4.1 Jelly Bean [59, 60]. 

 
3.3 Data Collection and Analysis Methods 

 
For data collection and analysis such methods as systematic review, interview, questionnaire, 
discussion and requirements analysis were used. Each of method is described in a way it was 
applied to the research development.  

 
3.3.1 Literature Review 

 
As a main method of the literature processing was chosen literature review. In addition to the 
literature review method, systematic review was selected. This decision was made due to the 
fact, that research was required literature with a highest quality (such as international standards) 
and close association with subjects under consideration in the thesis. State-of-the-art section (see 
section 2.3, State-of-the-Art) was performed using systematic review method. 
 
All chosen literature sources were conventionally divided into three fields such as educational, 
technological and technical and medical based on its contents. Educational field includes 
literature for thesis writing and theory of organizing information. Technological and technical 
fields represent all the literature used in the thesis to technical and technological areas of the 
research, and mostly used for the technological background explanation and state-of-the-art. 
Medical field contains literature related to the diabetes condition, information about general 
practice and its content.  
 

3.3.2 Interview, Questionnaire and Discussion 
 
During the study, such methods of data collection, as interview, questionnaire and discussion 
were used. The following table is offered in regard to the use of these methods, content section is 
covering the main areas of discussions and interviews (see Table 5). Questionnaires mostly were 
used for the usability testing of the application. The table includes discussions, questionnaires 
and interviews with medical doctors (MD, green sections) and technical experts (TE, blue 
sections) on the fact of meetings. Discussions with supervisors were not documented in the table.  
 

Table 5. Interviews, questionnaire and discussions during the study 
 

Date Method Participants Content 
 
 
 
 

September, 

 
 
 
 

Discussion 

 
 
 
 

Nils Kolstrup 

The main purpose of the discussion was the 
general idea of the orientation of the 
research. The discussion covered such topics 
as general practice, use of technology in 
general practice and important aspects of 
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2013 
 

(MD) consultations with patients with diabetes. 
The result of the discussion was the first 
image of the application that needs to be 
developed. 

 
03.10.2013 

 

 
Discussion 
Interview 

 

 
Nils Kolstrup 

(MD) 

The object of the discussion was the first 
draft of the user interface and the functional 
content of the future application. Mostly, 
interview included questions related to the 
opinion of the medical doctor about the 
direction of the application development and 
its possible future exploitation (see 
Appendix 2, Interview with Nils Kolstrup, 
October 2013).  

 
 

21.01.2014 

 
 

Discussion 

Participants of 
Kolarctic 

Collaboration 
Event & KITENPI 

Project, Arctic 
Frontiers 2014 

(TE) 

At the conference, the main topic of the 
discussion was an importance of such 
application development, as well as 
challenges that may face already 
implemented application. 

 
 
 
 

03.03.2014 
 

 
 
 
 

Discussion 
Interview 

 

 
 
 
 

Gerd Ersdal (MD) 

Medical doctor were proposed with updated 
version of the user interface. Vectors of 
discussion and interview were within the 
relevance of the application to the general 
practice and suggestions about functionality 
from medical point of view. Also, questions 
related to the diabetes management in 
primary care were discussed (see Appendix 
3, Interview with Gerd Ersdal, March 2014). 

 
 

04.03.2014 
 

 
 

Discussion 

 
 

Keiichi Sato (TE) 
 

Meeting with the expert was mainly focused 
on the value of use case. Field for discussion 
was the future place of the application in the 
healthcare sector, particularly in diabetes 
management in general practice. 

 
 
 

05.03.2014 
 

 
 
 

Discussion 
Questionnaire 

 
 
 

Nils Kolstrup 
(MD) 

 

The discussion was conducted regarding the 
updated version of user interface and 
functional changes in the application. 
Questions, related to statistical rules have to 
be applied to data representation and 
decision support, were also discussed (see 
Appendix 4, Questionnaire of Nils Kolstrup, 
March 2014). 

 
 

 
11.03.2014 

 

 
 

 
Discussion 

Medical 
Informatics and 
Telemedicine 
group at the 

Norwegian Centre 
of Integrated Care 
and Telemedicine 

(TE) 

It was discussed with technical experts about 
the development of the application at the 
time of the meeting. Question about the 
technological solution of the research was 
brought on the table. Ethical issues were 
considered. The result of the discussion was 
comprehensive revision of the application 
development. 

08.05.2014 
 

Discussion 
Questionnaire 

Nils Kolstrup 
(MD) 

The discussion covered the final version of 
the user interface, as well as statistical rules 
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for the data processing; medical practice in 
Norway also was discussed. Statistical rules 
for data representation were finally set (see 
Appendix 5, Questionnaire of Nils Kolstrup, 
May 2014). 

 
 

13.05.2014 
 

 
 

Discussion 

 
 

Gro Berntsen 
(MD) 

The discussion was based on the 
consideration of the user interface, trust 
issues and suggestion to be implemented in 
the possible further extension of the 
application. Doctor explained technological 
issues related to the medical routine. 

 
 
 
 
 
 

30.06.2014 
 

 
 
 
 
 
 

Discussion 
Interview 

 
 
 
 
 
 

Nils Kolstrup 
(MD) 

The discussion proceeded on the basis of 
testing of the finished “Diabetes Care” 
application. The interview was devoted to 
the relevance of design, quality and 
satisfaction with the stated requirements 
from medical and technical perspective. As 
a result of testing and discussion, medical 
doctor had noted the great potential of the 
applications and the need for its further 
development in order to improve the quality 
of diabetes management in general practice 
(see Appendix 6, Interview with Nils 
Kolstrup, June 2014). Detailed results from 
the application’s test presented in the 
Chapter 7, Testing and Results (see section 
7.2, Usability Test). 

 
 
 

01.07.2014 
 

 
 
 

Discussion 
Interview 

 
 
 

Thomas Roger 
Schopf (MD) 

The discussion was based on the testing of 
the “Diabetes Care” application. Mainly 
legal issues and future development was 
discussed. Medical doctor provided his 
opinion about the application as a result of 
the master thesis research and functionality 
of the application. Detailed results from the 
application’s test presented in the Chapter 7, 
Testing and Results (see section 7.2, 
Usability Test). 

 
3.3.3 Requirements Analysis 

 
In the research, requirements analysis was used to state a clear representation of the development 
before the implementation. The analysis was preceded in three stages: gathering of 
requirements, analysis of collected requirements and its documentation (see Figure 14). The 
results of the last stage are the source for writing Chapter 4, Requirements Specification. All 
three stages of the requirements analysis were based on the IEEE Guide to Software 
Requirements Specification 830-1984 [61] and Open Process Framework [62]. 
 
For analysis, description of the application, its purposes and functions was prepared. User 
characteristics, assumptions and dependencies of the “Diabetes Care” application were explained 
as well. Based on this description, the study was considered from the perspective of functional 
and non-functional requirements. As functionality requirements, use case and activity diagrams 
were provided to disclose possible activity flows for the main users of the application. Usability, 
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performance, maintainability, security, reliability and efficiency requirements were disclosed 
from the perspective of non-functional requirements. Most of the non-functional requirements 
were analyzed using various quality factors (see Chapter 4, Requirements Specification). 
 

     
 

Figure 14. Stages of requirements analysis 
 

3.4 Experimental Methods 
 

Methods as software prototyping, usability testing and software testing were applied to the 
research as experimental methods. Methods were used in the order it explained in the section: 
software prototyping first, then usability prototyping and software testing as the last used 
methods in the group of the experimental methods. 
 

3.4.1 Software Prototyping 
 
Software prototyping method was applied first in the study within used experimental methods. 
Prototypes were made the way it shown in figure below (see Figure 15).  
 

 
 

Figure 15. Prototype making 
 
For the first prototype making, developed requirements were applied. Further, this prototype was 
presented to medical and technical experts in order to improve the application layout. As a next 
step, the set of collected remarks and suggestions from the experts and doctors were taken into 
account for the improvement of the first prototype. This procedure took three times as long as 
the final version of the prototype. Total number of major prototypes of the application counts 
three versions (see section 5.4, Evolution of the Design Development). With the creation of each 
of the three prototypes user interface and functional principles of application were changed. 
 

3.4.2 Usability and Software Testing 
 
This type of testing was performed in order to determine whether the user interface is convenient 
in the way of using the full functionality of the application. Usability testing allowed 
determining the ergonomic needs for the design. To operate with this method, paper prototypes 
drawn by hand as well as graphic prototypes were used. Graphic prototypes were created in a 
way to represent as close as possible the real user interface of the application that will be 
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presented as a result of the implementation. 
 
Think aloud protocol was used during the process of usability testing for better understanding of 
users’ needs. Explanation aloud all operations, which makes the user, was a necessary condition 
for a successful user interface. 
!
Software testing has been used to demonstrate that the application is made in consideration of 
the stated requirements, as well as to identify scenarios in which the application is working not 
properly. Testing process was conditionally divided into three stages: intermediate testing in the 
process of the implementation, final functionality testing before introducing the application to 
medical doctors and testing the applications with medical doctors involving, after the final 
testing showed no failures.  
 
Three final testing were made: twice the application was tested by the medical doctors (Nils 
Kolstrup and Thomas Roger Schopf, see section 7.2, Usability Testing), and once demonstration 
of properly working application was provided to the supervisor (Gunnar Hartvigsen) of the 
thesis. 
 
For the reason the “Diabetes Care” application is not a commercial product, the assessment was 
made in accordance with the requirements that have been specified in the Chapter 4, 
Requirements Specification.  
 

3.5 Critique of the Methods Used 
 

To provide criticism of the methods used in the research, the table was created (see Table 6). The 
table below contain name of the methods and critical appraisal for their use. 
 
 

Table 6. Critique of the methods used 
 

 
Methods 

 
Critique of the methods 

 
Data Collection and Analysis Methods 

 
 
 

Literature Review 

With respect to this method, it should be noted that part of the 
sources, which aroused the interest and undeniable direct relation to 
the writing of the thesis were paid, and in some cases unavailable for 
purchase. Similarly, lack of publications concerning the use of 
mobile applications in general practice, in particular in diabetes 
management, leaves many questions unanswered. During the 
observation of medical component of the research, part of the 
literature, related to diabetes management in primary care was in 
Norwegian language and represented difficulty to understand. 

 
 
 

Interview, Questionnaire 
and Discussion 

These three methods essentially can reveal a lot of information that is 
necessary for the study. Nevertheless, experts and doctors may be 
interested in issues, coverage of which is limited in the master thesis. 
For instance, in the process of discussions and interviews, many 
participants were interested in the development of the “Diabetes 
Care” applications and have found it necessary further development. 
Mostly, attention was focused not on what has already been achieved 
but further development that could be done.  
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Requirements Analysis 

Due to the reason, the study is the master level research and no broad 
access to potential users are available; its requirements analysis were 
based on the opinion of those few professionals who had the 
opportunity to participate in the development. This means that the 
requirements can be directed to a thinner audience of the future 
users. 

 
Experimental Methods 

 
 
 
 
 

Software Prototyping 

As already noted, the application prototype is created based on the 
requirements. Given the fact that few experts were able to participate 
in the evaluation of the research development (three versions of the 
application prototypes), prototypes were based on the opinion of 
limited number of experts and doctors. In addition, in should be 
mentioned that evaluation of the application from the perspective of 
patients with diabetes were not reached due to the fact asked patients 
didn’t manage to participate. However, during the supervision of the 
research, it was recommended to focus on the average adult user of 
such application. The considered prototype of the user interface will 
be perceived the same by people with or without diabetes from the 
perspective of use. 

 
 

Usability Testing 

In the usability testing four medical doctors participated, software 
testing was conducted by two doctors. In order to evaluate the 
importance of the “Diabetes Care” application within general 
practice, more medical experts for testing are needed to be involved. 
In addition, a large number of experts in testing will allow creating 
more flexible application, which will be directed to a wide audience 
of users. As well, the involvement of patients with diabetes will 
expand patient’s version of the application and ensure the use of the 
application for a purpose. 

 
Software Testing 

 
3.6 Summary 

!
In this Chapter, materials and methods of the recent research were disclosed. The design of the 
research is passed on the waterfall model of software development life cycle. Requirements 
specification, design, implementation and testing were used to drive the application 
development. Tools for the development are specified as well. 
 
For data collection and analysis, systematic review, interview, questionnaire, discussion and 
requirements analysis were used. Each of the method is detailed with the procedure of applying 
and its impact on the application development. Such methods as software prototyping, usability 
testing and software testing were used as experimental component of the research. Description of 
methods and its meaning for the application development is provided. 
 
Critique of the each used method in the research was provided as well. 
!
!
!
!
!
!
!
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CHAPTER 4. REQUIREMENTS SPECIFICATION 
 

 
This Chapter discloses requirements specification for the “Diabetes Care” application.  
 
Technological and medical basis of the requirements are introduced based on the research 
questions stated in the beginning of the development and medical opinion and suggestions of 
doctors who participated in the development. 
 
There are numerous amounts of different requirements that are created to be applied to 
developing systems. However, the requirements that effect the “Diabetes Care” application 
development the most, explained in the Chapter. Functional and non-functional requirements 
were analyzed. 
  
To describe functional requirements specification for the application, use case and activity 
diagrams are provided. To describe non-functional requirements specification such requirements 
as usability, performance, maintainability, security, reliability and efficiency are disclosed in a 
relation to the application.  
 
During the process of requirements analysis, the IEEE Guide to Software Requirements 
Specification 830-1984 and Open Process Framework are used. 

 
 

4.1 Technological Basis of the Requirements 
 
According to the research questions (see section 1.3, Research Questions), the basis of 
requirements specification should be built upon solution for data transfer, design, and data 
processing and representation (see Figure 16).  
 
 

 
 

Figure 16. Research questions 
 

The solutions for the mentioned directions are disclosed below. 
 
Data transfer  
 
Due to the fact that the “Diabetes Diary” application is available for both Android operating 
system (OS) and iOS, Android OS has been selected for the recent development.  
 
In search of technical solutions, such technologies were considered, ease of use, speed and 
security of which are combined together.  For this reason, an attention was paid to technologies, 
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creation and development of which are relatively new, however, the existence of which has 
aroused the interest of the technical society. For instance, near field communication (NFC) 
technology is used on the basis of Android OS, but has recently become a development for iOS 
[63]. This fact confirms the interest of technical professionals in the use and development of 
mentioned technology. 
 
In facsimile, near field communication technology has been selected for the current research as 
the basis for data transfer from patient’s device to general practitioner’s tablet. Android OS 
supports Android Beam feature (see section 2.2.3, Near Field Communication technology), 
which provides paring and data transfer over Bluetooth technology by NFC authentication (see 
Figure 17). Detailed comparative analysis of possibly used technologies for the recent 
development was performed in the Chapter 8, Discussion (see section 8.1, Motivation for 
Technology Choice).  
 

 
 

Figure 17. Graphical representation of the sub solution for data transfer 
 
Design 
 
Since the data passed to the doctor, collected in the ”Diabetes Diary” application, it would be 
appropriate to use the same logic of objects visualization. For instance, icons such as glucose 
level, insulin, physical activity and carbohydrate should be understandable to the user (see 
Figure 18). The user interface should be comfortable in use and not deliver to its users an 
inconvenience of use. It means the design should be based on ergonomic principles. For full 
design description, see Chapter 5, Design. 
 
 

 
 

Figure 18.  Objects visualization 
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Data processing and representation 
 
Scheme how process the data for further representation for a medical overview is illustrated 
below (see Figure 19). The database exported from the “Diabetes Diary” application is stored in 
CSV format in some folder created by the system of the application. The “Diabetes Care” 
application running on the patient’s device will access the folder and take the database to send to 
the general practitioner’s tablet. Once the patient’s CSV database is on the tablet, the system of 
the “Diabetes Care” application will convert it into DB format and the data will be ready to be 
represented by the application further. Developed statistical rules for data representation and 
decision support are explained in the Chapter 5, Design (see section 5.3, Logic Behind the Data 
Representation).  
 

 
 

Figure 19. Graphical representation of data processing 
 

4.2 Medical Basis of the Requirements 
 

For the reason, the research proceeded on the basis of the Norwegian Centre of Integrated Care 
and Telemedicine; the results were based on the characteristics of general practice in Norway. 
Meetings were arranged with medical doctors (see Table 5, Interviews, questionnaire and 
discussions during the study). These meetings featured to cover general practice particularity and 
requirements that have to be met from medical perspective. 
 
According to collected information from meetings with three medical doctors (Nils Kolstrup, 
Gerd Ersdal, Gro Berntsen), following requirements of diabetes care in general practice for 
application were identified and analyzed (see Table 7).   
 

Table 7. Particularity of general practice and requirements to meet 
 

 
Particularity of general practice 

 

 
Requirement to meet 

 
Approximate time for consultation with any patient is 
set to 15 minutes for which not only procedure of 
prevention and control of the disease should be 
performed but as well to enter the data into the 
information system which used by general practitioners. 
Given the fact that patients may have consultations 
every six months, the time provided for consultation is 
very limited.  

If prompted application will imply 
additional time for use, it will not be 
used. The design should be very 
intuitive to its users (! usability, 
performance). 

Occasionally during the consultation, after general 
practitioner provides some recommendations, he or she 
enters the information about patient’s condition into the 

If the application will allow patients 
to be used by them, then its status in 
general practice became stronger (! 
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information system (using electronic health record), and 
for a patient this time spent for waiting.   

functionality). 

When patient monitors his or her condition, more often 
he or she keeps a diary where all records concerning the 
measurement of glucose level, taken insulin injection, 
time spent in physical activity, and carbohydrates ate. 
Often the last three parameters are conducted not 
regularly in comparison with the first. Patient provides 
to a general practitioner these measurements, however, 
to statistically process the data, for example, over the 
past six months, it may take considerable time and 
doctors usually do not do it thoroughly.  

If the application will reduce the 
time for processing of statistical data 
and in addition will include decision 
support function, it will be vital in 
the relation of practical use. Also, 
morning glucose levels are extremely 
important in diabetes care, and if the 
application will provide such level it 
will be considered as very useful for 
diabetes primary care (! usability). 
 

Most mobile diabetes diaries are designed for patients 
with diabetes to maintain measurements. Nevertheless, 
these measurements in such applications do not pose 
much value to general practitioners. 
 

If the application will allow to use 
the information from mobile diary, it 
will be perceived as a promising 
feature for diabetes management if 
primary care (! functionality). 

 
4.3 Application Description 

 
The description of the “Diabetes Care” application includes application context and functions, 
user characteristics, assumptions and dependencies. Such description was created to provide 
initial understanding of the application in general and the way requirements specification was 
analyzed. IEEE Guide to Software Requirements Specification 830-1984 [61] and Open Process 
Framework were used for analysis [62]. 
 

