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PROLOGUE  
When I graduated from medical school, I thought about how I could follow my patients’ 

treatment outside the main point of care. So, after five years working at rural and urban health 

centres, I met with some of my colleagues who had similar work experience and established 

a private clinic in our home city with about 3 million people. The clinic was for diabetic 

patients. We knew that diabetes would become more prevalent in the future. So, we started 

the clinic in 2006, and after a while, we provided care to more than 10,000 patients with 

diabetes.  

 

We prepared information material about diabetes based on national and international diabetes 

guidelines and our experience. Six of the physicians working at the clinic offered educational 

classes and workshops for patients. We were all teaching courses about acute and chronic 

complications of diabetes, nutrition in diabetes, diabetic foot, medications for diabetes melli-

tus, motion/exercise therapy in diabetes and life skills needed when affected by diabetes.  

 

From our experience, patients who received education and had regular checkups had better 

glycaemic control. Nowadays, patients have a referral system, and based on guidelines, they 

are referred to different health professions while also having access to a laboratory, dietitian, 

and nurse at the clinic. In addition, there is a telephone system that a nurse regularly uses to 

contact the patients for booking appointments with the patients’ physicians and reminding 

them about their visits. 

 

When I received a PhD scholarship for four years to study medical education, I decided to 

define a project in which patients and I could use new technology to better achieve glycaemic 

control and self-management. Little did I know how difficult it would be to cater to new 

technology for a group of older patients and a specific cultural context. This project allowed 

me to collaborate internationally and study medical education outside my familiar context.  

 

I passed different courses in a foreign language and developed an educational portal for pa-

tients with diabetes in Iran. Ultimately, my personal goal is to make the portal useful for 

patients to receive standardised educational material for diabetes self-management. In addi-

tion, the portal could be a connecting point between caregivers and patients. A goal that is 

still long, far away, yet alive.  

 

In this thesis, I investigated the readiness of a sample of patients with diabetes in Mashhad. I 

then explored the educational needs and design aspects of internet-enabled patient education 

for patients with diabetes. In the next step, we designed a portal prototype for self-manage-

ment in the context of the clinic. Finally, we tested the portal, which is explained in different 

parts of this thesis. During this research, I learnt more about collaboration with patients, 

healthcare providers, a multicultural environment, and collecting, analysing, and interpreting 

data. In addition, I learnt about various uses of technological innovations and pedagogical 

strategies. 
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ABSTRACT 

Introduction: The prevalence of type 2 diabetes (T2D) has been rising steadily and more 

rapidly in middle- and low-income countries. It is estimated that, by 2040, about 640 million 

people will have diabetes. Web-based technology and mobile phones have provided different 

services for patients with diabetes (e.g., patient portals and mobile health apps) to improve 

their self-management. There is a growing number of web-based services; however, it ap-

pears that they have often been designed without involving the end users—patients with di-

abetes. To engage end users and achieve sustained adoption of a new technology, health 

technologies have to be designed following targeted user groups’ needs, using usability prin-

ciples and evidence-based guidelines.  

 

Aim: The overall aim of this research is to contribute to understanding how a portal can be 

designed to support and improve the self-management of diabetes patients.  

 

Methods: A mixed-method approach was used for the different phases of the research. Quan-

titative and qualitative techniques, such as surveys and interviews, were used for data collec-

tion and analysis. A design-based research (DBR) framework with an iterative process of 

data collection and design was adopted. Two models of self-care were used to design mock-

ups illustrating the layout and look of the portal components. Then a portal prototype was 

developed and evaluated by participants, i.e., patients with T2D and healthcare providers. A 

think-aloud method was adopted to investigate the portal’s usability with patients, and design 

principles were formulated to direct the evaluation.  

 

Results: The analysis of data showed that patients lacked enough knowledge about diabetes 

and wanted to know more, for example, about diet, stress, blood sugar control, and drug 

complications. They would have liked to receive educational material through new technol-

ogy once the source of information was reliable and culturally contextualised. Traditional 

means of patient education were also appreciated. The patients recognised several facilitators 

and barriers to using the internet for patient education. First, a series of mock-ups and an 

educational portal was developed to support the self-management of diabetes. The partici-

pants were not able to discern between the two care models, while the need for adapting 

information and portal functionalities addressing health-related behaviours would have ben-

efitted by development within a cultural context. Design principles were drawn from the lit-

erature and tested. Numerous issues related to the proposed design principles were observed, 

and some of the issues confirmed the intentions of the principles, while others worked against 

them, leading to further refinement of the principles. The participants spent much time enter-

ing personal and laboratory data and suggested many improvements.  

 

Conclusions: For a patient portal to be adopted and used by a patient group, it needs to be 

designed to address health-related behaviours specific to a certain group of patients and their 

cultural context, engaging healthcare providers and peers. Usability tests are necessary to 

assess the potential of a portal as functional for patients and its long-term use for self-man-

agement.  
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1 INTRODUCTION 
Patients struggle with chronic diseases, such as diabetes, and it is difficult for physicians to 

instil all medical advice within the short time of a visit (Gautam & MacDonald, 2001). To 

date, it is not possible, and it is not even the goal to use new technology to replace a physi-

cian’s role; and to manage diabetes, it is fundamental to have a well-functioning patient–

physician relationship (Funnell & Anderson, 2000). Diabetes is a widespread chronic disease 

that continues to advance that relationship, but its care has changed dramatically, and com-

plications can be minimised. There is also research focusing on alternative therapies for dia-

betes (Pandey et al., 2011).  

 

Unfortunately, there is no cure for diabetes, and about 50% of patients do not achieve the 

recommended target for HbA1c (Chrvala et al., 2016). The best way to handle diabetes is 

through a self-management plan, with patients setting their goals in consultation with their 

physicians for daily management (Funnell & Anderson, 2004). DSME has proven to be a 

successful programme for the self-management of diabetes with improved clinical outcomes 

(Funnell et al., 2009; Haas et al., 2012).  

 

Information technology (IT), including web-based services and applications on mobile 

phones, provides various services for patients to improve their self-management, and infor-

mation technology offers in many ways an ideal platform for diabetes management (Quinn 

et al., 2008). There are several web-based services (e.g., patient portals) and diabetes self-

management apps (Huang et al., 2019; Osborn et al., 2010). Patient portals are web-based 

applications that allow patients to access their computerised medical records, read notes from 

visits, book appointments, and communicate with healthcare professionals. They show great 

potential for improving diabetes self-management; however, for most of them, patients have 

not been involved in their development (Arnhold et al., 2014; Zhang et al., 2019). Conse-

quently, technological solutions are not always designed with the patient in mind. However, 

it has been reported that digital interventions have shown a positive impact on the self-man-

agement of diabetes (Larbi et al., 2020).  

 

Little is known about individual patients’ experiences of using IT to support diabetes self-

management (Kelly et al., 2020), especially in a specific cultural context, such as Mashhad in 

Iran, where there are culturally oriented factors that need to be identified and addressed to help 

design more effective educational programmes (Shakibazadeh et al., 2011). 

 

A systematic review reported that additional research is needed on patient portals that offer 

patients access to personal health information. The research should identify portal features 

that may affect the quality of care and specifically improve blood sugar control in patients 

with diabetes (Coughlin et al., 2017). Recently, researchers have developed a taxonomy for 

classifying and comparing patient portals. A taxonomy can help compare portals’ function-

alities and help define different general functionalities that patient portals should feature 

(Glöggler & Ammenwerth, 2021). Despite the growing use of IT for diabetes, the potential 

clinical influence is largely unexplored, and there are gaps between functionality and evi-

dence-based recommendations found in online markets (Chomutare et al., 2011).  
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Research has suggested that design principles can ensure usability and perceived usefulness, 

and ultimately, the adoption of technology (Portz et al., 2019). In addition, researchers should 

attempt to assess the effectiveness of self-management interventions and incorporate features 

to better support people with diabetes in self-management behaviour changes, in other words, 

to help them manage their diabetes (El-Gayar et al., 2013; Norris et al., 2001; Ye et al., 2018).  

  

1.1 OUTLINE OF THE THESIS 

The purpose of this thesis is to better understand how portals can be designed for supporting 

and improving the self-management of type 2 diabetes (T2D) patients; specifically, the Ira-

nian context will be considered. Quantitative and qualitative techniques and a design-based 

research (DBR) framework with iterative processes were used to collect data. A portal pro-

totype was developed and evaluated by the participants. 

Chapter 2 provides a background to diabetes mellitus (DM), its current state in the world and 

Iran, the role of patient education, and diabetes self-management. It also provides details 

about the internet in Iran and the contribution of technology and learning behaviour in dia-

betes self-management. Chapter 3 presents the research aims of the thesis, the research ques-

tions, and an overview of all studies, while Chapter 4 considers the methodological approach 

that was used and describes the study setting and data sources.  

In addition, ethical considerations are discussed. Chapter 5 describes the key findings from 

all studies in the thesis, the trustworthiness, and methodological considerations. Chapter 6 is 

the discussion, which includes reflecting on the findings of each study and some general 

remarks, along with the limitations of this research. Chapter 7 is the conclusion. Finally, 

implications and future research are summarised in Chapter 8. 
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2 BACKGROUND 
Today, patients are more likely to use the internet to obtain medical information (Salo et al., 

2004). Also, today, internet services regarding web-based education programmes are adopted 

in preventing and managing chronic diseases, especially diabetes. Additionally, mobile 

phones and internet services are widely spread, even in low- and middle-income countries 

(Shetty et al., 2011), reaching a wider world population. However, delivering patient 

education through new technology in low- and middle-income countries remains challenging 

for T2D patients because of their age and health literacy levels, making it difficult to apply 

health-related improvements in daily life (Jafari et al., 2016). For example, although internet 

access in Iran has increased, T2D patients identified lack of, or unreliable, internet access as 

a barrier, along with the perceived cultural barriers, preventing wider use of mobile phones 

and internet services for self-management.  

The development of web-based educational programmes in the local language remains the 

least expensive and the most practical way to meet health consumers’ needs (Jafari et al., 

2016). Nonetheless, health behaviour changes are hard to come by. A patient portal is an 

online tool that allows patients to interact with healthcare and healthcare providers, increase 

patients’ satisfaction, promote preventative measures, and follow treatment recommendations 

to improve clinical outcomes (Davis et al., 2015). In this research, a portal prototype was 

designed in an Iranian context. The development of the educational portal prototype is 

described in (Franssen, 2015; Jafari et al., 2015; Jafari et al., 2016; Jafari et al., 2021). Finally, 

we captured usability issues that were important for the self-management of diabetes and 

explored usability issues of an educational web-based portal for diabetes patients in the 

previous study (Jafari et al., n.d.).  

2.1 DIABETES MELLITUS AND ITS PREVALENCE—WORLDWIDE AND IN 

IRAN 

Diabetes mellitus (DM) is a chronic metabolic disease in which the quantity of glucose in 

the blood is highly elevated (hyperglycaemia), resulting from a defect in insulin secretion, 

insulin action, or both (Kerner & Brückel, 2014). DM is generally classified into four types: 

1) type 1 diabetes with absolute insulin deficiency with onset in children and young adults; 

2) T2D with progressive insulin resistance and B-cell damage. This is the common type of 

diabetes known as adult-onset diabetes; 3) gestational diabetes occurring during a preg-

nancy period; 4) other specific types of diabetes are rare and are caused by other things, 

such as cystic fibrosis, drugs, or chemicals (Kerner & Brückel, 2014).  

 

Type 1 diabetes, which is an autoimmune disorder and originates in children or young adults, 

is not common, and patients need insulin every day to control the level of blood sugar (Zac-

cardi et al., 2016). T2D or non-insulin-dependent diabetes occurs in adults and accounts for 

90–95% of diabetes cases, in which case patients have insulin resistance or reduced insulin 

sensitivity (Zaccardi et al., 2016). There are many causes, but the specific aetiologies are 

unknown. Most T2D patients are overweight, have little physical activity, and may remain 

undiagnosed for many years because they do not show the classical symptoms although they 

are at risk of complications (Alberti & Zimmet, 1998; Kerner & Brückel, 2014). 
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In 1980, the number of people affected by T2D was 108 million. That number rose to 463 

million people in 2019, and it is estimated to rise to 578 million by 2030 and 700 million by 

2045 (Aschner et al., 2021). In addition, it was estimated that in 2015, about 1.6 million peo-

ple died of T2D complications, and the WHO reported that diabetes is a major cause of kid-

ney failure, blindness, stroke, heart attacks, and lower limb amputation (WHO. Diabetes, 

2021).  

 

The prevalence of diabetes in Iran in the first decade of 2000 was reported to be 11.9% in 

adults aged 25–70 years (Mirzaei et al., 2020). Unhealthy diets, obesity, and sedentary life-

styles are three major factors that contribute to the diabetes epidemic in Iran and elsewhere. 

For example, a study showed that just over 10 years ago, the prevalence of overweight or 

obesity in the Razavi-Khorasan province (where this research was performed) was 40.6% in 

elderly people (Nematy et al., 2009; Schulze & Hu, 2005). 

 

To date, there are no cures for diabetes, but its progression can be slowed down and its com-

plications prevented by changes in lifestyle, such as adopting healthy diets, weight control, 

moderate physical activity, and cessation of tobacco use (Ogurtsova et al., 2017). Therefore, 

many of the interventions for the prevention of diabetes complications target health behav-

iours through the education provided to patients to aid in the self-management process of the 

disease.  

2.2 DIABETES COMPLICATIONS AND TREATMENTS  

Increasing DM prevalence because people live longer with diabetes can induce diabetes mor-

bidity (Gregg et al., 2016). Microvascular and macrovascular factors are the major complica-

tions and causes of morbidity and mortality in people with diabetes (Blindbæk et al., 2017). 

Microvascular complications induce nephropathy, retinopathy, and neuropathy. Macrovas-

cular complications induce coronary heart disease, peripheral arterial disease, hypertension, 

and cerebrovascular problems. Those depend on both the duration of hyperglycaemia and the 

severity of diabetes (Fowler, 2008). In other words, the chronic hyperglycaemia of diabetes 

is associated with long-term dysfunction, damage, and failure of various organs, especially 

the eyes, kidneys, nerves, and heart. Individuals with undiagnosed T2D are at a significantly 

higher risk for stroke and the build-up of substances in the arteries that can partially or en-

tirely block blood flow.  

