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ABSTRACT 
 

Self-monitoring and self-management play an increasingly vital role in the management of 

prevalent diseases afflicting millions of people worldwide. Conditions such as 

cardiovascular disease or diabetes mellitus can be managed with pharmaceuticals. However, 

lifestyle factors and behaviour modifications also play a crucial part in controlling outcomes. 

If carried out effectively, self-monitoring and management techniques can benefit the patient 

from a health point of view, empowering them to take control of their disease, and also 

support the health sector economically. A recent report showed that almost four fifths of the 

NHS diabetes budget was spent on managing preventable complications.  

Although applicable to any medical conditions with lifestyle control elements, this thesis 

will be using diabetes mellitus as a recurring theme to highlight research conducted. Diabetes 

is a rapidly growing epidemic disease with global implications impacting humans socially 

and economically. By 2025 it is estimated that five million people in the UK will be 

diagnosed with diabetes., This research will therefore, be relevant for a large proportion of 

the population. 

Knowledge Management (KM) has demonstrated to be a valuable approach to sharing 

knowledge and providing users with the information necessary to help self-manage their 

symptoms. Although, KM has not yet been applied sufficiently to support the growing 

number of diabetics in the UK. In this thesis, KM is merged with Knowledge Discovery 

(KD) to combat that and address the specific needs of the diabetic population. The integrated 

framework is implemented using data mining techniques within the proposed e-Toolkit to 

elicit useful knowledge encountered by patients regardless of their disease, such as adverse 

drug reactions. The knowledge is then disseminated through the proposed modified SECI 

Model for knowledge creation via the e-Toolkit. 

The second part of this research investigates which patient data is necessary to disseminate 

to healthcare professionals. This help to bridge any communications gap that may exist 

between patients and health care professionals. In theory, the e-toolkit will provide patients 

with one place to record every important health factor, whilst simultaneously allowing the 

medical team with real-time monitoring. Thus, enabling doctors and patients to work 

together to find effective ways to reduce the damaging effects of this disease, including 

determining the common side effects through medication reviews.  

Keywords: Diabetes, Knowledge Management, Knowledge Discovery, British National 

Health Service Web System, Doctor, Patient, Data Mining.  
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CHAPTER ONE: INTRODUCTION  
 

 

Diabetes is a devastating disease which can affect people of all genders, ages and races, 

regardless of economic status.  If not treated the effects can cause long-term harm to vital 

organs and can even prove fatal. Medical specialists concur that sufferers of the disease 

require close supervision and observation, and intense self-organisation to effectively 

manage symptoms (American Diabetes Association, 2018).  

 

Self-management plays a huge role in the control of diabetes amongst patients. This is 

usually carried out by taking regular measurements of their blood glucose levels, as well as 

other testing. Blood glucose readings are taken upon awakening, pre mealtime and after a 

meal, pre an exercise or after an exercise, before going to sleep, and at other occasions, if 

and when needed (S C.M. Croxson, 2009; Fahad Darwish, 2019). 

 

Part of this self-management is awareness of diet, particularly carbohydrate intake, including 

type and amount. It is also important for diabetics to understand how factors like this have 

an impact onto their personal condition, and that these factors can differ between individuals 

(Richard S. Surwit, 2013). 

 

Diabetics themselves have a vital role in managing certain risk factors which can affect their 

condition. This includes day to day factors such as exercise, diet and medication control. 

Self-management and education in the health sector can be supported by Knowledge 

Management (KM). KM is bringing the right knowledge to the right individuals so they can 

make the best decisions at the right time (Petrash, 1996).  

 

KM can facilitate knowledge sharing amongst different organisations and individuals 

through communications (Almuayqil, 2017). However, in the UK there are a number of 

limitations with KM in relation to the practices in the NHS, If KM is used correctly then it 

could potentially save the healthcare service a large amount of money (Independent, 2018; 

Currie, 2008).  
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The risk of developing serious, life changing complications can be prevented by in-depth 

observation and regulation of health factors affecting diabetics such as blood glucose levels, 

diet, exercise, insulin dosage, medicines interactions, blood pressure readings and healing 

time of the individual (Darwish, 2012; Diabetes UK, 2018). 

 

Such factors can have a severe effect on the patient’s quality of life and in extreme cases, 

may even lead to death. Examples of risks associated with these factors include reduced 

bladder control, nerve damage, loss of vision, kidney failure, coronary artery disease and 

parts or whole foot amputations (Blumenthal, 2018; Darwish, 2012). Therefore, it is vital 

that the doctor is up-to-date with the patient’s readings to ensure correct diagnosis and to 

enable appropriate treatment plans to be advised.  

 

Knowledge Discovery (KD) through Data Mining (DM) techniques will identify knowledge 

which if applied, could improve treatment procedures. KM technology can be used to spread 

knowledge between patients and medical professionals. The ultimate aim of this thesis is to 

develop an e-Toolkit to help patients and doctors communicate directly, thereby educating 

each other on the individual’s case, allowing assessment and review to be carried out with 

ease.  (Rhoda K. Moise, 2017). 

 

Nonaka and Takeuchi (1995) has proposed a knowledge creation model which facilitates the 

conversation of explicit and tacit knowledge using the four modes of socialisation, 

externalisation, combination and internalisation as termed (SECI). The SECI model is an 

established method in the knowledge management domain and has been successful in 

managing knowledge in a range of domains, such as healthcare (Almuayqil, 2017).  

 

The integration of KM and KD can be achieved by the use of SECI model to help the 

healthcare professionals and patients in the United Kingdom in managing several long-term 

diseases, like diabetes mellitus and hypothyroidism. Such an approach could also help 

distinguish factors such as the side effects of medications, as is discussed in chapter 4 below. 

The discovered knowledge will then be disseminated to patients through the proposed SECI 

model on the e-Toolkit. Such an integration can be a powerful tool for making effective 

decisions and will help in self-management (Li, Zhu, & Pan, 2017). 
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1.1 Research Motivation and Problem Statement 

  

The number of people that have been diagnosed with diabetes is set to double within the 

space of 30 years, growing from 135 million in 1995 to 300 million in the year 2025 

(Abolghasemi, 2015). The International Diabetes Federation (IDF) predicts that this number 

will increase even further, to over 552 million by the year 2030. This number equates to 

around 6.4% of the world’s population (The Lancet , 2011; United Nation, 2019). 

 

The global medical community are struggling to keep up with the demand for diabetic care 

as the numbers continue to rise and potentially spiral out of control. According to the 

International Diabetes Federation (IDF), on average, around 3.2 – 4.0 million people, 

between the ages of 20 and 79 years, are predicted to pass away due to diabetes in 2019 

(Muddasarul Hoda, 2019; idf.org, 2017). So far, diabetes have been a cause of mortality for 

around 10.7% of the global population from this age group (diabetes.org, 2010). This 

percentage is much higher than the combined deaths from the HIV/AIDS infectious diseases, 

which is 1.1 million deaths (Nam Han Cho, 2017). 

 

Astonishing reports by the journal "Diabetic Medicine" indicate that the treatment cost of 

diabetes in the UK is set to rocket. The report forecasts that “…Diabetes will cost the NHS 

£16.8 Billion (17% of the NHS budget) by the year 2035  ..” (NHS, 2012).   

 

Baroness Young, who was the Chief Executive of the health charity Diabetes UK, mentioned 

that “… already huge sums of money spent on treating diabetes will rise to unsustainable 

levels that threaten to bankrupt the NHS…”. As it stands almost 80% of the NHS diabetes 

budget is used to treat complications to the disease which actually may have been prevented 

with proper self-care and education (BBC, 2017). This shows the importance of quickly 

finding newer, alternative methods of managing the disease.  

 

As already highlighted, self-monitoring and self-regulation is of extreme importance to 

successful management of the disease. A report by Yi Weinger illustrates that a large 

proportion of diabetics do not or cannot make such commitments. This can be due to the 

lack of self-efficacy, the absence of care education or the absence of diabetes management 

resources and organisation (Weinger, 2003; Darwish, 2012). 
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The patients that do attempt self-monitoring may struggle to constantly track the various 

factors that need to be recorded, and so they are usually not consistent with their choice of 

system, and are repeatedly switching from one system to another (Weinger, 2003). A quick 

search using Google shows many websites that are devoted to helping those who are having 

trouble with the maintenance of their diabetes.  These include the National Institute of 

Diabetes and Digestive and Kidney Diseases, Diabetes Education Scotland, the Palo Alto 

Medical Foundation and the National Health Service.  

 

Due to a knowledge deficiency on the disease process and lifestyle factors amongst patients, 

healthcare professionals can find it challenging to influence patients to modify their risk 

factors. This can prolong a patients’ exposure to behaviours which can increase their risk of 

further problems. This is preventable with appropriate education and training yet is 

“becoming increasingly unaffordable for health care systems around the world” (BBC, 

2017).  

 

Learning about diabetes is vital towards the treatment plan of diabetics. However, there still 

remains a barrier between diabetics and the professional medical community.  A renowned 

diabetic expert, Doctor Anderson, stated that Noncompliance happens when patients and the 

health medical team are chasing dissimilar goals (Resnicow, 2007). 

 

Ineffective communication between the patient and their doctor only worsens this issue and 

negatively impacts the patient-doctor relationship. Implementing a standardised digital 

system to manage diabetes could improve communication between the doctor and the patient 

as the same data is shared between both parties via a direct platform.  

 

Research was directed towards utilising computers and smart phones that can be used by 

diabetics for creating or further developing more suitable ways to record health risk factors. 

However, due to the applications not having the patient’s or medical professional’s best 

interests in mind due to their commercial purpose, they usually are not as effective. Our 

findings, from the Survey Analysis in Chapter 3, show that most websites or portals are 

created by the manufacturers of blood glucose and insulin pumps therefore with only buying 

customers benefitting.  
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Another drawback of those websites is that they are focused on product features and only 

record blood glucose readings and insulin dosage and do not take into account other factors 

which are necessary  for the correct management of the disease (Larme & Pugh, 2001; Paul 

Kurdyak, 2017). 

 

The use of such websites is restricted and can only be used by patients who have used or 

purchased the device, making accessibility limited. Patients who can use these websites 

would still have to employ another method to record their own figures (Peggy, 2007; Chin 

et al., 2001). However, as mentioned later in chapter 4 the proposed e-Toolkit can share 

figures directly with medical professionals without the need for face to face meetings. 