4.3.1 Application Context and Functions 
 
The application to support diabetes management in general practice involves two types of users: 
patients with diabetes and general practitioners. Application will be running on patient’s 
smartphone and general practitioner’s tablet and will represent two different applications from 
the perspective of use, application accesses based on the user identification. The patient version 
mainly represents data sending function and the tablet’s version represents data receiving 
function and support for general practitioners in diabetes management based on the obtained and 
represented in an advanced way data. As an extension, it was decided to include in the version 
for patients appointments and recommendations management based on the discussion results 
with medical doctors (see Table 7). For instance, such functionality helps to keep all 
appointments related to diabetes condition and comments based on recommendations suggested 
by a general practitioner in the application. Due to the reason, the application was divided into 
major and minor purposes of use. 
 
The major purpose of the application use is to transfer exported from the “Diabetes Diary” 
application CSV database that contains information about diabetes self-management of a patient 
(blood glucose, insulin intake, physical activity and carbohydrates intake measurements) to a 
general practitioner and process the data in an advanced way with clinical decision support. The 
minor purpose of the application use is to manage in the “Diabetes Care” application 
appointments and recommendations for a patient.  
 
Based on the purposes, there are three main and two minor functions of the application that are 
explained in the table below (see Table 8). 
Purposes of use and its resulting of application functions were discussed with medical doctors 
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and are based on their opinion and suggestions gathered during the development (see Table 5, 
Interviews, questionnaire and discussions during the study). 
 

Table 8.  Description of major and minor functions of the application 
 

 
Major functions 

 
Description 

 
Data transfer 

The function shall provide CSV database transfer from the patient’s 
device to the general practitioner’s tablet. The transmission shall be 
done by Bluetooth technology over NFC authentication (Android Beam 
feature). 

 
 

Data processing and 
representation 

The data shall be obtained and be prepared for a graphical representation 
in an advanced way (data conversion from CSV to DB). It means the 
statistics and rules shall be developed to apply to the data representation. 
The CSV database contains measurements that have to be viewed by a 
general practitioner in a required way with dependency on period and 
time.  

 
Decision support 

The obtained data represented graphically shall include elements of 
decision support based on medical documentation and international 
standards in diabetes management. 

 
Minor functions 

 
Description 

Appointments 
management 

Appointments management as well as recommendations management 
shall be supported by the application for patients. It means that 
application shall allow users save any calendar events related to the 
diabetes management and record comments from general practitioner 
based on the data observation. Special templates shall be used to 
simplify application use for patients. 

 
Recommendations 

management 

 
To conclude the application’s functions, the diagram was created (see Figure 20). Such diagram 
shows application frame for both of the types of users and allocation of major and minor 
functions. 

                         
 

Figure 20. Major and minor functions of the application in its frame 
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4.3.2 User Characteristics 
 
User characteristics are divided into two main subjects: fact of being patient or general 
practitioner, and familiarity with devices’ use. 
 
Fact of being patient or general practitioner 
As it was mentioned earlier, there are two types of users: “Patient” user and “General 
Practitioner” user. “Patient” user has to be a person with diabetes condition and use “Diabetes 
Diary” application; “General Practitioner” user has to be a practicing general practitioner. 
 
Familiarity with devices’ use 
Both of the user types have to be familiar with how to use their portable devices (for example, 
how to turn on/off device, access applications) and be prone to learn how to use new applications 
in order it will be needed for a first introduction of the application. 
 

4.3.3 Assumptions and Dependencies 
 
Assumptions and dependencies of the “Diabetes Care” application are structured into four 
directions:  relation between “Diabetes Care” and “Diabetes Diary” application, technology for 
data transfer, devices used and storage. 
 
(1) Relation between “Diabetes Care” and “Diabetes Diary” application 
 
The “Diabetes Care” application is based on the CSV database exported from the “Diabetes 
Diary” application. Only the data contained in the database can be obtained and represented in an 
advanced way to a general practitioner.  
 
(2) Technology for data transfer 
 
The application uses Android Beam feature to transfer the data. The data sent through Bluetooth 
technology over near field communication authentication. To use such way of data transfer, 
embedded NFC adapter for both of the devices is a necessity. 
 
(3) Devices 
 
General practitioner holds any portable Android OS tablet and patient holds any portable 
Android OS smartphone. 
 
(4) Storage 
 
The data added in patient’s device (appointments and recommendations management) will be 
stored in the internal memory of the device. The data transferred to a general practitioner’s 
device will be automatically deleted when the application is completely closed or replaced with a 
new data if the application was not closed but new patient is transferring his database. Such 
decision made to protect privacy and possibility of a medical error. 
 

4.4 Requirements Specifications 
 

4.4.1 Functional Requirements 
 
To describe functional requirements specification for the “Diabetes Care” application, use case 
was provided. In addition, activity diagrams were provided to disclose possible activity flows, or 
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scenarios, for main users of the application (patient and general practitioner). 
 

4.4.1.1 Use Case 
 
It was considered to have three actors in the use case representation: “General Practitioner” 
actor, “Patient” actor and “Application” actor. All activities in the present use case are 
considered to be happening in the environment of the application. Use cases for each actor are 
specified below the use case diagram (see Figure 21). Description of use cases is represented in 
three tables further (see Tables 9 – 11).  
 
 
 

 
 

Figure 21. UML use case 
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Table 9.  Description of use cases for “Patient” actor 
 

“Patient” actor 
 

Enter application Actor enters the application. 
View about / help Actor accesses such sections as “Help” and “About” for 

additional information related to the application use. 
Send CSV  database Actor sends CSV database exported from the Diabetes Diary 

application. 
Turn on NFC technology Actor turns on NFC technology in order to send CSV database. 

 
View / add / edit / delete 

appointments 

Actor navigates within “Appointments” section where such 
functions as view list of appointments, add new appointment, 
edit existing appointment and delete existing appointment are 
provided. 

 
View / add / delete notes 

Actor navigates within “Notes” section where such functions as 
view list of notes, add new note and delete existing note are 
provided. 

Exit application Actor closes the application. 
 

Table 10.  Description of use cases for “General Practitioner” actor 
 

“General Practitioner” actor 
 

Enter / close application Actor enters the application. 
View about / help Actor accesses such sections as “Help” and “About” for 

additional information related to the application. 
Accept CSV database Actor accepts CSV database receiving for further procedure. 

Use CSV database Actor uses CSV database for  
Set up patient’s data view 

options 
Actors sets up CSV database view options in “Calendar” section 
to view an advanced data representation. 

View patient’s data 
representation 

Actor views an advanced data representation. 

Exit application Actor closes the application. 
 

Table 11.  Description of use cases for “Application” actor 
 

“Application” actor 
 

Allow users to access 
application 

Actor allows users to access application as a “Patient” or a 
“General Practitioner”. 

 
Transfer CSV database 

Actor transfers CSV database in one direction from the 
“Patient” user to the “General Practitioner” user using Android 
Beam feature. 

Obtain CSV database Actor obtains CSV database by preparing data for further 
processing (data converted from CSV to DB). 

Process patient’s data 
view option 

Actor processes patient’s data view according to the request 
from the “General Practitioner” user. 

Provide decision support Actor provides decision support when the data from CSV 
database is represented in an advanced way.  

 
 



! 38 

4.4.1.2 Activity Diagrams 
 
Activity diagrams are created for both main types of users: “Patient” and “General Practitioner” 
(see Figures 22 – 23). For each type of users activity diagrams are structured into scenarios to 
simplify the picture of activity flows. For both of the activity diagrams, tables with description of 
scenarios for users are provided first (see Tables 12 – 13). By default it is suggested that 
“Patient” user uses a smartphone with 5-inch screen size, “General Practitioner” user uses a 
tablet with 10-inch screen size.  
 

Table 12.  Description of activity diagram for “Patient” user 
 

Scenario 
 

Description 

1 Enter application/ 
Entrance page 

User enters application and starts activity from the entrance page. 

1A View help/about 
pages 

User goes to pages “Help” or “About” to see information related to the 
application. 

 
1B 

 
Close application 

User chooses to close application. To leave the application user has to 
confirm the request. User can also cancel request to close application 
and be sent to the entrance page again. 

2 Access 
application 

User accesses the system of the application as a concrete type of users 
from the entrance page. 

2A Access as General 
Practitioner user 

User accesses application as a “General Practitioner” but will be sent 
back to the entrance page due to the reason the user holds a device 
with 5-inch screen size and can be accessed as a “Patient” user only. 

2B Access as Patient 
user 

User accesses application as a “Patient” user. 

 
3 

 
Home page 

After accessing application as a correct type of users, “Home” page is 
entered by default. Such activities as send database, close application 
or view “Help” and “About” pages are available. 

 
3A 

 
Send database 

User sends exported from Diabetes Diary application database to 
“General Practitioner” user. To send the data, user has to confirm data 
transmission. User cancels data transmission if it is not needed. After 
data is sent, user is sent to the “Home” page. 

3B View help/about 
pages 

 User goes to pages “Help” or “About” to see information related to 
the application. 

 
3C 

 
Close application 

User chooses to close application. To leave the application user has to 
confirm the request. User can also cancel request to close application 
and be sent to the “Home” page again. 

4 Appointments 
page 

User goes to the “Appointments” page where the accesses to view list 
of appointments or add new appointments are open. 

 
4A 

List of 
appointments/ 

View 
appointments 

User view list of appointments that have created before. User has a 
possibility to choose any existing appointment and see its full content, 
delete or edit the appointment. Once the appointment is deleted or 
edited, user is sent back to the list of appointments. 

4B Add new 
appointment 

User adds new appointment. Once the appointment is created, user is 
sent back to the “Appointments” page. 

5 Notes page User goes to the “Notes” page where the accesses to view list of notes 
or add new note are open.  

5A List of 
notes/View notes 

User view list of notes that have created before. User has a possibility 
to choose any existing note and see its full content or delete the note. 
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Once the note is deleted, user is sent back to the list of notes. 
5B Add new note User adds new note. Once the note is created, user is sent back to the 

list of notes to demonstrate the note is created. 
 

Table 13.  Description of activity diagram for “General Practitioner” user 
 

Scenario 
 

Description 
 

1 Enter application/ 
Entrance page 

User enters application and starts activity from the entrance page. 

1A View help/about 
pages 

User goes to pages “Help” or “About” to see information related to the 
application. 

 
1B 

 
Close application 

User chooses to close application. To leave the application user has to 
confirm the request. User can also cancel request to close application 
and be sent to the entrance page again. 

2 Access 
application 

User accesses the system of the application as a concrete type of users 
from the entrance page. 

 
2A 

Access as Patient 
user 

User accesses application as “Patient” but will be sent back to the 
entrance page due to the reason the user holds a device with 10-inch 
screen size and can be accessed as a “General Practitioner” user only. 

2B Access as General 
Practitioner user 

User accesses application as a “General Practitioner” user. 
 

 
3 

 
Home page 

After accessing application as a correct type of users, “Home” page is 
entered by default. Such activities as use patient’s data, close 
application or view “Help” and “About” pages are available. 

3A Use patient’s data User receives patient’s database and, in order to use it, has to request it 
from the application. 

3B View help/about 
pages 

 User goes to pages “Help” or “About” to see information related to 
the application. 

 
3C 

 
Close application 

User chooses to close application. To leave the application user has to 
confirm the request. User can also cancel request to close application 
and be sent to the “Home” page again. 

4 Calendar page User goes to the “Calendar” page where the configuration of data 
representation shall be set up for further procedure.  

 
4A 

Set up calendar 
and time 

preferences 

User choses any period from calendar and time that is needed for 
representation of calculated data in an advanced way. 

 
4B 

View patient’s 
data 

User views advanced data representation for all parameters (blood 
glucose level, insulin intake, physical activity, carbohydrates intake) 
for a period and time that were set up by the user. 
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Figure 22. Activity diagram for “Patient” user
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Figure 23. Activity diagram for “General Practitioner” user 
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4.4.2 Non-Functional Requirements 
 
To describe non-functional requirements specification for “Diabetes Care” application such 
requirements as usability, performance, maintainability, security, reliability and efficiency were 
disclosed with its meaning to the application.  
 

4.4.2.1 Usability 
 
Usability requirements reflect effective use of the application by its users. In order to provide a 
description of usability requirements for “Diabetes Care” application, such quality factors as 
attractiveness, credibility, differentiation, ease to enter, ease to learn, ease of location, ease to 
remember, ease to use, effectiveness, error minimization, navigability, preference, retrievability, 
suitability, understandability and user satisfaction were analyzed (see Table 14) [62]. 
 

Table 14.  Description of usability requirements 
 

 
Quality factors 

 

 
Description of requirements 

 
 

Attractiveness 
 

The application’s user interface shall be attractive to its users and 
engage its user’s attention. All main functions shall be implemented 
in the user interface and attract users to proceed with application use. 
Positive user experience and further willingness of its users to repeat 
usage should be provided by the application design. 

Credibility 
 

The application shall elicit a feeling of trust in its users related to 
developer’s competence and correct output. 

Differentiation 
 

The application shall differ from other similar applications and be 
competitive to them. 

 
Ease to enter 

 

The application shall be easy for its users to use and not require its 
users to perform additional steps before they can begin to use it. 
Entrance to the application should be unambiguous and clear and 
intuitive. 

 
Ease to learn 

The application shall be easy for its users to learn how to perform 
their tasks. Intensive training to learn how to use the application to 
perform their tasks shall not be required. Tasks performing should be 
able for the users without prior training. 

 
Ease of location 

Help facilities, as well as the application, shall be easy to locate. The 
application’s user interface shall be created in a way for users to 
access any page without dependency on its location within minimum 
of time. 

 
Ease to remember 

The application shall be easy for its users to remember how to use and 
perform their tasks. Functionality of each feature in the application 
should be provided in a way to better recognition for further use. 

 
Ease to use 

 

The application shall be easy for its users to use and to lead its users 
to perform tasks without errors.  Simplicity outside should be applied 
to the user interface. 

 
Effectiveness 

 

The application should provide to its users more effective tasks 
performing and improve the effectiveness for its users generally. 
User’s movements required by the application shall be minimized. 

 
Error minimization 

 

The application shall minimize the possibility of errors’ appearing 
made by its users and provide an environment to perform users’ tasks 
without errors. If any error appears it has to be understandable by the 
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application’s users. 
Navigability 

 
The application’s user interface shall be intuitive for its users to 
navigate to main functions and in the frame of the application 
generally. Physical and psychological comfort for users shall be 
supported by the application’s design. 

 
Preference 

 

The application should be preferred by its users to use instead of other 
alternatives. The application shall evoke its user’s willingness to 
recommend the application to other parties.  

 
Retrievability 

The application shall make possible to process the information in the 
way it is needed for its users. Flexibility of the data representation 
should be implemented in the application. 

 
Suitability 

 

The application shall be suitable for both novice and experienced 
users to use. The application shall be suitable for most adults with 
diabetes and general practitioners who are managing diabetes care in 
general practice. 

 
Understandability 

 

The application’s user interface shall be intuitive and understandable 
to its users. User manual for the application shall be unambiguous and 
logically organized. 

User satisfaction 
 

The application shall provide its users satisfaction and be important to 
its users to continue to use. 

 
4.4.2.2 Performance 

 
Performance requirements represent timing characteristics that have to be applied to the 
application. To detect performance requirements for “Diabetes Care” application, such 
requirements as jitter, latency, response time and throughput requirements were explained (see 
Table 15) [62]. 

Table 15.  Description of performance requirements 
 

 
Requirements 

 
Description of requirements 

 
 

Jitter requirements 
The application shall provide correct events appearing based on 
requests from the users. Once event was requested, it should happen. 
Events without requests shall not appear. 

 
 

Latency requirements 

The application shall not take too long to complete any user’s request. 
The maximum acceptable time for any task completion but data 
transmission and export shall be no longer than 2 seconds. The 
maximum acceptable time for initiating contact between devices and 
data transmission shall be no longer than 30 seconds. The maximum 
acceptable time for data export shall be no longer than 5 seconds. 

 
 

Response time 
requirements 

The application shall not destruct its users due to the made request. 
Once the user made the request, it has to be understandable. The 
maximum time delay for any task completion but data transmission 
and export shall be no longer than 0.5 seconds. The maximum time 
delay for initiating contact between devices and data transmission shall 
be no longer than 10 seconds. The maximum time delay for data export 
shall be no longer than 1 second. 

Throughput 
requirements 

The application shall support all use case paths and be tolerant to 
frequent exploitation of its users.  
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4.4.2.3 Security 
 
Security requirements provide a status of the application to prevent and react to events related to 
data sensitivity. Such requirements as access control, integrity and privacy were observed with a 
relation to the “Diabetes Care” application (see Table 16) [62]. 
 

Table 16.  Description of security requirements 
 

 
Requirements 

 

 
Description of requirements 

 
 

Access control 
requirements 

The application shall identify types of users. Devices with a screen size 
smaller than 7-inch shall be identified as “Patient” user’s device and 
allow access for the type of users; devices with a screen size 7-inch or 
bigger shall be identified as “General Practitioner” user’s and allow 
access for the type of users. The application shall allow its users to 
access informative pages before accessing as a concrete type of users. 

 
Integrity requirements 

The application shall not transmit “csv” database if authentication over 
NFC was not preceded or interrupted. The application shall ask the 
receiver to accept or decline data transfer. 

 
 

Privacy requirements 

The application shall not store any personal information about the 
users and shall not provide any user identification. Transmitted “csv” 
database shall be deleted after the application has been closed and 
entered again; transmitted database shall be replaced by new incoming 
database to avoid the use of incorrect database. 

 
4.4.2.4 Reliability 

 
Reliability requirements relate to functioning without failures [62]. The application shall 
operate without failures under appropriate use. The maximum permitted number of failures per 
one year should be limited to 3 times. The application’s mean time between failures shall be at 
least 3 months. Such listed requirements have been applied to the “Diabetes Diary” application. 
 

4.4.2.5 Efficiency 
 
Efficiency requirements refer to effective use of technical resources. The application provides 
data transferring through Bluetooth technology over NFC authentication (Android Beam 
feature), which requires use special hardware. The “Patient” user shall hold a smartphone with 
running Android OS v.4.0 or higher and embedded NFC adapter. The “General Practitioner” 
user shall hold a tablet with running Android OS v.4.0 or higher and embedded NFC adapter. 
 

4.5 Summary 
 
In this Chapter requirements specification for the “Diabetes Care” application were analyzed 
based on the IEEE Guide to Software Requirements Specification 830-1984 and Open Process 
Framework documentation.  
 
First, technological and medical basis of the requirements was introduced. It was explained from 
both of perspectives how the requirements specification was effected by research questions and 
medical opinion. 
 
Second, was provided application description with disclosed context and functions, user 
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characteristics, assumptions and dependencies. Application description was provided for a 
purpose to evoke initial understanding of the reader about the development. 
 
Then, requirements the most effecting application development were explained. Both functional 
and non-functional requirements were disclosed in a relation to the application. To describe 
functional requirements specification, use case and activity diagrams were illustrated. To 
describe non-functional requirements specification, usability, performance, maintainability, 
security, reliability and efficiency were introduced.  
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CHAPTER 5. DESIGN 
 

 
In this Chapter the design development is clarified.  
 