 

Patients with chronic diseases, such as diabetes, often require continuous monitoring and 

possible treatment changes. These are often combined with frequent feedback and support 

from care providers. McMahon and colleagues have previously shown that diabetic patients’ 

self-management strategies and routines impact clinical markers, such as HbA1c levels, 

which determine the course of the disease (McMahon et al., 2005). Patients who use self-

monitoring techniques, including monitoring food intake, physical activity, and glucose lev-

els, have better control of the disease (Jones et al., 2011).  

 

The cornerstone of diabetes treatment is self-management and lifestyle intervention (Njike et 

al., 2017). The American Diabetes Association (ADA) and the European Association for the 

Study of Diabetes (EASD) have published recommendations for managing hyperglycaemia 
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in patients with T2D (Davies et al., 2018). Also, research has shown that a personalised 

approach may aid in achieving the therapeutic target for T2D (Subramanian & Hirsch, 2014). 

The data showed the importance of diabetes self-management education (DSME) and how it 

can prevent or delay diabetes complications (Strine et al., 2005). Two concepts commonly 

used in patient-centred approaches, i.e., self-care and self-management, are explained in the 

next paragraph. 

  

2.3 SELF-CARE AND SELF-MANAGEMENT 

Self-care is used as a broad term and can be defined as a process by which a person can 

promote health and effectively improve his or her health promotion, and it is part of daily 

living. It is also about how to act to achieve changes. The term self-management (also self-

care management) was first used in the 1960s for treating patients and their active role in the 

treatment. Self-management focuses on coping with the disease or controlling the parameters 

and is a collaboration between patients and healthcare professionals. It involves a range of 

activities to keep the disease under control. Through self-management, patients apply the 

necessary skills to accommodate the consequences of the disease (Jones et al., 2011). As there 

is no cure for diabetes, blood sugar control is important in T2D self-management, and care-

givers should encourage patients’ adherence to treatment through education (Inzucchi et al., 

2015). 

2.4 PATIENT EDUCATION IN T2D  

Patient education has a long and rich history, and it is the process by which individuals can 

feel enabled to plan their health behaviours (Thompson et al., 2018). Several structured pro-

grammes and guidelines have been developed in many countries that target people with dia-

betes, such as ROMEO in Italy, DAFNE and DESMOND in the UK, and the NICE guidelines 

in the UK (Jörgens, 2020). Studies have shown that when programmes are followed, mortality 

and complications can be decreased (Coppola et al., 2018). In addition, successful patient 

education programmes have focused on the empowerment of patients by improving skill 

management (Jones et al., 2003), for which lifestyle interventions, physical activity, and spe-

cific dietary treatment are critical parts (Inzucchi et al., 2015; Jones et al., 2003; Muhlhauser 

& Bott, 2020; Nafziger et al., 2007). Therefore, education in self-management is a critical 

element of care for T2D patients (Haas et al., 2012). Different educational interventions have 

been recommended for use in patient education. Studies relating to social learning theory 

have aimed to identify adherence behaviours relevant to diabetes education (Kurtz, 1990).  

2.5 DIABETES SELF-MANAGEMENT EDUCATION  

Self-management is a term that covers the individual’s responsibility for taking care of his or 

her situation, and in this research, the focus is on the management of diabetes. Patients can 

be held responsible for managing their chronic disease although under the guidance of their 

physician. Despite the success and usefulness of several educational programmes that have 

focused on the empowerment of patients (Strine et al., 2005), research has shown that there 

are still contrasting results on the effectiveness of such programmes (Gathu et al., 2018). The 

ADA recognised the DSME programme as an essential aspect of care for patients with dia-

betes (Powers et al., 2017). Studies have shown that engagement in DSME results in a statis-

https://www.sciencedirect.com/topics/medicine-and-dentistry/complications-of-diabetes-mellitus
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tically significant decrease in HbA1c levels (Chrvala et al., 2016). However, educational pro-

grammes often do not address cultural needs, which may influence health behaviour in indi-

viduals in a specific cultural context (Shakibazadeh et al., 2016). In addition, there are limited 

numbers of educational materials and programmes in Iran for patients with T2D, besides 

many educational barriers (Funnell et al., 2009), as explained in the next section.  

2.6 PERSIAN DIABETES SELF-MANAGEMENT EDUCATION  

Recently, a comprehensive programme was designed for patients with diabetes in Iran, and 

the effectiveness of this programme was compared with a usual-care control group. The re-

searchers developed a modified version of the DSME named Persian Diabetes Self-Manage-

ment Education (PDSME) (Shakibazadeh et al., 2015). Based on the DSME framework, 

seven aspects of diabetes self-management were defined: “(i) healthy eating, (ii) being active, 

(iii) monitoring blood glucose, (iv) taking medication, (v) problem solving, (vi) reducing 

risks, and (vii) healthy coping” (Shakibazadeh et al., 2015). The modifications were then 

based on the patients’ barriers that transpired during the qualitative interviews with patients 

within the Iranian cultural context (Shakibazadeh et al., 2011). It was determined that besides 

common aspects of living with diabetes, there are also several culturally specific diabetes 

self-management aspects in Iran: “1) prioritizing the family before self, 2) experiences of 

stigmatisation, 3) strong social relationships and group pressure, 4) spiritual beliefs that relate 

to health beliefs, 5) wide application of alternative and herbal medicine, and 6) negative per-

ceptions of Iranian medicine”(Shakibazadeh et al., 2011). Considering these aspects makes 

the PDSME a more culturally sensitive version of the DSME curriculum, and a validated 

questionnaire assesses the programme’s outcomes. HbA1c was an important marker and was 

assessed before and after the intervention. The PDSME group measured significantly im-

proved results in the levels of HbA1c. Then, diabetes knowledge improved, showing statis-

tical significance for measures such as self-care behaviours, attitudes towards diabetes, health 

beliefs, self-efficacy, and patient satisfaction (Shakibazadeh et al., 2015). Figure 2.1 shows 

the effective factors in self-care and self-management of diabetes, for example, patient edu-

cation, DSME, and PDSME. This figure also shows the relationship between adult learning 

and health behaviour (which will be explained later) on patient education, DSME, PDSME, 

and vice versa. Adult learning theory and the health-behaviour model introduced by Sallis 

and colleagues are two framework theories that we used in this research, and they can impact 

patient education as the main issue (Sallis et al., 2008).  

 



 

10 

 
Figure 2.1. Factors affecting diabetes self-care and self-management  

2.7 LEARNING AND HEALTH BEHAVIOUR  

It has been suggested that there are different metaphors for learning that guide educators’ and 

researchers’ work. Different metaphors may lead to different ways of thinking about learning. 

Two were discussed in a paper by Anna Sfard (Sfard, 1998), in which the first metaphor, the 

acquisition metaphor, emphasises how individuals gain knowledge and accumulate concepts. 

Knowledge, concepts, ideas, and facts are turned into the learner’s own through various learn-

ing processes. These processes have been described as receiving, constructing, internalising, 

or developing knowledge and concepts. Ultimately, these processes lead to that knowledge 

or concepts become the private property of the learner.  

 

In contrast, the second metaphor, the participation metaphor, emphasises learning as becom-

ing a member of a community. Focus is less on having knowledge and more on knowing. 

This metaphor highlights how the learner participates in certain activities, a community, or 

discourse. Here the focus is on ”participation in certain kinds of activities rather than in ac-

cumulating private possessions” (Sfard, 1998). Becoming a member of a community entails 

learning the language and practices of that community. Learning as an apprentice is a prime 

example in the healthcare area.   

 

The third metaphor is the knowledge creation metaphor of learning which has been suggested 

to describe certain learning theories that have gained more interest in the past two decades. 

These theories have drawn attention to the innovative aspects of learning and how learners 

collaboratively and deliberately create and advance knowledge (Karlgren et al., 2020; Paavola 

et al., 2004). Such theories do not only emphasise the individual accumulation of knowledge 

nor mere participation in a community but also how learners collaboratively develop 

knowledge using mediating artefacts (e.g., documents, sketches, plans or practices). Further-

more, such learning processes often rely on the use of various tools and technologies. For 

describing the learning of T2D patients, theories emphasising just one of these metaphors 

may not be sufficient. The different metaphors may each contribute important aspects to our 

understanding about learning in this area. For example, individual patients may want and 
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need to acquire factual knowledge about their condition and its treatment. They may also 

want to familiarise themselves with the activities surrounding diabetes treatment and becom-

ing members of the ‟communities” related to T2D. Furthermore, T2D patients may also be 

described as creating plans, analyses, and practices relating to their condition collaboratively 

with healthcare personnel and often using various mediating tools. 

 

Particularly interesting for the T2D patient group may be the adult learning theories which 

emphasise that “Learning is change in behaviour as the result of experience” (Knowles, 

1973). Adult learning does not always occur in a formal environment, as is often the case for 

kids in school. According to Knowles, adult education attempts to motivate adults to learn 

by using everyday experiences (Knowles, 1973). Adult learning explicates that the learner 

needs to understand why she/he is learning something new. For example, adult patients nat-

urally want to know more about the disease, its complications and how to manage it (or, in 

our case establish new health behaviours). To meet their learning needs, they need the learn-

ing objectives to be clear, and a clear pattern of learning experiences and these learning ex-

periences should be prepared with suitable techniques and materials (Tiedeman, 1979).  

 

The educational needs of diabetic patients may, in particular, refer to acquiring knowledge 

and skills about diet, physical activity, medication, and self-monitoring for successful man-

agement of diabetes (Tripathy & Chandalia, 2012). Educational needs enable educators to 

adopt a specific programme, and these needs are essential to understanding how to define 

educational objectives (Tankova et al., 2001). Educating patients about diabetes aims to em-

power them by helping them learn about essential aspects of diabetes care and enhancing 

their knowledge and skills to create conditions for better self-management (Baradaran et al., 

2010). 

Through a clear educational programme, web-based technology can be suitably tailored to 

the specific needs of individual adult learners and is gradually becoming a source of health 

services and information (Skinner et al., 1993) and a new opportunity for patient education 

with a wider reach. Figure 2.1 shows the relationship of these two models on self-care and self-

management in diabetes. 

The actions taken by individuals to produce social change improved coping skills and quality 

of life, and their health behaviours need to be clearly understood by educators (physicians, 

nurses, or family members) to help them (Glanz et al., 2008). In addition, people with diabetes 

need different resources and support to manage their diabetes daily. Glanz and colleagues have 

suggested that these include “(1) individualized assessment, (2) collaborative goal-setting, (3) 

opportunities to learn skills specific to diabetes (for example, measuring blood sugar) and for 

addressing challenges, including negative emotions, that may interfere with management, (4) 

ongoing follow-up and support, (5) community resources, such as for regular physical activity 

and healthy diet, and (6) continuity of quality clinical care” (Glanz et al., 2008).  

More importantly, the designers of technologies for patients’ self-management need to con-

sider the multi-level factors that influence human behaviour. These factors include in-

trapersonal or individual factors, which comprise biological and psychological factors. Be-

sides individual factors, human behaviours are influenced by interpersonal factors, including 
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family, friends, small social groups, and cultural organizations. In addition, other factors in-

fluencing human behaviour are a community organisation or environmental and policy as-

pects, as shown in Figure 2.2 and presented by Sallis (Sallis et al., 2008). Figure 2.2 shows 

the effects of individual, cultural, and community levels on different aspects of self-manage-

ment and quality of life in diabetic patients. In Figure 2.2, we add the box labelled “specific 

cultural context,” which has effects on diabetes self-management in the Iranian context 

(Mashhad), reported by Shakibazadeh et al. (Shakibazadeh et al., 2015). These factors work 

together, and they interact and combine different levels and environmental interventions. 

They can achieve significant changes in health behaviours and the self-management of dia-

betes. In other words, achieving successful patient health-behaviour changes towards im-

proved quality of life through technology is complex. Therefore, future interventions and 

healthcare practitioners should concentrate on improving individuals’ diabetes management 

behaviours, with the final goal of improving glycaemic control (Soto et al., 2015). 

  
Figure 2.2. The relationships between different factors in diabetes self-management based 

on ecological models of health behaviour (Sallis et al., 2008)  

2.8 INTERNET IN IRAN  

More than 80 million people are in Iran, which is the second largest country in the Middle 

East. Mashhad is a city in northeast Iran with about three million inhabitants. Mashhad is the 

second largest city in Iran, based on population, capital of the Razavi-Khorasan province 

where this research was conducted. In November 2015, the Internet World Stats reported that 

more than half (57.2%) of the Iranian population used the internet; the numbers rose to 70% 

in March 2017 and 91.8% in 2021 (Internet World Stats, 2021). As late as 2000, only about 

0.5% of the population in Iran used the internet, showing a rapid increase in internet use in 

two decades. With its various online applications, the internet provides opportunities to 

develop programmes for health behavioural change in the comfort of the patient’s home by 

minimising the physical interactions at the point of care, increasing patient satisfaction and 

flexibility in locations of assessments. Internet-based solutions can also lessen financial 

burdens, medication errors, and healthcare costs. With the exponential use of internet services 

in Iran, it seems clear that web-based patient education and mobile app programmes could 

assist patients in better self-management (Roshandel et al., 2005).  

https://en.wikipedia.org/wiki/Middle_East
https://en.wikipedia.org/wiki/Middle_East
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2.9 CONTRIBUTION OF TECHNOLOGY AND TWO CARE MODELS FOR 
SELF-MANAGEMENT 

As already mentioned, technology-enabled interventions are nowadays additional and at 

times alternative providers of education and support for patients with T2D. They have 

indicated favourable outcomes and significant improvement of both self-management and 

glycaemic control of T2D (Liang et al., 2011; Ramadas et al., 2011). To empower patients 

with T2D through technology support, two care models have been widely used when 

designing technology-enabled educational programmes. The first model is the user-driven 

model or collaborative model of care management which involves patients’ and health care 

professionals’ joint participation in decision-making across technology (Biswas et al., 2008). 