 

The data collected from the survey and the literature in chapter 3 of our research concludes 

that existing electronic systems neither offer a way for NHS professionals to have direct and 

complete access to the patient readings and updates, or a base for the NHS professionals to 

communicate with diabetic patients. 

 

The professional’s ability to influence or to intervene is mainly reliant on upon the routine 

readings of patients, which is challenging as the data must either be emailed or printed and 

taken to scheduled appointments. (diabetes.org.uk, 2019) 

 

One of the first issues that arise from using the current systems is that the only factors 

considered are insulin and blood glucose readings. Medical professionals are not able to 

access a patient's complete day-to-day health status and thus approach their treatment 

holistically (Peggy, 2007; Chin et al., 2001). 

 

Another issue with current systems is that the equipment used by patients to record data does 

not allow information to be emailed to the clinic, preventing communication between the 

patient and the healthcare professionals.  

 

Furthermore, there are no KM techniques or tools and the current system does not allow the 

patient to voice their opinion/ experiences of specific medications. Finally, an overwhelming 

number of patients and records can make it difficult for healthcare professionals to keep up 

to date with information.  
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1.2 Aim and Objectives 

 

This research attempts to answer the following questions: 

Q1. Can a universally accessible e-Toolkit improve diabetes management for both NHS staff 

and diabetic patients?  

Q2. Can the integrated framework of KM and KD address the issues that face the medical 

and diabetic community?  

Q3. Can the proposed improved SECI model framework address Knowledge Management 

and potentially help reduce the NHS budget?  

 

The objectives of the research are to develop a framework to integrate KM and KD via the 

developed SECI Model to support the e-healthcare of diabetes mellitus patients and assist 

the NHS professionals in the UK.  

 

The following objectives are to be carried out: 

1. To conduct a literature review for the following:  

a. Knowledge Management and its models. 

b. Knowledge Discovery applications in the healthcare sector. 

c. SECI Models and their applications 

d. Diabetes mellitus and its complications and prevalence globally and in the 

United Kingdom. 

2. To carry out a survey in order to establish limitation of the existing diabetic 

monitoring systems. 

3. To develop a framework to integrate Knowledge Management and Knowledge 

Discovery within a developed SECI model 

4. To carry out a Data Mining analysis of medication reviews to find the most common 

issues with certain medicines in order validate our framework idea, as well as 

applying non-medical datasets such as Amazon reviews. This is to prove that the 

framework can be applied in different fields and not only medical.  

5. To build an e-Toolkit to support diabetes education and self-management in the UK. 

6. To validate the developed framework and evaluation of the designed e-tool kit. 
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The scope of the research is intended to support and help diabetic patients in the United 

Kingdom and, potentially, around the globe.  

 

The e-Toolkit Aims to achieve the: 

 

• Creation of a universally accessible e-Toolkit that will help the diabetic 

patients in the UK and globally. The e-Toolkit will have many purposes 

offering an area which is simple to use such that diabetic patients are able to 

document risk factor data. Diabetics patients will have access to this e-Toolkit 

from anywhere in the world using their smart phones, tablets, PC’s or any 

other device which has internet access.   

• Sentiment Analysis techniques and other Data Mining tools will be used 

within the e-Toolkit to potentially find side effects of medications and give 

suggestions of treatment options for healthcare professionals according to the 

data which patients have input. 

• The ability to communicate with the patient’s appointed medical professional 

via a direct messaging system, with measures in place for regular monitoring. 

Therefore, the e-Toolkit can be incorporated into patient’s day-to-day routine 

in real time.  

• The ability to display data graphs and charts and high risk patient alerts to 

medical professionals, and the ability to share and store parts of patient 

medical data (e.g. test results) 

 

 The e-Toolkit will seek to overcome the limitations of current available systems which were 

discussed in the survey and literature review. This e-Toolkit will address a current problem 

with which the NHS is struggling and will aim to reduce the portion of the NHS budget 

which is currently spent on diabetes. 
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1.3 Research Methodologies 

 

Research strategy can be explained as “the general plan of how the researcher will go about 

answering the research questions” (Saunders, Thornhill and Lewis, 2015). This thesis will 

employ the research onion methodology presented by (Saunders et., 2009). It shows the steps 

that must be followed when creating a research strategy.  

 

The first onion peel is the research philosophy, the primary stage for the appropriate research 

method, which is continued in the second stage. Research strategy is then chosen in stage 

three, followed by the time horizon in stage four. The fifth stage is where the data collection 

methodology is chosen.  

 

Onion research has many advantages such as the creation of a series of stages which allow 

for the understanding and application of different methods of data collection (Saunders et., 

2009). an illustration of the onion method is shown on figure 1.  

 

Figure 1 - Research Onion with our selection of research methodologies for the current thesis 
Source: (Saunders et., 2009) 
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The onion layers allow the researcher to examine the above methodologies and easily 

identify how and where to fit particular features, as will be described in the following sub-

sections. 

1.3.1 Research philosophy 

Research philosophy can be sectioned into four subcategories: realism, pragmatism, 

positivism and interpretivism. The selection of a category is based on the queries of the 

study. Research philosophy brings about assumptions linked with how a person views their 

surroundings (Saunders et., 2009). The researcher is impartial in data collection and views a 

society with a philosophy of positivism (Snieder R. & Larner, K., 2009).  

 

The researchers do not have an influence on the research being carried out and have no desire 

to change any components of the data. Being unbiased during a study is vital and this point 

is stated in the positivist philosophy. A logical outlook to the growth of knowledge is 

specified in positivism. This philosophy presumes that objects are present regardless of our 

awareness of their presence and can be split into direct and critical realism (Saunders, 

Thornhill and Lewis, 2015).  

 

On the other hand, interpretivism aims to generate a greater analysis of the social world 

according to (Saunders, Thornhill and Lewis, 2015). However, pragmatism states that ideas 

are only applicable when they back action. When the study being carried out does not 

indicate positivism or interpretivism, then pragmatism can be used. In the case of positivism, 

the researchers are neutral, and they have no effect on the study. Positivism postulate that 

reality exists regardless of the study matter.  In theory this means phenomena is consistent 

between subjects (Isadore Newman, 1998). 

 

Therefore, positivism is most fitting philosophy to use to analyse an observable reality, for 

instance in this thesis.  The researcher uses the survey data from the participants to determine 

aims and objectives of the research study and discover new ideas. They can also eradicate 

existing ideas on which the diabetic community have already given their opinions and views 

via the proposed e-Toolkit. Therefore, a positivistic approach is fitting for this research study 

as the researcher aims to use unbiased approaches to support the diabetic society.   
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1.3.2 Research Approach  

Approaches to research can be separated into two groups: inductive and deductive  (Saunders 

et., 2009). The deductive method examines a current theory to classify ideas that will be 

examined using information and data collected by the researcher whilst the inductive process 

collects data and constructs a theory based on the data analysis results (Kothari, 2011). 

Selection of an approach is built on factors such as the research problem nature, the research 

philosophy, and the research study area. 

 

This thesis will focus on the deductive approach as it emphasises recognising diabetes 

mellitus complications as well as e-health obstructions in the UK. The researcher has applied 

this approach by creating an e-Toolkit which will apply to the suggested framework 

alongside numerous literature reviews.  

 

1.3.3 Research strategy 

The third layer of the research onion methodology is strategy. The researcher has chosen the 

‘survey’ strategy to determine that the concept of an e-Toolkit will be accepted by the 

medical and patient community. The survey strategy also allows for the concerns about the 

portal to be assessed as well as establishing key features that are required for the creation 

and longevity of the e-Toolkit. Survey research is explained as the collection of data from a 

group of people through their answers to questions (Check J., Schutt R. K., 2012). 

 

This research strategy has a number of aspects including data collection instruments, 

recruiting participants, ethics and more. Survey research can use either qualitative research 

approaches, involving open-ended questions, or quantitative research approaches, As 

explained by Bryman book “Surveys tend to be used in quantitative research projects and 

involve sampling a representative proportion of the population” using mathematical rated 

items, questionnaires or a combination of both approaches can be used (Bryman, 2012).   
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1.3.4 Choice of methods 

The selections indicated in the onion research touches on methods of mono, mixed and multi. 

A large variety of techniques are used in the multi method (Bryman, 2012). However, only 

one research practise is used in the mono method and two or more practices are used in 

mixed method, which both mention the practise of qualitative and quantitative approaches. 

The only thing that differs is that the mixed method uses a shared strategy that generates a 

solo dataset (Flick, U. , 2011). Whereas the multi-method strategy focuses on divisions of 

separate segments in the research with specific datasets individually created, and then each 

is examined using the techniques via qualitative and quantitative (Feilzer, M. Y., 2010). 

 

Quantitative, qualitative, and mixed approach are the three main research methodologies 

(Williams, C., 2007). Researchers who need to produce further knowledge and  quantify 

numeric data tend to use quantitative methods (Williams, C., 2007) .  Finding out knowledge 

from real situations is known as a qualitive approach (Creswell, J. W. , 2013). This type is 

not as organised and includes explaining and describing gathered data (Williams, C., 2007; 

Leedy, 2001).  

 

Imperative trends can be studied and taken from data which can be assembled from 

questionnaires and used as quantitative research methodology, this feature is based on the 

positivist research philosophy (Williams, C., 2007).  When questionnaires are used in survey 

studies it tends to be linked with the deductive method. We will use two questionnaires to 

group applicable data quantitatively, thus the research method decided for the study is a 

quantitative multi-method approach.  
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1.3.5 Time horizons 

This layer is the time scale considered for the completion of the project (Saunders, Thornhill 

and Lewis, 2015). As stated by Bryman – “within the research onion, there are two kinds of 

time horizons; the cross sectional and the longitudinal” (Bryman, 2012).  The cross-sectional 

time horizon is already recognised, where the data collection is essential and at a particular 

timeframe (Flick, U. , 2011). In the longitudinal time horizon, data collection is repeated 

over a lengthy period and is key in research for investigating change over time (Wayne 

Goddard, 2004).  

 

The researcher of this thesis, over the course of four months, conducted the primary research 

in the UK. Within this time frame, the researcher distributed the surveys and consent forms 

to volunteers in the medical field particularly the survey for medical professions and the 

survey for the diabetic patients. When the data was collected it was not needed for any further 

collection of further data. Therefore, this project can be characterised as having a cross-

sectional time horizon.  
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CHAPTER TWO: BACKGROUND AND LITERATURE REVIEW 

2.1 Introduction 

This chapter will carry out a literature review in order to investigate the previous related 

studies and examine the approaches that were adopted in these studies. For simplicity this 

will consist of three main parts. The first part covers a background on diabetes. This is 

followed by a review of existing diabetic monitoring systems, and finally literature on 

Knowledge Discovery, Knowledge Management and SECI Models and Related Research.  