The general overview of the application and its implemented user interface are illustrated. 
“Diabetes care” application has two modules (accesses) for different types of users; modules for 
two types completely defer from each other and cover different functionality purposes. The 
application was created based on the opinion of medical doctors and technical experts in the field 
of medical informatics and telemedicine.  
 
Statistical analysis and logic behind the data representation are provided with examples. General 
procedure, decision support function and rules applied to the data for representing in an 
advanced way are covered in the Chapter as well. For data representation statistics Norwegian 
guidelines for diabetes management in general practice was used. The guidelines are similar to 
others worldwide and decision support function of the application correct without dependency of 
the country. 
 
During the development process, three versions of the application were revised and final issues 
were resolved by the implementation. Analysis of changes in user interface is made to show the 
evolution of the design and how it influenced the functionality. 
 
 

5.1 General Overview of the Application 
 

“Diabetes Care” application bases on the “Diabetes Diary” application developed the Norwegian 
Centre of Integrated Care and Telemedicine (NST). Exported data from the “Diabetes Diary” are 
used in an advanced way to support diabetes management in general practice. 
 
The application has two modules for such types of users as “General Practitioner” and “Patient”. 
Users have different purposes of the application use. The main purpose for a patient is to send 
from “Diabetes Diary” exported CSV database to a general practitioner. The main purpose for a 
general practitioner is to set the received data in the needed way and overview the results.  
 
During the development process, the version for patient was extended with two more minor 
purposes such as to manage appointments related to the condition and to manage 
recommendations provided by a general practitioner during the consultation. 
 
Patient’s version is created for a smartphone and general practitioner’s version is created for a 
tablet. Once the type of device is detected, the only allowed module can be accessed. This was 
made due to the reason patients are using smaller devices with running “Diabetes Diary” 
application and general practitioners need bigger screen for the data representation in order to get 
appropriate data representation view. For more comfortable use, “General Practitioner” user has 
a landscape mode and “Patient” user has a portrait mode for the application use. 
 
The figure provided further shows the layout of the application structure (see Figure 24). 
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Figure 24. Layout of the application structure 
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5.2 “Diabetes Care” Application 
 
In this section screenshots for “General Practitioner” user and “Patient” user, made from the 
running application, are illustrated. User manual for patients is provided in Appendix 7, User 
manual for patient. User manual for general practitioners is provided in Appendix 8, User 
manual for general practitioner. 
 

5.2.1 Icon of the Application 
 
The icon of the application is shown below (see Figures 25, 26). The design of the icon was 
inspired by the global symbol of diabetes (blue circle) owned by the International Diabetes 
Federation (IDF) [64]. 

 
 

Figure 25. Icon of the “Diabetes Care” application 
 

 

         
 

Figure 26. Icon of the “Diabetes Care” application on the screen of smartphone and tablet  
 

5.2.2 General Practitioner Access 
 
After the icon of the application has been activated, the entrance page appears for the user (see 
Figure 27).  As it was pointed out earlier, “Patient” module is blocked for “General Practitioner” 
user and can be accessed from smartphone (see Figure 28). The tablet used for a trial has size of 
the screen equals to 10,1 inches. When “General Practitioner” icon has been pressed, the 
confirmation for the access is appeared (see Figure 29). If user toggles “Access automatically all 
further entrances as General Practitioner user”, the entrance page will not appear next time the 
user uses the application. “About” and “Help” pages provide basic information about the 
application and its use. By pressing “Exit” icon, the application will be closed after user’s 
confirmation (see Figure 30).  
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Figure 27. Entrance page for “General Practitioner” user 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 28. Denied access for “Patient” user 
 
 

 
 

Figure 29. Confirmation to access the application as “General Practitioner” user 
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Figure 30. Confirmation to close the application 
 
Once the application accessed as “General Practitioner” user, the “Home” page appears (see 
Figure 31). Such pages as “About” and “Help” are possible to access from the “Home” page. 
“Exit” icon for closing application is also on the “Home” page. 
 

 
 

Figure 31. “Home” page for “General Practitioner” user 
 

When the pairing process of general practitioner’s tablet and patient’s smartphone are finished, 
the toast message appears on the screen that the data receiving has to be confirmed by the 
“General Practitioner” user (see Figure 32).  
 

 
 

Figure 32. Invoice about incoming file 
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The illustration of the process of exporting database, pairing devices and beaming the database is 
provided in the Appendix 9, Data transfer. User has to accept the data receiving to get CSV file 
from “Patient” user (see Figure 33). 
 

 
 

Figure 33. Database transfer 
 
After CSV database is received by “General Practitioner” user, the icon “Use Patient’s Data” has 
to be pressed to convert the database from CSV to DB format for data representation function. 
Once the data exported, toast message appears on the screen (see Figure 34). 
 

 
 

Figure 34. Exporting data for data representation 
 
Further, the application is ready for data representation according to the period and time settings 
user will set on the “Calendar” page (see Figure 35). User can chose such periods as last 6 
months, last 3 months, last month and last week for data representation or set needed period by 
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using “from – to” calendar function. When user presses to set the period manually, the page with 
real calendar appears. The user can use arrows to list months or to use special navigation tool on 
the bottom of the scree where with one press any months or year can be found (see Figure 36). 
Boxes with time preferences can be chosen together, separately or in combination (see Figure 
35). 
 

 
 

Figure 35. “Calendar” page for “General Practitioner” user 
 
 

 
 

Figure 36. Calendar function for setting period manually 
 

As the next step, after user set period and time preferences, such pages as “Glucose Level”, 
“Insulin Intake”, and “Physical Activity” and “Carbohydrates Intake” is available for an 
advanced data representation view with decision support function for physical activity and 
morning glucose levels. Further provided examples for data representation from the running 
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application. Statistical rules and logic behind the data representation are provided later in the 
Chapter (see section 5.3, Logic Behind the Data Representation). 
 
Example 1. User choses period manually from 18.02.2014 to 24.02.2014 for daily average 
glucose levels. The data is represented according to statistical rules and illustrated below (see 
Figure 37). 
 

 
 

Figure 37. Data representation for glucose levels (1) 
 

Example 2. User choses period manually from 18.02.2014 to 18.04.2014 for daily average 
glucose levels. The data is represented according to statistical rules and illustrated below (see 
Figure 38). Graphs with “0” mean shows that a patient entered no data. 

 

 
 

Figure 38. Data representation for glucose levels (2) 
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Example 3. User choses period manually from 18.02.2014 to 20.06.2014 for daily average 
glucose levels. The data is represented according to statistical rules and illustrated below (see 
Figure 39). Graphs with “0” mean shows that a patient entered no data. 

 

 
 

Figure 39. Data representation for glucose levels (3) 
 

Example 4. User choses period manually from 01.03.2014 to 31.03.2014 for morning glucose 
levels (05:00-10:00). The data is represented according to statistical rules and illustrated below 
(see Figures 40, 41).  

 

 
 

Figure 40. Data representation for morning glucose levels (4a) 
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Figure 41. Data representation for morning glucose levels (4b) 
 

Example 5. User choses period manually from 04.03.2014 to 10.03.2014 for daily insulin intake. 
The data is represented according to statistical rules and illustrated below (see Figure 42).  
 

 
 

Figure 42. Data representation for insulin intakes (5) 
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Example 6. User choses period manually from 04.03.2014 to 22.05.2014 for daily average 
insulin intake. The data is represented according to statistical rules and illustrated below (see 
Figure 43). Graphs with “0” mean shows that a patient entered no data. 

 

 
 

Figure 43. Data representation for insulin intakes (6) 
 

Example 7. User choses period manually from 04.03.2014 to 20.06.2014 for daily average 
insulin intake. The data is represented according to statistical rules and illustrated below (see 
Figure 44). Graphs with “0” mean shows that a patient entered no data. 
 

 
 

Figure 44. Data representation for insulin intakes (7) 
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Example 8. User choses period manually from 22.02.2014 to 28.02.2014 for daily physical 
activity. The data is represented according to statistical rules and illustrated below (see Figure 
45). Graphs with “0” mean shows that a patient entered no data. 
 

 
 

Figure 45. Data representation for physical activity (8) 
 

Example 9. User choses period manually from 22.02.2014 to 22.05.2014 for daily average 
physical activity. The data is represented according to statistical rules and illustrated below (see 
Figure 46). Graphs with “0” mean shows that a patient entered no data. 

 

 
 

Figure 46. Data representation for physical activity (9) 
 



! 59 

Example 10. User choses period manually from 22.02.2014 to 29.05.2014 for daily average 
physical activity. The data is represented according to statistical rules and illustrated below (see 
Figure 47). Graphs with “0” mean shows that a patient entered no data. 
 

 
 

Figure 47. Data representation for physical activity (10) 
 
Example 11. User choses period manually from 01.03.2014 to 14.03.2014 for daily 
carbohydrates intakes. The data is represented according to statistical rules and illustrated below 
(see Figure 48).  
 

 
 

Figure 48. Data representation for carbohydrates intake (11) 
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Example 12. User choses period manually from 01.03.2014 to 20.05.2014 for daily average 
carbohydrates intakes. The data is represented according to statistical rules and illustrated below 
(see Figure 49). Graphs with “0” mean shows that a patient entered no data. 
 

 
 

Figure 49. Data representation for carbohydrates intake (12) 
 

Example 13. User choses period manually from 01.03.2014 to 06.06.2014 for daily average 
intakes. The data is represented according to statistical rules and illustrated below (see Figure 
50).  Graphs with “0” mean shows that a patient entered no data. 
 

 
 

Figure 50. Data representation for carbohydrates intake (13) 
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5.2.3 Patient Access 
 

After the icon of the application has been activated, the entrance page appears for the user (see 
Figure 51).  As it was pointed out earlier, “General Practitioner” module is blocked for “Patient” 
user and can be accessed from tablet (see Figure 52). The smartphone used for a trial has size of 
the screen equals to 5,5 inches. When “Patient” icon has been pressed, the confirmation for the 
access is appeared (see Figure 53). If user toggles “Access automatically all further entrances as 
Patient user”, the entrance page will not appear next time the user uses the application. “About” 
and “Help” pages provide basic information about the application and its use.  
 

         
 

Figures 51 – 53 (from left to right). Application access for “Patient” user 
 
Once the application accessed as “Patient” user, the “Home” page appears (see Figure 54). Such 
pages as “About” and “Help” are possible to access from the “Home” page. “Exit” icon for 
closing application is also on the “Home” page. 
 

 
 

Figure 54. “Home” page for “Patient” user 
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By pressing “Exit” icon, the application will be closed after user’s confirmation (see Figure 55). 
 

 
 

Figure 55. Confirmation to close the application 
 
To transfer the database to a general practitioner’s device user has to press “Send Database” icon 
(see Figure 56). If user presses “Ok” button but NFC technology is not activated, user will be 
asked to do so without leaving the application (see Figures 57, 58).  
 

     v  
 

Figures 56 – 58 (from left to right). Process of NFC activation 
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Once the technology turned on, user press “Ok” button again and the data is ready to be sent (see 
Figure 59). The illustration of the process of exporting database, pairing devices and beaming 
the database is provided in the Appendix 9, Data transfer. 
 

 
 

Figure 59. Database is ready to be sent 
 
To manage any events related to diabetes (including appointments with general practitioner and 
other clinical purposes), “Patient” user accesses “Appointments” page. To add new appointment, 
user has to press “Add New Appointment” icon, and to see list the event to press “List of 
Appointments” button (see Figure 60). The process of adding appointment is below (see Figure 
61).  When appointment is created, the user automatically sent to the page “List of 
Appointments” (see Figure 62). User can edit of delete chosen appointment (see Figure 63). 
Before the appointment will be erased from the memory, user will be asked to confirm the 
procedure (see Figure 64). 
 

         
 

Figures 60 – 62 (from left to right). Appointments management for “Patient” user, creating 
appointment 
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Figures 63 – 64 (from left to right). Appointments management for “Patient” user, deleting 
appointment 

 
To manage recommendation given by a general practitioner during the consultation, user 
accesses “Notes” page (see Figure 65).  While general practitioner uses clinical information 
system to enter information about the patient, patient uses this time to add objectives for self-
management into the “Diabetes Care” application, based on the given advices from the general 
practitioner. To add information, “Patient” user presses “Add New Note” icon and the page with 
special template appears (see Figure 66).  When user adds date, the calendar appears (see Figure 
67). 
 

         
 
Figures 65 – 67 (from left to right). Recommendations management for “Patient” user, creating 

note 
 
Once the note is created, the user automatically sent to the page “List of Notes” (see Figure 68). 
To see created note, user pressed it. Created note can be deleted after user’s confirmation (see 
Figures 69, 70).  
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Figures 68 – 70 (from left to right). Recommendations management for “Patient” user, viewing 

and deleting note 
 

5.3 Logic Behind the Data Representation 
 
In the section, the statistical rules that have been applied to the data representation are revealed. 
It should be noted that the whole process of statistics appliance to the data to be represented in an 
advanced way were discussed and agreed with medical doctors (Nils Kolstrup, Gerd Ersdal) due 
to the purpose to meet the needs of data representation from medical perspective to support 
diabetes care for general practitioners’ routine.  
 

5.3.1 General Procedure 
 

CSV file exported from the “Diabetes Diary” application contains pure data with measurements 
for four parameters (blood glucose level, taken insulin, physical activity done and taken 
carbohydrates), dates and time of the day (morning, day, evening, night) when each of the 
parameter was saved into the system of the application. This data is used by the “Diabetes Care” 
application to represent its content in an advanced way with decision support function.  
 
The data representation procedure contains two steps (see Figure 71).  
 

 
 

Figure 71. General procedure of data representation 
 
The first step is to process the data by the chosen period. The set of rules has to be applied to the 
part of data, which states dates and time of the day to keep statistical mean calculation correct in 
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a relation to the chosen further parameter. The first step was called “rules for period 
processing” (see section 5.3.3, Rules for Period Processing). 
 
The second step is to process the data by the chosen parameter. Rules have to be applied to the 
part of data, which states the chosen parameter (blood glucose level, taken insulin, done physical 
activity and taken carbohydrates) within period of chosen dates and time of the day in the first 
step, in order to calculate the data appropriately to the chosen parameter. Parameters have 
different statistical rules for representation. The second step was called “rules for parameters 
processing” (see section 5.3.4, Rules for Parameters Processing). Rules for parameters 
processing are divided into four directions: glucose level processing, insulin intake processing, 
physical activity processing and carbohydrate processing.  
 
After two steps of rules are applied to the data, it’s represented in graphs to a general 
practitioner.  On the top of each graph are mainly mean measurements of the chosen parameter 
and on the bottom of each graph is stat date of the chosen period.  
 

5.3.2 Decision Support 
 
Decision support function is applied for morning glucose levels (from 05:00 to 10:00) and 
physical activity according to the Norwegian guidelines of the diabetes management in general 
practice (see Table 17) [9]. Such decision was made due to the reason the application 
development was supported by the Norwegian Centre of Integrated Care and Telemedicine. 
However, such standards are the same on the international level and the use provided decision 
support is appropriate worldwide [27]. 

Table 17. Rules for decision support  
 
 
 
 
 
If 

physical 
activity 

less 30 minutes a day  
 
 

then show graph (-s)  
in 

in red color 
more than 30 minutes a day in green color 

 
 

morning 
glucose level 

less than 72 mg/dl or more 
180 mg/dl 

in green color 

more 108 mg/dl but less or 
equals 180 mg/dl 

in yellow color 

more or equals 72 mg/dl but 
less 108 or equals mg/dl 

in green color 

 
5.3.3 Rules for Period Processing 

 
Based on the period chosen by a general practitioner, the data will be set for one of the rules 
provided in the table below (see Table 18). 
 

Table 18. Rules for period processing 
 

 
 
 

 
If 

chosen 
period 

 
 

less or equals 31 days (1 month)  
 
 
 
then show 
graph (-s) 

for each day (max 31 graphs) 
more 31 days but less or equals 92 days 
(3 months) 

for each 7 days (max 12 
graphs) 

more 92 days (3 months) but less or 
equals 366 days (12 months) 

for each 14 days (max 24 
graphs) 

1) more 366 days (12 months) but less or 
equals 732 days (24 months) 

for each 28 days (max 28 
graphs) 

more 732 days (24 months) but less or 
equals 1098 days (36 months) 

2) for each 56 days (max 18 
graphs) 

more 1098 days (36 months) 3) for each 84 days 
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The whole day (24 hours) divided into 4 boxes: 1) from 05:00 to 10:00; 2) from 10:00 to 17:00; 
3) from 17:00 to 22:00; 4) 22:00 to 05:00. One, two, three of all boxes can be chosen at the same 
time.  
 

5.3.4 Rules for Parameters Processing 
 

As it was mentioned earlier, rules for parameters processing divided into four directions, such as 
glucose level processing, insulin intake processing, physical activity processing and 
carbohydrate processing. For each parameter statistical rules are applied (see Table 19).  
 

Table 19. Rules for parameters processing 
 

Glucose level processing 
 

 
If 

chosen 
period 

 

less or equals 31 days   
 

then 
calculate 
graph (-s) 

as 

mean (sum for each day 
divided into times for each 
day) 

more 31 days but less or equals 92 days   
sum of means (sum for each 
day divided into times for 
each day) divided into 
amount of days 

more 92 days but less or equals 366 days  
4) more 366 days but less or equals 732 days  

more 732 days but less or equals 1098 
days  
more 1098 days  

 
Insulin intake processing 

 
 

If 
chosen 
period 

 

less or equals 31 days   
 

then 
calculate 
graph (-s) 

as 

sum for each day 
more 31 days but less or equals 92 days   

 
mean (sum for the whole 
period and divide into 
amount of days) 

more 92 days but less or equals 366 days  
5) more 366 days but less or equals 732 days  

more 732 days but less or equals 1098 
days  
more 1098 days  

 
Physical activity processing  

 
 

If 
chosen 
period 

 

less or equals 31 days   
 

then 
calculate 
graph (-s) 

as 

sum for each day 
more 31 days but less or equals 92 days   

 
mean (sum for the whole 
period and divide into 
amount of days) 

more 92 days but less or equals 366 days  
6) more 366 days but less or equals 732 days  

more 732 days but less or equals 1098 
days  
more 1098 days  

 
Carbohydrate intake processing 

 
 

If 
chosen 
period 

 

less or equals 31 days   
 

then 
calculate 
graph (-s) 

as 

sum for each day 
more 31 days but less or equals 92 days   

 
mean (sum for the whole 
period and divide into 
amount of days) 

more 92 days but less or equals 366 days  
more 366 days but less or equals 732 days  
more 732 days but less or equals 1098 
days  
more 1098 days  
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In Appendix 10, Examples for period processing, examples are provided with logic for data 
representation for each of the parameter based on rules for period processing that applied first. 
All data used for examples are based on CSV database of a real patient provided for a recent 
development by the Norwegian Centre of Integrated Care and Telemedicine. 
 