This model comprises collaboration between patients and healthcare professionals about 

various aspects related to a chronic disease and the definition of a set of technology-enabled 

interventions. Figure 2.1 shows the relation of these two models on Self-care and Self-

Management of diabetes. 

The second model is the self-care model which uses a different approach; the patient accesses 

the relevant knowledge, preferences, and values through technology that can enable him/her 

to make decisions on his/her own and carry out specific health behaviour actions (Song, 

2010). The patient also follows the recommendations of healthcare providers about treatment 

and lifestyle to enhance self-management (Song et al., 2012). There are differences between 

the two models. In the user-driven model, decision-making is emphasised as being shared. 

While in the self-care model, the emphasis is on communication technology and discipline – 

defined as the human capability to carry out specific tasks – that help patients reach better 

health outcomes. Diabetes self-management can improve the quality of life by reducing the 

feeling of loneliness and depression, reducing risk behaviours, as well as improving self-

confidence and decision-making skills (Hofmann et al., 2016).  

2.10 CONTRIBUTION OF DESIGN SCIENCE TO TECHNOLOGY 

DEVELOPMENT FOR HEALTH 

Two paradigms characterize much of the research on information systems and on technology 

in general: Behavioural Science and Design Science (Goldkuhl, 2016). While behavioural 

science seeks to understand human and organisational behaviour, design science seeks to 

extend the capabilities of humans and organisations by developing new and innovative tools 

and artefacts (Hevner & Chatterjee, 2010; Hevner et al., 2004). Behavioural science aims at 

explaining the truth regarding human behaviours; for example, if, when, how, and why a 

person would use a web-based system or a smartphone app. Design Science aims instead at 

utility, by creating artefacts through design work (Goldkuhl, 2016). Design science research 

requires: the identification of a relevant organizational or technology problem; showing that 

no adequate solutions exist; the development and presentation of a new technology or arte-

fact; the rigorous evaluation of the technology or artefact; showing the added value of the 

technology to practice; and the explanation of the results for technology management and 

practice (March & Storey, 2008).   

 

To aid the process, Design Based Research (DBR) puts forwards a framework. DBR offers 

to bridge the gap between research in medical education and educational practice guided by 

technologies and thereby contributing to the advancement of knowledge or theory building 
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(Dolmans & Tigelaar, 2012). DBR is a systematic and flexible framework aimed at improving 

educational practices by iterative analysis, design, development, and implementation of edu-

cational technology research outcomes. In addition, DBR is also characterized by mixed-

methods studies (Dolmans & Tigelaar, 2012) and a collaborative approach among researchers 

and practitioners in real-world settings, which is meant to lead to contextually sensitive de-

sign principles and theories (Wang & Hannafin, 2005). DBR has demonstrated its capacity as 

a methodology to advance both research and design to make technology an integral part of 

enhanced learning environment in general (Anderson & Shattuck, 2012), also for technology 

targeting people with diabetes and low literacies more specifically (Gray et al., 2014). Figure 

2.3 shows the iterative steps of DBR: analysis of practical problems, development of solution, 

iterative cycles of testing, and reflection as introduced by Reeves (Reeves, 2006). 

 

 
Figure 2.3. The iterative approach of DBR in educational technology research, adapted from 

Reeves (2006). 

2.11 DESIGN TRADE-OFFS  

Introducing a novel technology is hardly ever a simple matter of just adding features or func-

tionalities and often involves some advantages, but at the same time disadvantages, added 

costs, and drawbacks. The role of the designer is to balance the two, to find a reasonable 

trade-off. Design trade-offs are very important to understand and handle because the future 

of the digital age is yet to be designed. 

 

Quality of life (QoL) after having been diagnosed with a chronic disease is the focus of much 

research these days. Improving health behaviours is one of the aspects of QoL in the Europe 

2020 strategy (Fischer, 2017). Improved QoL is also a fundamental precept for human-cen-

tred design. When designing technology for health, trade-offs are unavoidable because there 

are many individuals with different preferences and needs and one solution may not serve all 

of them (Fischer, 2017). A trade-off is a condition that involves losing one aspect or quality 

of a technical solution for possibly gaining another aspect or quality (Fischer et al., 2020). 

Design trade-offs are very significant when designing the technology to improve QoL aspects 

(Fischer, 2017). To act in the best interests of the users, in our case the patients, it is necessary 

to understand the strengths and weakness of the technology to use (Fogli et al., 2020). Tech-

nology for health has made a lot of progress, but its adaptation and implementation has not 

shown large improvements in QoL aspects (Fischer et al., 2020). In the context of self-man-

agement for patients who have heart failure, Derboven and colleagues (Derboven et al., 2020) 

concluded that design trade-off analysis can provide knowledge for a better appreciation for 

health self-management technology.  
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2.12 PUTTING IT ALL TOGETHER  

The independent use of internet-enabled services by T2D patients can be a key step towards 

self-management of the disease by possibly improving the quality of life, reducing loneliness, 

depression, risky behaviours, improving self-confidence and decision-making skills and 

physical activity (Jafari et al., 2021; Öberg et al., 2018). Thus, the DBR framework, the user-

driven and self-care models, theories about health behaviour, and adult learning are intended 

to increase patients’ engagement in self-management. 

2.13 PATIENT PORTALS FOR CHRONIC DISEASES 

A literature review on portals related to patient education shows that this subject has received 

great attention in the consumer health informatics and self-management domains. A system-

atic review by Goldzweig and colleagues (Goldzweig et al., 2013) investigated the effects of 

patient portals on health outcomes. Findings from the analysis of the selected studies show 

that the effects of portals are unclear on utilisation and efficiency. It appears that patients’ 

attitudes are positive although efforts to overcome racial, literacy, and ethnic barriers are 

needed for more widespread use of patient portals. They proposed additional studies to better 

understand the key elements of context, cost, and implementation factors. Factors related to 

increased enrolment in and utilisation of electronic patient portals by patients with diabetes 

in the United States were investigated by Amante and colleagues (Amante et al., 2014). They 

examined quantitative, qualitative, and mixed-methods studies. Barriers to portal utilisation 

were patient capacity, lack of support from the provider, and negative patient experiences in 

using portals. Barriers to portal enrolment included a lack of patient capacity, desire to use, 

and knowledge of electronic patient portals. The authors concluded that improved usability, 

increased accessibility, educating patients on how to use the portals, and support from pro-

viders and family members might increase utilisation of the portal by patients (Amante et al., 

2014). 

 

A systematic review evaluating the quality of the portal was presented by Dendera and col-

leagues (Dendera et al.,2019) and categorised into inputs (material and non-material compo-

nents), processes (the interactions of the final users of the portal), and outputs (results about 

the implementation or the usage of the portal). Results show that portals improved patient-

provider communication, patient safety, and adherence to medications. However, it has been 

argued that to fully understand and evaluate the impact of patient portals, it is necessary to 

perform high-quality studies, as the evidence from the selected and assessed studies was de-

scribed as immature (Dendere et al., 2019).  

 

Although patient portals provide tools for patients to better manage their health status, they 

face resistance from patients and providers (Kruse et al., 2015). A systematic review by Kruse 

and colleagues aimed to identify the characteristics and elements of portals that need to be 

improved. The results of the study showed significant improvements in the quality of care 

provided by healthcare providers and improved self-management of chronic disease in pa-

tients who used the portals regularly. Furthermore, the researchers concluded that for patients 

to understand and manage chronic conditions using patient portals, a standard patient portal 

design that is user friendly and aesthetically appealing can help promote the adoption of pa-

tient portals (Kruse et al., 2015).  
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A survey was conducted among type 1 and T2D patients by Ronda and colleagues. The aim 

of the research was to study patients’ opinions and identify barriers to using a portal for op-

timising its use in the Netherlands (Ronda et al., 2014). There were 413 regular users and 758 

non-users. Most nonusers were unaware of the existence of the portal. The most frequent 

barriers reported by participants were disinterest in managing their disease, feelings of inad-

equacy with using computers, and poor internet access. This survey showed that the main 

barrier to enrolment was unawareness of the patient portal. Therefore, to increase patients’ 

enrolment, healthcare professionals need to inform patients about the portal (Ronda et al., 

2014).  

 

To support the self-management of T2D patients, an educational patient portal was imple-

mented in the workflow at a point of care (Sabo et al., 2021). The portal included educational 

materials, such as videos, in an easily accessible and understandable format. Then, a random-

ised controlled trial was designed and executed. Two groups were defined: (1) T2D patients 

who received the usual care and (2) T2D patients who used a patient portal. The study results 

show that a significant proportion of patients who used the portal could manage their diabetes 

and lose weight and blood pressure (Sabo et al., 2021).  

 

In a meta-analysis study, researchers showed the impact of using patient portals on clinical 

outcomes of care, the ability to evaluate and compare the effects of portals, and the specific 

context for using a portal (Antonio et al., 2020). In addition, the study showed the need to 

consider the social, organisational, and policy aspects to better understand the underlying 

mechanisms and context for identifying factors to improve portal use and their effects on 

patients (Antonio et al., 2020).  

 

Finally, it is reported that patient portals are useful for improving the care and health out-

comes for diabetic patients by offering functionalities, such as appointment bookings with 

their health care providers, electronic messaging, and repeat prescription ordering (Alturki-

stani et al., 2020). In addition, Alturkistani and colleagues ((Alturkistani et al., 2020) showed 

improved glycaemic control in diabetic patients who used patient portals.  

 

All these review studies show that it is necessary to identify barriers and facilitators, improve 

usability, increase accessibility, and educate patients about how to use the portals. In addition, 

it appears that providers and family members should give support to patients. This support 

might increase the utilisation of portals by patients, even in the case of inadequate competence 

levels regarding the use of computers and the internet.   

2.14 PROBLEM STATEMENT  

In sum, little is known about individual patients’ experiences of using IT to self-manage their 

diabetes conditions. While diabetes programmes exist, it has been argued that personalised 

approaches may be needed for T2D patients. More research is needed to understand the needs 

of patients and how to best serve these needs when developing new technologies to help the 

patient group. Furthermore, there are contrasting results regarding the effectiveness of 

educational programmes aimed at the self-management of diabetes. The educational 

programmes have not fully addressed the cultural differences or preferences and support 
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needed by the patients. Reliable and contextualised Persian sources of diabetes information on 

the internet are necessary but not easily found if they exist at all. As health behaviour changes 

are hard to overcome using educational programmes, an open educational question is which 

kind of learning and learning experiences are most needed by the patient group. Different care 

models exist, and the choice between them to achieve optimal levels of self-management is not 

clear. Moreover, while a certain technology can have specific benefits, it has disadvantages, 

and trade-offs may be needed—a question is which ones? Many technological options exist, 

and the relationship between technology and achieving healthy behavioural changes is 

complex. 
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3 RESEARCH AIMS AND QUESTIONS 
The overall aim of this research is to contribute to the understanding of how a portal can be 

designed to support and improve the self-management of diabetes patients in the Razavi-

Khorasan province of Iran. Table 3.1 presents the aims and research questions of the sub-

studies.  

 

Table 3.1. An overview of specific aims and research questions in all four studies  

Study Aims Research questions 

I 

To examine the readiness of 

T2D patients in an Iranian sam-

ple population to use the internet 

and mobile services to obtain 

access to the health-related ser-

vices and evaluate what technol-

ogy they most commonly use to 

access this information.  

1. How do T2D patients access 

health-related services? 

2. Which technologies do T2D pa-

tients most commonly use to ac-

cess health-related information?  

II 

To explore the educational 

needs and design features of 

personalised internet-enabled 

education of a sample of pa-

tients with T2D in Iran as an ex-

ample of a middle-income coun-

try.   

1. What are the educational needs 

for self-care management of pa-

tients with T2D?  

2. Which structure, components, 

and features of a technology-

based instructional design 

should be included in a web pa-

tient portal for self-care man-

agement?  

III 

To increase the understanding of 

how to design a patient portal 

prototype to support the self-

management of diabetes patients 

in a specific context in Iran (the 

case of the Razavi-Khorasan 

province).  

1. How can DBR be used to test, 

evaluate, and update the mock-

ups and patient portal prototype?  

2. How can we design a portal pro-

totype to support the self-man-

agement of T2D patients rele-

vant to a specific context? 

IV 

To develop a framework of de-

sign principles for capturing usa-

bility issues important for self-

management of diabetes and ex-

ploring usability issues of an ed-

ucational web-based portal for 

diabetes patients.  

1. How can a framework of design 

principles for capturing usability 

issues for web-based portals on 

self-management of diabetes be 

developed?  

2. What are the usability issues of 

an educational portal for diabe-

tes patients?  
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3.1 OVERVIEW OF ALL STUDIES IN THE THESIS  

  

This thesis comprises four studies conducted within the DBR framework. Figure 3.1 shows 

an overview of the four studies. This figure was adapted from Hevner and colleagues who 

presented a framework to understand, administer, and evaluate information systems research 

that combines behavioural science and design science (Hevner et al., 2004). The analysis of 

practical problems and their characteristics shows the practical needs for developing solutions 

to the needs and problems. Thus, simultaneously using the available frameworks and models 

of design and expanding the educational knowledge base also contributes to developing solu-

tions—the portal prototype and the artefact.  

 

Also, access to design and learning theories in connection to the usability testing of the artefact 

helps the refinement of the portal solution. In Study I, we assessed the readiness of diabetic 

patients to access health information using technology. In Study II, we identified the educa-

tional expectations and conducted a needs assessment. In Study III, we designed a portal pro-

totype, and in Study IV, we developed a framework of design principles for capturing usabil-

ity issues that are important for the self-management of diabetes and explored usability issues 

of the educational web-based portal for patients with diabetes. 

 
Figure 3.1. Overview of the four studies and their relationship  
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4 MATERIALS AND METHODS 

4.1 METHODOLOGICAL APPROACH  

Qualitative and quantitative research methods and the DBR framework, with its iterative data 

collection process, were adopted in this research. DBR is a methodological approach from 

the engineering field to test the artefacts in a real-world setting, progressively revise them, 

and insights made during this process may provide feedback to theory. Finally, researchers 

reflect on the outcomes and identify problems and the successful features. Similarly, the DBR 

approach can be used to develop educational technology in the healthcare area (Scott et al., 

2020). Figure 4.1 shows the iterative steps of DBR that are used in the different stages of this 

research project. 