2.2 Diabetes Mellitus 

Diabetes is a metabolic, chronic disease characterised by high levels of blood glucose (or 

blood sugar), WHO has stated that diabetes could “Leads, over time, to serious damage to 

the heart, blood vessels, eyes, kidneys, and nerves” (World Health Organization, 2018). It 

typically occurs when the body cannot store glucose (a kind of sugar) correctly due to the 

production of low levels of a hormone called insulin which is created in the pancreas that 

help the cells to take in glucose from the carbohydrates in the foods consumed.  

 

Eventually the cells turn the glucose into energy. Glucose is a key supplement for cellular 

energy. However significant detrimental health effects can occur if insufficient amounts of 

insulin are produced. This can include impairment of brain and liver cell function due to 

inadequate glucose uptake into the cells (Diabetes UK, 2018). 

 

Moreover, if there is excess glucose in the blood stream (not in cells), it can build up in some 

of the organs, for example the eyes, leading to diabetic retinopathy (high blood glucose 

levels can destroy and damage the eye retina) which can lead to blindness. Any excess 

glucose in the blood is filtered and removed by the kidneys and bladder. This surplus of 

glucose creates a high blood pressure within the body, so the kidneys become damaged by 

the increasing pressures within the filtration system. This pathology is known as diabetic 

nephropathy and can lead to harmful toxin build-up within the body (nhs.uk, 2017; Diabetes 

UK, 2018; William D. McArdle F. I., 2010). 

 

 

 

 



MPhil Thesis               Fahad Darwish 

   14 

2.2.1 Types of Diabetes 

In order to appropriately research and implement the aim of this thesis, it is vital to have a 

sufficient understanding of the disease. This section discusses in detail the most common 

types of diabetes. 

2.2.1.1 TYPE-1   

Type 1 diabetes is an auto-immune condition which tends to present itself in patients under 

the age of 20, but can affect patients at any age. The auto-immune condition means the 

immune system attacks healthy body tissue, specifically the cells in the pancreas (Zheng, 

2017; Unwin, 2011). This means that the damaged pancreas is then unable to produce 

insulin, meaning glucose cannot be moved out of the bloodstream and into the cells. It is 

considered to be a genetic disorder meaning you are more likely to be affected if a close 

relative also suffers from the condition (nhs.uk, 2018). It is reported that you are 6% more 

likely to suffer from diabetes if you have a close relative who also has the disease compared 

to 0.5% if you do not (nhs.uk, 2018; Blumenthal, 2018; Cihakova, 2001). 

Juvenile diabetes is the term given to diabetes effecting younger age group, particularly teens 

and children (diabetes.co.uk, 2018).   

2.2.1.2 TYPE-2  

Type-2 diabetes was previously known as non-insulin-dependent or adult-onset diabetes due 

to mainly affecting people over the age of 40. However, as stated on Diabetes UK  “Type 2 

diabetes is becoming increasingly common in young adults, teens and children and now 

accounts for approximately 90% of all diabetes cases around the world”. More often it can 

occur in the body for years before a diagnosis is given (Diabetes UK, 2018). 

Type-2 diabetes is different from Type-1 as the condition can be reversed if the correct 

measures are implemented early enough, such as changes to diet and exercise 

(Hollingsworth, 2013). The IDF (International Diabetes Federation) has reported that “…Up 

to 80% of type 2 diabetes could be prevented through healthy diet and regular physical 

activity…” (IDF, 2019). This shows that Type-2 can be managed without the use of insulin 

or medications with good diet and the right monitoring management systems.  

Type-2 diabetes is often defined by the lack of the ability to produce enough insulin to meet 

the body’s requirements or defective insulin which is rejected by the cells in the body. This 

second effect is called ‘insulin resistance’ (National Institutes of Health, 2019).  
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A chain of events transpires when the cells are incapable of absorbing glucose. Firstly, not 

used glucose can builds up over time in the bloodstream. The medical definition for this is 

hyperglycaemia.  

The increased levels of glucose prompt the pancreas to boost insulin production in an attempt 

to utilise that glucose, however the insulin is unusable and the pancreas exhausts itself 

(Diabetes UK, 2018; Merck Manual, 2007; The New Encyclopaedia Brittanica, 1998) 

 

Secondly, the cells send signals to the body that they are starving for glucose, which puts 

pressure on the pancreas due to the liver releasing the stored glucose and leads to the 

hyperglycaemia getting worse. In the meantime, the extra glucose is filtered by the 

overworked kidney and bladder and the excess glucose damages various organs around the 

human body (A.D.A.M. 3, 2018). 

2.2.1.3 Gestational 

Gestational diabetes happens when the developing foetus is not provided with the right 

amount of insulin especially as during pregnancy the body needs more than usual. 

Sometimes the activity of insulin is being blocked by an increase of pregnancy hormones 

(NHS.UK, 2018) .  

Usually after the birth of the baby the condition disappears, however it is likely to recur in 

future pregnancies of woman who have already experienced it once (NHS.UK, 2018). 

 

A recent study found that women who have gestational diabetes mellitus (GDM) had a 10-

fold bigger chance of developing Type 2 diabetes compared to women with no GDM (Herath 

H, 2017). 

2.2.2 Consequences of Uncontrolled / Mismanaged Diabetes  

Inefficient control of diabetes can lead to complications that affect the entire body, as 

discussed by Bramble, “Complications could be ranging from heart disease and a higher risk 

of heart attack or stroke, visual problems including blindness, kidney disease that can lead 

to kidney failure, neuropathy (nerve damage)”, an increased risk of infection and problems 

effecting the oral dentition. These complications if not managed can ultimately lead to death 

(Bramble., 2003).   
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Fortunately, managing blood-glucose levels aid in the prevention of the aforementioned 

problems or if they have already been developed, it will help in at least managing those 

problems/complications (Margaret O'Malley, Kelly Kennedy, RD, 2018). 

 

Although there are medicines available to help treat and control the above complications. 

However, those medicines can be avoided with the right education and self-management i.e. 

maintaining exercise, diet, blood glucose readings etc from the beginning. Prevention is 

better than cure, and even though there are medicines to help treatment of complications, if 

these complications are avoidable in the first instance then patients must take some 

responsibility where they are in a position to help themselves (Mayoclinic.org, 2018). This 

essentially details how diabetes is a disease in which prevention through lifestyle means is 

better than treatment with medication once the disease has progressed.   

2.3 Responsibilities of the Healthcare Team  

In the case of a diagnosis of diabetes, in addition to the GP, an entire team of medical 

professionals can become involved. This may include endocrinologists, dieticians, dentists, 

chiropodists, diabetic nurses and podiatrists who look after the patient’s feet to prevent 

problems such as gangrene and ulceration in later years (diabetes.org, 2018). 

The entire multidisciplinary team will try to educate the patient about their condition, 

providing the help they need. However, the healthcare professionals can only do so much 

when diabetic do not take the condition seriously and neglect to self-monitor their selves.  

As stated on Diabetes UK  - Doctors will usually arrange for patients to have various tests 

throughout the year such as the following: 

• “C-peptide test – Measures the amount of insulin the body produces   

• Fasting plasma glucose test – Identifies the impaired fasting glucose 

(resistance to insulin levels). 

• GAD antibodies - Helps identify type 1 diabetes. 

• HbA1c test – Calculates the average blood glucose levels over the last 2-4 

months 

• Oral glucose tolerance test (GGT) - Helps identify diabetes or insulin 

resistance. 

• Type 2 diabetes test – Detects risks of developing type 2 diabetes” 

(diabetes.org.uk, 2018). 
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Doctors will also monitor blood pressure levels, examine kidney function, test insulin levels 

and adjust dosages if necessary, prescribe medications and monitor life style activities; 

especially physical activities such as swimming, running and walking.  

The medical team can also monitor sleeping patterns and perform weight checks. The dentist 

should be seen every three months to check for signs of gum disease or inflammation and a 

routine visual examination should be done every six months (Dr Sandra Cabot MD, Margaret 

Jasinska ND, 2007). 

2.4 Responsibilities of the Diabetic Patient  

 

Patients who have recently been diagnosed with diabetes will learn to first keep up with their 

condition. They will have a daily routine and will need to keep thorough information of how 

numerous aspects affect their blood sugar levels such as energy, mood, blood pressure, 

bladder control etc. Patients should also learn how to measure and record their blood glucose 

and insulin levels and administer their own medications. In addition, they will learn of 

adjustments to diet which types of food they should east and which they should avoid and 

the timing of meals. They will also need to be educated on the major side effects of the 

medications they take for diabetes. It is also important for them to be able to detect and treat 

hypoglycaemia, when to call the healthcare team to report high glucose levels or with any 

questions or concerns. (A.D.A.M. 3, 2018; Elizabeth Blair, 2013; Fahad Darwish, 2019) 

2.5  Knowledge Management and Knowledge Discovery and how they are 

used to manage diabetes and other diseases 

 

Knowledge Discovery (KD) and Knowledge Management (KM) are two fields with the 

ability to empower people. KM is a dynamic process of capturing, sharing, storing and 

generating new knowledge (Ni, 2010). The main aim of KM is to increase knowledge within 

an organisation through communication, offering opportunities to learn and disseminate 

knowledge (McInerney and Koenig, 2011). The utilisation of KM in healthcare is associated 

with a number of advantages. For example, it has been stated that medical staff are benefitted 

when KM is implemented by reducing the amount of medical prescriptions required (Morr, 

C. El. and Subercaze, J., 2010).  

 

In addition, according to Computerworld (2002), and other numerous studies it has be stated 

there has been an error decrease of 55% in the healthcare system due to KM. This type of 

management can be proven to be very successful in the medical field with an enhancement 
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of quality of care and improvements in communication which will reduce medical mistakes. 

KM can contribute to this objective by the development and sharing of medical knowledge 

within the hospital (Morr, C. El. and Subercaze, J., 2010).  In fact, the reduction of medical 

errors and the increased cooperation facilitated by KM in healthcare can result in improved 

cost efficiency. The practice of cooperation aids to the sharing of information among 

different healthcare providers, whereas KM can reduce adverse drug effects, therefore 

reducing medical expenses caused by medical errors. 