5.4 Evolution of the Design Development 
 
To describe the evolution of the design it was decided to overview each of the version of the 
design and its influence on the functionality of the final application.  Only medical doctors and 
technical experts who influenced the application design development the most were mentioned 
in the versions’ development. 
 
Prototype version 1 
The first version of the application was created in September 2013 and was influenced by 
medical doctor Nils Kolstrup. The attention was concentrated on the general practitioner’s use of 
the tablet and the main functionality of the application was divided into two directions: to 
represent the data view in an advanced way and to provide recommendation support for a 
patient. The data representation was used by the meaning the data from CSV file has to be 
obtained in a way general practitioner needs to see it and the second function, recommendation 
provision, was used to create recommendation notes or a patient and send it back to his or her 
device. The recommendation functionality was suggested to be used by a patient during the time, 
when a general practitioner will enter the information about the patient into clinical information 
system. Also, in the version it was suggested to use user identification information.  
 
After second discussion with Nils Kolstrup, it was suggested to remove user identification due to 
security issues and find another way to make sure that the data used for overview is the data of 
the user who sent the data last times.  
 
The design overall were comfortable to use and the doctor mentioned few times the simplicity of 
it and very appropriate colors and manner of navigation for a clinical use. Few sketches of the 
user interface are provided below (see Figures 72 – 74). 

 

    
 

 
 

Figures 72 – 74. Graphical user interface of the application, version 1 
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Prototype version 2 
The second version of the application was created in October 2013 and was influenced by 
medical doctor Nils Kolstrup.  The issues of the first version of the design were resolved and 
provided with a new view of the user interface. Sketches of user interface are provided below 
(see Figures 75 – 76). 

 

    
 

Figures 75 – 76. Graphical user interface of the application, version 2 
 
The second version was presented on the Arctic Frontiers 2014 conference (Kolarctic 
Collaboration Event & KITENPI Project). Technical experts and medical doctors were interested 
in the design and it was recommended to use color highlighting to show the user the steps he or 
she is doing. Nils Kolstrup also highlighted the significance of the design and recommender to 
“keep it as simple as possible” during the further development. Also, it was mentioned that 
appointments management for a patient could be a bonus in the use if it will be very easy and 
intuitive. 
 
Meeting with medical doctor Gerd Ersdal showed the interest of medical professional in such 
development. “It would be nice to use such kind of device. I would, probably, use it when the 
patient has not stable condition; otherwise, I know what is going on with a patient and what to 
expect. If a patient is showing up once a year and the result of HbA1C test significantly differs 
from the last check, the tablet will help quite a lot.” – said Gerd. Gerd advised to have even more 
simplicity in the use of the tablet.  
 
Meeting with technical expert Keiichi Sato changed the whole direction of the development 
since he pointed out that patients are not allowed to user general practitioner’s tablet and patients 
have to hold their own devices to record the recommendations. Also, the development can’t 
called “doctor’s tablet” is it will be used by his or her patients as well. The group of technical 
experts in medical informatics and telemedicine based at the Norwegian Centre of Integrated 
Care and Telemedicine agreed with highlighted remark. 
 
Prototype version 3 
Based on the conclusion of the technical experts and medical doctors, the revision of the 
application development was made. The version for patients’ use was designed and the 
application became more extended in its use. The version for patients’ use was created and 
recommendation management was removed from doctor’s tablet. Overall, the version of the 
application had major changes (see Appendix 5, Questionnaire with Nils Kolstrup, May 2014). 
In the March 2013, the application became a system with two accesses and different 
functionality.  
 
According to the design, doctors expressed their opinion about the application use. “I like the 
design! It’s great! It is very simple to understand and statistics representation is just what I 
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need.” – said Nils Kolstrup. “I think it’s interesting. The design looks easy to understand and I 
understand the functionality” – said Gro Berntsen. 
 
The third version was suggested to be used as a final version and only minor details were 
considered later to be adjusted to a comfortable and appropriate use. Later, the third version 
influenced by medical doctor Nils Kolstrup with resolved all discussed issues was implemented 
(see section 5.2, “Diabetes Care” Application).  
 

5.5 Summary 
 
In this Chapter the design development of the “Diabetes Diary” application was illustrated. 
  
The development of the application was based on the opinion of medical doctors and technical 
experts in the field of medical informatics and telemedicine. 
  
The application is created for two types of users: “General Practitioner” and “Patient”. Users 
have different purposes of the application use and based on this fact, the application is created in 
a way to support activity for both of the types of users.  The main functionality for “Patient” user 
is to transfer the exported CSV database from the “Diabetes Diary” application. As two minor 
functions were implemented such functions as appointments and recommendations management. 
The main functionality of the application for “General Practitioner” user is to receive the data 
sent from patient’s device and to view its representation in an advanced way with decision 
support functionality. 
  
Logic behind the data representation was provided by statistical rules and explanation of it based 
on the examples with the real patient’s data from CSV database. Norwegian guidelines for 
diabetes management in general practice were used for data representation statistics. Despite this 
fact, the application is appropriate for use without dependency on any country due to the fact that 
diabetes guidelines are similar in their aims worldwide. 
  
Evolution of the application design was explained by the brief analysis of its versions. 
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CHAPTER 6. IMPLEMENTATION 
 

 
This Chapter represents implementation part of the development. 
 
Implementation process is provided by the explanation of all resources were used, description of 
the implemented Android projects and description of the source code. The whole layout of the 
“Diabetes Care” application in a relation to the java sources, and snippets in the matter to 
facilitate understanding of how technically the application were resolved, are provided. 
 
 

6.1 Starting Point 
 

For “Diabetes Care” application development, Android Operating System (OS) was chosen. 
There are many OS with NFC development support, and recently Android OS is not only one of 
the leading OS in the world but also the leading in the NFC development [65, 66]. It was decided 
to base the application of the chosen platform. Java programming language was used for the 
implementation. 
 
For the development Eclipse Java EE IDE, Android SDK and libraries were used.  
 
Eclipse Java EE IDE (version: Kepler Release; Build id 20130614-0229) 
Eclipse Java EE is integrated development environment that contains all tools for mobile and 
Web applications development (such as Data Tools Platform, Eclipse Git Team Provider, Eclipse 
Java Development Tools, Eclipse Java EE Developer Tools, JavaScript Development Tools, 
Maven Integration for Eclipse, Mylyn Task List, Eclipse Plug-in Development Environment, 
Remote System Explorer, Eclipse XML Editors and Tools) [53].  
 
Android SDK (minimum version: 8; target version: 19) 
Android software development kit was used for enabling to create application for the Android 
platform. SDK includes development tools, an emulator, and libraries to build the application. 
Java programing language was used [54]. 
 
Libraries (achartengine-1.1.0, GraphView-3.0, android-support, ksoap2-android-assembly-
2.6.5-jar-with-dependencies) 
Libraries represent collections of implementations of behavior that a higher level program can 
use to make system call without the need to have those calls written. Programming languages 
have built in libraries and custom libraries can be implemented [55, 56, 57, 58].  
 

6.2 “Diabetes Care” Android Project 
 

“Diabetes care” android projects is a project that consists of application source code and resource 
files. The project eventually gets built into an .apk file that can be installed onto a device to be 
run, as an application. The structure of provided implementation of “Diabetes Care” application 
is structured as in the table below (see Table 20). 
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Table 20. Structure of provided implementation 
 

Source Description 
 
 
 
 

AndroidManifest.xml 

Every application requires AndroidManifest.xml file to be present in 
the root directory. The XML file names Java package for the 
application, describes components of the application, determines 
processes which will host application components, declares 
permissions that the application needs to access protects parts of API 
and interact with other applications and permissions that are needed for 
other applications to interact back, sets minimum level of the Android 
API that needs to be used, and lists libraries that the application needs 
[67]. 

assets/ This folder is empty.  
 
 
 

gen/ 

Contains java files generated by ADT, such as R.java file and 
interfaces created from AIDL files [67]. Purpose of R.java file is to 
quickly access resources in the project and is automatically generated 
when the android application is built. The file contains unique 
identifiers for elements in the res directory such as drawable, string, 
layout, and color. The unique identifiers are usually 32bit numbers. 
When the resources are added or deleted, R.java file is automatically 
updated [68]. 

 
 
 

libs/ 

This folder contains private libraries. Such libraries as achartengine-
1.1.0.jar, GraphView-3.0.jar, android-support-v4.jar, ksoap2-android-
assembly-2.6.5-jar-with-dependencies.jar were used. Achartengine-
1.1.0 library that helps charting of graphs [55]. GraphView-3.0 is used 
to create diagrams in a graph view [56]. Android support library serves 
to provide backward-compatibility to previous versions of the Android 
framework APIs [57]. Ksoap2 provides efficient and lightweight 
SOAP (Simple Object Access Protocol) client library [58]. 

 
lint.xml 

Lint is a tool that check the Android project for potential bugs. It also 
improves optimization for correctness, security, performance, usability, 
accessibility, and internationalization [69]. 

DiabetesCare.apk This is compiled application that could be installed onto a portable 
device. 

 
proguard-project.txt 

The ProGuard tool shrinks, optimizes and obfuscates the code. It 
removes unused code and renames classes, fields and methods with 
obscure names. The .apk file becomes smaller and harder to reverse 
engineer [70]. 

project.properties This file contains project properties, such as the build target and is 
integral to the project [67].  

 
res/ 

This folder contains application resources, such as drawable files, 
layout files, and string values. Following folders are provided: color/  
(this folder contains XML files that are used to manage colors for the 
user interface); drawable/ (this folder contains bitmap files (PNG and 
XML files that are used for describing drawable shapes or drawable 
objects that contain multiple states); layout/ (this folder contains XML 
files that are compiled into screen layouts (or part of a screen); menu/ 
(this folder contains XML files that are used to define application 
menus) [67].  

 
src/  

The folder contains Activity files, which are stored at 
src/project/diabetecare/patientcare/(ActivityName).java. All java 
source code files are in the folder [67]. 
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6.3 Source Code Description 
 

To provide a clear view of the activity files of the source code (java files contain in the folder 
src/), the figure was created, which contains layout of the application and java activity files 
responsible for the functioning of each part of the “Diabetes Care” application (see Figure 77). 
 
Using snippets, parts of source code are explained further. Such programming resolution of the 
technological tasks as screen size detection and access to modules, period processing, decision 
support, graphical data representation, “no.telemed.diabetesdiary/files/exporter” folder 
accessing and NFC enabling are provided in the same-name sections. 
 

6.3.1 Screen Size Detection and Access to Modules 
 
To provide correct access for users, patient and doctor modules were set to identify devices as 
“phone” (smartphone) and “tab” (tablet). Once “phone” is identified, access to patient module is 
available, to access doctor module, the device has to be identified as “tab” and landscape mode 
should be set in order to more comfortable use (see Snippet 1). If “Patient” user accesses 
application from tablet device, module will be blocked (see Snippet 2). If “General Practitioner” 
user accesses application from smartphone device, module will be blocked (see Snippet 3). Such 
decision was made to protect both of the users from ambiguous use of the application. Activity 
file for the procedure is MainActivity.java. 
 

Snippet 1. Detection of tablet device 
 

 
  float scaleFactor = metrics.density; 
  float widthDp = widthPixels / scaleFactor; 
    float heightDp = heightPixels / scaleFactor; 
     
  float smallestWidth = Math.min(widthDp, heightDp); 
 
  if(smallestWidth > 720) { 
   Tab="ten"; 
    
   if(widthDp>heightDp) 
   { 
    screen="landscape"; 
   } 
   else 
   { 
    screen="portrait"; 
   } 
  }  
  else if(smallestWidth > 600) { 
   Tab="seven"; 
   if(widthDp>heightDp) 
   { 
    screen="landscape"; 
   } 
   else 
    screen="portrait"; 
   } 
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Figure 77. Layout of the application with java sources 
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Snippet 2. Patient module blocking from tablet 
 
 
                               if (Device.equals("TVDPI") || Tab.equals("ten") ) 
     { 
     Toast.makeText(getApplicationContext(), "Use smartphone to access as Patient user", 
Toast.LENGTH_LONG).show(); 
     } 
 
 

Snippet 3. Doctor module blocking from smartphone 
 

 
                                if (str.equals("phone") ) 
     { 
     Toast.makeText(getApplicationContext(), "Use tablet to access as General Practitioner user", 
Toast.LENGTH_LONG).show(); 
     } 
 
 

6.3.2 Period Processing 
 

Rules for period processing are provided in the Chapter 6, Design (see section 6.3.3, Rules for 
Period Processing). The implemented rules are disclosed in the snippet below (see Snippets 4, 
5). Activity file for the procedure is DoctorApptPage.java. 
 

Snippet 4. Period processing (to be continued) 
 
 
                            if(month == 1 && current.equals("month")) 
  { 
   Time_Limit="1";  
   Days="31"; 
    end_date=today_day(); 
   start_date=get_start_date(end_date,month); 
   System.out.println("month =1 Days:"+days_count); 
  } 
  else if(month == 3 && current.equals("month")) 
  { 
   Time_Limit="7"; 
   Days="92"; 
    end_date=today_day(); 
   start_date=get_start_date(end_date,month); 
   System.out.println("month =3"); 
  } 
  else if(month == 6 && current.equals("month")) 
  { 
   Time_Limit="14"; 
   Days="184"; 
    end_date=today_day(); 
   start_date=get_start_date(end_date,month); 
   System.out.println("month =6"); 
  }  
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Snippet 5. Period processing (continued) 
 
 
                            else if(month == 0 && current.equals("month")) 
  { 
   Time_Limit="1"; 
   Days="7"; 
    end_date=today_day(); 
   start_date=get_start_date(end_date,month); 
    start_date=prev_day(end_date); 
    System.out.println("Days = 7 :"+start_date);  
  }  
  else if(days_count <= 31) 
  { 
   Time_Limit="1"; 
   days_count++; 
   Days= String.valueOf(days_count); 
   
    end_date=to; 
    start_date=from; 
   System.out.println("days:"+days_count); 
  } 
  else if((days_count > 31 && days_count <= 92) ) 
  { 
   Time_Limit="7"; 
   Days= String.valueOf(days_count); 
    end_date=to; 
    start_date=from; 
    System.out.println("Days = 31 - 92:"+Days); 
  } 
  else if(days_count > 92 && days_count <= 366 ) 
  { 
   Time_Limit="14"; 
   Days= String.valueOf(days_count); 
    end_date=to; 
   start_date=from; 
    System.out.println("Days = 92 - 366:"+Days); 
  } 
  else if(days_count > 366 && days_count <= 732 ) 
  { 
   Time_Limit="28"; 
   Days= String.valueOf(days_count); 
    end_date=to; 
    start_date=from; 
    System.out.println("Days = 732 - 366:"+Days); 
  }  
  else if(days_count > 732 && days_count <= 1098 ) 
  { 
   Time_Limit="56"; 
   Days= String.valueOf(days_count); 
    end_date=to; 
    start_date=from; 
    System.out.println("Days = 732 - 1098:" +Days); 
  }  
  else if(days_count > 1098 ) 
  { 
   Time_Limit="84"; 
   Days = String.valueOf(days_count - 1098); 
    end_date=to; 
    start_date=from; 
    System.out.println("Days > 1098:"+Days); 
  }  
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6.3.3 Decision Support 
 
Statistics for decision support are also provided in the Chapter 6, Design (see section 5.3.2, 
Decision Support).  The implemented statistics for physical activity and glucose levels are below 
in the snippets (see Snippets 6, 7). Activity file for the procedure is DoctorApptPage.java. 
 

Snippet 6. Decision support for physical activity 
 
 
                                   else if(graph_title.equals("Physical Activity")) 
   { 
     titles = new String[] { "", "" }; 
    System.out.println("Physical Activity  :"); 
     
    double list1[] = new double[200]; 
       double list2[] = new double[200]; 
       for(int i=0;i<xCount.size();i++) 
    {             
     double am = amount.get(i); 
      
     if(am <= 29) 
     { 
      list1[i]=am; 
      list2[i]=0; 
      System.out.println("amount  :"+am); 
     } 
     else 
     { 
      list1[i]=30; 
      list2[i]=am ; 
      System.out.println("else amount  :"+i+" "+am); 
     } 
    } 
       values.add(list2); 
       values.add(list1); 
        
       int[] colors = new int[] { Color.GREEN, Color.RED }; 
    renderer = buildBarRenderer(colors); 
     setChartSettings(renderer, graph_title, "Days", "min", 0, 
             12.5, 0, 120, Color.GRAY, Color.LTGRAY); 
   } 
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Snippet 7. Decision support for glucose levels 
 

 
                                           else if(graph_title.equals("Glucose Level")) 
   { 
     titles = new String[] { "", "" ,"",""}; 
    double list1[] = new double[200]; 
       double list2[] = new double[200]; 
       double list3[] = new double[200]; 
       double list4[] = new double[200]; 
        
       for(int i=0;i<xCount.size();i++) 
    {             
     double am = amount.get(i); 
      
     if(am < 72 ) 
     { 
      list1[i]=am; 
      list2[i]=0; 
      list3[i]=0; 
      list4[i]=0; 
      System.out.println("am > 72  amount  :"+am); 
     } 
     else if(72 < am && am <= 108) 
     { 
      list1[i]=72; 
      list2[i]=am; 
      list3[i]=0; 
      list4[i]=0; 
       
      System.out.println("72 < am && am <= 108 amount  :"+am); 
     } 
     else if(108 < am && am <= 180 ) 
     { 
      list1[i]=72; 
      list2[i]=108; 
      list3[i]=am; 
      list4[i]=0; 
       
      System.out.println("108 < am && am <= 180  amount  :"+am); 
     } 
     else if( am > 180 ) 
     { 
      list1[i]=72; 
      list2[i]=108; 
      list3[i]=180; 
      list4[i]=am; 
       
      System.out.println("am > 180  amount  :"+am); 
     } 
    } 
       values.add(list4); 
       values.add(list3); 
       values.add(list2); 
       values.add(list1); 
      
       int[] colors = new int[] { Color.RED, Color.YELLOW, Color.GREEN ,Color.RED }; 
    renderer = buildBarRenderer(colors); 
     setChartSettings(renderer, graph_title, "Days", "mg/dl", 0.5, 
             12.5, 0, 300, Color.GRAY, Color.BLACK); 
   } 
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6.3.4 Graphical Data Representation 
 
 
The data representation is implemented into graph with set of rules and statistics. According to 
the parameters that patient garters using “Diabetes Diary” application (glucose levels, insulin 
intake, physical activity and carbohydrates intake), the data representation is implemented due to 
the patient’s measurements (see Snippet 8). Activity file for the procedure is Graph.java. 
 