 
 

Figure 4.1 The steps of DBR and the different studies, adapted from Reeves (2006)    

 

DBR induces designing, testing, evaluating, and reflecting on refining the tools in support of 

learning (Scott et al., 2020). Different methods were applied at different steps of the doctoral 

project, and for collecting data.  

 

In Study I, we used quantitative methods and applied a validated, two-part survey question-

naire previously employed in another study (Jafari et al., 2015). Survey research has been 

defined as “the collection of information from a sample of individuals through their responses 

to questions” (Check & Schutt, 2011). Survey research allows using quantitative strategies. 

Survey research helps describe human behaviour and obtain information from individuals 

and groups (Ponto, 2015).  

 

Qualitative research methods were used in the other three studies. Qualitative research meth-

ods in the social sciences have a long history and are an essential component of health sci-

ences research. The goal of qualitative research is to develop concepts to understand the so-

cial phenomena and views of participants (Pope & Mays, 1995). Qualitative research may 

employ various methods and research strategies (Lanka et al., 2020).  

 

We used the interview method in Studies II and III. In addition to different methods for col-

lecting data, Studies III and IV also, to a high degree, included the design components of 

DBR, such as designing mock-ups, prototypes, a running portal, and ultimately a framework 



 

 21 

of design principles. Within the DBR paradigm, these components are not merely a back-

ground to the data collection but important parts of knowledge development itself. By itera-

tively developing new solutions, new insights are continuously made, and these contribute to 

better solutions. By documenting these through design principles, they may ultimately con-

tribute to theory. 

 

In Study II, we interviewed nine patients with T2D to explore the educational needs and design 

aspects of personalised internet-enabled education. We used semi-structured interviews and 

then analysed the data using inductive content analysis (Jafari et al., 2016). In Study III, we 

first developed mock-ups, considering the characteristics of two care models of self-

management—user-driven and self-care—and the PDSME educational programme (Jafari et 

al., 2021). Then, we interviewed several patients and healthcare professionals on the mock-

ups and iteratively built (using an agile development approach) a patient portal prototype 

with elements of the mock-ups and the PDSME educational programme. Finally, we 

interviewed patients and healthcare professionals on the portal prototype.  

 

In Study IV, we developed a framework with design principles to address issues that were 

believed to, in particular, affect the self-management of T2D patients, and these were 

proposed based on the analyses of previous research, the experiences from the previous 

studies described above, and discussions in the team of researchers, designers, and 

developers. In addition, we used a think-aloud method to collect data. The think-aloud 

method requires users to talk aloud while performing a task or solving a problem (Charters, 

2003). This method has frequently been used in educational and psychological research and 

during knowledge acquisition to develop knowledge-based computer systems. It is a unique 

source and generates data about the participants’ ongoing thought processes during tasks. In 

addition, it is a valuable information source for investigating interactions with a prototype 

when designing clinical computer systems (Jaspers et al., 2004). The think-aloud method is 

also commonly used for the usability testing of websites and interfaces (van den Haak & de 

Jong, 2003). In this study, we let the users verbalise, through the think-aloud method, what 

they did and what came to their mind while using the patient portal prototype (Jafari et al., 

n.d.). A basis for the research has been adult learning theory.  

 

Adult learning theory focuses on learning while performing (experience), and it has four 

principles formulated by Knowles (Kenner & Weinerman, 2011). Based on adult learning 

theory, adults are self-directed learners; they take responsibility for their actions, they have a 

depth of experience which is used as a critical component, and they have a depth of 

experience used as a critical component, are ready to learn, and are task motivated (Kenner 

& Weinerman, 2011). This theory can help narrow down the research questions and assist in 

maintaining a better focus on the subject in an iterative process. We used ecological models 

of health behaviour applied to health promotion of self-management. This model emphasises 

environmental, policy, and behavioural features important in diabetes self-management 

(Glanz et al., 2008). 

4.2 STUDY SETTING AND DATA SOURCES  

The studies were conducted in Mashhad, in the Razavi-Khorasan province of Iran. In that 

province, the healthcare system, hospitals, and all clinics are supervised by the Mashhad 
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University of Medical Science. Participants in Study I were from two outpatient clinics, with 

either referral or for routine check-ups. One clinic was located in a university-affiliated hos-

pital responsible for referring patients from different health centres. The other clinic was a 

private outpatient diabetic clinic (Mashhad Diabetes Clinic), with over 8000 patients. For 

studies II–IV, the participants were selected from the Mashhad Diabetes Clinic based on pur-

posive sampling by considering gender, age, occupation, and educational background. The 

data collection for Studies II and III were done at the Mashhad Diabetes Clinic, while for 

Study IV, it was done at the Medical Informatics Department of the Faculty of Medicine of 

Mashhad University of Medical Sciences.  

  

Data collection for Study I: The data were collected by using a validated questionnaire 

previously used for patients with gastrointestinal disease (Roshandel et al., 2005). The con-

textual information in the questionnaire, available in the Appendix, was modified to suit pa-

tients who had diabetes and validated by 10 experts and 30 patients. During the collection, 

450 questionnaires were administered, and 407 questionnaires were returned and analysed. 

  

Data collection for Study II: The data were collected by interviewing nine patients with 

diabetes, including five men and four women. The data were coded and categorised inde-

pendently by two authors, (Jafari et al., 2016) and 207 codes were derived. These resulted in 

38 subcategories, 10 categories, and four themes. 

  

Data collection for Study III: The study followed two phases. In the first phase, mock-ups 

were developed and then introduced to 10 participants (six patients, two doctors, and two 

nurses). The participants were interviewed while looking at the mock-ups. The researchers 

derived 326 codes from the interviews, resulting in 14 subcategories, seven categories, and 

two themes. Based on the analysis of the interviews, the researchers developed a portal pro-

totype. Finally, during the second phase of the study, the portal prototype was introduced to 

23 participants (19 patients, two doctors, and two nurses). In this phase, the interviews re-

sulted in 150 codes, 13 subcategories, four categories, and no particular theme. 

 

Data collection for Study IV: This study explored the usability issues of an educational 

portal for diabetes patients. It also involved work on developing and proposing a framework 

of design principles capturing usability issues important for self-management of diabetes. 

The principles were used to guide the usability study and the evaluation. In addition, video 

and audio data were collected during a think-aloud study with 10 T2D patients as participants. 

The patients were asked to perform some tasks following a specific scenario while using the 

portal prototype. In total, 111 usability problems and nine categories were derived regarding 

the usability aspects of the portal.  

  

4.3 ETHICAL CONSIDERATIONS  

Research ethics refers to researching while avoiding harm to participants. Harm can be re-

duced or prevented by following appropriate ethical principles (Orb et al., 2001). Ethical con-

siderations are essential in research, referring to issues spanning from ethical codes to the 

role of research in society (Illing, 2010). In this project, information was provided before data 
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was collected from the participants. We collected written, oral, and video data from our par-

ticipants, and the data were anonymised using codes. Potential ethical conflicts in qualitative 

research may relate to how a researcher has access to a community group, the research’s 

effects on the participants, and relationships between researchers and participants (Orb et al., 

2001).  

  

In this research, all participants were informed about the studies and their objectives. All 

participants who consented to participate did so voluntarily. All participants received oral 

and written information about the studies and then signed a consent form. Participants were 

assured of the confidentiality of the gathered data and anonymity. They had the right to ex-

press their opinions and were informed about their right to withdraw from the studies at any 

time, and no excuse was needed.  

 

The research team discussed the scenario in Study IV, and it was decided that, for example, 

instead of using their personal information, mobile number, and address in the portal, the users 

were provided with sample data. Ethical approval for the studies in this thesis was sought 

from the Ethical Committee of the Mashhad University of Medical Sciences. All studies were 

approved by the Ethical Committee of Mashhad University of Medical Sciences in two sep-

arate applications: No: 94/89960 and IR.MUMS.REC.1395.108.  
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5 RESULTS 
The main findings of this research are divided into four studies and presented in different 

sections. 

5.1 STUDY I  

This study’s aim was to examine the readiness of T2D patients in Iran to use the internet and 

mobile services to obtain access to health-related services and evaluate what technologies 

they most commonly use to access this information. The questionnaire had two parts, which 

can be found in the Appendix. The first part comprised 16 items related to demographics, 

type of diabetes and its duration, information about diabetes, how they would like to get infor-

mation, how they had received information, which resources they preferred, and whether they 

had access to the internet. The second part contained 26 items about their specific use of the 

internet and mobile services to access information. If participants had access to the internet, 

they were asked to complete the second part.  

 

Of the 450 questionnaires, 407 (90%) were returned. The age of the patients ranged in 20–

60 years (mean of 47 years). A large portion of the participating patients were between 51 

and 60 years of age (46.7%, n = 190), and fewer patients were in the 20–29-year age group 

(6.1%, n = 25). There were 254 (62%) women and 153 (38%) men among the participants. 

The participants’ education levels were as follows: 158 (39%) had less than a high-school 

education, 145 (36%) had finished high school, 40 (10%) had a 2-year university education, 

and 63 (15%) had a university degree. Three hundred and six (75%) of the participants suf-

fered from T2D, 33 (8%) had type 1 diabetes, 11 (3%) had pregnancy-related diabetes, 47 

(11%) did not know which type of diabetes they had, and 9 (2%) did not reply to this question; 

also 35 (9%) of the patients had had the disease for less than one year, 86 (21%) 1–3 years, 

75 (18%) 3–5 years, 107 (26%) 5–10 years, and 103 (25%) of the patients had had it for more 

than 10 years.  

 

The data showed that approximately half of the respondents had very little or little knowledge 

about diabetes. The great majority, 373 (92%), wanted to know more about the disease, and 

some of them also wanted to know about complications and how to handle them (more exact 

numbers and percentages are in the Tables in Paper I (Jafari et al., 2015)). An important result 

is that most respondents stated that they preferred to access more health information via more 

traditional means, such as educational films, TV, and radio. 

  

The data showed that 108 (26%) of the respondents had personal access to the internet, and 

32% had access through family members in September 2014. There was no statistically sig-

nificant relationship between the self-estimated level of knowledge about diabetes and gen-

der. A few participants (8) of the 108 who used the internet had used it for over six years. 

Most of them had access from home, 99 (92%), while 35 (32%) had access from the work-

place, and only 6 (6%) had access through a mobile phone. The vast majority (94%) were 

also aware that they could use the internet to obtain information about diabetes; 45 (42%) of 

those with internet access used the internet every day, 40 (37%) reported weekly use, and 11 

(10%) reported monthly use.  
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The majority of all participants (91%) stated that they would like to receive educational ma-

terial through a mobile phone. In the small group of respondents who used the internet, 95% 

had experience searching information on the internet, and 71% had searched specifically 

about diabetes; also, 74% of them perceived that the information on the internet was reliable. 

In the same group of internet users, 83% were willing to receive educational material via the 

internet. All of them mentioned that educational websites were useful tools for patients with 

diabetes. The questionnaire also contained open-ended questions, and 19 patients expressed 

that a reliable Iranian site for diabetes-related information in Farsi would benefit the patients.  

5.2 STUDY II 

The results of Study I showed readiness and willingness to receive educational materials by 

using the internet. The aim of Study II was to explore the educational needs and design fea-

tures of personalised internet-enabled education of a sample of T2D patients in Iran as an 

example of a middle-income country. The participants comprised nine patients with T2D 

(four women and five men). The average number of years after being diagnosed with diabetes 

was 7.8, and the average number of years of internet usage was 7.6. By analysing the inter-

view data, 207 codes were derived; these prompted 38 subcategories, 10 categories, and four 

themes. All subcategories, categories, and themes are shown in Table 1 in the Appendix. 

Here, the four themes are briefly described. 

  

Theme: Seeking Knowledge about Diabetes—This theme indicated the type of learning re-

quirements, technology access to diabetes-related information, and the gaining of knowledge 

about general and specific diabetes issues of importance for internet-enabled patient educa-

tion. For example, the possibility for consultations with physicians through technology, a 

Persian website in Farsi, and information about diet, stress, blood sugar control, and drug 

complications were functionalities and features that the participants appreciated. 

  

Theme: Teaching and Learning—This theme indicated using different teaching methods and 

ways to learn about diabetes that the participating patients considered important to include in 

internet-enabled patient education. Patients were interested in obtaining diabetes material by 

watching videos, reading educational material, and getting educational material via a limited 

number of text messages. Participants also stated that a contextualised Persian and reliable 

source of diabetes information on the internet was preferred but not easily found; also, direct 

communication with healthcare givers was favoured. 

  

Theme: Facilitators—The participating patients expressed that the internet and mobile 

phones could facilitate patient education about diabetes. They also mentioned some facilitat-

ing features that would be beneficial as part of an internet-enabled educational system. For 

example, the system should be well designed and easy to use, have an optimised search func-

tion, quick start-up time, and be responsive, with a clear and focused purpose on communi-

cation between patients and caregivers. 

  

Theme: Barriers—The participating patients stated that some barriers limit the wider spread 

of internet-enabled patient education. These included proper internet access, unstable access 

to the internet, and lack of contextualisation, that is, an educational portal in the local lan-
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guage and culture. Other barriers were patients’ “fear” of the internet, lack of time, unaware-

ness of the internet, and the variation of health information on the internet. In addition, they 

mentioned the varying quality of diabetic content on the internet, including, sometimes, op-

posing views among doctors. The internet was not widely prevalent for such purposes during 

this study, in July 2015.  

5.3 STUDY III  

The results of Study II showed patients’ educational expectations and the facilitators and bar-

riers to using internet-enabled patient educational portals. The aim of Study III was to increase 

the understanding of how to design a portal prototype to support the self-management of 

diabetes in a specific cultural context in Iran in the Razavi-Khorasan province. This study 

was conducted in two phases. 