Applying KM in the healthcare sector has many benefits, some of which include creation, 

identification, acquisition and dissemination of healthcare knowledge. These are extremely 

fragmented, proliferative and crucial for decision-making (Nicolini et al., 2008). The 

practice of cooperation can encourage the sharing of information among different healthcare 

providers, whereas KM can reduce adverse drug effects and reduce medical expenses caused 

by medical errors.  

 

Knowledge Discovery in Databases (KDD) is a field concerned with the progression of 

methodology and techniques for making sense of data. Generally, a KDD contains multiple 

stages, beginning with a database and involving selection, pre-procession, sub-sampling and 

transforming of a selected dataset (Fayyad, 1996). The following stages after include 

applying a data-mining (DM) algorithm to extract a knowledge pattern and then evaluating 

the associated knowledge and identification. These steps are illustrated in Figure 2: 

 

 
 Figure 2 – KDD General Steps - Source: (Fayyad, 1996) 
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Knowledge Discovery (KD) can be implemented through data mining to produce useful 

knowledge. KD and DM have been very popular and have been applied successfully in 

various domains including education, banking and customer relations management (Jiawei 

Han, 2012). Foremost, DM has been successfully implemented and shown itself as a 

sufficient tool in assisting disease management and advancing the quality of services in 

healthcare.  

Studies have stated that the process of managing certain diseases including diagnosis and 

treatment has been improved by DM (Yin Kia Chiam, 2019). These diseases vary from 

cancer and heart conditions to diabetes mellitus (Ioannis Kavakiotis O. T., 2017). A study 

carried out by (Resul Das, 2009) used a neural network classification algorithm from the 

DM software and performed different diagnosing experiments of heart disease, obtaining an 

accuracy rate of 89.01%. (See Figure 3). The importance of medicine and its impact on 

human lives made the implementation of DM in such a domain essential.   

 

 
Figure 3 - Heart disease diagnosing system - Source: (Resul Das, 2009) 

 

Mining medical data aims to promote healthcare services. We can define medical DM as the 

process of extracting hidden, potentially useful and novel information from medical data for 

the purpose of improving accuracy, time and cost efficiency and decision support systems 

(Niaksu, 2015). Mining data in the medical domain has multiple goals. The primary goal of 

this process is to extract the desired knowledge, which can be used to identify valuable 

medical information, such as risk factors of a disease. 
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 The literature has evidence of achieving this goal successfully in different diseases (A. 

Sallaberry, 2011). A further benefit of DM in the domain of medicine is the efficiency of 

time and cost, which can lead to the prevention of unsuccessful treatment of diseases.  For 

some specific illnesses, quick thinking and abrupt treatment are required to prevent any 

harmful effects.  

 

A study from (Rusdah, 2013; Tamer Uçar, 2011)  showed that the diagnosis of tuberculosis 

is time consuming. However, using an interface system the presence of the disease can be 

predicted in less than the original diagnosis time of 45 days. This interface system used DM 

which facilitated temporary treatment and also showed accurate and consistent results.  

 

The establishment of the Medical Decision Support Systems (MDSS) is enabled by medical 

domain of DM, providing a use in the automation of several medical care processes. A study 

by (Nura Esfandiari, 2014) used MDSS to use six different prediction algorithms and 

compared it with six DM methods to estimate the mortality rate arising from head injuries. 

One of the DM methods, Boosted Tree Classifiers and Regression (BTCR), demonstrated a 

high-performance rate of 93%. Therefore, it was concluded that the BTCR technique is one 

of the most powerful methods of predicting mortality in head injuries (Sut N. S., 2011). 

 

In the medical domain, the use of DM improves efficiency by reducing the likelihood of 

human error for chronic diseases, including diabetes mellitus where the process of mining 

patient data improved performance and outcomes for the prediction of diabetic individuals, 

particularly those with Type-2, through a classification technique (Patil, 2010). In the 

medical field, data management has been utilised by healthcare professionals and 

organisations with positive advantages by supporting various medical activities (Esfandiari 

et al., 2014; Jothi et all., 2015; Iru et al., 2016).  

 

DM has been praised for its medical contribution in publications around the world, for 

medical activities including diagnosis, treatment, monitoring and others (Sarah Itani F. L., 

2019). The support of DM is important to help patients in different countries to overcome 

health conditions such as diabetes mellitus, heart disease and Alzheimer’s disease plus many 

other serious illnesses (Ioannis Kavakiotis O. T., 2017).  
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A DM methodology is required for the extraction of tacit knowledge taken from our e-tool 

kit (as shown in chapter 5), knowledge that could help better manage the diabetics. We 

should first specify the algorithms and software tools suitable to a given purpose (i.e. 

descriptive or predictive approach) (Kurgan, L.A. and Musilek, P., 2006).  

 

As mentioned, KD and DM are two very promising fields. On one hand KD provides the 

ability to extract useful knowledge via a non-trivial process, whereas KM enables the 

dissemination of the discovered knowledge and provides useful ways for successful 

utilisation of that knowledge.  

 

The integration and combination of KD and KM is needed to maximise knowledge 

extraction from patients, medical professionals and data and its dissemination of knowledge 

discovered as explained in chapter 4, which is the end goal of this thesis. DM, in particular 

KD field, has been successfully utilised to extract knowledge from a great amount of data in 

many healthcare and medical domains. (Sarah Itani F. L., 2019), In this thesis, we aim to 

integrate KD and KM to support diabetics in the NHS as this disease is affecting a large part 

of the population. One of the novelties of this thesis is the creation and dissemination of 

knowledge within the SECI model.  

 

Chapter 4 demonstrates how DM can extract valuable tacit knowledge relating to diabetes 

mellitus in particular. This implicit knowledge can facilitate decision-making in relation to 

diabetic medicine side effect prediction, as well as diagnosis and treatment for both 

healthcare professionals and diabetic individuals. 

 

The proposed methodology mentioned in chapter 4 on this thesis uses Sentiment Analysis. 

This is because of its relevance to the studies objective in extracting useful knowledge or 

extracting the most frequently mentioned words from reviews in a particular field to find 

beneficial knowledge. As an example, in this thesis the use of medical reviews on a particular 

drug and found that headache pain was the most common side effect that patients talked 

about.  
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KD can be used by healthcare organisations to analyse their datasets to discover valuable 

new knowledge about their patients in order to provide better healthcare services. KM can 

be employed to extract and disseminate the best practices of healthcare professionals in order 

to provide efficiency and effectiveness in their healthcare services. (Almuayqil, 2017). 

 

This research proposes an integrated framework of KM and KD. The framework proposed 

will be applied to diabetes. The KD part of the framework is responsible for extracting useful 

trends related to diabetes/medicines complications encountered by diabetics in the UK, who 

are from different backgrounds and nationalities. 

Knowledge Discovery Methods that could potentially be applied in this part of the 

framework are Data Mining, Text Mining, Web Mining, and Link Mining.  

 

The current thesis, however, focuses on Text Mining (Sentiment Analysis) and Data Mining 

techniques to extract implicit knowledge relating to diabetes mellitus. The KM part of the 

framework applies the SECI model to disseminate useful knowledge relating to information 

that the patients have input themselves. This may take the form of reviews of a specific 

medication, as used in this thesis self-management and education in order to resolve the 

complications and diabetes problems discovered from the KD part.  

 

As well as the potential of applying this framework to the public health sector in order to 

minimise the effect of diabetes the SECI model is used in this framework to disseminate 

knowledge discovered. This knowledge is extracted from the information gained from the 

dataset/database and other sources from within the e-Toolkit such as the blogs. This is  

explained in Chapter 4. “The SECI model is a useful theory that converts human knowledge 

and expertise between tacit and explicit.” ( Ikujiro Nonaka, 2008). 
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2.6 SECI - Socialization, Externalization, Combination, Internalization 

(knowledge creation model) 

 

In this research, the four modes of the SECI model are applied to create and disseminate 

knowledge associated with diabetes mellitus within our e-Toolkit. To understand the SECI 

knowledge creation model, the section below is a literature review of the SECI model and 

its use as it is one of the main objectives of this thesis.  

 

SECI is a knowledge creation model consisting of the three elements of process, knowledge 

and creation. This occurs through the tacit knowledge and explicit knowledge conversion. 

(Ikujiro Nonaka and Hirotaka Takeuchi, 1995) highlighted that although organisations 

produce and achieve knowledge effectively, the capturing and sharing elements lack 

enormously. However, Nonaka and Takeuchi proposed a knowledge creation model with 

the four fundamentals of Socialisation, Externalisation, Combination and Internalisation 

(SECI). This model has been employed in various fields for the intent of knowledge creation 

and dissemination. 

 

 Numerous studies have revealed effective use and implementation of the SECI model, such 

studies include a library application to build a knowledge sharing (KS) system  (Jixia Cao, 

2010). In an different study, the knowledge creation model was operated in software 

development to help the investors in the course of the software requirements in elicitation, 

specification and validation (Chikh, 2011). Furthermore, the SECI model was used in a study 

done by Yangyang Li to examine the performance in the manufacturing division and 

demonstrated an effective operation (Yangyang Li a, 2009).  

 

Nonaka and Takeuchi identified two categories of knowledge which are explicit and tacit. It 

is significant to share and convert explicit and tacit to have the ability to produce knowledge. 

Explicit knowledge can be communicated in systematic language, while tacit knowledge is 

attained via skills and knowledge and cannot be effectively articulated. 

 

 Knowledge creation occurs when tacit is converted into explicit knowledge (Ikujiro Nonaka 

and Hirotaka Takeuchi, 1995). Organisations use current knowledge assets to form original 

and new knowledge through the use of the SECI model in the shared context area.  
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The four SECI conversion modes are shown in Figure 4. 

 
Figure 4 - The SECI Model Source: (Ikujiro Nonaka and Hirotaka Takeuchi, 1995) 

 

To better understand the conversation from Tacit to Explicit (Takeuchi Hirotaka, Shibata 

Tsutomu, 2006) has been illustrated in Figure 5. 

 

 

Figure 5 – SECI Model By Takeuchi & Tsutmu - Source: (Takeuchi Hirotaka, Shibata Tsutomu, 2006) 
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The four types of SECI knowledge creation process is explained below:  

 

• Tacit to Tacit (Socialisation): This mode includes “social interaction to enable the 

conversion of tacit knowledge from one person to another without the use of 

language” (Ikujiro Nonaka and Hirotaka Takeuchi, 1995) Valuable tools such as 

observation, imitation and brainstorming are required to accomplish such a 

conversion as illustrated in figure 6.  