Snippet 8. Graphical data representation 
 
 
 
  multiRenderer.setChartTitle(""+graph_title+" Chart"); 
  if(graph_title.equals("Carbohydrates Intake")) 
  { 
   multiRenderer.setYTitle("Carb"); 
  } 
  else if(graph_title.equals("Physical Activity")) 
  { 
   multiRenderer.setYTitle("Minute"); 
  } 
  else if(graph_title.equals("Insullin Intake")) 
  { 
   multiRenderer.setYTitle("U.I"); 
  } 
  else if(graph_title.equals("Glucose Level")) 
  { 
   multiRenderer.setYTitle("mg/dl"); 
  } 
  multiRenderer.setXTitle("Days"); 
 
 
 

6.3.5 Accessing Folder “no.telemed.diabetesdiary/files/exporter” 
 
To transfer patient’s CSV database from smartphone device to tablet, the system of the 
application (patient module) accesses the folder with exported CSV database from the “Diabetes 
Diary” application. Pointed procedure is illustrated in the following snippet (see Snippet 9). 
Activity file for the procedure is SendDatabasePopup.java.  
 

Snippet 9. Folder accessing 
 
 
                                        String filee = "no.telemed.diabetesdiary/files/exportert/example.csv"; 
      File sd = Environment.getExternalStorageDirectory(); 
       
      List<File> files = getListFiles(new File(sd, 
"no.telemed.diabetesdiary/files/exportert"));  
       
     if(!files.isEmpty()) 
     { 
               File csv = files.get(0); 
                
               if(csv.exists()) 
               { 
             Toast.makeText(getApplicationContext(), "csv : "+csv.toString(), 
Toast.LENGTH_LONG).show(); 
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6.3.6 NFC Enabling 
 
To transfer patient’s CSV database from smartphone device to tablet, NFC technology is used. If 
the technology turned off, the user doesn’t need to go into settings of the device and find it. To 
simplify the use of the application, the system accesses user to settings with simple user interface 
to turn on the technology and proceed with data transfer (see Snippet 10). Activity file for the 
procedure is SendDatabasePopup.java. 

 
Snippet 10. NFC enabling 

 
 
                                                      if(mAdapter == null) { 
               showMessage(R.string.error, R.string.no_nfc); 
               return; 
           } 
      else 
      { 
      android.nfc.NfcAdapter mNfcAdapter= 
android.nfc.NfcAdapter.getDefaultAdapter(v.getContext()); 
      if(!mNfcAdapter.isEnabled()) { 
        
       AlertDialog.Builder alertbox = new 
AlertDialog.Builder(v.getContext()); 
                  alertbox.setTitle("Info"); 
                  alertbox.setMessage("Please Turn On the NFC to transfer .csv file"); 
                  alertbox.setPositiveButton("Turn On", new DialogInterface.OnClickListener() { 
                      @Override 
                      public void onClick(DialogInterface dialog, int which) { 
                          if (Build.VERSION.SDK_INT >= Build.VERSION_CODES.JELLY_BEAN) { 
                              Intent intent = new Intent(Settings.ACTION_NFC_SETTINGS); 
                              startActivity(intent); 
                          } else { 
                              Intent intent = new Intent(Settings.ACTION_WIRELESS_SETTINGS); 
                              startActivity(intent); 
                          } 
 
 

6.4 Summary 
 

In the Chapter, an explanation of the implementation process of the “Diabetes Care” application 
was provided. 
 
Chapter includes all major information about tools were used for the development, structure of 
the implemented and provided source code, layout of the application with all presented java 
activity files and detailed explanation of programming resolution of the application functions 
that were needed to be handled to answer the research questions (see section 1.3, Research 
Questions). 
!
!
!
!
!
!
!
!
!
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CHAPTER 7. TESTING AND RESULTS 
 
 

This Chapter reflects to the application testing and its results. 
 
Testing procedure in general is split into functionality and usably testing of the implemented 
application. Full functionality test is performed based on functional and non-functional 
requirements (performance, security, reliability and efficiency). Results of the usability testing 
are represented based on medical opinions while application use, interviews after the trials and 
further discussion.  
 
The results related to the implemented “Diabetes Care” application are made in the end of the 
Chapter.  
 
 
Testing was conditionally divided into two stages: the first stage represents functionality test 
proceeded before the application passed to medical doctors to test; the second stage represents 
usability test of the implemented application by medical doctors as the main users. User 
feedback is documented. 
 
Two devices were used for testing: tablet Sony Xperia Z with 10,1 inches screen, and 
smartphone Samsung Galaxy Note II with 5,5 inches screen. Both of the devices embedded with 
NFC adapter and have Android OS version 4.1 Jelly Bean. 
  

7.1 Functionality Test 
 
Once the application has been fully implemented, the test was done in order to identify the 
correct functionality of the application and to fix faults upon their detection. Full functionality 
test was performed on 26th of June 2014 and no omissions were detected. Overall, application 
operation was performing correctly.  Functionality and non-functional requirements 
(performance, security, reliability and efficiency) were checked. The procedure and results of 
functionality test are provided in the tables further (see Tables 21 – 23). Results of non-
functional requirements check are in the table further as well (see Table 24). 
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Table 21. Functionality test for general module 
 

 
 
 

Test 
Case ID Objective Test Steps Expected Result Actual result (+/-) 

5-inch device 10-inch device 
 

GENERAL MODULE 
 

GEN01 

Verify clicking on 
"Diabetes Care" 

application launch icon 
Click on "Diabetes Care" 
application launch icon 

(1) "Diabetes Care" application must be launched; (2) 
entrance page must display icons "Patient", "General 
Practitioner", "Help", "About" and "Exit" both in 
portrait and landscape mode in a relation to the 
screen size of the device. + + 

GEN02 
Verify clicking on "Help" 

icon 
On entrance page, click on 
"Help" icon 

Clicking on "Help" icon should open help page, 
application manual details and how to use the 
application. + + 

GEN03 
Verify clicking on 

"About" icon 
On entrance page, click on  
"About" icon 

Clicking on "About" icon should open information 
about the application. + + 

GEN04 
Verify clicking on "Exit" 

icon 
On entrance page, click on  
"Exit" icon 

(1) Clicking on "Exit" icon should pop up exception 
message "Are you sure you want to close the 
application?" with "Ok" and "Cancel" button option; 
(2) clicking on  "Ok" button should close the 
application; (3) clicking on "Cancel" button should 
remain in the application. + + 

GEN05 
Verify clicking on device 

back button 
On entrance page, click on 
device back button 

(1) Clicking on device back button should pop up 
exception message "Are you sure you want to exit?" 
with "Ok" and "Cancel" button option; (2) clicking 
on  "Ok" button should close the application; (3) 
clicking on "Cancel" button should remain in the 
application. + + 

GEN06 
Verify entrance page 

graphics Check entrance page graphics 
Entrance page graphics should be as per design 
layout. + + 
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Table 22. Functionality test for patient module 

 
Test 

Case ID Objective Test Steps Expected Result Actual result (+/-) 
5-inch device  10-inch device 

 
PATIENT MODILE 

 

PAT01 
Verify clicking on 

"Patient" icon 
On entrance page, click 
"Patient" icon 

(1) Message should be displayed "Are you sure you 
want to enter the application as "Patient" user?" with 
"Ok" and "Cancel" button option and box with 
message "Access automatically all further entrances 
as "Patient" user; (2) clicking on "Ok" button should 
display patient home page; (3) clicking on "Cancel" 
button should display back entrance page; (4) if box 
was toggled, next time clicking on "Diabetes Care" 
application launch icon, patient should automatically 
start from patient Home page. +   

PAT02 Verify patient home page 

Check patient home page. 
Prerequisite: patient module 
should be accessed  

Patient home page should display icons "Home", 
"Send Database", "Help", "About", "Exit", "Notes" 
and "Appointments".  +   

PAT03 
Verify clicking on device 

back button 

On patient home page, click on 
device back button.       
Prerequisite: patient module 
should be accessed  

(1) Clicking on device back button should pop up 
exception message "Are you sure you want to exit?" 
with "Ok" and "Cancel" button option; (2) clicking 
on  "Ok" button should close the application; (3) 
clicking on "Cancel" button should remain in the 
application. +   

PAT04 
Verify clicking on "Help" 

icon 

On patient home page, click on 
“Help” icon. 
Prerequisite: patient module 
should be accessed  

Clicking on "Help" icon should open help page, 
application manual details and how to use the 
application. +   

PAT05 
Verify clicking on 
"About" icon 

On patient home page, click on 
“About” icon. 
Prerequisite: patient module 
should be accessed  

Clicking on "About" icon should open information 
about the application. +   
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PAT06 
Verify clicking on "Exit" 
icon 

On patient home page, click on 
“Exit” icon. 
Prerequisite: patient module 
should be accessed  

(1) Clicking on "Exit" icon should pop up exception 
message "Are you sure you want to close the 
application?" with "Ok" and "Cancel" button option; 
(2) clicking on  "Ok" button should close the 
application; (3) clicking on "Cancel" button should 
remain in the application. +   

PAT07 
Verify clicking on "Send 
Database" icon 

On patient home page, click on 
“Send Database” icon. 
Prerequisite: patient module 
should be accessed  

(1) Clicking on Send Database icon should pop up 
message "Are you sure you want to send hand data?"  
"Be sure you have extracted the .csv database from 
"Diabetes Diary" application" with "Ok" and 
"Cancel" button option; (2) clicking on “Ok” button 
should proceed further; (3) clicking on “Cancel” 
button should return to patient home page. +   

PAT08 
Verify the database file is 
sent successfully 

In case id PAT07, click “Ok” 
button.  
Prerequisite: patient module 
should be accessed  

Clicking on “Ok” button, the latest CSV file should 
get exported from “no.telemed.diabetesdiary” folder 
and the file should be sent via Android Beam to other 
device with “Diabetes Care” application running and 
general practitioner module accessed. +   

PAT09 Verify appointments page 

Click on “Appointments” icon. 
Prerequisite: patient module 
should be accessed  

Appointments page should be displayed with two 
icons: “List of Appointments” and “Add New 
Appointment”. +   

PAT10 
Verify page with list of 
appointments page 

In case id PAT09, click on 
“List of Appointments” icon. 
Prerequisite: patient module 
should be accessed  

Clicking page with list of appointment should display 
all appointments. +   

PAT11 
Verify functions to edit 
and delete appointments  

In case id PAT10, click any 
appointment 
Prerequisite: patient module 
should be accessed 

(1) Clicking on “Edit” button should provide function 
to edit the appointment; (2) selected appointment 
should get edited properly and get saved; (3) clicking 
on “Delete” button should provide function to delete 
the appointment; (4) selected appointment should get 
deleted from the database with exception message 
"Are you sure you want to delete an appointment?" 
with "Ok" and "Cancel" button option; (5) clicking 
on “Ok” button will delete appointment; (6) clicking 
on “Cancel” button should return back to the page. +   

PAT12 Verify function to add In case id PAT09, click on (1) Clicking on “Add New Appointment” icon should +   
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new appointment “Add New Appointment” icon; 
fulfill the template. 
Prerequisite: patient module 
should be accessed  

display page with appointment template; (2) clicking 
on “Ok” button will create new appointment if 
template is fulfilled; (3) clicking on “Cancel” button 
should return back to the home page. 

PAT13 Verify notes page 

Click on “Notes” icon. 
Prerequisite: patient module 
should be accessed  

Notes page should be displayed with two icons: “List 
of Notes” and “Add New Note”. +   

PAT14 
Verify page with list 
notes  

In case id PAT13, click on 
“List of Notes” icon. 
Prerequisite: patient module 
should be accessed 

Clicking page with list of notes should display all 
notes. +   

PAT15 
Verify functions to delete 
notes 

In case id PAT14, click any 
note 

(1) Clicking on “Delete” button should provide 
function to delete the note; (2) selected note should 
get deleted from the database with exception message 
"Are you sure you want to delete a note?" with "Ok" 
and "Cancel" button option; (3) clicking on “Ok” 
button will delete note; (4) clicking on “Cancel” 
button should return back to the page. + 

  
 

PAT16 
Verify function to add 
new note 

In case id PAT13, click on 
“Add New Note” icon; fulfill 
the template. 
Prerequisite: patient module 
should be accessed 

(1) Clicking on “Add New Note” icon should display 
page with note template; (2) clicking on “Ok” button 
will create new note if template is fulfilled; (3) 
clicking on “Cancel” button should return back to the 
list of notes. +  

PAT17 Verify all pages graphics Check all pages graphics All pages graphics should be as per design layout. +   
 
 
 
 
 
 

 
 
 

 
 



! 88 

Table 23. Functionality test for general practitioner module 

Test 
Case ID Objective Test Steps Expected Result Actual result (+/-) 

5-inch device  10-inch device 
 

DOCTOR (GENERAL PRACTITIONER) MODULE 
 

DOC01 
Verify clicking on "General 

Practitioner" icon 
On entrance page, click on 
"General Practitioner" icon 

(1) Message should be displayed "Are you sure 
you want to enter the application as "General 
Practitioner" user?" with "Ok" and "Cancel" 
button option and box with message "Access 
automatically all further entrances as "General 
Practitioner" user; (2) clicking on "Ok" button 
should display doctor home page; (3) clicking 
on "Cancel" button should display back 
entrance page; (4) if box was toggled, next time 
clicking on "Diabetes Care" application launch 
icon, doctor should automatically start from 
doctor home page.   + 

DOC02 Verify doctor home page 

Check doctor home page. 
Prerequisite: doctor module 
should be accessed 

Doctor home page should display icons 
“Home”, “Calendar”, “Use Patient’s Data”, 
“Help”, “About”, “Exit”, “Glucose Level”, 
“Insulin Intake”, “Physical Activity” and 
“Carbohydrates Intake”.    + 

DOC03 
Verify clicking on device 

back button 

On doctor home page, click 
on device back button.        
Prerequisite: doctor module 
should be accessed 

(1) Clicking on device back button should pop 
up exception message "Are you sure you want 
to exit?" with "Ok" and "Cancel" button option; 
(2) clicking on  "Ok" button should close the 
application; (3) clicking on "Cancel" button 
should remain in the application.   + 

DOC04 
Verify clicking on "Help" 

icon 

On doctor home page, click 
on “Help” icon. 
Prerequisite: doctor module 
should be accessed 

Clicking on "Help" icon should open help page, 
application manual details and how to use the 
application.   + 
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DOC05 
Verify clicking on "About" 

icon 

On doctor home page, click 
on “About” icon. 
Prerequisite: doctor module 
should be accessed 

Clicking on "About" icon should open 
information about the application.   + 

DOC06 Verify clicking on "Exit" icon 

On doctor home page, click 
on “Exit” icon. 
Prerequisite: doctor module 
should be accessed 

(1) Clicking on "Exit" icon should pop up 
exception message "Are you sure you want to 
close the application?" with "Ok" and "Cancel" 
button option; (2) clicking on  "Ok" button 
should close the application; (3) clicking on 
"Cancel" button should remain in the 
application.   + 

DOC07 
Verify that the database file is 

received successfully 

Accept CSV database from 
other device “Diabetes Care” 
application running and 
patient module accessed; on 
doctor home page, click on 
"Use Patient’s Data" icon. 
Prerequisite: doctor module 
should be accessed 

Clicking on "Use Patient’s Data" icon should 
convert CSV format of database to DB and 
export it for further procedure, toast message 
“Exporting…” should appear.   + 

DOC08 Verify calendar page 

Click on “Calendar” icon. 
Prerequisite: doctor module 
should be accessed 

 Clicking on “Calendar” icon should open 
calendar page with a display containing 
following boxes: “From”, “To”, “Last 6 
months”, “Last 3 months”, “Last months”. 
“Last week”, “05:00 – 10:00 Morning”, “10:00 
– 17:00 Day”, “17:00 – 22:00 Evening” and 
“22:00 – 05:00 Night”.   + 

DOC09 Verify period representation 

In case id DOC08, check 
different periods using boxes. 
Prerequisite: doctor module 
should be accessed 

7) Graphs should be displayed according to the 
rules for period processing:  less or equals 31 
days, then show graph (-s) for each day; more 
31 days but less or equals 92 days, then show 
graph (-s) for each 7 days; more 92 days but 
less or equals 366 days, then show graph (-s) for 
each 14 days; more 366 days but less or equals 
732 days, then show graph (-s) for each 28 
days; more 732 days but less or equals 1098 
days, then show graph (-s) for each 56 days;   + 
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more 1098 days, then show graph (-s) for each 
84 days.  

 

DOC10 
Verify glucose level data 

representation 

Click on “Glucose Level” 
icon. 
Prerequisite: doctor module 
should be accessed 

All parameters should be displayed correctly in 
graphs with applied statistical rules and for 
chosen period. 

  + 

DOC11 
Verify insulin intake data 

representation 

Click on “Insulin Intake” 
icon. 
Prerequisite: doctor module 
should be accessed   + 

DOC12 
Verify physical activity data 

representation 

Click on “Physical Activity” 
icon. 
Prerequisite: doctor module 
should be accessed   

    + 

DOC13 
Verify carbohydrate intake 

data representation 

Click on “Carbohydrates 
Intake” icon. 
Prerequisite: doctor module 
should be accessed   + 

DOC14 
Verify decision support 

function 

In cases id DOC10 and 
DOC12, check decision 
support function 
 

Graphs for glucose levels should be displayed 
according to the rules for decision support: if 
less than 72 mg/dl or more 180 mg/dl then in 
red, if more 108 mg/dl but less or equals 180 
mg/dl then in yellow, if more or equals 72 
mg/dl but less 108 or equals mg/dl then in 
green.  Graphs for physical activity should be 
displayed according to the rules for decision 
support:  if less 30 minutes a day then in red, if 
more than 30 minutes a day then green.  + 

DOC15 Verify all pages graphics Check all pages graphics 
All pages graphics should be as per design 
layout.  + 
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Table 24. Performance, security, reliability and efficiency requirements check 
 

 Achieved Not achieved 
 

             Performance 
 

Jitter requirements 
 

+ 
 

 
Latency requirements 

 
+ 

 

 
Response time requirements 

 
+ 

 

 
Throughput requirements 

 
+ 

 

 
                  Security 

 
Access control requirements 

 
+ 

 

 
Integrity requirements 

 
+ 

 

 
Privacy requirements 

 
+ 

 

   
 

Reliability 
 

+ 
 

   
 

Efficiency 
 

+ 
 

 
7.2 Usability Test 

 
Throughout the development period, a usability testing was conducted on prototypes several 
times due to user interface and appropriate functionality improvements. Final usability testing 
was performed after the application has been implemented and checked for the correct and stable 
functioning. 
 

7.2.1 Procedure 
 

For the final usability test, two medical doctors with clinical practice as general practitioners 
were involved (Nils Kolstrup and Thomas Roger Schopf).  
 
Nils helped throughout the development, and was the main medical doctor from the perspective 
of medical expertise. Thomas has been involved only for the final usability test. This means that 
he knew nothing about the application, and was informed about its development during the 
meeting, which was proceeded with the testing. Such action was made to raise an independent 
medical opinion on the relevance, quality and usability of the “Diabetes Care” applications.  
 
The same usability test procedure was used for both of the doctors. First, doctors were using the 
application and expressed their thoughts about usability requirements that were set in the 
Chapter 4, Requirements Specifications (see section 4.4.2.1, Usability). Then, the interview 
continued the meetings with questions related to the detection of medical opinion about the 
application use in general (see Appendix 6, Interview with Nils Kolstrup, June 2014). Nils and 
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Thomas were asked the same interview questions. Both interviews were held and followed by 
discussion.  
 