  

Phase 1. The design and use of mock-ups. The prototype was developed based on results 

from Study II and the two patient education models that were introduced earlier: the user-

driven model and the self-care model. The educational content was based on the PDSME. 

Figure 5.1 shows an example of a schematic figure of one of the mock-ups that was used. 

These mock-ups were a series of drawings illustrating what the portal could look like, includ-

ing layout elements and actual figures in the Farsi language. The drawings had buttons, links, 

text, and pictures, just as an implemented platform would, except that they lacked interactiv-

ity. We showed the mock-ups, interviewed the participants, and derived 326 codes that in-

cluded their expectations, understandings, misunderstandings, preferences, problems, and ex-

periences, which prompted 14 subcategories, seven categories, and two themes. The details 

are presented in Table 1 in the Appendix.  

 
 

Figure 5.1. Schematic example of a mock-up translated from Farsi. The original mock-ups 

contain pictures and icons.  
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Theme: Self-care improvement—This theme had two categories: self-care requirements and 

self-management. In these categories, participants showed interest in learning about nutrition 

and exercise, which are essential for self-management of diabetes to prevent complications. 

They expressed interest in knowing about calorie intake, dietary supplements, eating fruits 

and vegetables, and the proper physical activity. The Self-management category referred to 

taking responsibility for their own health, for example, knowing about complications and 

stress. These findings emphasized the need for features supporting these aspects to be in-

cluded in a portal. 

  

Theme: Educational usefulness—This theme had a series of categories: medical information, 

information mode, mobility, interaction, and efficiency. The participants showed a desire to 

receive accurate educational content in diabetes; the desire to get the health information pre-

sented a certain way, for example, through educational videos with ‘question and answer’ 

possibilities and other customisable features to their personal situation/needs; the desire to 

use mobile phones for diabetes self-management; the desire to have others, such as family 

and peer support, to aid the self-care process; and the desire to modify interface features so 

that a portal can be personalised following personal preferences, thereby contributing to more 

effective portal use. 

  

It was not possible to detect a preference for one of the two self-care models from the patient 

interviews, but culturally specific aspects, such as how engagement with family and peers 

was prioritised, were discerned in the theme. 

  

Phase 2. Portal prototype. A portal prototype (Figure 5.2) was designed based on an anal-

ysis of the interview study with the mock-ups. In addition, the self-care improvements and 

some features concerning educational usefulness were designed into the portal prototype. All 

the DSME topics and one topic of the PDSME were included. Semi-structured interviews 

were conducted with 19 patients, two doctors, and two nurses (14 men and 9 women). Four 

patients and healthcare professionals had previously participated in the first phase of the 

study. The researchers evaluated the form and content of the portal prototype from different 

user perspectives (patients, doctors, and nurses) to identify features and gaps and improve 

the design quality. The interviews induced 150 codes, 13 subcategories, and three categories 

but no particular theme. The categories were User Experience, Functionality, and Interactiv-

ity. The data are shown in Table 2 in the Appendix. 
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Figure 5.2. The Farsi and schematic version of the portal during the second phase. No picture 

or icon is shown.  

  

Theme: User experience—The findings indicated that participants had a positive experience 

of using the portal; they showed satisfaction concerning the current portal and willingness to 

use it whenever it is available. Participants also suggested improvements, such as asking how 

to find the portal on the internet and a desire for quick responses from healthcare providers 

when asking questions.  

  

Theme: Functionality—The participants stated the importance of accessing the portal and 

medical information in a pedagogical format that is easy to follow. They suggested visual 

and structural modifications to improve the prototype,including its icons, links, and pictures. 

They also underlined the importance of using uncomplicated medical terms and instruments 

for self-management to use the portal easily.  

  

Theme: Interactivity—The participants called for better ways of interacting with healthcare 

personnel. The portal could provide benefits since it allowed asking questions and enabled 

receiving feedback, thereby supporting learning about their health situation and progress. 

They also expressed that the portal should have an automated feature reminding the patient 

to book visits with their physicians. 

 

The interview data suggested that feedback about the portal was of a practical rather than 

theoretical nature. The participants asked, for example, about the approximate costs of lab 

tests and diabetes medications. Those seemed to change often in the province. Two other 

culture-specific aspects arose. The first was related to the Functionality category, where the 

type of information, the access to it, the surrounding guidance, and the visual presentation 

are influenced by a cultural and social context. The second was related to treatment costs not 

covered by the insurance system in Iran. Study III indicated that the design of an education 

portal that intends to aid diabetes self-management should ensure that it addresses health-

related behaviours that may be specific to a certain cultural context.  
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5.4 STUDY IV 

The results of Study III guided the development of an internet-enabled educational portal. The 

aim of Study IV was to develop a framework of design principles for capturing usability 

issues important for the self-management of diabetes and exploring usability issues of an 

educational portal for diabetes patients. Ten patients (five men and five women) participated 

in this study. Four design principles addressing issues that were believed to affect, particu-

larly the self-management of T2D patients, were proposed based on literature reviews, the 

experiences from our previous studies described above, and discussions with the team of 

researchers, designers, and developers. Figure 5.3 shows the design principles and how obser-

vations and user reflections from our previous studies added to clarifying the design principles, 

but also brought up the need for more content of features as well as issues which were barriers 

for reaching the intended goals underlying the principles. 

  
Figure. 5.3. Observations and user comments about usability issues regarding design principles 

 

Design issues in relation to the four design principles: The first design principle was about 

supporting patients in their understanding and learning of the complexity of the condition. 

Patients need to understand their diabetes condition and they also need to become aware 

about how to manage their condition on a practical level which may involve establishing 

practices such as routines for daily measurements, planning diets, exercise, medication, ill-

ness, alcohol consumption and managing stress. Understanding and establishing such daily 

practices are a precondition for self-management, as there is otherwise a risk that the patients 

will discontinue their self-management because they may fail to see the importance and rel-

evance of upholding the routines. Therefore, health technologies need to support learning 

about the medical condition and provide support in performing recurring procedures, such as 

measuring blood sugar, planning diets, scheduling, and performing physical exercise. This 

principle was confirmed by the participants, who expressed how important it was to find 

diabetes information on the portal, and they called for more information and topics. They 

also emphasised their belief that interacting with the portal could help them learn more about 

self-management skills, such as using the calorie calculator and the BMI calculator to gain 

insights about their diet. Concurrently, the participants also identified several issues that 
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could create barriers to reaching the intended goal underlying the principle, e.g., they reported 

having difficulties understanding the medical terminology, e.g., “urine sugar” or urea in the 

blood. They also had difficulties navigating the portal.  

 

The second design principle emphasises supporting motivation and fostering sustained prac-

tices. It underlines the importance of supporting patients in maintaining their self-care over 

time and taking measures to help patients avoid missing self-care steps or giving up. By en-

couraging, reminding, supporting, and “nudging,” patients can build up the motivation they 

may need to continue their self-management and not discontinue when it may feel like an 

uphill struggle or when distracted. Plans, calendars, schedules, timely reminders, praise, and 

rewards could be elements that contribute to motivating and supporting patients in modifying 

everyday practices. Providing updated information, especially information tailored to the in-

dividual patient, and giving feedback may maintain patients’ interest and thereby contribute 

to pursuing self-management plans over time. The participants expressed that such function-

alities helped them modify their everyday practices.  

 

The participants saw supporting features such as reminders, calendars, and rewards as moti-

vating and supported them in upholding behaviours over time. Knowing that the portal offers 

educational materials with accurate and updated information and possibilities to check one’s 

improvement were also features that were considered engaging and supportive of self-man-

agement. However, patients also highlighted issues that were barriers to reaching this princi-

ple. If a requirement was that much personal information needed to be uploaded to the portal, 

they feared it would become cumbersome and “frustrating” at times, which could refrain 

them from continued use. These observations highlighted the need to provide motivating fea-

tures and ensure that interaction with the portal was so smooth that its use would not be 

burdensome. In particular, frequently recurring activities, such as logging in and registering 

data, need to be simple. 

 

The third design principle concerned autonomy and confidence. Patients not only need infor-

mation and reminders, but they also need to feel confident and secure about being able to 

manage their conditions by themselves. It is decisive to succeed in helping patients develop 

a sense of being in control when planning their self-management. Patients with heart condi-

tions have, in previous research, expressed the need to acquire knowledge and build confi-

dence to be effectively involved in decision-making about their treatment (Siouta et al., 2016), 

and tools supporting diabetes self-management should have as a key goal to similarly support 

patients in building confidence regarding self-management.  

 

Once the participants had gotten a better understanding of how to use the portal and had 

mastered performing different steps, they expressed a feeling of security and a willingness to 

continue using the portal. Step-by-step instructions were welcomed by the participants as a 

means to build skills in using the portal, and they felt disappointed when instructions were 

unclear. The study revealed a related aspect that we had not previously focused on, namely, 

users’ confidence in the portal. The participants expressed concern regarding how personal 

data were handled and described uncertainty regarding data security and privacy as issues 

that concerned them and that would make them reconsider using the system. 
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The fourth design principle highlights the importance of interaction and collaboration with 

healthcare personnel and with other patients. Technology can allow patients to share care 

activities with informal careers, to share self-management activities and learning from others 

with similar chronic conditions, and to enhance collaboration with the care team (Nunes et 

al., 2015). Asking for new ways of getting in contact with the healthcare team was also ob-

served in Study III.  

 

An online chatting function was provided by the portal, which enabled communication be-

tween patients and doctors or nurses and was welcomed by the participants. The patients 

suggested adding more communicative features, such as the possibility of booking appoint-

ments through the portal. The importance of keeping textual conversations on an understand-

able level to be useful was a concern with this principle. 

 

Time spent on tasks, severity ratings, and suggestions for improvement: The ten participating 

patients completed the usability tests with a mean time of 2160 seconds (36 minutes). Table 

5.1 shows the time spent on the nine tasks for each patient and the average percentage. Table 

4 in the Appendix shows the explanations and details of all nine tasks. Two tasks, filling in 

patient information (average time: 513 sec., 8.5 min., 25%) and register laboratory results 

(average time: 442 sec., >7 min., 21%), took on average just short of 16 minutes, almost half 

of the testing time.  

 

The least time was spent on checking health improvements (average time: 82 sec., <1 min., 

4%). Five tasks (Task 3, 4, 5, 7, and 8 in Table 5.1) were considered informative and relevant 

to the self-management of diabetes. The patients spent less time on those tasks (percentage 

respectively: 11%, 4%, 10%, 5%, and 14%). Although, while thinking-aloud, the participat-

ing patients highlighted how all those tasks are significant for keeping oneself informed and 

creating plans for their daily activities. These are all crucial topics for self-management.  

 

Table 5.1: Time spent completing the nine tasks and the average percentage of time duration.  

 

Nielsen’s method of Severity Ratings (Nielsen, 1994) was used in this study to rate the severity 

of usability problems that were reported by the participants. The severity ratings of the usability 

problems that participants encountered were rated on a scale of 0 to 4 based on their severity 

“(0 = Don’t agree as a usability problem, 1 = Cosmetic problem only, 2 = Minor usability 

        Task

patient Value [s]  Percentage Value [s]  Percentage Value [s]  Percentage Value [s]  Percentage Value [s]  Percentage Value [s]  Percentage Value [s]  Percentage Value [s]  Percentage Value [s]  Percentage Value [s]  Percentage

Patient A 610 28,64 460 21,60 270 12,68 30 1,41 200 9,39 90 4,23 120 5,63 210 9,86 140 6,57 2130 100,00

Patient B 330 15,49 440 20,66 210 9,86 30 1,41 220 10,33 100 4,69 150 7,04 470 22,07 180 8,45 2130 100,00

Patient C 510 25,63 450 22,61 240 12,06 50 2,51 95 4,77 90 4,52 105 5,28 300 15,08 150 7,54 1990 100,00

Patient D 390 20,42 480 25,13 200 10,47 60 3,14 240 12,57 60 3,14 90 4,71 300 15,71 90 4,71 1910 100,00

Patient E 570 22,49 470 18,54 310 12,23 275 10,85 280 11,05 60 2,37 80 3,16 390 15,38 100 3,94 2535 100,00

Patient F 630 36,52 405 23,48 90 5,22 45 2,61 60 3,48 85 4,93 60 3,48 220 12,75 130 7,54 1725 100,00

Patient G 490 25,52 420 21,88 230 11,98 50 2,60 250 13,02 60 3,13 80 4,17 190 9,90 150 7,81 1920 100,00

Patient H 760 35,85 480 22,64 230 10,85 80 3,77 160 7,55 70 3,30 110 5,19 140 6,60 90 4,25 2120 100,00

Patient I 400 19,46 380 18,49 270 13,14 90 4,38 120 5,84 85 4,14 110 5,35 480 23,36 120 5,84 2055 100,00

Patient J 440 20,37 435 20,14 195 9,03 200 9,26 380 17,59 120 5,56 110 5,09 180 8,33 100 4,63 2160 100,00

Avarage time 513 25 (%) 442 21 (%) 224,5 11 (%) 91 4 (%) 200,5 10 (%) 82 4 (%) 101,5 5 (%) 288 14 (%) 125 6 (%)

Standard devition 131,1 33,01 59,18 81,47 95,4 19,74 25,17 122,3 30,27

Task 7 - Play 

educational 

movies

Task 8 - 

Calculate health 

indexes

Task 9 - Chat 

with doctors 

and nurses

Test durationTask 1 - Fill in 

patient 

information

Task 2 - Register 

laboratory 

results

Task 3 - Attend 

educational 

courses

Task 4 - Read 

educational 

material

Task 5 -Use the 

“Help-me” steps

Task 6 - Check 

health 

improvement
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problem, 3 = Major usability problem, 4 = Usability catastrophe)” and the number of problems 

that were detected in this study (Nielsen, 1994).  

Based on the quality content analysis of the think-aloud method, 111 severity problems were 

derived, which pertained to how the portal design supported or hindered self-management 

behaviours (Table 5.2). Overall, 46 problems fell within severity rating 2, which is for minor 

usability problems. Ten problems fell within severity rating 4, catastrophe, and 14 were not 

considered usability problems (Table 5.2). 