Figure 6 – Illustration of the Socialisation node – SECI Model – Source: (Chandra Wiranto, 2019) 

 

 

• Tacit to Explicit (Externalisation): This mode allows the tacit to be converted to 

explicit knowledge  (Nonaka, 1994). This means the knowledge is converted into 

readable and interpretable data by users through collaboration, interchanges and 

informal meetings. The newly assembled explicit knowledge can be coded and 

logged via various means, such as documentation and footages.  

 

Figure 7 – Illustration of the Externalisation node – SECI Model – Source: (Chandra Wiranto, 2019) 
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• Explicit to Explicit (Combination): This is the third mode of the SECI model where 

knowledge is transformed from explicit knowledge to explicit knowledge (Nonaka, 

1994).which is the process of integrating concepts into a knowledge system. Official 

organisations meetings are very assistive combination tools (Ikujiro Nonaka and 

Hirotaka Takeuchi, 1995) 

Figure 8 – Illustration of the Combination node – SECI Model – Source: (Chandra Wiranto, 2019) 

 

 

• Explicit to Tacit (Internalisation): Tacit knowledge is converted and develops a 

section of an individual’s brain (Ikujiro Nonaka and Hirotaka Takeuchi, 1995). To 

explain, the internalisation mode includes a “learning by doing” technique and the 

effective people who adopt the tacit knowledge will ultimately acquire the “know-

how” skills. 

Figure 9 – Illustration of the Internalisation node – SECI Model – Source: (Chandra Wiranto, 2019) 
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In summary, despite the significance of knowledge creation models, evidence have revealed 

that there are not enough support models in KM. The SECI model seems to be the only 

highly utilised model for KM and knowledge creation in different domains (Yangyang Li a, 

2009).  

 

According to Snowden (2002), the knowledge conversion model of Ikujiro Nonaka and 

Hirotaka Takeuchi contributes to the deficiency of other KM models and tools because the 

focus on this model has dominated the field of KM. Therefore, the model is adopted for the 

following four reasons:  

1. The model examines the link between the two contrasting sorts of knowledge, 

explicit and tacit, which have been outlined above and which are highly 

utilised in healthcare (Dalkir, 2011). 

2. It facilitates the transformation between explicit and tacit knowledge, a 

necessary process to utilise from the availability in knowledge in the 

healthcare domain (Dalkir, 2011). 

3. The model only concentrates on both dissemination of knowledge and takes 

into consideration the process of knowledge creation, which is also a valuable 

process in the area of KM.  

4. It is widely utilised in different domains, such as organisational learning, 

product development and IT. 

 

2.7 Knowledge Management in the Healthcare Domain: Related Research 

 

Several studies have focused on integrating the knowledge management domain with the 

healthcare domain. The concept of knowledge management is currently emerging in the 

healthcare sector (Kothari, 2011; Quinn, 2014). 

 

Patients and physicians could benefit from the development of applying knowledge 

management strategies between organisations and family practices, and amongst family 

practices themselves (Orzano, 2008). It is beneficial to adopt the strategies of the knowledge 

management domain in the healthcare sector particularly for medical staff, patients, public 

health, and organisations (Chen Y. L., 2012). 
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Based on their studies, it can be concluded that their research could potentially have 

beneficial effects on diabetes management. This potential is assured by (Chen Y. L., 2012) 

who claims that infectious diseases can be managed by efficient knowledge management 

within the hospital.  

 

A similar observation was found in the context of this thesis. Currently, medical staff in NHS 

practices report that knowledge is not being utilised efficiently to help diabetes disease 

management (Ferlie, 2006). Thus, the researcher in this thesis proposes a knowledge 

management framework in order to help the diabetic community which will result in a 

reduction of costs to the NHS.  

 

This framework can enhance the performance of the healthcare systems by appropriate 

dissemination of medical knowledge so that information is managed and retrieved by others 

when required. Almuayqil 2017 and Al-Madi 2017 both focus on the domains of knowledge 

management in diabetes and consider the overload information in KM and healthcare. But 

unfortunately, they do not consider the benefit of KM in other types of illnesses, which is 

vital as in the medical domain there are a vast number of diseases (such as liver and heart 

disease) that could benefit greatly from KM (AL–MADI, 2017; Almuayqil, 2017).  

 

A framework by Almuayqil, was proposed to help the National Healthcare of Saudi citizens 

effectively and can also support current government initiatives. However, this study is 

limited to one country only, Saudi Arabia, and the target audience for the framework is 

focused on diabetic patients only.  

While our proposals will be made available for anyone in the world and have the potential 

to help a number of diseases and can be applied to commercial or other fields. 

 

In previous studies, patient data could not be shared with members of a healthcare team, 

including GPs, as professionals had not been involved in the studies. The research in this 

thesis focuses on multi-nationals and improving communication between healthcare 

professionals and patients In addition it will create a hub for patients to share their reviews 

on certain topics. Those reviews will help in the process of generating new knowledge that 

will benefit the medical health care professionals.  
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The proposed framework in this study includes both healthcare professionals and the patient 

to communicate about their illness, with data and possible predictions of treatment, it will 

also identify the side effects of medicines from discussion between patients which they both 

can edit and use. This research is inclusive and includes a diversity of income, gender, age, 

race etc. This demonstrate that the research involves a range of patients and even includes 

doctors. It aims to be a helpful and valuable system in combating diabetes, with applications 

to further illnesses in the medical field, including updating doctors in the NHS, and helping 

to diagnose or decide what treatments are appropriate. 

Additionally, Almuayqil successfully identified the barriers affecting e-health in Saudi 

Arabia, possibly due to there being many healthcare organisations, affecting the issue of 

information overload when one or more barriers emerge, However, their model has only 

been designed and constructed but has not been hosted, tested, publicised or revised.  

 

As such, the Almuayqil e-Toolkit is insufficient for use as it has not yet been applied in the 

real world and not made available for use by diabetic patients. Additionally, the framework 

of the study was limited by lack of knowledge, challenge and issues affecting IT specialists. 

(AL–MADI, 2017). Their focus study also lacked information technology specialists, using 

only conceptual aspects, such as medical staff’s perceptions and experiences. 

 

There was no consideration of the technological aspects when structuring the proposed KM 

framework for reducing issues associated with diabetes information overload in hospitals. 

In a case study conducted in Jordan, Hussain, F. & Raza, S. has stated that a combination of 

conceptual and technological changes are necessary to improve healthcare (Hussain, 2004).  

In conclusion, the research study by Al-Madi was applied to a small number of clinics in 

Jordan, only seven hospitals, which cannot be generalised as it is limited to only a small 

group of patients. Similarly, the work by Mirza aimed to highlight the processes and impact 

of knowledge management and improve healthcare delivery within two developed countries, 

the USA and Sweden (Mirza, 2009). However, due to the incomplete structure of their 

knowledge management framework, only a small number of medical staff respondents and 

an insufficiently large sample of participants, the work was very limited and not widely used 

as a research case study and cannot, therefore, be considered reliable information.   
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The e-tool kit presented in this work is to be applied in the NHS in the United Kingdom 

which hosts a variety of people from different ethnicities, races and backgrounds. 12.8% are 

non-white, compared to only 10% non-Arab in Saudi Arabia, and a mere 2% non-Arab in 

Jordan. Studies from these countries only represent people with illness from the same 

background and cannot be applied elsewhere unlike the work presented here (CIA World 

FactBook, 2018). This diversity strengthens the basis and framework of this study. 

 

Summarising the above review, it can be seen that when there are many flaws in a research 

study, the proposed work becomes limited and cannot be generalised.  However, it can be 

stated that there are several valuable points that can be concluded from the review of the 

above research:  

• Some research studies were limited to the technological aspects, and other studies 

were limited to the conceptual aspects. 

• Some research studies were limited to knowledge management as it interacts with 

the general healthcare domain, while other studies were limited to how knowledge 

management interacts with a particular type of illness. 

• Some studies were only applied to one country and have not considered different 

cultures, backgrounds and ethnicities which are all relevant to the UK.   

• Some of these studies were limited to investigating the benefits of improving 

knowledge management in healthcare industries and did not focus on the barriers and 

consequences that are likely to occur within these industries.  

 

Other studies took barriers and consequences into consideration, as these issues are likely to 

affect any healthcare organisation.  

While some conducted frameworks do combine both knowledge management and 

healthcare, these frameworks were only partially completed and lacked a full structure. 

Regardless of all the identified limitations, these studies demonstrated significance in that 

they incorporated the areas of KM and healthcare, within the environment of a medical 

organisation. It can be concluded from these studies that the aim of this significant 

integration of knowledge management and healthcare is to improve the effectiveness of any 

healthcare industry in order to provide proper and efficient healthcare services to any 

medical organisation. 
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2.8 Current Available Monitoring Systems to help diabetics 

This first part the literature review addressed the medical aspects of diabetes, the second part 

covered the use and application of KM, KD and SECI. 

Consequently, the following sections discuss, in detail, existing diabetes monitoring systems 

and highlights their limitations within the context of the e-Toolkit in helping patients monitor 

their diabetes regardless of what device they are using, accessible anywhere in the world as 

well as disseminating knowledge collected from the e-Toolkit using data mining techniques. 

2.8.1 Old-style Methods 

The more medical professionals and scientists find out about this disease, the clearer it is 

that recording and monitoring essential health data is important to managing diabetes. This 

is stressed and explained to the patients at every medical appointment (Anderson, 1992; 

Resnicow, 2007). Every diabetic patient learns how to achieve this task in different ways. 

Most learn which system is best for them by giving it a try and see if this system suits them.  

 

The most known methods are recording and writing readings in a scratch pad, blood testing 

record book, or a paper journal (American Academy of Family Physicians, 2018). Some 

people record their data electronically using a word processor, spreadsheet or some sort of 

diabetic monitoring software (Jon, 2018). 

 

Others check their readings using a timetable or day organiser, some don’t bother writing 

any readings down and rely on the past three-weeks of readings that are recorded in their 

glucose monitoring device / systems (diabetessupportsite.com, 2018).  
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2.8.2 Software and Mobile Apps  

 

Diabetic patients are now able to use improved technology as it has become more widespread 

and easily accessible, assisting them in controlling their condition. Applications, software 

and websites are continuously being established, aiding patients whilst tracking and 

recording their readings.  