7.2.2 Results 
 

Results are documented in the tables below. First, based on the application test, usability 
requirements (see section 4.4.2.1, Usability) were checked based on doctors’ comments of their 
impression while testing (see Table 25). Then answers on the interview questions were collected 
and documented (see Table 26). Overall, both of the doctors expressed highly positive thoughts 
about the implemented application. Both of them mentioned that the application is an innovative 
and they were hoping to see further PhD research for further extension. Nils pointed out that 
application could be used today by its quality and functionality; however, some legal issues have 
to be considered before its starting since the application represents clinical use. 
 

Table 25. Usability requirements testing 
 

 
 

Positive Positive with notes to 
improve 

Negative 
 

 
Attractiveness 

 
Nils, Thomas 

  

 
Credibility 

 
Nils, Thomas 

  

 
Differentiation 

 
Nils, Thomas 

  

 
Ease to enter 

 
Nils, Thomas 

  

 
Ease to learn 

 
Nils, Thomas 

  

 
Ease of location 

 
Nils, Thomas 

  

 
Ease to remember 

 
Nils, Thomas 

  

 
Ease to use 

 
Nils, Thomas 

  

 
Effectiveness 

 
Nils, Thomas 

  

 
Error minimization 

 
Nils, Thomas 

  

 
Navigability 

 
Thomas 

 
Nils 

 

 
Preference 

 
Nils, Thomas 

  

 
Retrievability 

 
Nils, Thomas 

  

 
Suitability 

 
Nils, Thomas 

  

 
Understandability 

 
Nils, Thomas 

  

 
User satisfaction 

 
Nils, 

 
Thomas 

 

 



! 93 

Table 26. Interview with doctors after application testing 
 
  

Nils Kolstrup 
 

 
Thomas Roger Schopf 

 
Date and duration 

 

 
31.06.2014, 1 h. 30 min. 

 
1.07.2014, 1 h. 30 min. 

 
Detected functionality faults 
 

 
Not detected 

 
Question 

 
Answer 

 
(1) What is your first 
impression about the working 
application? 

“Perfect! It’s perfectly 
working.” 

“This is nice.” 

 
 
 
 
(2) What did you like in the 
application the most and what 
didn't you like? 
 

“I like simplicity. Fantastic 
how it’s easy to go. I think 
this application has a design 
that other medical systems 
should be built like. Very easy 
to use but I see so much work 
under its use.” “It is not like I 
don’t like something but I 
would like to see further 
extension.” 

“I like to see such 
development in the diabetes 
management, especially many 
patient uses mobile diabetes 
diaries but I think the 
development should be 
continued further because 
when it comes to medical 
practice, there are many 
restrictions to additional 
devices use.” 

(3) Do you see in the use of 
the application future possible 
development of diabetes 
management? 

“Yes.” “Yes, it is possible with 
further extension.” 

(4) Would you consider use of 
such application in your 
practice? Why? 
 

“Yes. It is very simple to use 
and I think it will help me in 
daily practice with diabetes 
patients.” 

“I see that it shows lots of 
statistics but its view is 
simplified. True, this can save 
time.” 

(5) Is it comfortable to use 
application? Is application 
understandable and intuitive? 

“Yes. It is very easy to use 
and I feel comfortable. I like 
it.” 

“Yes.” 

 
 
(6) What would you like to 
add to the application that 
could play crucial role in 
further use? 

“I would like to add some 
blinking navigation. For 
example, the icon I have to 
press next will be shown in 
other color. Also, I would like 
to have all transferred data in 
my system I use. So, it has to 
be there somehow.” 

“I think the possibility to 
transfer data further to the 
computer will be important. I 
would like to have shared with 
me data in electronic health 
record.” 

(7) Do you think this app with 
possible extensions can 
improve quality of diabetes 
care generally? 

“Yes, I think it can.” “This application is something 
that is very interesting for 
further development. With 
extensions it could very 
interesting to use.” 
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7.2.3 Feedback 
 

Apart from the interviews and discussions, both doctors were asked to provide their truly 
personal feedback with pointing out all positive and negative moments of using “Diabetes Care” 
application in the provided format.  
 
Nils Kolstrup: “I think it’s fantastic. It is very simple to use, useful. I like that patient’s part of 
the application is managing appointments and doctor’s recommendations. I think this is very 
important to take heath more serious. I like that design is similar for doctors and patients and it 
makes it clear. I understand that this application depends on other one, developed by NST, and 
there are not many patients who use it; but I think this is not a problem. Once this application 
will be proven to be effective for doctors, patients will use “Diabetes Diary” and “Diabetes 
Care”.  
 
Thomas Roger Schopf:  “I really think this is something interesting and I am very surprised that 
no one did it before. It should be done. I see its purpose and I think this is good but then it comes 
to medical practice, we are very limited. I assume the shared file should be in my computer but 
this is further development. As I see the application depends on “Diabetes Diary” that created at 
NST and what I think that use of your application could increase use of “Diabetes Diary” 
because patients will know that that data will help doctor to provide better care.”  
 

7.3 Summary 
!
The Chapter was reflected to the application testing and its results. 
 
Testing process was divided into two stages: the first stage represents functionality test and the 
second stage represents usability test of the implemented application.  

 
Full functionality test was performed based on functional and non-functional requirements 
(performance, security, reliability and efficiency). Results for both types of the requirements 
were provided. Overall, application operation was performing correctly. 
 
For the final usability test, two medical doctors with clinical practice as general practitioners 
were involved. Testing procedure was built upon documenting first impressions about achieved 
quality factors of usability, interviews and discussions. 
 
Results of the usability testing were represented. First, results of the test on usability 
requirements based on doctors’ opinions are made. Second, based on the interview questions, 
doctors’ answers were documented. Overall, both of the doctors expressed highly positive 
thoughts about the implemented application. Both of them mentioned that the application is an 
innovative and they were hoping to see further PhD research for the area. 
 
Apart from the interviews and discussions, both doctors were asked to provide their truly 
personal feedback with pointing out all positive and negative moments of using “Diabetes Care” 
application.  
!
!
!
!
!
!
!
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CHAPTER 8. DISCUSSION 
 
 
This Chapter arrays discussion related to the motivation for technology choice, intended use of 
the application, testing results, limitations and future work. 
 
Motivation for technology choice provides an explanation of Android Beam feature. 
Comparative analysis of possible for use technologies and their overview is provided.  
 
Intended use of the application is elaborated based on the information collected from meetings 
with medical professionals during the applications development. Comparative analysis of the 
consultation flow for diabetes management used today and consultation flow with use of the 
application is performed.  
 
Testing results section is based on the results of usability testing by two medical doctors. The 
results are analyzed based on the usability requirements examination, interviews and discussions. 
 
Five the most sufficient limitations in the research are clarified.  
 
Two direction of possible future work as further application development are identified and 
elaborated. 
 

 
8.1 Motivation for Technology Choice 

 
For the development, Android Beam feature was chosen as the main technology for “patient – 
general practitioner” data transfer. The reason for the technology choice lays on the results of the 
comparative analysis made on the first stages of the research (see Table 27) [32, 78].  
 
In the table, highlighted sections with a green color represents technology specifications based 
on set-up time, range, usability, level of ease of use, selectivity, use cases and consumer 
experience that are the most attractive to be applied for the data transfer. To use the technology, 
all sections must be highlighted in green, which is only possible if two technologies, such as 
NFC and Bluetooth (Android Beam) or NFC and Wi-Fi Direct will be combined (S Beam). 
 
Android Beam was introduced with Android version 4.0. It uses NFC technology to establish 
connection between two mobile devices and then uses Bluetooth for data transfer. The 
connection time, ease of use, and high rate of data transfer make it perfect for data transfer. 
Unlike S Beam, which uses NFC for connection set-up and Wi-Fi Direct for data transfer, any 
Android mobile device running version 4.0 or higher can connect [71]. This makes it perfect for 
the “Diabetes Care” application because it will not require the use of only Samsung Galaxy 
devices. For the matter, Android Beam was chosen. 
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Table 27. Comparison of NFC, Bluetooth and Wi-Fi Direct 

 
 

         
Near Field 

Communication [44] 
 

 
 

    
 
 

Bluetooth [72] 

 

  
 

Wi-Fi Direct [73] 

 
Set-up time  

 
<0.1ms 

 
~10s 

 
~10s 

 
Range  

 
Up to 20cm 

 
Up to 60m 

 
Up to 200m 

 
Usability  

 
Human centric, intuitive 

 
Data centric 

 
Data centric 

Level of 
ease of use  

 
Easy 

 
Medium 

 
Medium 

 
Selectivity  

 
High, given, security 

 
Given 

 
High, given, security 

 
Use cases  

 
Pay, get access, share, 

initiate service, easy set-
up 

 
Network for data 
exchange, headset 

 
Network for data 

exchange, printer, remote 

Consumer 
experience  

 
Simply connect 

 
Configuration needed 

 
Configuration needed 

 
 
One more table was created with overall information about all the analyzed technologies (see 
Table 28). 
 

Table 28. Overview of possible used technologies 
 

 
Technology 

 
About 

 
      
 
 

      
Near Field 

Communication 
[44] 

Near field communication (NFC) is a communication that uses magnetic 
induction between two loop antennas. The band that it operates is a radio 
frequency ISM band of 13.56 MHz. Although working distance of NFC 
is up to 20 cm, the effective distance is around 4 cm. Set-up time is less 
than a second and it makes the technology very fast and easy to use. The 
devices just need to touch each other for the connection to be 
established. The supported data rates are 106, 212, and 424 kbit/s. The 
speed and the need to be in a close proximity make it not a great choice 
for large data transfer. Another drawback of NFC is the adoption rate. 
Apple has yet to release a phone with NFC chip. Apart from using it as a 
data transfer method, NFC has a popular use as a payment method. 
Quick set-up time, the use of passive communication mode, and security 
due to the need of close proximity make it easy and effective way to pay 
for services such as public transportation [43, 48, 74]. 
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Bluetooth [72] 

Bluetooth is a wireless communication technology standard to exchange 
data. It works using UHF radio waves in the ISM band from 2.4 to 2.485 
GHz. Bluetooth v3.0 supports speeds of up to 24 Mbit/s. The range and 
speed make it a very good method to exchange large amounts of data 
between two devices. The biggest drawback is the time it takes for the 
devices to connect. Unlike NFC, the user has to set-up the connection, 
which has varied set-up time depending on the knowledge of the user. 
The connection set-up time takes around 10 seconds [75, 76, 77]. 

 
 
 

    
 

Wi-Fi Direct [73] 

Wi-Fi Direct is a way for two or more devices to be connected without 
the need of a router. It is close to ad-hoc mode. The speeds and distance 
that it can achieve depend on the type of Wi-Fi adapter. Wi-Fi Alliance 
promises speeds up to 250 Mbit/s compared to around 11 Mbit/s in ad-
hoc mode. The set-up is also a lot simpler than ad-hoc mode. Another 
advantage of Wi-Fi Direct is that it is support by a lot of different 
devices. Mobile devices running Android, IOS, or Blackberry OS can 
connect with each other to share data. Prior to Android version 4.0, the 
only support for Wi-Fi Direct was on Samsung devices with the support 
of proprietary S Beam [78, 79]. 

 
8.2 Intended Use of the Application 

 
On the basis of the information collected from meetings with medical professionals throughout 
the entire period the applications development (see Table 5, Interviews, questionnaire and 
discussions during the study) were identified details of the diabetes management on the medical 
consultations with patients. In order to demonstrate the conditional use of the application, the 
table was created with the process of consultation ongoing today and those, which is calculated 
under the condition of use of the “Diabetes Care” application (see Table 29). 
 
According to the table, recently patients share paper-based diabetes diary with general 
practitioner and it takes approximately 10 seconds. The use of the application will not increase 
that time dramatically and will take around 20 seconds.  
 
Further, general practitioner uses the diary to overview the measurements. Such procedure can 
take up to 5 minutes to evaluate patient’s data. Also, the statistical analysis could be incorrect 
due to limit of time and enormous amount of information. For instance, measurements for 
glucose level can reach up to 9 times a day, 63 a week, 252 a month and 1512 a half of year. To 
analyze such numbers is not possible due to the consultation time and it will require high 
accuracy with statistical calculation. The example was given for glucose level measurements but 
such measurements as insulin intake, physical activity and carbohydrates intake are also will 
require time for analysis. If general practitioner will use tablet with running “Diabetes Care” 
application, the time spent on overview patient’s data will vary from 2 to 3 minutes but the 
application, implemented with statistical rules, analysis, and decision support, will provide 
accurate data for any period and parameter general practitioner wants to see.  
 
As it was noticed in Chapter 4, Requirements Specifications (see section 4.2, Medical Basis of 
the Requirements), recently, while general practitioner uses the information system to record the 
data about patient’s condition and progress, patient is waiting. With use of the “Diabetes Care” 
application, patient can use this time to record into the system recommendations received from a 
doctor using special template, which created in a way of very simple and intuitive use.  
 
Explained intended use of the “Diabetes Care” shows that the application will not require 
additional time on the consultation but will support general practitioner’s practice and provide 
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patient’s use (appointments and recommendations management); and by the last, based on the 
medical opinion of all participated in the development medical doctors (see Table 5, Interviews, 
questionnaire and discussions during the study), the attitude to given by general practitioner 
recommendations will be received more attentive by most patients. 
 

Table 29. Comparison of consultation today and with use of the “Diabetes Care” application 
 
 Consultation today Consultation with use of 

“Diabetes Care” application 
 

Type of patient’s data 
 

Paper-based diabetes diary 
 

 
Electronic database with 

measurements 
 

Time to share data 
 

10 seconds 
 

 
20 seconds 

Time to overview 
patient’s data 

Up to 5 minutes Around 3 minutes 

 
Statistical accuracy 

 

 
Low 

 
High 

 
Volume of data 

processing 
 

 
Low 

 
High 

 
Decision support 

 

 
No 

 
Yes 

Patient involvement into 
consultation while 

waiting 

No Recommendations and 
appointments management 

 
8.3 Testing Results 

 
This section highlights the results of the “Diabetes Care” application testing by medical doctors 
with clinical practice as general practitioners. Nils Kolstrup and Thomas Roger Schopf were 
involved into final usability testing of the implemented application. The procedure of the testing 
was the same for both of the doctors and included (1) usability requirements examination, (2) 
interviews based on the trial and followed (3) discussions. 
 
(1) Usability requirements examination 
 
As for usability requirements examination, quality factors as attractiveness, credibility, 
differentiation, ease to enter, ease to learn, ease of location, ease to remember, ease to use, 
effectiveness, error minimization, navigability, preference, retrievability, suitability, 
understandability and user satisfaction were posed. Doctors expressed their impressions during 
the trial according to all of the requirements (see section 7.2.2, Results). The scale of measure 
included positive, positive with notes to improve and negative impression. Both doctors had 
positive impressions about all the requirements but two. Nils’s impression about navigability 
was positive with notes to improve, as well as Thomas’s impression about user satisfaction was 
also positive with notes to improve. 
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(2) Interviews  
 
Based on doctor’s answers on seven main questions included in the interviews (see section 7.2.2, 
Results), the following conclusion was made. (1) Both of the medical doctors expressed very 
positive first impression. (2) The simplicity of use, design and the idea of development were 
highlighted by doctors as strong sides of the application. (3) Both of doctors saw in the use of the 
application future possible development of diabetes management. (4) Both of doctors considered 
use of the application in their practice. (5) The application was accepted as comfortable to use, 
understandable and intuitive. (6) Further data transfer to doctor’s stationary computer and 
navigability were considered for further development. (7) Both of doctors were prone to think 
that with possible further extensions and consideration of legal issues, the application can 
improve quality of diabetes care generally. 
 
(3) Discussions 
 
Overall, both of the doctors expressed highly positive thoughts about the implemented 
application. Both of them mentioned that the application is an innovative and they were hoping 
to see further PhD research for further extension. Nils pointed out that application could be used 
today by its quality and functionality; however, some legal issues have to be considered before 
it’s starting since the application represents clinical use. Doctors provided their concluding 
feedback about the “Diabetes Care” application.  
 
Nils Kolstrup said, “I think it’s fantastic. It is very simple to use, useful. I like that patient’s part 
of the application is managing appointments and doctor’s recommendations. I think this is very 
important to take heath more serious. I like that design is similar for doctors and patients and it 
makes it clear. I understand that this application depends on other one, developed by NST, and 
there are not many patients who use it; but I think this is not a problem. Once this application 
will be proven to be effective for doctors, patients will use “Diabetes Diary” and “Diabetes 
Care”.  
 
Thomas Roger Schopf also provided feedback: “I really think this is something interesting and I 
am very surprised that no one did it before. It should be done. I see its purpose and I think this is 
good but then it comes to medical practice, we are very limited. I assume the shared file should 
be in my computer but this is further development. As I see the application depends on “Diabetes 
Diary” that created at NST and what I think that use of your application could increase use of 
“Diabetes Diary” because patients will know that that data will help doctor to provide better 
care.”  
 

8.4 Limitations 
 

Throughout the development, five limitations were found. 
 
(1) The “Diabetes Care” application is based on the CSV database exported from the “Diabetes 
Diary” application. It shows strong dependency of “Diabetes Care” on “Diabetes Diary” 
application, developed by the Norwegian Centre of Integrated Care and Telemedicine. General 
practitioners will not be able to use the “Diabetes Care” unless patients will use “Diabetes 
Diary”. Moreover, only the data contained in the CSV database can be obtained and represented 
in an advanced way to a general practitioner.  
 
(2) Narrow range of participants who tested the application is a very important limitation. There 
are only two medical doctors who tested the final implemented application and four who 
supported the development during its evolution. As well, considering the application has two 
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accesses for general practitioners and patients, the application was not tested by the real patients 
with diabetes. The two reasons were crucial for declining participation are personal reasons and 
the fact of using other tools for self-management then “Diabetes Diary” application. 
 
(3) Participated in the research medical doctors are practicing doctors in Norway, and the 
specific laws may affect perception of the “Diabetes Care” application. 
 
(4) The use of selected NFC technology is rapidly growing, nevertheless still insufficiently 
developed and does not integrated into a broad range of portable devices. 
 
(5) The lack of time was considerable limitation due to sufficiently large-scale development.  
 

8.5 Future Work 
 
For the further research in development of the applications, it was identified two principal 
directions. These directions were formed under the influence of participated medical doctors and 
technical experts during the recent research (see Table 5, Interviews, questionnaire and 
discussions during the study). Directions were easy enough to identify since professionals, 
independently of each other were interested in the same topics. 