 

Table 5.2. Usability problems identified by users in tasks and severity rating and their per-

centages presented within parenthesis.  

                   Severity 

Tasks 0 1 2 3 4 

Total number 

of usability 

problems per 

task 

Fill in patient information 8 (21) 10 (26) 10 (26) 6 (16) 4 (11) 38 (34) 

Register laboratory results 4 (15) 4 (15) 14 (52) 2 (7) 3 (11) 27 (24) 

Attend educational courses 1 (20) 1 (20) 1 (20) 2 (40) 0 5 (4) 

Read educational material 0 3(100) 0 0 0 3 (3) 

Use the “Help-me” steps 0 0 3 (75) 1 (25) 0 4 (4) 

Check health improvement 0 0 0 0 2 (100) 2 (2) 

Play educational movies 0 0 3 (75) 1 (25) 0 4 (4) 

Calculate health indexes 0 1 (8) 7 (59) 3 (25) 1 (8) 12 (11) 

Chat with doctors and nurses 1 (6) 5 (31) 8 (50) 2 (13) 0 16 (14) 

Total usability problems and 

(percentage) 

14 (13) 24 (22) 46 (41) 17 (15) 10 (9) 111 (100) 

 

In addition, participants, after finishing this study, suggested for how to improve the portal, 

and 16 suggestions were noted and sorted in ascending order based on their frequency as 

shown in Table 5.3. The majority of the suggestions were regarding the need to have user 

guides for the portal and a way to interact with other users. 
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Table 5.3. The suggestions for improvement of the portal made by the participants.  

 Suggestion Frequency  

1 Need to have a user guide / guideline for the portal  9 

2 Use appropriate messages to interact with the user  8 

3 Embed the list of doctors and nurses in the online chat  5 

4 Use of larger font and readable colours   5 

5 Mark clearly mandatory fields  3 

6 Add more educational content   3 

7 Offer diet plan   3 

8 Changing the titles of calculator option  2 

9 Do not use medical terms or jargon  2 

10 Classify the content according to the level of patients’ literacy  1 

11 List specific diseases that user can simply select from a list   1 

12 Complete the educational courses  1 

13 Use more pictures and graphs in the educational materials  1 

14 Use simple options to calculate BMI  1 

15 Use more simple options to calculate calories  1 

16 Add option for booking time to see their doctor  1 

 

5.5 TRUSTWORTHINESS OF THE RESULTS  

In the first study, we used quantitative analysis and applied a validated questionnaire employed 

in another similar study (Roshandel et al., 2005). We contextualised the questionnaire for dia-

betes and rechecked its validity with 10 experts in the medical education field and a pilot study 

with 30 patients. For the other studies, several factors in this qualitative research concern the 

trustworthiness of the thesis’s results and will be discussed in this section. To explain the 

various aspects of trustworthiness in qualitative research, three concepts are used: credibility, 

dependability, and transferability (Graneheim & Lundman, 2004).  

  

Credibility: Credibility or internal validity is an aspect of trustworthiness that can be en-

hanced by clearly explaining how the research process has been conducted and how the anal-

ysis addresses the intended objective during the interviews (Graneheim & Lundman, 2004). 

Peer-to-peer meetings with co-authors and supervisors afford opportunities to reflect upon 

and explain the findings and gain valuable insights from each other (Guba, 1981). This was 

achieved by presenting the research findings to co-authors in Iran and my supervisors at Ka-

rolinska Institutet. Further credibility was achieved in this research by presenting the results 

at meetings and conferences/research meetings. Study I was presented at an International 

Conference on Medical Education Informatics—MEI 2015 Thessaloniki, Greece. Study II 

was presented at an international Association for Medical Education in Europe (AMEE) con-

ference in 2016 in Barcelona. In these conferences, I presented and discussed my research and 

received questions and feedback, which improved my ideas about how to pursue my research. 

Study III has been accepted as an oral presentation at an international conference, Transform 

MedEd 2020, in the UK, London, but the conference has been postponed because of the 

Covid-19 pandemic.  
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Dependability: Dependability relates to the consistency of the findings and considers the de-

gree to which data change over time and the modification of the researcher’s choices during 

the analysis (Graneheim & Lundman, 2004). Dependability in research relates to internal con-

sistency (Guba, 1981). Consistency and dependability were maintained by intensively dis-

cussing the interview data and the other collected data analysis so that differences and simi-

larities were in focus over time. Dependability was also maintained by keeping documenta-

tion of the various iterative analyses. These were done throughout the studies. 

 

Transferability: Applicability or transferability is the third aspect of trustworthiness in qual-

itative research. Transferability refers to ‘the extent to which the findings can be transferred 

to other settings or groups (Graneheim & Lundman, 2004). To enhance transferability, one 

approach is to capture a broad diversity in the population sample (Larsson & Holmström, 

2007) and a clear description of the culture and context and how the studies were conducted 

(Graneheim & Lundman, 2004). Referring to theory and its usage in the analysis is an im-

portant part of enhancing transferability. In Study III, we captured a large range of perspec-

tives across multiple disciplines and positioned the research in the cultural context of a large 

health system in an Iranian province. We also tried to describe our research context and set-

ting as straightforward so that others wanting to pursue similar research understand what we 

have done.  

5.6  METHODOLOGICAL CONSIDERATIONS 

We used both qualitative and quantitative methods, and a DBR framework overarched the 

work. We used interviews, surveys, and think-aloud methods. We calculated frequencies and 

severity ratings. The diversity of methods was necessary and helpful to capture the nuances of 

this research field better. 

 

Use of theories. To enhance the quality of qualitative research, suitable theories can assist the 

various phases of the research process, such as moving from a specific context to a more 

general one, enabling transferability (Kuper et al., 2008). General theories of learning are useful 

for patient learning, and there are significant features of learning for patients to understand and 

handle all that occurs. In addition, patients need time to process the information’s complexity 

in dialogue with healthcare providers (Engqvist Boman et al., 2017). The DBR framework in 

Study III of this research was a novel approach which afforded the opportunity for researchers 

to advance theoretical understandings. In this thesis, the adult learning and health-behaviour 

theories together with the DBR framework were helpful in narrowing down the research 

questions, especially in Studies II and III. These theories and frameworks assisted me in 

maintaining a better focus on the phenomenon of design for T2D patients’ self-management 

and iterating for continuous improvement.  

 

Research collaboration. This research was implemented in a diabetes clinic where I worked 

before I moved to Sweden for my research. I became the driving force behind this research 

collaboration between the patients and the healthcare providers. I did not hold any clinical 

responsibility while the research was conducted and did not receive any financial contribution. 

All participants were volunteers. The portal was co-produced and tested with health informatics 

experts at Mashhad University of Medical Sciences.  
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Reflexivity. Reflexivity indicates the researcher’s effect on the research, and it refers to the 

influence the investigator’s background may have on the qualitative research (Krefting, 1991). 

Since “no research is free of the biases, assumptions, and personality of the researcher, we 

cannot separate self from those activities in which we are intimately involved” (Berger, 2015). 

I was fully aware of my role as a physician when I was a researcher collecting data. Fortunately, 

the doctoral courses and the discussions with my supervisors helped me gain competence in 

qualitative methods and raised my awareness of qualitative research and how to separate my 

clinical and research roles. Discussing with the supervisors and my colleagues in Iran also made 

me aware of my third role as a designer and DBR research, which was not part of my clinical 

training.  

 

I have entered this field and learnt how design research differs from the biomedical research 

that I was used to and my expectations about medical education research. The first difference 

is how it is preferable to do several iterations of small studies rather than one big study with 

many participants to capture the multitude of usability issues and thereby to improve solutions 

(Krug, 2000). The second is to emphasise what people do rather than relying on what you or 

the users think about a system. However, understanding, and talking about interactions with a 

digital system is challenging (Karlgren et al., 2016), and it is, therefore, advisable to capture 

data about what people actually do in practice with a method such as a think-aloud method. 

Third, and related to the previous, it has become clear for me how opinions in the target group 

may differ and how designing often concerns making a choice, which is a trade-off between 

opposing preferences that cannot always be fully considered. Besides using the literature and 

discussing with the persons mentioned, I also got feedback from the patients about portal 

design, which induced asking more questions, revisions, and renewing my ideas and mindset. 
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6 DISCUSSION 

The overall objective of this doctoral research was to design a web-based patient education 

portal that could be effective in improving the self-management of patients who have diabetes 

in an Iranian patient sample. We analysed the patients’ readiness, explored their educational 

needs, designed an internet-based patient education portal, and tested its usability. 

6.1 STUDY I—READINESS TO USE THE INTERNET AMONG T2D PATIENTS 

IN IRAN 

In Study I, we examined the readiness to use the internet and mobile service of T2D patients in 

an Iranian sample population (Mashhad). Patients who reported that they regularly used the 

internet, mentioned that they were aware of how to find medical information on the internet. 

Many also reported their willingness to access educational material through the internet. 

However, research has also indicated that diabetic patients are not fully aware of the 

complications related to the disease (Jamshidi, 2012); therefore, using the educational material 

available on the internet is risky, and suitable medical guidance should be sought after. In 

addition, previous research has clearly shown that web-based educational portals need to 

provide good–quality educational material, and it is necessary to have a pedagogically thought-

out design that is easy to understand by patients (Salo et al., 2004).  

 

There were gender differences regarding access to the internet in this study, with the male group 

having extended access through their workplaces. This has also been reported in other research 

(Roshandel et al., 2005). This has probably connected to the demographics in Iran, where most 

married women do not work outside the home environment. Education level can also be a factor 

in healthcare-seeking behaviour on the internet (Karimi Moonaghi et al., 2014; Roshandel et 

al., 2005). In fact, in Study I, access to the internet increases with education level, which also 

shows a greater desire to use the internet for self-management. 

 

The majority (91%) of participants in Study I who reported using the internet regularly would 

also like to receive educational materials through their mobile phones. Access to the internet 

via mobile phones has increased dramatically, and the percentage of the total population who 

had access to the internet in Iran is reported to be 91.8%, with people owning over one mobile 

phone by January 2021 (Digital 2020; Internet World Stats, 2021). The lack of medical 

information websites in Farsi was also a major concern among the study’s participants. This 

indicates that although the data suggested that the patients were willing to receive educational 

material via the internet, many still preferred traditional sources of health-related information, 

such as TV, traditional face-to-face courses, and radio.  

 

This also relates to the socioeconomic status of the Iranian population. Previous research in 

countries with a higher socioeconomic situation found that, for example, the Asian population 

broadly accepted using the internet for management of chronic diseases and appreciated 

receiving web-based interventions using the internet (Kim & Kang, 2006; Schnall et al., 2013; 

Wang et al., 2012). In the U.S., a study reported that patients with a lower socioeconomic status 

were less likely to engage with communication technologies (Kontos et al., 2014). In Europe, 

a study showed that older people felt that using the internet and communication technologies 

improved their lives and enhanced relationships (European Commission. Joint Research 
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Centre, 2012). Internet induces greater freedom of expression and democracy, but language, 

access, and level of education are still limiting factors. Concurrently, when Study I was 

conducted, a local approach to the provision of patient information seemed to be required in 

Iran. 

6.2 STUDY II—EXPLORING EDUCATIONAL NEEDS AND DESIGN ASPECTS 

OF INTERNET-ENABLED PATIENT EDUCATION 

Study I found that a clear majority of the participants stated that they would like to receive 

educational materials through a mobile phone or over the internet in other ways despite a rather 

low level of technology adoption in the group. Almost everyone is positive about receiving the 

information, but what kind of material do they need, and how should it be presented? In Study 

II, we explored the educational needs and design features of personalised internet-enabled 

education of a sample of T2D patients in Iran. Through interviews, four themes emerged: 

seeking knowledge about diabetes, teaching and learning, facilitators, and barriers. 

 

The first theme captures how the participants have expressed a desire for comprehensive and 

well-organised educational material that is accessible in a flexible way. Other studies have 

shown similar results (Garshasbi et al., 2016), which is important for supporting patients in 

gaining confidence in their decision-making. Another aspect is that information should be 

developed with cultural sensitivity and on an appropriate literacy level, both of which tie with 

our results in Study III and Study II, respectively. Under the second theme and with relevance 

to clinical outcomes (Inzucchi et al., 2015), the findings show that the participating patients 

expressed the need to receive standard general diabetes education, which was shown to be 

lacking in Study I.  

 

For example, they would like to learn about diabetes and control blood sugar, plan, and follow 

diets, and manage stress and medication. They also prefer to use technology to get help from 

others, especially physicians, to control their diabetes better. They specifically focused on help 

with dietary intervention and physical activity. The participants stated that using different 

teaching methods, such as communication tools that allow them to talk to each other and health 

care providers to reach a common goal, and internet features to learn about diabetes were 

important issues for improving patients’ self-care management. The third theme underlines that 

the participants believe that the internet and mobile phones can act as information/knowledge 

facilitators as long as they are responsive, optimised for searching, have a quick start-up time, 

are easy to use, and are well developed. Research has demonstrated that those features are 

usually found in the best diabetes mobile apps (Chomutare et al., 2011). 

 

The fourth theme was about barriers. Participants stated that barriers to online patient education 

include unreliable internet access, lack of websites with diabetes information in the local 

language, and lack of time and awareness. The study also shows barriers to patient education, 

such as an inadequate health system and challenging communication interfaces, making it 

difficult for patients to use internet-enabled technology. Research has also shown other barriers 

to using digital tools, including cost, insufficient scientific evidence, data protection and data 

security (Liang et al., 2011). Nonetheless, the digital industry is growing rapidly, and in the 

future, health record systems may be integrated using a common platform (Liang et al., 2011). 
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This study identifies tailored information, interactivity, and content credibility as essential 

design features of patient education technology by considering a relationship and explanation 

based on learning theories. It also demonstrates that a significant amount of work is necessary 

in Iran to understand patients’ needs and design a technology to serve them. Research proves 

that an online diabetes self-management programme for T2D patients is acceptable and 

practical (Lorig et al., 2010). This study demonstrated that it is necessary to put efforts into 

better understanding the patients’ needs to develop technology serving the needs of this target 

group. 