 

The majority of glucose meter manufacturers, for example, Freestyle, Bayer and Accu-Chek, 

provide software or website access. It is possible for it to be simple e.g.  a log accessed 

through their commercial website. Smart phone applications are also available, for example, 

Diabetes Tracker UK, Lenny and Life Scan. 

 

Once a specific, sponsored pump or meter has been purchased, the patients will be able to 

access and use the website. Many patients use multiple meters as they are unable to merge 

all their data under one specific system. Current systems require external hardware or 

specific software, restricting patients to using one device to record their information, or carry 

additional equipment. The majority of systems add additional charges for subscriptions to 

access websites for extra software and equipment such as cables. 

 

Not all of these systems allow users to transmit recorded data to medical professionals. 

However, if there is a small chance that this feature is available, then diabetic patients can 

only email those readings to medical professionals. Despite this, it is common that the patient 

prints their recordings and has to visit their health centre to deliver them in person. These 

systems only record insulin measurements, insulin pump and blood glucose readings. 

However, there is no software to enter vital data that a patient must track in maintaining their 

condition. 

 

Below is an explanation and discussion of the most well-known systems. These system 

details are included for the purpose of relating their system features against the proposed 

system. They were chosen as they offer an overview of devices that are currently available 

to diabetic.  
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2.8.3 Roche Accu-Chek System 

 

Accu-Chek is a product by Roche Diabetes Care based in the United Kingdom, the best 

known, global producer of diabetic equipment (Roche.co.uk, 2018). As mentioned on their 

website - “the Accu-Chek portfolio offers people with diabetes and healthcare professional 

innovative products and impactful solutions for convenient, efficient and effective diabetes 

management. It encompasses blood glucose meters, insulin delivery systems, lancing 

devices, data management systems and education programs” (accu-chek.com.ph, 2018).  

 

The Accu-Chek Smart Pix system has further advantages including the ability to scan and 

import the data readings, but this can only be done from an insulin pump or glucose meter 

from Accu-Chek and those readings are shown on the user's PC.  

 

The information exchange is filtered and organised automatically which increases the 

accuracy and decreases the amount of time wasted. Rather than the patient importing the 

data readings in manually, the system can do this automatically into ordered outlines, which 

reduces the possibility of any errors being introduced through mistyping. Parameters can be 

set to focus on specific sets of readings or information.  

 

There are disadvantages to this system that are worth noting. To use this system, patients 

will need an external mass storage device (MSD) which must be purchased. 

 

 

 

 

 

 

 

 

 

Figure 10 – Accu-Chek Smart DM System – Source: (accu-chek.co.uk, 2018) 

 

Although the organisation guarantees, no specific requirements for the application to be 

installed on any pc, however, they do have specification on which operating systems it 
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requires for the software to operate.  These include an up-to-date operating system higher 

than Windows XP, Vista, 7 or 8 as well as a USB port, internet access and a minimum 

resolution on the computer monitor. 

 

These conditions force limitations on the device's usage. For example, why does the system 

specify web availability, as everything in this system is stored in the device itself and not 

stored online? Additionally, there is no option to email the information to medical 

professionals which can be a limitation, as diabetic have produce paper report of their data 

with this system (Darwish, 2012). 

 

In the UK it will cost £24.99 to use this device and the software that comes with it, although 

this cost fluctuates dependent on the UK market. However, in the US, the same device is 

valued at $99.00 which is approximately 300% higher than the price in the UK. 

 

Additionally, the Accu-Chek system only stores a diabetic patient's blood glucose readings 

but there is no apparent option to include other factors such as diet, changes in mood, 

carbohydrate consumption, exercise, etc (Diagnostics, 2010; accu-chek.co.uk, 2018). 

 

To summarise, The Accu-Chek Smart Pix system is finely established but is quite limited, 

with an excessive number of restrictions on its usability. Although the software transmits the 

insulin and blood glucose readings to the computer and assembles the data into diagrams, it 

disregards the various further factors a diabetic patient must check for good health. Most 

significantly, the data that has been recorded is not made easy to communicate to medical 

professionals for their use.  
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2.8.4 OneTouch Reveal app 

OneTouch (known as LifeScan) is described as “a mobile / smart phone application made 

by a Division of JNJ, a well-known pharmaceutical company in America” (Fahad Darwish, 

2019). It was presented during the preview of Apple iPhone Operating System 3 launch. 

Even though LifeScan produce a range of medical products they have a focus on diabetes 

through their LifeScan Diabetes Institute based in the USA (LifeScanInstitute, 2018). 

  

 

 

   

 

 

 

 

 

 

 

 

 
Figure 11 - OneTouch (iPhone app) – Source: (LifeScan, 2018). 

OneTouch was described as an app that would connect with the blood glucose device via 

either an iPhone cable or Bluetooth. Unlike Accu-Chek which only reads blood and insulin 

readings, OneTouch has the capacity to label notes to readings to show, for example, if the 

reading was taken before or after a meal (CBE, 2019; Fahad Darwish, 2019). 

 

OneTouch also offers a feature called “Meal Builder”, to assist diabetic users in calculating 

the correct foods to eat. Glucose readings are transformed into charts, and an algorithm is 

created to distinguish and assess the required intake of insulin a diabetic must take. 

Additionally, OneTouch stated that the app can share readings if diabetic patient wanted to 

share their readings, including their doctors. (LifeScan, 2018).  Unfortunately, they never 

successfully executed this feature (Dolan, 2009). The app can only share data by emails, text 

messages or print out but not directly to the medical health care as our system is proposing 

(LifeScan, 2018). 
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Another huge disadvantage of LifeScan was the recall and replacement of the device in 2013 

because of a problem whereby “at extremely high blood glucose levels of 1024 mg/dL and 

above, the meter will not provide a warning that the blood glucose is extremely high and 

will shut off” (LifeScan.com, 2013). Unfortunately, it was due to lack of money, time and 

resources and did not in any way assist the diabetic community. 

 

To summarise, The LifeScan application is a good example to show the risks of an interface 

with an over-limiting scope. Regardless of the prestigious introduction it was given during 

the Apple’s iPhone iOS-3 launch, it was not effective for the majority of diabetics.   

2.8.5 Diabetes UK App 

During early 2012, the then Health Secretary Andrew Lansley made the proposal that GPs 

should urge their patients to expand their use of free smartphone apps with a specific end 

goal to help patients better manage their health. A particular app that was mentioned was 

Diabetes Tracker UK, developed by Diabetes UK, one of the largest health charities in the 

country. (CBE, 2019) (Diabetes-UK, 2012) (newscientist.com - Matt Reynolds, 2017) 

(Darwish, 2012) 

 

This app helps patients to not only record their blood glucose & insulin readings. They can 

keep track of their calories (food consumed), carbohydrates, body weight and ketones - 

(American Diabetes Association, 2012). As mentioned in the above examples, readings can 

be charted in graphs. This application also shows day by day averages and enables the 

diabetic to record notes which can be shared at their next meeting with their doctor. 

 

To conclude, this app goes further than other applications. It is free, and not attached to a 

particular meter, it is accessible to significantly more patients. However, it does not allow 

patients to record all their important information in one place and does not connect directly 

to medical professionals.  
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Figure 12 - Diabetes Tracker UK – Source: (Diabetes-UK, 2012) 

 

 In spite of the fact that this app claims to have the choice of emailing the information to the 

medical staff, the main obstacle with this emailing scheme is, as was noted at the end of 

chapter 1, because there are no schemes to make sure that medical professionals can obtain, 

analyse, and record the emails.   

 

The obligation still rests with the diabetic to send the charts by printing out the emails and 

physically taking those data to their healthcare provider when required. This is can be 

considered wasteful, when data could be sent electronically and only required the use of 

resources employed when booking appointments. Finally, the application is no longer 

available to download on Apple store and Diabetes UK have decided to stop supporting it 

even though there are some patients using it.  
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2.8.6 Glooko Diasend  

 

Diasend was at first made by the Swedish organisation Aidera AB. The name was changed 

in May 2012 to Diasend AB (Bloomberg.com, 2018).  In 2017 Diasend merged with Glooko, 

a company that was founded in 2011 by the internet pioneer Yogen Dalal. Glooko claimed 

to offer a unified diabetes management platform for the Diabetic community (Moukheiber, 

2014) (Diasend.com, 2018).  

 

 

 

 

 

 

 

 

 

 

 

Figure 13 – Diasend System – Source: (Diasend.com, 2018). 

The main function is to transfer data from blood glucose devices or insulin pumps to the 

server.  All things considered, Diasend is not designed to be a system for patients to record 

all readings, symptoms and more, or where medics can go to gain a better understanding and 

overview of their patient’s wellbeing. 

 

Diasend functionality relies on a 'transmitter', which is a device that the user must physically 

connect to their computer. The purpose of this is to allow readings to be detected and 

imported automatically by the transmitter, from the user’s insulin pumps and glucose meters. 

All of the information obtained is saved online using Diasend’s' website where patients can 

make their own accounts they can gain access to using any computer with an internet 

connection. Although this method improves accessibility for patients to view their readings 

from anywhere, they can only submit readings if they carry the heavy and bulky transmitter 

with them  (Diabetes.co.uk, 2018b). 
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The measurements of this gadget make it unfeasible for a client to carry with them, so the 

patient is restricted to transferring data most likely only once per day, when they have access 

to both the transmitter and computer at home.  Another limitation is that specific software 

for Diasend (Diasend SOFT) will need to be installed onto the patient’s computer before 

they can begin. They will not have access to view, add or edit data from other devices such 

as tablets and mobile phones. Therefore, it is not likely that patients will use this system 

especially if on holiday or travelling etc. 

 

Aside from the transmitter and its cables, the patient will need a USB device and its cables, 

unless their equipment (glucose meters and insulin pumps) have Bluetooth or infrared 

technology. Most diabetic devices lack this level of connectivity. Nonetheless, once the data 

is transferred to Diasends website the results can actually be viewed in diagrams, charts and 

graphs, as similar to devices mentioned above.   

 

Diasend is not accessible to just anyone who owns the devices. For a patient to have access 

to an online account a medical professional must already have enrolment in the system and 

can then authorise the creation of the patients account.  This medical professional would 

then have access to the patients account and be able to see all the readings the patient 

submits. As mentioned, the readings are limited to insulin and glucose results only, and in 

order to benefit from Diasends’ features the patient must purchase a specific device that is 

compatible (glooko.com, 2018). Finally, Diasend requires users to purchase a subscription. 