 
(1) Further data transfer into electronic health record 
 
All the doctors who were involved in the development noted that it would be very significant 
advance of the application, if possible to use the obtained patient’s data in the information 
system, which mainly used by general practitioners as an electronic health record. This issue 
touches resolution of technical issues such as the way of further data transfer and data format. 
Prospectively, external NFC adapter could be used to allow data transfer from portable device to 
stationary computer. Also, the data format has a large value. For example, it is now possible to 
take a screenshot of data representation by pressing one button, however, such way of data 
capture requires a further detailed study. As well, legal issues are needed be taken into account. 
Use of such solution could not be state in the laws and it means the way of the technical 
resolution of the further extension should be based on the law.  
 
(2) Integration of patient module of the “Diabetes Care” into the “Diabetes Diary” application 
 
In most, technical experts noted this direction. Integration of patient module of the “Diabetes 
Care” application will expand the “Diabetes Diary” greatly, as well as it might be more 
comfortable to use for patients. Thus, partly integration of the two mentioned applications will 
provide a stronger system to diabetes self-management and management in general practice. 
This issue is due to be analyzed in details for the applications’ integration decision. 
 

8.6 Summary 
 
This Chapter arrayed discussion related to the motivation for technology choice, intended use of 
the application, testing results, limitations and future work. 
  
In motivation for technology choice section an explanation of the Android Beam choice instead 
of pure technologies as NFC, Bluetooth and Wi-Fi Direct was provided; also the explanation of 
the S Beam elimination from final choice was justified. Comparative analysis of the possible for 
use technologies and its overview was provided as well. 
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Intended use of the application was elaborated based on the information collected from meetings 
with medical professionals throughout the entire period the applications development. 
Comparative analysis of the consultation flow for diabetes management used today and 
consultation flow with use of the application was performed. Use of the “Diabetes Care” shows 
that the application will not require additional time on the consultation but will support general 
practitioner’s practice and provide patient’s involvement (appointments and recommendations 
management). 
  
Overview of testing results based on usability requirements examination by two medical doctors, 
interviews and discussions with them was documented. Overall, both of the doctors expressed 
highly positive thoughts about the implemented application. 
  
Research limitations were clarified. 
  
Two direction of possible future work as further data transfer into electronic health record and 
integration of patient module of the “Diabetes Care” into the “Diabetes Diary” application were 
found the most arousing for the further studies. 
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CHAPTER 9. CONCLUSION 
 
 

9.1 Concluding Remarks 
 
Research group at the Norwegian Centre of Integrated Care and Telemedicine (NST) suggested 
as a research area for the master thesis theme “Doctor’s tablet – extended version of the 
“Diabetes Diary” with doctor’s functionality”. The decided research solution was expected to 
allow general practitioner to use tablet and to see advanced statistical data and trends for blood 
glucose level, physical activity, taken insulin and carbohydrates of a patient that have been 
gathered such data in the “Diabetes Diary” application, developed by NST. Due to the research 
area, the direction for the development was indicated.  The goal of the thesis research was to 
develop an application that will support diabetes management in general practice. In the 
beginning of the research the future application was called “Diabetes Care” and was implied for 
two users: patient and general practitioner. 
 
To achieve the goal, three main research questions were proposed and were connected to 
research resolutions for (1) data transfer, (2) design, and (3) data processing and representation. 
 
(1) Data transfer  
 
Because of the “Diabetes Diary” is available for Android operating system (OS), and the version 
is more extended then iOS application version, it was decided to continue development with 
Android OS. Based on the chosen software, Android Beam feature was chosen as the main 
technology for “patient – general practitioner” data transfer. It uses NFC technology to establish 
connection between two portable devices and then uses Bluetooth for data transfer. The 
connection time, ease of use, and high rate of data transfer make it appropriate for data transfer 
in clinical environment.  
 
(2) Design 

 
The “Diabetes Care” application designed with two modules for such types of users as “General 
Practitioner” and “Patient”. Users have different purposes of the application use. The main 
purpose for a patient is to send from “Diabetes Diary” exported CSV database to a general 
practitioner, while the main purpose for a general practitioner is to set the received data in an 
advanced way to overview patient’s measurements over the time. Patient’s version is created for 
a smartphone and general practitioner’s version is created for a tablet. Patient’s version was 
extended with recommendations and appointments management due to the suggestions of 
medical doctors. From functionality and usability perspectives, the application is designed due to 
collected medical requirements during the thesis research.  

 
(3) Data processing and representation 
 
Patient’s database with all measurements related to the diabetes self-management could be 
exported from the “Diabetes Diary” application in CSV format in folder named 
“no.telemed.diabetesdiary/files/exporter” on the patient’s device. The exported database is used 
for further processing. The suggested solution was the “Diabetes Care” application, which is 
running on patient’s device, accesses the folder and take the database to send to a general 
practitioner’s tablet. After the CSV is transferred to the tablet, the system of the “Diabetes Care” 
application converts it into DB format. Further data processing includes data representation. For 
the data representation process, statistical rules, including rules for clinical decision support, 
were developed. The scheme how the data will be represented we strictly discussed with medical 
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doctors. It was confirmed to represent the data into graphs in a relation to a chosen period and 
time. The statistical analysis and decision support function for glucose level, physical activity, 
taken insulin and carbohydrates differ from each other. 
 
After the solutions in the relation to data transfer, design, and data processing and representation 
were found, the “Diabetes Care” application has been implemented and tested. First, the quality 
and stability of functioning were checked; no faults were found. Then, final usability test took 
place in a matter to evaluate the development results. Two medical doctors, Nils Kolstrup and 
Thomas Roger Schopf, were involved into final usability testing of the implemented application. 
The procedure of the testing was the same for both of the doctors and included usability 
requirements examination, interviews based on the trial and followed discussions.  
 
Based on usability requirements examination, both doctors had positive impressions about all set 
of the requirements but navigability and user satisfaction; these two was also positive but with 
notes to improve. According to the interview and discussions, both of the medical doctors 
expressed very positive first impression and highlighted simplicity of use, design and the idea of 
development. The use of the application was considered by both of the doctors, as well, as the 
fact that application was comfortable to use, understandable and intuitive. Overall, Nils and 
Thomas saw in the use of the application future possible development of diabetes management 
and were prone to think that with possible further extensions and consideration of legal issues, 
the application can improve quality of diabetes care generally. 
 
Despite the fact that exclusively two medical doctors have tested the application, the results of 
each test were similar. This allows assuming that relevance of the “Diabetes Care” application 
should be tested and studied further with possible development. 
 

9.2 Thesis Contribution 
 

Novel effort in diabetes management in general practice 
 
As a state-of-the-art, systematic review of literature that is representing similar research 
developments was performed. The results allowed to conclude that all previous attempts at 
providing communication between medical doctors and patients with diabetes were done only 
through a distance web-based interactions and it was not state as a supplement to the diabetes 
management in general practice. Moreover, no literature showed systems with advanced 
statistics for data representation and no studies were found for decision support function of 
obtained patient’s data. Due to the fact, the conclusion is made that there are no similar solutions 
worldwide that are oriented on support of diabetes management in general practice by sharing 
patient’s measurements with a doctor during the consultation for further advanced statistical 
analysis with decision support provision.  
 
Advanced statistical analysis and decision support 
 
The application is developed to support diabetes management in general practice, by helping 
general practitioner in a more rapid and qualitative way to analyze patient’s measurements of 
glucose levels, insulin intakes, physical activity, and carbohydrates intakes over time. Each type 
of measurements was developed statistics in a way to reflect information depending on the 
precise period of time. For example, if the cause of patient’s recent condition is started precisely 
50 days ago, doctor has a possibility to see mentioned period in a few seconds. As well, decision 
support function was embedded into statistical rules. With the “Diabetes Care” application 
doctor see insufficiency or prosperity of patient’s physical activity, as well as morning glucose 
levels that are among the most important aspects of the diabetes prevention and control. Color 
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representation of the decision support function is oriented on the error minimizing and saving 
time for the discussion on the consultation between general practitioner and patient, which is 
very important human factor for psychological comfort of a patient. 
 
Acceptance of the application by medical doctors 
 
Application testing showed very promising results according to medical doctors’ acceptance of 
the “Diabetes Care”. Doctors who tested the implemented application expressed highly positive 
attitude to the application use. The direction of the research was pointed as an innovative and 
doctors showed strong interest to the application development.  
 
Involvement of patients in recommendation management 
 
As was noted by medical experts during the study, greater involvement of the patient in the 
diabetes self-management has a positive impact on patient’s health. The application gives an 
opportunity for a patient to use the time on consultation that doctor spends for filling out the 
electronic health record. At this time, patient can record doctor's recommendation that were 
provided in a respect to glucose level, insulin intake, physical activity or carbohydrates 
consumption. For that matter, a special template for information input and representation were 
developed. This additional resolution of “Diabetes Care” application can help patients with self-
monitoring of the medical recommendations implementation. 
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APPENDIX 2. INTERVIEW WITH NILS KOLSTRUP, OCTOBER 2013 
 

Questions 
 
1. Does a medical doctor need to keep the data (any kind on information about the patient) from 
patient's device after session? 
2. Could it be a solution to delete the data automatically or manually in the end of the 
consultation? 
3. What kind of statistical data (in a relationship to diabetes) needs to be obtained by a medical 
doctor on the session?  
4. Does doctor usually make any notes during the consultation? Are they paper-based or 
electronic notes? If yes, what kind of notes are made and could it be useful to share part of 
written notes with a patient (or patient receives only recommendation and notes made by a 
doctor are have to be stored into a clinical health record of the patient)? 
5. Will it be an important addition in the application to have a calendar (or list of chronologically 
divide appointments) with information about all the scheduled sessions with diabetes patients? If 
yes, what is the most appropriate way to mention a concrete patient (ID, real name, etc.)? 
6. What are the most needed features (requirements from medical point of view) are expected by 
a doctor to be in the application? 
7. What is an approximate time range for a single consultation? Are there any particular 
questions that discussed with all of the patients each consultation? 
8. Will it be comfortable for a doctor to make notes from the consultation using a tablet device? 
If yes, will such feature, as possibility to print out the notes is needed? 
9. Could you provide feedback on first sketches of the application based on the figures below? 
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APPENDIX 3. INTERVIEW WITH GERD ERSDAL, MARCH 2014 
 

Questions 
 
1. Can you provide an explanation for consultation flow with diabetes patient? How long does it 
last and what kind of recommendations is given to a patient usually? 
2. Will it be important to have a tool that will provide data from electronic diabetes diary? 
3. Do you think that such application could be an important development, and if so, why? 
4. What major and functionalities such application should support?  
5. Can you tell your expectations from medical perspective about such application? 
6. Would you consider use of the application in your practice? 
7. What do you think should be in the application? 
8. Do you see any issues that could be dangerous in the use of such application?  
9. Could you provide feedback on sketches of the application based on the figures below? 
 

 

    
 
 

 

 
 

Photo of Gerd Ersdal (medical doctor) during the meeting 
Made by Kristina Livitckaia 



! 128 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



! 129 

APPENDIX 4. QUESTIONNAIRE OF NILS KOLSTRUP, MARCH 2014 
 

Questions 
 
1. What are few the most important reasons to use such application? List. 
2. What are few the most important reasons that will lead to a tool rejection on practice? List. 
3. Do you consider any use of the tool for diabetes management support? Yes or no. 
4. Based on the provided idea of user interface, do you find it easy to understand? Yes or no. 
5. What do you like in the design and what don’t you like? 
6. Can you share your device with a patient? Yes or no. 
7. Should patient have his own version of such application? 
8. What are your suggestions about patient’s version? List. 
9. Do you think such development is a promising? Yes or now. 

10. Do you prefer to use tablet by operating one or two hands?  
 

 

    
 
 

 
 

Photo of Nils Kolstrup (medical doctor) during the meeting 
Made by Kristina Livitckaia 
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APPENDIX 5. QUESTIONNAIRE OF NILS KOLSTRUP, MAY 2014 
 

Please, see user interface for doctor and patient and answer the questions. 
 
Doctor module 
 

    
 

    
 

    
 

 
 
Questions (to be continued) 
 
1. Do you like the design of the system based on the last update? Yes or no. 
2. Do you see issues to improve? Yes or no. If yes, elaborate. 
3. Do you feel that doctor module is comfortable to use? Is it intuitive? Yes or no. 
4. Is everything is like you expected, better or worse? 
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Patient module 
 

       
 

        
 
 
Questions (continued) 
 
5. Do you agree with the resolution of appointments and recommendations management for 
patients? Yes or no. 
6. Do you think patients will use the application? Yes or no. 
7. Do you see issues to improve? 
8. Do you find such application as a tool to support diabetes management in general practice? 
Yes or no. 
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APPENDIX 6. INTERVIEW WITH NILS KOLSTRUP, JUNE 2014 
 

Questions after usability testing of the implemented application 
 
1. What is your first impression about the working application? 
2. What did you like in the application the most and what didn't you like? 
3. Do you see in the use of the application future possible development of diabetes 
management? 
4. Would you consider use of such application in your practice? Why? 
5. Is it comfortable to use application? Is application understandable and intuitive?  
6. What would you like to add to the application that could play crucial role in further use? 
7. Do you think this app with possible extensions can improve quality of diabetes care 
generally? 
 
 

 

 
 

Photo of Nils Kolstrup (medical doctor) and Annelill Bruun Flaamo (social worker at NST) 
during the testing 

Made by Kristina Livitckaia 
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APPENDIX 7. USER MANUAL FOR PATIENT 

 
 

USER MANUAL FOR “DIABETES CARE” 
APPLICATION 

(PATIENT MODULE) 
 
 
 

 
                  Figure 1 
 

Opening “Diabetes Care” Application 
 
To open the “Diabetes Care” application click on the “Diabetes Care” (Figure 1) icon 

as shown in Figure 2. 
 

 
Figure 2 
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Selecting Patient Access 
 

After opening the application, you will be presented with the entrance page as in 
Figure 3. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Figure 3 
 

As shown in Figure 4, press the “Patient” icon. 
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4  
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Confirmation of Patient Access 
 

After selecting “Patient” access, you will be presented as shown in Figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5 
 

Press “Ok” as shown in Figure 6. You can also toggle the “Access automatically all 
further entrances as “Patient user” to bypass this screen for the further uses. 

 

 
Figure 6 
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Sending “Diabetes Diary” Database 
 

After entering, you will be presented with the home screen as shown in Figure 7. 
 
 
 

 
 
 
 

 

Figure 7 
 

To send your data, press “Send Database” as shown in Figure 8. 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

Figure 8 
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Transferring Database 
 

You will be presented with transfer confirmation screen as shown in Figure 9. 
 
 
 

 
 
 
 

 

Figure 9 
 

To confirm the transfer press “Ok” as shown in Figure 10. Further, place two devices 
back to back and touch any place on the screen. 

 
 
 
 

 

 

Figure 10 
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Turning on NFC 
 

If NFC is not turned on, you will be presented with an option to turn it on as shown in 
Figure 11. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 11 
 

After pressing “Turn On” in Figure 11, you will be sent into settings screen. Make 
sure NFC is toggled as shown in Figure 12 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12 
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Notes Management 
 

After clicking on the “Notes” you will be presented with the notes page as shown in 
Figure 13. 

 
 

 

Figure 13 
 

To add new note, click on “Add New Notes” as shown in Figure 14. 
 

 
 

Figure 14 
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Adding New Note 
 

To select the date for the note, click on the “Date” text field as shown in Figure 15. 
 

 
 
 
 

 

Figure 15 
 

Select the date and click “Ok” to confirm as shown in Figure 16. 
 

 
 
 
 

 

Figure 16 
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Select the type of note you would like to add from the drop down menu as shown in 
Figure 17. 

 
 
 
 
 

 

Figure 17 
 

You can type in a comment in the text field and press “Add” as shown in Figure 18 
 

 
 
 
 
 

 

Figure 18 
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After you are done adding all the notes, click “Save” to save them as shown in Figure 
19. 

 
 
 
 
 
 
 

 
Figure 19 
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Viewing Existing Notes 
 
On the “Notes” page, click on “List of Notes” to display the list of notes as shown in 

Figure 20. 
 

 
Figure 20 

 
Click on the date to view the notes available on that date as shown in Figure 21. 

 
 

 
 
 
 
 
 

 
Figure 21 
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Deleting Notes 
 

After clicking on the date, you will be presented with all the notes for that date as 
shown in Figure 22. 

 
 
 
 
 
 

 

Figure 22 
 

To delete the notes, click on “Delete” button as shown in Figure 23. Further confirm 
deleting. 

 
 
 
 
 
 

 

Figure 23 
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Adding New Appointments 
 

After click on the “Appointments” button, you will be presented with appointments 
page as shown in Figure 24. 

 
 
 
 
 
 

 

Figure 24 
 

Click on “Add New Appointments” to add new appointment as shown in Figure 25. 
 

 
 
 
 
 
 

 

Figure 25 
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Fill in the title of the appointment in the “Title” text box and the date in the “From” 
and “To” text fields as shown in Figure 26. 

 
 
 
 
 
 

 

Figure 26 
 
 

Click “Ok” to save the appointment as shown in Figure 27. 
 

 
 
 
 
 

 

Figure 27 
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Viewing Appointments 
 

Click on “List of Appointments” to see the list of appointments as shown in Figure 
28. 

 
 
 
 
 
 

 

Figure 28 
 

Click on the appointment you would like to see as shown in Figure 29. 
 

 
 
 
 
 
 

 

Figure 29 
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Editing and Deleting Appointments 
 

To edit an appointment, click on “Edit” button as shown in Figure 30. 
 

 
 
 
 

 

Figure 30 
 

To delete an appointment, click on “Delete” button as shown in Figure 31. 
 

 
 
 
 
 

 

Figure 31 
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Deleting Appointment 
 

After pressing “Delete” on the appointment screen, you will be presented with 
deleting confirmation. Click on “Ok” as shown in Figure 32. 

 
 
 
 
 
 
 

 
Figure 32 
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Closing Application 
 
On the home screen, you can access “Help”, see “About” application information, and 

“Exit” the application as shown in Figure 33. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 33 
 

After clicking on “Exit”, you will need to confirm it by clicking on “Ok” as shown in 
Figure 34. 

 
 
 
 
 

 

Figure 34 
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APPENDIX 8. USER MANUAL FOR GENERAL PRACTITIONER 
 
 

USER MANUAL FOR “DIABETES CARE” 
APPLICATION 

(GENERAL PRACTITIONER MODULE) 
 
 

                
               Figure 1 
 

Opening “Diabetes Care” Application 
 
 

To open the “Diabetes Care” application click on the “Diabetes Care” (Figure 1) icon 
as shown in Figure 2. 

 

Figure 2 
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Selecting General Practitioner Access 

 

After opening the application, you will be presented with entrance page as shown in 
Figure 3. 

 

 

Figure 3 

 

As shown in Figure 4, press the “General Practitioner” icon. 
 

 

Figure 4 
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Confirmation of General Practitioner mode 

 

After selecting “General Practitioner” mode, you will be presented with confirmation 
of the access as shown in Figure 5. 

 

 

Figure 5 

 

Press “Ok” as shown in Figure 6. You can also toggle the “Access automatically all 
further entrances as General Practitioner user” to bypass this screen for the further 

uses. 