6.3 STUDY III—DESIGN-BASED RESEARCH TO DESIGN AND DEVELOP 

INTERNET-ENABLED PATIENT EDUCATION FOR SELF-MANAGEMENT 

In Study III, we used the DBR framework to understand developing issues. By using the 

iterative phases characteristic of DBR, we first designed mock-ups and then improved them. 

We then developed the portal (Phases 1 and 2) and finally developed a framework and 

continued exploring usability issues in Study IV. The development was initially based on the 

results from Study I and Study II and two care models, but the two were merged in the portal’s 

design. The participants’ satisfaction with both the mock-ups and the portal addresses the 

importance of co-design that can facilitate the inclusion of meaningful patient-specific topics. 

In Iran, most of the educational programmes for T2D patients are on-site and located in Tehran 

(Shakibazadeh et al., 2016). Therefore, online educational programmes with local users’ needs 

have practical value and complement the existing physical programmes. 

 

In Phase 1, participants’ interview data prompted two themes: self-care improvement and 

educational usefulness. In the first, participants expressed the needs associated with self-care 

improvements, such as learning more about healthy nutrition and physical activity. This relates 

to the results of Study II and the literature on diabetes, for which nutrition and physical exercise 

are important to diminish the risk of complications and stress for T2D patients (Ford et al., 

2016). In the second theme, educational usefulness was highlighted by the participants’ desire 

to receive useful educational content. Online access to information related to diabetes, how it 

is presented, its accuracy and its educational and personal value are all features that help, as 

expressed by the participating patients, in understanding the conditions that will enhance and 

encourage learning based on learning theories and patient’s learning (Boman et al., 2018; 

Clapper, 2010) about managing the disease.  

 

The co-design in Phase 1 guided the researchers and developers in designing a culturally related 

portal for patients who, according to Studies I and II, are still “analogic” but willing to step into 

“digital”. A similar journey has occurred in high-income countries such as the USA, where 

access to patient health records is 75% (Sun et al., 2018). Contradictory information about the 

accuracy of information was also detected. The participants highlight the importance of both 

medically accurate content and, simultaneously, simple educational material without medical 

jargon. This is not new to design research, where user requirements for intuitive design and 

accurate medical information often conflict with each other (Kristiansen et al., 2017). 

Designers have to handle the fact that simplicity may not meet the needs of the users in the 

long run. Further, participants did not seem to prioritise between the two care models. 

Designing has required deciding by weighing the advantages and drawbacks of design choices. 
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In Phase 2, a patient education portal prototype was designed based on the participants’ 

expectations of Phase 1 and Study I and II results. The researchers and developers aimed at a 

prototype that would be easily understood, with little medical jargon, and be easily accessible 

by the target audience. For example, knowledge about managing the diet to decrease diabetes 

complications came up in previous studies and previous phases. The prototype included a tool 

to count calories in different types of food. We did not add a contextual tool that gives the 

approximate costs of laboratory tests and diabetes medication, as this often changes in Iran. 

Patients stated how medical and pedagogical information need to be visualised, presented, and 

communicated through the portal. A communication feature between the healthcare providers 

and patients was added. We know from research that those design issues can enhance patient 

satisfaction with care, expand information access and enhance communication, and possibly 

improve clinical outcomes (Hadjiconstantinou et al., 2016). Nonetheless, more contextual 

adaptation is also needed to adapt the portal information to a specific cultural context (Coughlin 

et al., 2017). 

 

The portal prototype was designed with technological and educational aspects that could 

simplify and sustain users’ engagement. Features of both models of care emphasising patients’ 

collaboration with healthcare professionals and patients’ empowerment in decision-making 

were welcome by the participants, as also shown in previous research (Franssen, 2015). 

6.4 STUDY IV—SELF-MANAGEMENT AND USABILITY 

Study IV is the culmination of this thesis and my journey as a PhD candidate. In this Study, 

therefore, we applied the knowledge gained from the previous studies, and we put that 

knowledge about learning, and especially patients’ learning, against design principles based on 

insights from the literature. Then, we put the portal to test to understand the design and usability 

aspects of the portal as a tool for self-management of T2D patients. Some results from Studies 

I–IV are recurring and corroborate the findings and analysis of Study IV. Therefore, they are 

mentioned in this section to provide a clearer relation between the studies. 

 

In Study IV, several design principles were proposed and then used when examining the design 

and usability aspects of a portal addressing the support of T2D patients’ self-management and 

the target group. Severity ratings of issues were also considered. The design principles have 

helped the researchers to focus on the important aspects of the portal contributing to the goal 

of self-management when evaluating the proposed solutions and furthering their design. Design 

principles can provide a bridge between theory and practice but may, concurrently, have several 

quite different roles (Paavola et al., 2011). They can, for example, be a means for explicating, 

communicating, and discussing criteria for making selections, suggestions for developing 

existing practices, a framework for reporting findings, or providing ideas on tool 

functionalities. Creating patient portals entails, to a large extent, focusing on and designing 

interactions between patients and the system, health professionals and other patients. However, 

conceptualising, and even talking about interactions is difficult, as it is an elusive phenomenon 

(Karlgren et al., 2016). Misunderstandings happen easily during discussions about a system 

that is being designed that does not even exist yet. This is where design principles, or patterns, 

may play a key role; they have been shown to be helpful in communication about design ideas, 

and simply being able to refer to them by their names may be what is needed to overcome 

misunderstandings and to continue productive collaboration (Karlgren & Ramberg, 2012). In 
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this project, the design principles have had several of the roles listed above. They have, in 

particular, provided a way of focusing design on aspects of the portal that contribute to the 

overall goal of patients’ self-management. They have equally guided the evaluation work with 

the same goal, and the findings have, in turn, induced detailing and revising the ideas behind 

the principles. In the end, the design principles have helped the researchers to develop aspects 

of the portal that, based on the literature, may indicate empowerment of patients, contributing 

towards the goal of self-management. Those aspects are supporting reflection, ease of use, 

supporting self-motivation, easy comprehension, confidence, autonomy, social interaction, 

collaboration, networking, and connection with healthcare personnel (Ballegaard et al., 2008; 

Glanz et al., 2008; Nunes et al., 2015; Peters et al., 2018; Robinson et al., 2020; Shah & Garg, 

2015).  

 

Based on the results of Studies I–III and the literature, we developed the portal with 

functionalities such as educational material, medical information about diabetes, interactions 

through several tools such as calories calculator, the input of laboratory results, and chat, which 

help the user to understand and learn about their condition—the first design principle. The aim 

here was to create awareness and support learning to manage chronic disease. Understanding 

is a requirement for self-management that allows the learning of specific skills influencing 

psychological factors for diabetes self-management (Sallis et al., 2008). Learning about 

measuring blood sugar, planning diets, and exercise are all supporting features of self-

management (Glanz et al., 2008). Thus, technology can be used to raise awareness and support 

healthy conditions; however, poorly designed interaction between patients and patients, and 

patients and healthcare providers, a lack of relevant educational material, and the use of 

difficult language, jargon, and abbreviation, as expressed by the participants in Studies II–IV, 

may jeopardise the intention underlying this design principle. 

 

The second design principle highlights the support for motivation and fostering sustained 

practices. The portal included calculators, calendars, and reminders. Those functionalities are 

meant to help, encourage, and sustain everyday healthy practices. Reminding and “nudging” 

the patients towards sustained healthy practice can build motivation for using the portal needed 

daily, especially when faced with the struggle of everyday life. Personalised information also 

contributes to self-management (Glanz et al., 2008). The participants had filled in their personal 

information, registered laboratory results, and calculated their health index, resulting in 

checking their health improvements. This technology can make suggestions for care activities 

and support self-management, which should be positive and comforting for patients (Shah & 

Garg, 2015). Once again, though poorly designed support for registering laboratory data was 

considered irritating by the participants, risking the portal’s sustained use and counteracting the 

design principle.  

 

The third design principle concerns autonomy and confidence. During the usability testing, the 

participating patients could perform tasks such as entering patient information in the portal 

without the help of others. They stated that this was pleasing and gave them a sense of 

confidence. Developing a sense of confidence and managing their disease are aspects that 

technology can influence (Nunes et al., 2015). However, the matter of confidence turned out 

not to be only about the patients’ confidence, but as much about the patients’ confidence in the 

system which they occasionally called into question. This had not been in focus previously 
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during the development process, but the observations during the usability testing showed how 

this is a key to understanding patients as agents. Patients can independently plan their self-

management through technology, but they have to build trust in it before using it. Poor data 

security can thus completely undermine the use of a portal.  

 

As shown in all four studies, communication, and interaction with healthcare providers were 

important features for the participating patients. The fourth design principle centres on these 

features—interaction and collaboration. The sustained contact between patients and healthcare 

providers is a key element in supporting the patient’s self-management (Glanz et al., 2008). 

The patients valued possibilities to book their visits to the doctor through the portal, findings 

which we had seen already in Studies II–IV. Another aspect that has been less considered in 

the literature but expressed by the participants was the willingness to communicate with other 

patients, and this could be arranged by offering chat functions and discussion forums for patient 

to patient communication. Technology, therefore, can also be a channel for sharing information 

and not just for communicating. Sharing experiences between people who go through the same 

chronic condition can be a strong motivator to self-management by also sharing self-

management activities and enhancing collaboration with care givers (Nunes et al., 2015). 

However, the participating patients raised concerns regarding being insecure about an 

understandable level of communication with the healthcare givers. Hence, there is a need for 

design adaptations and design elements to achieve strong privacy and data protection.  

 

The need to consider design trade-offs has been present throughout my research. A requirement 

in technology design is to balance strengths and weaknesses (Fogli et al., 2020). In Study III, 

for example, participants expressed that they preferred educational material in an ordinary 

language without medical jargon but simultaneously called for accurate medical information 

about the condition, an observation previously seen in the literature (Kristiansen et al., 2017).  

In Study IV, the patients appreciated the portal’s guidance towards health improvement, which 

required entering information about themselves and their status. However, patients became 

irritated by the continuous need to enter data. They also worried about data integrity, which has 

been shown by others (Derboven et al., 2020). These contradictory requirements demand that 

design decisions consider the trade-offs of such decisions. In all four studies, the participants 

identified digital and health literacy and a sense of empowerment as important aspects to take 

upon the responsibility for self-management. It links back to the sense of confidence and how 

technology can contribute to it (Fogli et al., 2020), yet it requires a design trade-off between 

improving the medical conditions and perceiving the technology as safe. 

 

The severity ratings in Study IV provided the researchers with a measure of what did not work 

as intended. Design research has previously indicated that usability problems are more often 

commented upon by the users since they are unexpected (Nunes et al., 2015), and this was the 

case in Studies II–IV. During the portal testing in Study IV, the most frequent severity problems 

fell within category two—minor usability problems. These were also related to the time spent 

on tasks during the testing. Patients spend almost half of the time on the tasks: Fill in patient 

information and Register laboratory results. Similar results were also found in the literature 

(Mazaheri Habibi et al., 2018). This indicates that entering personal information may be 

frightening for a patient who may feel insecure about what to enter and lose confidence. 
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Research has suggested that guidelines to help patients enter personal data should be developed 

(Tieu et al., 2015). Regarding the results about digital and health literacy in our studies, it 

remains unclear what the best format of those guidelines should be, online, or printed form. 

Guidelines would also be necessary to help the patients complete other tasks. In Study IV, the 

patients completed all tasks, but with guidance, as also shown with other patient groups 

(Wakefield et al., 2015). One benefit of technology is that it should simplify tasks for patients. 

However, if we need to develop guidelines for most tasks patients need to complete when using 

a portal, one may start to wonder what other design features we have neglected. 

6.5 OVERALL REMARKS 

In all studies, the participants also suggested improvements. In most cases, minor usability 

issues require minor design fixes (Atashi et al., 2016). However, even minor annoyances, at 

times, can become a cause not to use a technology or even induce patient harm (Gibbons et al., 

2014). An example could be entering personal data, as we have seen in Study IV and as part of 

the autonomy and confidence and motivation and fostering sustained practices principles, 

where irritation can jeopardise the use of the portal. 

 

One goal with the portal design in our studies was to support T2D patients in reaching self-

management. We found aspects through the usability testing that both support and weaken self-

management. We also found evidence that both upheld and contradicted the design principles. 

I ponder then as a researcher: What is a necessary design trade-off, and what if a group of 

patients, maybe, is not yet ready to move to a digital care environment? 

 

Regarding the learning of the T2D patients and the theories about learning discussed in the 

Background, it is clear that the patients needed and called for different support for their learn-

ing. First, the hunger of individuals for more factual knowledge about diabetes—in line with 

the acquisition metaphor—emerged repeatedly. The patients called for more information 

about diet, stress, blood sugar control, and drug complications. Secondly, the patients also 

emphasised the need to master key practices and skills of the “diabetes community” such as 

performing measurements, calculating calories and BMI and the desire to interact and com-

municate more with healthcare personnel through the portal, which may parallel the partici-

pation metaphor. They also expressed an interest in belonging to T2D patient communities 

to connect with other patients in similar situations. However, some of the findings seemed 

not to be well aligned with the participation metaphor: the patients described having difficul-

ties with medical terminology, and some expressed a preference for not having to deal 

with “medical language” rather than receiving assistance in mastering it.  

 

The third metaphor for learning (Karlgren et al., 2020; Paavola et al., 2004) was clearly ob-

servable in the patients’ comments, needs, and proposals. They underlined their desire to use 

the portal to communicate with healthcare personnel and collaborate on creating diet plans, 

exercise plans, creating follow-ups over time, and ultimately developing their practices and 

routines. These activities could thus be described as collaborative knowledge creation 

through the mediating resources provided in the portal. The different functionalities of the 

portal mediate such collaborative knowledge creation by enabling the sharing of information 

(e.g., measurements, data collection), planning (e.g., calendars), follow-ups over time (e.g., 

visualisations), and communication (e.g., the chat).  