The exact cost of the subscription is not clear however according to Diasend’s terms and 

conditions the subscription cannot be cancelled, and the charges cannot be undone. It is also 

not evident if the Diasend SOFT software is free to install, potentially making this a very 

pricy system to use (Diasend, 2017; Lamb, 2008; Aidera; glooko.com, 2018).  

 

To summarise, Diasends' functionality is limited in terms of the data that can actually be 

recorded and it is financially prohibitive due to the costs of equipment and software. The 

success of this system also depends on participation from medical professionals who firstly 

must be willing to be enrolled on the system and then must be able to commit to accessing 

the patients updated data frequently enough. Therefore, it can be said that Diasend is the 

most restricting system reviewed in this research and does not address the requirements of 

the diabetic patients for convenient centralisation, where ideally all important data would be 
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documented and shared. This system was used in our comparison as it was one of the few 

offering the feature of allowing medical professionals to gain access to patient’s accounts, 

viewing their readings easily in real-time without having to contact the patient via telephone 

or email etc to receive an update.  Aside from this the system does not appear to have any 

similarities with the proposed e-Toolkit. 

2.9 Summary 

Despite the fact that innovation is frequently developing and there is a conscious effort to 

make applications and services for the specific use of diabetic patients, it can be concluded 

that it is difficult to identify a system which genuinely satisfies the requirements of diabetics, 

where all important data can be easily accessed and recorded. 

 

The difficulty of finding any sort of system which gives healthcare professionals ongoing 

access to those data in real time is evident.  The objective is to help diabetics with the volume 

to log in and share all their vital data with their medical team, while having a hub to share 

their views or opinion, in an organised and effective way is yet to be fulfilled. Equally critical 

is the ability of medical professionals to provide feedback to the diabetic patient in case of 

an emergency. These features will be some of the main functions of this e-Toolkit (Fahad 

Darwish, 2019). 

 

 The table 1 shows the differences between the above systems and the proposed system: 

 

Table 1– Systems Comparison 

As shown above on table 1, our proposed e-Toolkit will meet the needs that the other systems 

have not, most importantly the connectivity to the Doctor and the knowledge discovery from 

data collected from within the e-Toolkit. 
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CHAPTER THREE: SURVEY DESIGN, DATA COLLECTION AND 

ANALYSIS 
 

3.1 Introduction  

To achieve the aim of this thesis conducting a survey is necessary to provide the basis for 

the research. This chapter will carry out a survey in order to determine if the proposed e-

Toolkit would be generally welcomed and to identify which aspects may make it engaging. 

The survey will also investigate which data is necessary to be disseminated to healthcare 

professionals in an aim to bridge the gap that the existing systems lack, as shown in table 1 

of the previous chapter. The first part of this chapter investigates the survey techniques to be 

used, followed by an example of the survey questionnaires used. A comprehensive analysis 

of findings from the survey results will be broken down in the conclusion of this chapter. 

3.2 Survey data design, collection and analysis 

 

This part of the thesis includes the findings and breakdown of the surveys which were given 

to the medical professionals and diabetic patients. As discussed above, the results were used 

to establish if the proposed e-Toolkit would be generally welcomed and which aspects may 

deem it more appealing. The initial priority was to see which aspects potential users of the 

service rendered as crucial, and the perceived importance of those features.   

3.2.1 Survey Research process 

 

The survey information that was gathered will be presented with the following structure: 

firstly, a template of the survey sheet used (survey development), secondly an account of the 

results (survey administration) and thirdly a dissection of those results as illustrated in figure 

14 (Fahad Darwish, 2019).  

This methodology is described in Angela M’s book titled “Survey methods for educators: 

Analysis and reporting of survey data.” The process is outlined in figure 14. 

 
Figure 14 – Survey Process - Source: (Angela M. Pazzaglia E. T., 2016). 
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3.2.2 Ethical Consideration 

 

This research has followed ethical guidelines as set out in the Ethical and Research 

Governance by the University of Salford.  An ethics class was also taken in order to fully 

understand how the data collected in the surveys should be anonymous and coded 

(University Of Salford Website, 2019). Physical copies of the data, for example consent 

forms, were kept in a secure cabinet inside a sealed room, with access available solely to the 

researcher. All published data was written in a specific way in order to protect the 

participant’s identity of the study unless prior consent had been obtained and permission had 

been gained to release that individual’s identity. If data sharing by another member of the 

research team was required, for example, to allow secondary analysis, this release of data 

was consented for and was fully anonymised. On every sheet given, there were contact 

details of the researcher if the participants had any issues including withdrawing during the 

study. The safety and rights of participants was a priority in this research study and were 

clearly communicated and agreed upon prior to the commencement of the study. 

 

Individuals were approached in the UK and abroad who were either diabetic patients or 

healthcare professionals to validate that the research goals were essential and had the 

potential to assist in managing this growing illness. These individuals were approached via 

online forums, such as Survey Monkey, JotForm, and by physically visiting hospitals to 

approach healthcare professionals. Participants were provided with verbal and written 

explanations on their invitation letter, (see Appendix D) and were offered the chance to ask 

questions at any time during the research process to make sure they were completely aware 

of how their data would be used before they consented to taking part. 

 

Information Information sheets were provided upon agreement of participation (see 

Appendix E). These sheets stressed the importance of patient confidentiality and stated that 

all information given is subject to the General Data Protection Regulation (GDPR) 2018 and 

the Data Protection Act 2018. The sheets laid out the aims and objectives of this research 

project, the possible benefits and risks of the study, the significance of obtaining informed 

consent, reassurance of confidentiality and anonymity and lastly an explanation as to how 

information will be used.   
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Each individual who agreed to participate in this study was first asked to sign a consent form, 

see Appendix F, which stated that participation was optional and that participants had the 

right to withdraw at any point of the study and remain anonymous. Participants could also 

request a copy of the study should they desire. The researcher had then been gained an 

approval certificate from the ethics committee at the University of Salford, see Appendix G.  

3.2.3 First Review of Survey 

 

As the e-toolkit grew, more surveys and data collection information were created. This 

section summarises the responses from the latest series of surveys.  

 

Two surveys were released, aimed at different audiences; one was focused at medical 

healthcare professionals and the other aimed at diabetic patients with both types of diabetes. 

The surveys were issued via paper and online through the online survey website ‘Survey 

Monkey’ with participation from diabetic patients and medical personnel from all over the 

world. These included responses from diabetic forums on the web and via email from 

organisations and diabetics from various places including the UK, Middle East, North 

America and Australia (Fahad Darwish, 2019).  

3.2.4 Hypotheses and Assumptions 

 

During the development of this thesis, a number of people were contacted who suffer from 

diabetes or who work in the medical community and understand there are many problems 

with medical testing and communication, websites and software applications. There were 

many reasons contributing to these issues, but the primary reason for lack of commitment to 

the applications and websites was low user-friendliness. There were limitations and 

restrictions. For example, some were only available to patients who have paid for their 

monitoring equipment, did not consider the needs of the diabetic patient and lacked the 

ability to communicate information to healthcare personnel. 

 

Taking this information into account, surveys were produced in order to improve existing 

technology.  The focus was specifically on the issues that existing system lacks, which are 

the connectivity between the patients and medical healthcare professionals and having a hub 

where patients could discuss issues between themselves. These issues would then be applied 

to our proposed model in chapter 4, to convert tacit to explicit knowledge. 
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3.2.5 Survey for Healthcare Professionals 

The medical professionals’ surveys are illustrated in table 2 below. The surveys were issued 

to the health care professionals to distinguish the need of such an e-Toolkit and the likelihood 

of them using it. 

 

University Project 

•  PROPOSAL: 

The research survey aims is to create a global e-Toolkit, not constrained by situation, income level or 

diabetic equipment the patient uses, to provide and support diabetes education and management. 

There will be numerous features including blogs where patients can talk amongst themselves. The e-

Toolkit will act as a hub for patients and health care professionals to communicate as well as provide 

a space for recording daily measurements such as glucose readings, food diary, insulin dosage and 

more relevant results and information. The patient’s health care providers would then be able to view 

this information in real time, which would in theory enhance precise and convenient communication 

between the patient and the expert. 

If the patient’s readings are abnormal or a negative movement is detected, a feature may be 

incorporated within the e-Toolkit to alert the health care provider of this latest information and allow 

them to help the patients in such an emergency. This system could possibly help doctors and other 

health care providers stay up-to-date with tracking and monitoring the patient’s healthcare. 

HOW YOU CAN HELP: 

You have been selected to participate in this short survey as you are a healthcare professional. The 

survey is comprised of yes or no questions, multiple-choice questions and the opportunity to add any 

further suggestions or leave feedback. 

Participation is voluntary. You may withdraw from the study at any time and remain 

anonymous as stated on the consent form which must be signed prior to the study. 

If you have any questions, concerns or complaints about the study at any stage, you can contact: the 

lead researcher Fahad Darwish at f.darwish@edu.salford.ac.uk. 

 

Q1 - Which of the following best describes your position in the medical field? 

PCP (Primary Care Physician or Doctor)  Educator of Diabetes  

PCP’s Assistant Nurse 

Optometrist / Ophthalmologist Dietician 

Dentist Endocrinologist 

Mental Health Provider Pharmacist 

Other 
 

Q2 - Would you be likely to use an e-Toolkit like the proposed one above? 

Yes No 

Q3 - Which of the below would possibly discourage you from using the e-Toolkit? (Please 

check all that apply) 

Time consumption Possibility of inaccurate or slow alerts 
Inability to frequently use the e-Toolkit Security issues 
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Unsure if the patients would use system 

properly/regularly 

Lack of differences from other current systems 

Possibility of patients abuse of e-Toolkit to 

seek attention 

Others 

Q4 - In your opinion, which of the following characteristics is important for the patient to 

record on the e-Toolkit? (Please check all that apply) 

Weight Symptoms 

Blood Glucose Levels Changes in Mood 

Urine Glucose Levels Foot sores/injuries 
Intake of insulin Adverse reactions to treatment 

Diet  

Q5 - If the e-Toolkit was applied to your medical centre, which staff member, in terms of 

position, would be allocated to patient's readings and responding to messages and alerts? 

(Please check all that apply) 

Doctor Nurse 

Doctor’s Helper or Assistant  Nurse’s assistant  

Diabetic Point of Contact (DPOC)  Admin/Secretary Helper  

None of the Above / Other  

Q6 - Would you approve of a feature which allows patients to input live medical test results 

(intention of trend tracking) 

Yes No  Maybe 

Q7 - Would you find it appropriate to have access to the patient's medical file from the e-

tool kit to store and utilise this information? 