                

Figure 6 
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Accepting Transfer of Patient’s Data 

 

After initiating the NFC transfer, you will be presented with Figure 7. 

 

 

Figure 7 

 

Press “Accept” to accept the transfer of the patient’s data as seen in Figure 8. 
 

 

Figure 8  
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Loading Patient’s Data 

 

After the transfer of the patient’s data, you will be back at the home screen as seen in 
Figure 9. 

 

 

Figure 9 

 

To use the transferred data, press “Use Patient’s Data” as seen in Figure 10. 
 

  

Figure 10 
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Entering Calendar Page  

 

Press the “Calendar” button to select the data ranges for the patient’s data to be 
displayed further as shown in Figure 11. 

 

 

  Figure 11 

 

Selecting the Period of Patient’s Data 

 

After accessing the calendar, you will be presented with screen as shown in Figure 13. 
 

  

Figure 12 
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To select specific data period, use “From” and “To” text fields as shown in Figure 14. 
 

 

Figure 14 

 

 

Data period can also be used from the predefined list as shown in Figure 15. 

 

 

Figure 15 
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Lastly, you can select the timeframes of the data as shown in Figure 16. 

 

 

Figure 16 
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Data Representation 

 

To view the data representation for selected period, press on the desired data type as 
seen in Figure 17. 

 

 

Figure 17 

 

To zoom out the represented data, use two fingers and move them apart as shown in 
Figure 18. 

 

 

Figure 18 



! 164 

  

To zoom in the represented data, slide two fingers together as shown in Figure 19. 

 

 

Figure 19 

 

 

To scroll through the represented data, slide one finger left or right as shown in Figure 
20. 

 

 

Figure 20 
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Help, About and Exit 

 

On the home screen, you can access help information in “Help”, see information about 
the application in “About”, or exit the application in “Exit” as shown in Figure 21. 

 

 

Figure 21 
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Closing the Application 

 

After pressing the “Exit” button, you will be presented with the confirmation screen as 
shown in Figure 22. 

 

 

Figure 22 

 

To continue with closing, press “Ok” button as shown in Figure 23. 
 

      

 

Figure 23 
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APPENDIX 9. DATA TRANSFER 
 
 

Step 1. Application is accessed by general practitioner and patient. 
 

 
 

Step 2. Patient pressing “Send Database” icon on the home page. 
 

 
 

Step 3. Patient is accepting data transfer by pressing “Ok” button. 
 

 



! 169 

 
Step 4. General practitioner and patient touch devices. Patient presses any space on the screen. 

 

 
 

Step 5. General practitioner receives notification about an incoming file. “Accept” button has to 
be pressed to confirm the receiving.  

 

 
!
!
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APPENDIX 10. EXAMPLES FOR PARAMETERS PROCESSING 
 

Glucose Level Processing 
 

Example 1 
Chosen period: 18.02.2014 – 24.02.2014  
It has to be 7 graphs based on the rules for period processing (if chosen period less or equals 31 
days then show graph (-s) for each day). 
 
Data from sample CSV database are provided below (see Figure 1 – 2). 

 
 
 
 
 
Figure 1. Screenshot from CSV database for chosen period for glucose level (to be continued on 

page) 
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Figure 2. Screenshot from CSV database for chosen period for glucose level (continued) 

 
Calculation for the chosen period is below. 
 
18.02.2014: 147+163+131+151+194+180+48+134+177+266+258 = 1849  
n = 11 (amount of times) 
1849 / 11 = 168.09—>168 (graph 1) 
 
19.02.2014: 56+104+203+201+95+94+70+254+222 = 1299 
n = 9 (amount of times) 
1299 / 9 = 144.33 —> 144 (graph 2) 
 
Further is the same calculation logic as for days 18.02.2014 -19.02.2014. 
20.02.2014: … = 142.55—> 143 (graph 3) 
21.02.2014: … = 128.11—> 128 (graph 4) 
22.02.2014: … = 142.77—> 143 (graph 5) 
23.02.2014: … = 157 (it is graph 6) 
24.02.2014: … = 135.72—> 136 (graph 7) 
 
For the data representation in the application for the chosen period see Figure 37 in the thesis. 
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Example 2 
Chosen period: 18.02.2014 – 18.04.2014 
It has to be 9 graph based on the rules for period processing (if chosen period more 31 days but 
less or equals 92 days then show graph (-s) for each 7 days). 
 
Data used for calculation is contained in sample CSV. For the data representation in the 
application for the chosen period see Figure 38 in the thesis. 
 
Calculation for the chosen period is below. 
 
Graph 1: 18.02.2014 – 24.02.2014 
 
18.02.2014: 147+163+131+151+194+180+48+134+177+266+258 = 1849  
n = 11 (amount of times) 
1849 / 11 = 168.09 
 
19.02.2014: 56+104+203+201+95+94+70+254+222 = 1299 
n = 9 (amount of times) 
1299 / 9 = 144.33 
 
Further is the same calculation logic as for days 18.02.2014 -19.02.2014. 
20.02.2014: … = 142.55 
21.02.2014: … = 128.11 
22.02.2014: … = 142.77 
23.02.2014: … = 157 
24.02.2014: … = 135.72 
 
(168.09+144.33+142.55+128.11+142.77+157+135.72) / 7 = 145.51—> 146 (graph 1) 
 
Further is the same calculation logic as for graph 1 (graph 2 – graph 9). 
 
Example 3 
Chosen period: 18.02.2014 – 20.06.2014 
It has to be 9 graphs based on the rules for period processing (if chosen period more 92 days but 
less or equals 366 days, then show graph (-s) for each 14 days). 
 
Data used for calculation is contained in sample CSV. For the data representation in the 
application for the chosen period see Figure 39 in the thesis. 
 
Calculation for the chosen period is below. 
 
Graph 1: 18.02.2014 – 03.03.2014 
 
18.02.2014: 147+163+131+151+194+180+48+134+177+266+258 = 1849  
n = 11 (amount of numbers) 
1849 / 11 = 168.09 
 
19.02.2014: 56+104+203+201+95+94+70+254+222 = 1299 
n = 9 
1299 / 9 = 144.33 
 
Further is the same calculation logic as for days 18.02.2014 -19.02.2014. 
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20.02.2014: … = 142.55 
21.02.2014: … = 128.11 
22.02.2014: … = 142.77 
23.02.2014: … = 157 
24.02.2014: … = 135.72 
25.02.2014: … = 133 
26.02.2014: … = 111.87 
27.02.2014: … = 112.55 
28.02.2014: … = 150.66 
01.03.2014: … = 132.25 
02.03.2014: … = 142.57 
03.03.2014: … = 153 
 
(168.09+144.33+142.55+128.11+142.77+157+135.72+133+111.87+112.55+150.66+132.25+ 
142.57+153) / 14 = 139,60—>140 (graph 1) 
 
Further is the same calculation logic as for graph 1 (graph 2 – graph 9). 
 

Insulin Intake Processing 
 

Example 1 
Chosen period: 04.03.2014 – 10.03.2014  
It has to be 7 graphs based on the rules for period processing (if chosen period less or equals 31 
days then show graph (-s) for each day). 
 
Data from sample CSV database are provided below (see Figure 3). 
 

 
 
 

Figure 3. Screenshot from CSV database for chosen period for insulin intake 
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Calculation for the chosen period is below. 
04.03.2014: 3+7+2+1+2+5+4+3+4+3 = 34 (graph 1) 
05.03.2014: 2+3+6+2+3+2+3+2+3+2= 28 (graph 2) 
06.03.2014: 6+3+4+4+2+4 = 23 (it is graph 3) 
07.03.2014: 1.5+7+6+3+3+3+3.5+3 = 30 (graph 4) 
08.03.2014: 3+4+2+5+5+1.5+1.5+4 = 26 (graph 5) 
09.03.2014: 4.5+4+2+6+4 = 20.5—>21 (graph 6) 
10.03.2014: 4.5+5+5.5+2+4+4 = 25 (graph 7) 
 
For the data representation in the application for the chosen period see Figure 42 in the thesis. 
 
Example 2 
Chosen period: 04.03.2014 – 22.05.2014 
It has to be 12 graphs based on the rules for period processing (if chosen period more 31 days 
but less or equals 92 days then show graph (-s) for each 7 days). 
 
Data used for calculation is contained in sample CSV. For the data representation in the 
application for the chosen period see Figure 43 in the thesis. 
 
Calculation for the chosen period is below. 
 
Graph 1: 04.03.2014 – 10.03.2014 
 
04.03.2014: 3+7+2+1+2+5+4+3+4+3 = 34 
05.03.2014: 2+3+6+2+3+2+3+2+3+2= 28  
06.03.2014: 6+3+4+4+2+4 = 23 
07.03.2014: 1.5+7+6+3+3+3+3.5+3 = 30 
08.03.2014: 3+4+2+5+5+1.5+1.5+4 = 26 
09.03.2014: 4.5+4+2+6+4 = 20.5 
10.03.2014: 4.5+5+5.5+2+4+4 = 25  
 
(34+28+23+30+26+20.5+25) / 7 = 26.64 —> 27 (graph 1) 
Graph 2: 11.03.2014 – 17.03.2014 
 
11.03.2014: 4.5+5+5+4.5+2.5+3 = 24.5 
12.03.2014: 1+5+5+4.5+4 = 19.5 
13.03.2014: 1.5+6+2+3+6 = 18.5 
14.03.2014: 3+5+4.5+3+5 = 20.5 
15.03.2014: 7+4+2+2+4+2.5 = 21.5 
16.03.2014: 5+3+1+2+2+2+5+2+1.5 = 23.5 
17.03.2014: 4+2.5+3.5+2.5+4+2+2 = 20.5 
 
(24.5+19.5+18.5+20.5+21.5+23.5+20.5) / 7 = 21.21 —> 21 (graph 1) 
 
Further is the same calculation logic as for graph 1 (graph 3 – graph 12). 
 
Example 3 
Chosen period: 04.03.2014 – 20.06.2014 
It has to be 8 graphs based on the rules for period processing (if chosen period more 92 days but 
less or equals 366 days, then show graph (-s) for each 14 days). 
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Data used for calculation is contained in sample CSV. For the data representation in the 
application for the chosen period see Figure 44 in the thesis. 
 
Calculation for the chosen period is below. 
 
Graph 1: 04.03.2014 – 17.03.2014  
 
04.03.2014: 3+7+2+1+2+5+4+3+4+3 = 34 
05.03.2014: 2+3+6+2+3+2+3+2+3+2= 28  
06.03.2014: 6+3+4+4+2+4 = 23 
07.03.2014: 1.5+7+6+3+3+3+3.5+3 = 30 
08.03.2014: 3+4+2+5+5+1.5+1.5+4 = 26 
09.03.2014: 4.5+4+2+6+4 = 20.5 
10.03.2014: 4.5+5+5.5+2+4+4 = 25  
11.03.2014: 4.5+5+5+4.5+2.5+3 = 24.5 
12.03.2014: 1+5+5+4.5+4 = 19.5 
13.03.2014: 1.5+6+2+3+6 = 18.5 
14.03.2014: 3+5+4.5+3+5 = 20.5 
15.03.2014: 7+4+2+2+4+2.5 = 21.5 
16.03.2014: 5+3+1+2+2+2+5+2+1.5 = 23.5 
17.03.2014: 4+2.5+3.5+2.5+4+2+2 = 20.5 
 
(34+28+23+30+26+20.5+25+24.5+19.5+18.5+20.5+21.5+23.5+20.5) / 14 = 23.92 —>24 (graph 
1) 
 
Further is the same calculation logic as for graph 1 (graph 3 – graph 8). 
 

Physical Activity 
 

Example 1 
Chosen period: 22.02.2014 – 28.02.2014  
It has to be 7 graphs based on the rules for period processing (if chosen period less or equals 31 
days then show graph (-s) for each day). 
 
Data from sample CSV database are provided further (see Figure 4). 
 
Calculation for the chosen period is below. 
 
22.02.2014: 80+60+38 = 178 (graph 1) 
23.02.2014: 60+55+33 = 148 (graph 2) 
24.02.2014: no data —> 0 (graph 3) 
25.02.2014: no data —> 0 (graph 4) 
26.02.2014: 100+33 = 133 (graph 5) 
27.02.2014: 36 (graph 6) 
28.02.2014: 60 (graph 7) 
 
For the data representation in the application for the chosen period see Figure 45 in the thesis. 
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Figure 4. Screenshot from CSV database for chosen period for insulin intake 

 
Example 2 
Chosen period: 22.02.2014 – 22.05.2014 
It has to be 13 graphs based on the rules for period processing (if chosen period more 31 days 
but less or equals 92 days then show graph (-s) for each 7 days). 
 
Data used for calculation is contained in sample CSV. For the data representation in the 
application for the chosen period see Figure 46 in the thesis. 
 
Calculation for the chosen period is below. 
 
Graph 1: 22.02.2014 – 28.02.2014 
22.02.2014: 80+60+38 = 178 
23.02.2014: 60+55+33 = 148 
24.02.2014: no data —> 0 
25.02.2014: no data—> 0 
26.02.2014: 100+33 = 133 
27.02.2014: 36 
28.02.2014: 60 
 
(178+148+0+0+133+36+60) / 7 = 79.28 —> 79 (graph 1) 
 
Graph 2: 01.03.2014 – 07.03.2014 
01.03.2014: 40 
02.03.2014: 0 
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03.03.2014: 0 
04.03.2014: 33 
05.03.2014: 60+35 = 95 
06.03.2014: 68 
07.03.2014: 38 
 
(40+0+0+33+95+68+38) / 7 = 39.12 —> 39 (graph 2) 
 
Further is the same calculation logic as for graph 1 (graph 3 – graph 13). 
 
Example 3 
Chosen period: 22.02.2014 – 29.05.2014 
It has to be 10 graphs based on the rules for period processing (if chosen period more 92 days 
but less or equals 366 days, then show graph (-s) for each 14 days). 
 
Data used for calculation is contained in sample CSV. For the data representation in the 
application for the chosen period see Figure 47 in the thesis. 
 
Calculation for the chosen period is below. 
 
Graph 1: 22.02.2014 – 07.03.2014 
 
22.02.2014: 80+60+38 = 178 
23.02.2014: 60+55+33 = 148 
24.02.2014: no data —> 0 
25.02.2014: no data —> 0 
26.02.2014: 100+33 = 133 
27.02.2014: 36 
28.02.2014: 60 
01.03.2014: 40 
02.03.2014: 0 
03.03.2014: 0 
04.03.2014: 33 
05.03.2014: 60+35 = 95 
06.03.2014: 68 
07.03.2014: 38 
 
(178+148+0+0+133+36+60+40+0+0+33+95+68+38) = 59.21 —> 59 (graph 1) 
 
Further is the same calculation logic as for graph 1 (graph 2 – graph 13). 
 

Carbohydrates Intake Processing 
 

Example 1 
Chosen period: 01.03.2014 – 14.03.2014  
It has to be 14 graphs based on the rules for period processing (if chosen period less or equals 31 
days then show graph (-s) for each day). 
 
Data from sample CSV database are provided below (see Figure 5). 
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Figure 5. Screenshot from CSV database for chosen period for physical activity 
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Calculation for the chosen period is below. 
 
01.03.2014: 40+40+20+15+40+30+15+35 = 235 (graph 1) 
02.03.2014: 35+30+0+30+45+15+40+30 = 225 (graph 2) 
03.03.2014: 10+40+40+15+15+50+20+32+40 = 262 (graph 3) 
Further is the same calculation logic as for days 01.03.2014 – 03.03.2014. 
04.03.2014: … = 225 (graph 4) 
05.03.2014: … = 280 (graph 5) 
06.03.2014: … = 250 (graph 6) 
07.03.2014: … = 290 (graph 7) 
08.03.2014: … = 210 (graph 8) 
09.03.2014: … = 195 (graph 9) 
10.03.2014: … = 265 (graph 10) 
11.03.2014: … = 225 (graph 11) 
12.03.2014: … = 195 (graph 12) 
13.03.2014: … = 180 (graph 13) 
14.03.2014: … = 210 (graph 14) 
 
For the data representation in the application for the chosen period see Figure 48 in the thesis. 
 
Example 2 
Chosen period: 01.03.2014 – 20.05.2014 
It has to be 12 graphs based on the rules for period processing (if chosen period more 31 days 
but less or equals 92 days then show graph (-s) for each 7 days). 
 
Data used for calculation is contained in sample CSV. For the data representation in the 
application for the chosen period, please, see Figure 49 in the thesis. 
 
Calculation for the chosen period is below. 
 
Graph 1: 01.03.2014 – 07.03.2014 
 
01.03.2014: 40+40+20+15+40+30+15+35 = 235 
02.03.2014: 35+30+0+30+45+15+40+30 = 225 
03.03.2014: 10+40+40+15+15+50+20+32+40 = 262 
 
Further is the same calculation logic as for days 01.03.2014 – 03.03.2014. 
04.03.2014: … = 225 
05.03.2014: … = 280 
06.03.2014: … = 250 
07.03.2014: … = 290 
 
(235+225+262+225+280+250+290) / 7 = 252.42 —> 252 
 
Graph 2: 08.03.2014 – 14.03.2014 
 
Further is the same calculation logic as for days 01.03.2014 – 03.03.2014. 
08.03.2014: … = 210 
09.03.2014: … = 195 
10.03.2014: … = 265  
11.03.2014: … = 225 
12.03.2014: … = 195 
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13.03.2014: … = 180 
14.03.2014: … = 210 
 
(210+195+265+225+195+180+210) / 7 = 211.42 —> 211 (graph 1) 
 
Further is the same calculation logic as for graph 1 (graph 2 – graph 12). 
 
Example 3 
Chosen period: 01.03.2014 – 06.06.2014 
It has to be 7 graphs based on the rules for period processing (if chosen period more 92 days but 
less or equals 366 days, then show graph (-s) for each 14 days). 
 
Data used for calculation is contained in sample CSV. For the data representation in the 
application for the chosen period, please, see Figure 50 in the thesis. 
 
Calculation for the chosen period is below. 
 
Graph 1: 01.03.2014 – 14.03.2014 
 
01.03.2014: 40+40+20+15+40+30+15+35 = 235 
02.03.2014: 35+30+0+30+45+15+40+30 = 225 
03.03.2014: 10+40+40+15+15+50+20+32+40 = 262 
 
Further is the same calculation logic as for days 01.03.2014 – 03.03.2014. 
04.03.2014: … = 225 
05.03.2014: … = 280 
06.03.2014: … = 250 
07.03.2014: … = 290 
08.03.2014: … = 210 
09.03.2014: … = 195 
10.03.2014: … = 265  
11.03.2014: … = 225 
12.03.2014: … = 195 
13.03.2014: … = 180 
14.03.2014: … = 210 
 
(235+225+262+225+280+250+290+210+195+265+225+195+180+210) / 14 = 231.92 —> 232 
(graph 1) 
 
Further is the same calculation logic as for graph 1 (graph 2 – graph 7). 
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