 

 43 

 

Patient self-management requires a shift in attitudes both by the patient and the caring 

physician. In Iranian society, physicians hold a very high reputation and carry the primary 

decision-making duty—physician-centred care. Research has demonstrated that this skewed 

power structure can induce missed dialogue about psychological concerns, alternative options, 

and self-management (Epstein & Street, 2007). A study of cancer patients in Iran has shown 

that patients lack an awareness that they can disagree with their physician’s decision while also 

mistrusting the healthcare system (Aminaie et al., 2019). This stance can be an obstacle to 

patients’ participation in decision-making (Sandman & Munthe, 2010). From a cultural 

perspective, expectations for care in Iran are physician-led, which could prompt a 

disempowerment of the patient and a rebuke to self-management processes. Much remains to 

do for the Iranian healthcare system to move towards patient-centred care and possibly 

encourage self-management. Tallon and colleagues argue that such dynamics can be improved 

by allowing the healthcare team to develop skills in instituting therapeutic communication with 

patients and their families (Tallon et al., 2017).  

6.6 LIMITATIONS 

The major limitation of this study is that the participants were from one diabetes clinic in a 

large city of Iran; therefore, the findings may not be transferable to a broader population with 

diabetes. However, the population in Iran shares similar cultures, needs, and problems. I believe 

the results in this thesis are also useful for Middle Eastern countries and middle-income 

countries, which share a similar context and culture. In these countries, T2D patients share 

similar problems of technology penetration.  

The other limitation in the design process is that an endocrinologist only got involved after the 

prototype was developed, while her input earlier might have provided useful medical aids in 

the design phases. Another limitation is that we did not study the use of the portal over time to 

see what happens with the clinical outcomes from the development of patients' self-

management.  

Lack of time for collecting the data in Iran was another limitation in this research. I was 

working on my PhD and taking courses here in Sweden but needed to travel to Iran to collect 

data. In fact, for Study IV, Dr Mazaheri Habibi, a PhD student in Health Informatics at 

Mashhad University of Medical Sciences with experience in usability testing, helped me with 

data collection while conducting the usability testing. 
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7 CONCLUSIONS 
This thesis has provided a better understanding of design features to consider when develop-

ing a portal for patients with T2D in an Iranian setting to improve self-management. From 

the four studies, the conclusions that can be drawn are:  

• Among T2D patients who already use the internet, most are willing to continue 

using it to receive educational material about diabetes. However, traditional 

sources of information, such as TV and face-to-face courses, are still preferred. 

Access to the internet and mobile phones has increased noticeably since Study I; 

therefore, future efforts should focus on technology adopters to increase the pen-

etration rate of technology and hopefully motivate many to use it for self-man-

agement of diabetes. 

• Since internet users in Iran are increasing and more online services are being 

developed, a new study on the understanding of patients’ needs and expectations 

about both technology and digital patient education should give new insight into 

design features to reposition the development of a portal or internet-enabled ser-

vice. 

• Designing for the plurality of users and care models, health equity, and espe-

cially cultural inclusion should be a design priority for helping in embracing the 

digital transformation. 

• Besides plurality, equity, and inclusion, a patient portal still needs to address 

the health-related behaviours of the target group and engage with healthcare pro-

viders and peers. Those aspects are still of importance for supporting self-man-

agement. 

• To address all the above, usability testing, although time consuming, is a must 

to assess the functionality of a portal and its potential for patients and its sustained 

use. 

• Understanding the complexity of the condition, motivation, sustained practices, 

autonomy, confidence, and being able to interact with healthcare professionals as 

well as other patients appear to all be important aspects of self-management of 

T2D. From a design perspective, each such goal may have its advantages and 

disadvantages and may be interpreted unexpectedly within a patient group. To 

address all the above, usability testing, although time consuming, is a must to 

assess the functionality of a portal and its potential for patients and its sustained 

use.  

• Strengths and weaknesses of designs need to be considered so that the trade-offs 

of design decisions are well thought-out and justified. 

 

There are many other factors that influence diabetes, such as genetic factors, environmental, 

or epigenetic factors, politics, and economy, which were not considered in this thesis. The 

focus remained on designing and developing a portal that could support self-management by 

considering the aspects that influence it most. 
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8 POINTS OF PERSPECTIVE 

8.1 IMPLICATIONS 

Despite this research’s limitations, I hope that this research can contribute to new digital 

practices for diabetic patients and healthcare providers in Iran and other countries, with a 

similar context and culture. I highlighted the importance of receiving standardised diabetes 

education with a specific focus on dietary interventions and the importance of physical 

activity in T2D. These have direct relevance to clinical outcomes and should be pursued when 

designing an internet-enabled service for self-management. This research also suggests that 

cultural inclusion should be a design feature. For example, I would suggest including the 

diabetic patient’s family in the development process of a portal and communication features 

with fellow patients.  

Usability studies are crucial for efficient design, and design principles should be continuously 

developed and refined to guide further design. The contribution of my research suggests that 

portals have the potential to help the target group, but much remains to be done regarding 

health behaviour changes to make the portals a viable solution for the self-management of 

diabetes. Finally, I hope that with this research, I could offer insight into the complexities of 

patient education for future work with the development of self-management for T2D patients. 

8.2 FUTURE RESEARCH  

This research highlights the need for more research regarding finding strategies to motivate 

patients to use digital tools for self-management of their chronic disease, designing internet-

enabled services that suit the patient group, and improving clinical outcomes for the same 

patient group.  

If I have the opportunity, I would like to research the potential disadvantages of using web-

based technology for T2D patients. I would also like to deeply consider issues of patients’ 

data protection and ethical considerations. The more we digitally transform the healthcare 

system and care provision, the more important it becomes to investigate privacy, protection, 

and ethical issues.  

Finally, I will consider the infrastructure preparation and digital preparation of diabetes ser-

vices. If I get the chance to develop a new educational portal for diabetes patients in the future 

in Iran, I will conduct usability tests and extensively evaluate the portal to assess its potentially 

sustained use for self-management. I would also develop training material and guidelines to 

support the adoption better.  
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 APPENDIX 

Determining patient’s knowledge, readiness and needs for internet and mobile 

education   

 

 Parts 1:                                      

Determine knowledge and readiness 

1-Location of questioning:  1. Diabetes Centre in Emamreza hospital   2. Mashhad diabetes 

Clinic 

2-Date of birth: 

3-Sex: Female       Male 

4-Resident in six months ahead: Centre of province        Non-central City        Rural area  

5-Education level: Illiterate        Not finished high school       Finished high school 

Two-year university education        Bachelor        Master or higher 

6-job 

7-Diabetes:  Type 2        Type 1        Pregnancy diabetes        I do not know 

8-Duration of disease diagnosed: Less than 1 year       Between 1 to 3 year           

Between 3 to 5 year       Between 5 to 10 year        More than 10 year 

9-How much do you know about diabetes? 

Too much        Much       A little       Very little 

10-Do you want to know more about your disease?     Yes        No 

11-How much do you want to know about these items? 

11.1. Cause of diabetes:                  To a large extent       To some extent     Little      Very little 

11.2. Treatment of Diabetes:          To a large extent      To some extent         Little      Very little 

11.3. Diet and Diabetes:                To a large extent       To some extent         Little      Very little 

11.4. Physical activity and Diabetes: To a large extent     To some extent      Little      Very little 

11.5. Complication of Diabetes:   To a large extent      To some extent          Little      Very little 

11.6. Prevalence of Diabetes:        To a large extent      To some extent      Little       Very little                      

11.7. Drugs Complication in:      To a large extent       To some extent      Little       Very little 

11.8. Genetic effects on Diabetes: To a large extent     To some extent      Little       Very little 

Questionnaire Number:         Date: 

Questioner Name: 
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12-Have you ever sought/received any information about your disease from sources other than 

your doctor? Yes        No 

13-Which sources did you get information? 

Books, journals, pamphlets          Educational classes       TV, radio or educational films 

Internet        Others 

14-Which sources/means do you prefer to get information from? 

Educational classes        TV, radio or educational films        Books, journals, pamphlets          

Internet        Others 

15- Do you have access to the internet?   Yes         No        Access by family members 

16- Do you have personal access to the internet?  Yes        No     
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Dear responder, 

If the response to question 16 was No, no need to complete parts 2 of the questionnaire. 

 

Parts 2:                                      

Determining readiness 

17-How long have you been using the internet?       Years       Months 

18-How do you access the internet? At home        In my office        By mobile       Internet café 

19-Do you know you can get information about your disease via the internet? Yes        No     

20-Do you have access to a mobile phone? Yes        No     

21- Do you send and receive SMS via a mobile phone? Yes        No     

22- Do you need to use the internet in your job? Yes        No     

23- How often do you use the internet? Daily        Weekly       Monthly       Yearly 

24- Do you have E-mail? Yes        No     

25- If yes, how often do you check your e-mail? Daily        Weekly       Monthly       Yearly 

26- Have you had chat by someone? Yes        No     

27- Have you ever performed an internet search? Yes        No     

28- If yes, how many times have you searched the Web in the past 12 months? 

29- How difficult do you find an internet search?  

      To a large extent       To some extent     Little      Very little 

30- Have you ever searched the internet for medical information? Yes        No     

31- If yes, how many times have you searched in the past 12 months? 

32- Have you ever searched about diabetes in the internet? Yes        No     

33- How reliable do you think internet documents general are?  

      To a large extent      To some extent    Little       Very little 

34- Has any physician referred you to use the internet? Yes         No     

35- If you encounter medical information in the web, will you ask your physician about its 

validity? Yes        No     

36- Do you ever search the web about the new comments you get from your physician?           

Yes        No     

Questionnaire Number:         Date: 

Questioner Name: 
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37- Have you ever consulted about diabetes in the internet? Yes         No       

38- Do you wish to be in contact with your doctor via the internet and consult about your 

problems? Yes        No     

39- Do you wish to receive educational SMS? Yes        No     

40-Do you wish to receive the latest findings about your disease by e-mail? Yes        No     

41-How useful do you think a Farsi website about diabetes can be?  

     To a large extent       To some extent      Little       Very little 

42-Please declare any comments you have about using the internet and mobile in increasing 

information of patients and its problems. 
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Table 1. Sub-categories, Main Categories and Core Categories  

Core Categories Main Categories Sub-categories 

Seek knowledge about 

diabetes 

Requirements learning 

Acquisition of knowledge 

 

Getting information before being 

diagnosed 

Peer learning 

Access to doctor  

Enhance learning 

Gain awareness 

Specific knowledge 

acquisition 

Patients 

Interactions 

Nutrition 

Stress 

Familiarity with complications 

Familiar with influence of drugs 

Consultation 

patients Interests 

Getting help from other 

Teaching and Learning Teaching methods 

 

Educational Classes 

Educational Materials 

Question and answer 

Different ways to Learn 

 

Film 

SMS 

Sequence texting 

SMS Features 

Reading a book 

Test 

Remind patients 

Online Education 

Facilitators Facilitators of internet and 

mobile   

 

Mobile Applications 

Advantages and Disadvantages 

Internet environment 

Expert approved Site 

Accountability of the Site 

Characteristics of the Site 

Positive appellation of the Web 

Communication between patients  

Barriers 

 

Barriers for using internet 

and website 

 

Missing of proper Persian Site 

Uncertainty 

Lack of access 

Lack of opportunity  

Problems of content on the internet 

Not interested in using the internet 

Perceived barriers 

Culture 

 

Patients fears 

No time for patient 

Lack of awareness 

Lack of time for doctors 
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Table 2. Sub-categories, categories and themes derived from the interview data 

Sub Categories Categories Themes 

Nutrition  Self-care requirements Self-care improvement 

 Physical activity 

Complications Self-care management 

 Stress  

Educational content Medical information 

 

Educational usefulness 

 Accuracy 

Educational film Information mode 

Features 

Customisation 

Mobile and applications Mobility 

Patient engagement Interaction 

Family and peer support 

User interface Efficiency 

Access to internet 

 

 

Table 3. Sub-categories and Categories derived from the interview data in phase 3 

Sub Categories Categories 

Satisfaction User Experience 

Willingness to use  

Attractive  

Up-to-date information 

Pedagogical information Functionality 

Guidance 

Simple access 

Medical information 

Visual presentation 

Communication Interactivity 

Feedback 

Reminder/alarms 
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Table 4: The nine tasks and their explanations, including the collected data or material 

#  Task Name Task explanation 

1 Fill in patient infor-

mation 
Users are asked to type or select by a drop-down list. The data shall 

be entered into the system using a keyboard and a mouse. They are 

name and surname, gender, age, education level, occupation, 

address, weight, height, type of diabetes, age of onset of diabetes and 

associated specific disease. 

2 Register laboratory 

results 

Users are asked to type values of laboratory results and read medi-

cal documentation. Fast blood sugar, “sugar level two hours after 

breakfast (2hpp)” and five-afternoon blood sugar (5PM), HbA1c, 

liver function test (SGOT, SGPT, ALP), lipids profile (cholesterol 

and triglyceride (Chol, TG)), kidney function tests (urine sugar, 

urea in the blood (BUN), serum creatinine (Cr)) and blood pressure 

(BP). 

3 Attend educational 

courses 

Users are asked to attend a course aiming to help them in improving 

their self-management of diabetes. Eight courses are available, and 

they were asked to attend one of these courses. The courses have a 

short quiz to be answered before starting the courses. 

4 Read educational ma-

terial 

Users are asked to read educational material about various aspects 

of diabetes and body organs, stress, physical activity, drugs and di-

abetes. 

5 Use the “Help-me” 

steps 

Users are asked to follow the “Help-me” flow, sequential steps in 

order to get specific information. 

6 Check health im-

provement 

Users are asked to access data about their current situations based 

on medical conditions and lab results recorded in the medical rec-

ord. 

7 Play educational 

movies 

Users are asked to find and watch one short movie about diabetes 

for at least one minute, complications in diabetes, diets tailored for 

diabetes patients or other related subjects. Movies are about three 

to four minutes long. 

8 Calculate health in-

dexes 

Users are asked to use a food calorie counter and a calculator for 

checking body mass index and the glycaemic index of different 

types of food. The task comprises one calculation based on users’ 

interest. 

9 Chat with doctors and 

nurses 

Users are asked to use the chat for communication with doctors or 

nurses. 

 

 