Yes No Maybe 

Q8 – Would you find it helpful if a feature would allow you to share information and notes 

with other healthcare professionals, would you use it? 

Yes No Maybe 

Q9 - Would an option of converting a patient's readings and data into easy-to-read graphs 
and charts be beneficial to you? 

Yes  No Maybe 

Q10 - Would an option to disclose a patient's confidential data to others be appealing, i.e the 
patient, their relatives or other medical personnel? 

Yes  No Maybe 

Q11 - Do you think it would be useful if the e-Toolkit had a notification feature to notify 
yourself or other medical staff when a patient's record shows a high or abnormal reading? 

Yes No Maybe 

Q12 - In addition to the above feature to be an option in the proposed e-Toolkit, would you 
prefer a default notification feature that would be applied to all or to be switched on or off 
and adjusted only for specific diabetics with high-risk? 

Default notification feature Advanced notification feature 

Q13 - Would you support a blog feature on the e-Toolkit which would allow patients to 
discuss a specific medication or problems? 

Yes No 

Q14 - In your opinion, what features do you think that it has to be included or excluded for 
this e-Toolkit to be effective to the diabetic community? 
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Q15 - Do you have further suggestions or concerns that have not been mentioned? 

Yes No  
Q16 - If Yes, please indicate what you feel is important or suggestions you would like for us to 
take into account. 

 

Thank you for taking the time for completing the survey 

Table 2 - Diabetic Medical Professional Survey 
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3.2.6 Survey Results for The Healthcare Professionals  

 

As mentioned by Angela M Pazzaglia book – To calculate the survey % rate, “it is necessary 

to divide the number of individuals who responded to the survey by the number of 

individuals to whom the survey was administered (the sample size)” (Angela M. Pazzaglia 

E. T., 2016). 

 

The survey response rate is key and ideally should exceed 85 percent, to limit any bias in 

the results and to eliminate the need to take any further steps.  It has been reported by Angela 

M Pazzaglia that “it is still advisable to check the characteristics of the respondents and non-

respondents” (Angela M. Pazzaglia E. T., 2016). 

 

Note: In the medical professional survey it was noted that not all the doctors had answered 

every single question. This may be due to a disagreement with the questions and answers, or 

perhaps they were unsure and left the questions out or had limited time to complete the 

survey.  

 

1. Which of the following best describes your position in the medical field? 

 

 

Figure 15 – Medical Professional Survey – Responses to Question 1 

 

This survey was completed by 40 participants with varying medical qualifications; the most 

common being researchers, pharmacists, nurses and doctors. 
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2.  Would you be likely to use an e-Toolkit like the proposed one above? 

 

Figure 16 – Medical Professional Survey – Responses to 
Question 2 

 
3. Which of the below would possibly discourage you from using the e-Toolkit? (Please 

check all that apply) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 17 - Medical Professional Survey – Responses to Question 3  

 

 

 

 

Out of 40 respondents, only 8% said they 

would not use the e-Toolkit which is great 

feedback as 92% of participants were in 

favour of the concept.  An unexpected 

response was received by the pharmacists 

who liked the idea for this e-Toolkit. 

These answers indicate that it would be 

beneficial if the diabetic health care 

specialists can work with each other for 

the first time observing real life updated 

information.  

 

The results of question 3 can be 

seen in figure 17 which shows 

security issues was the most 

common answer, following 

time consumption and unsure if 

the patient could use it 

properly/regularly. The 

researcher has implemented 

many security measures on the 

proposed e-Toolkit as discussed 

in the chapters below. 
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4. In your opinion, which of the following characteristics is important for the patient to 

record on the e-Toolkit? (Please check all that apply) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
5. If the e-Toolkit was applied to your medical centre, which staff member, in terms of 

position, would be allocated to patient's readings and responding to messages and 

alerts? (Please check all that apply)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Since 'too much time' was one of the main choices given for medical staff not using this 

system, it was surprising to see that doctor was the third most likely profession to use the 

e-Toolkit. 

From the results shown in 

Figure 18, the top four 

important characteristics 

responses from doctors 

were the blood glucose 

levels, diet, weight and 

insulin intake. 
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Figure 18- Medical Professional Survey – Responses to Question 4 

 

Figure 19 - Medical Professional Survey – Responses to Question 5 



MPhil Thesis               Fahad Darwish 

   50 

6. Would you approve of a feature which allows patients to input live medical test 

results (intention of trend tracking) 

 

 
 

 

 

 

 

 

Figure 20 - Medical Professional Survey – Responses to Question 6 

 

Figure 20 shows that 5 respondents who entered ‘Maybe’ in this question did clarify they 

will only back this idea/feature if it were limited to participation from only medical 

professionals. However, 65% of participants stated that it is useful to import diabetics 

readings, such as cholesterol, A1C (type of blood glucose test) etc. They explained this 

further stating the information will be recorded in one suitable site, whereas the ‘Maybe’ 

group said that patients may incorrectly input these results and could not be trusted.  

 

7. Would you find it appropriate to have the ability to have access to the patient's 

medical file from the e-Toolkit to store and utilise this information? 

 

 

Figure 21- Medical Professional Survey – Responses to Question 6 

As shown on figure 21, 30 participants said yes to having access to patient data. So, this 

feature should be taken into account when developing this e-Toolkit. The response to this 

question was vital to form the concept for the e-Toolkit as this feature was not part of the 

beta version. However, this feature may be implemented in a future version of the e-Toolkit.  
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8. Would you find it helpful if a feature would allow you to share information and notes 

with other healthcare professionals, would you use it? 

 

 
Figure 22 - Medical Professional Survey – Responses to Question 8 

 

At the time when question 8 in the medical professional survey was formed, the original 

concept was that doctors from different clinics and offices could send information and 

communicate about the patient, with existing registration with the system.  This would allow 

on-line consultations or referrals take place. But as the concept developed, it was seen that 

it would be useful for the patient to be able to include and register each member of their 

health care team, allowing the same information to be viewed. The four respondents who 

answered ‘maybe’ raised concerns about the security of any system which allowed the 

feature. 
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9. Would an option of converting a patient's readings and data into easy-to-read graphs 

and charts be beneficial to you? 

 

 

 

 

 

 

 

 

 

 

 
Figure 23 - Medical Professional Survey – Responses to Question 9 

Most applications and software about diabetics have been successful when they include the 

data reviewed in visual forms like charts to allow comparison with another value or to see a 

spread over a period. However, if the charts are difficult to read or unclear there will be little 

patient compliance.  

 
10. Would an option to disclosing a patient's confidential data to others be appealing, i.e. 

the patient, their relatives or other medical personnel? 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 
 
 
 
 

The main reason for this question was to gain more information on how the graphs and charts 

would be used, and if they would be beneficial when used to explain relevant information to 

the patient or their family members etc. 
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Figure 24- Medical Professional Survey – Responses to Question 10 
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11. Do you think it would be useful if the e-Toolkit had a notification feature to notify 

yourself or other medical staff when a patient's record shows a high or abnormal 

reading? 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
12. In addition to the above feature to be an option in the proposed e-Toolkit, would you 

prefer a default feature that would apply to all diabetics or an advanced feature that 

can be switched on/off and adjusted for specific high-risk diabetics?  

 

 

 

 

The response received was interesting to see the majority, 26 to 14, would prefer the 

advanced notification feature targeted at only high-risk diabetic patient. 

 

 

 

 

 

In spite of the fact that this inquiry 

received a larger part of positive reactions, 

the remarks made it clear that it would not 

be generally welcomed, and would in 

actuality discourage utilisation of the site, 

if the clients were not able to: 

1) Switch the feature off and on 

2) Alter the parameters of the alert to suit 

the particular necessities of the individual 

patient. 

 
Figure 25- Medical Professional Survey – Responses to Question 11 
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Figure 26 - Medical Professional Survey – Responses to 
Question 12 

37

2 1

0

5

10

15

20

25

30

35

40

Yes No Maybe



MPhil Thesis               Fahad Darwish 

   54 

13. Would you support a blog feature on the e-Toolkit which would allow patients to 

discuss a specific medication or problems? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 27 - Medical Professional Survey – Responses to Question 13 

39/40 said yes to the Blog feature which would allow registered patients and their assigned 

doctors to interact between themselves, and then for the knowledge to be disseminated 

through our SECI model. 

 

14. In your opinion, what features do you think that it has to be included or excluded for 

this e-Toolkit to be effective to the diabetic community?  

The main feature that the professional health care team wanted to be included was a hub for 

everyone to communicate which is very beneficial for the goal of this project, what they also 

asked was to have that hub only available for patients who have registered on the e-Toolkit.  

 

15. Do you have suggestions or concerns that have not been mentioned? 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 28 - Medical Professional Survey – Responses to Question 15 
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16. If Yes, please indicate what you feel is important or suggestions you would like for us 

to take into account. 

The top two answers were security and easy to use as many of the older generation might 

find it difficult to use such an e-Toolkit. This is why the proposed e-tool kit will be accessible 

from a smart phone device.  

3.2.7 Survey for the Diabetics 

 

University Project 

•  PROPOSAL: 

The research survey aims is to create a global e-Toolkit, not constrained by situation, income level or 

diabetic equipment the patient uses, to provide and support diabetes education and management. There 

will be numerous features including blogs where patients can talk amongst themselves. The e-Toolkit will 

act as a hub for patients and health care professionals to communicate as well as to provide a space for 

recording daily measurements such as glucose readings, food diary, insulin dosage and more relevant 

results and information. The patient’s health care providers would then be able to view this information in 

real time, which would in theory enhance precise and convenient communication between the patient and 

the expert. 

If the patient’s readings are abnormal or a negative movement is detected, a feature may be incorporated 

within the e-Toolkit to alert the health care provider of this latest information and allow them to help the 

patients in such an emergency. This system could possibly help doctors and other health care providers 

stay up-to-date with tracking and monitoring the patient’s healthcare. 

 

• HOW YOU CAN HELP: 

•  

You have been selected to participate in this short survey as you are a healthcare professional. The survey 

is comprised of yes or no questions, multiple-choice questions and the opportunity to add any further 

suggestions or leave feedback. 

Participation is voluntary. You may withdraw from the study at any time and remain anonymous as 

stated on the consent form which must be signed prior to the study. 

If you have any questions, concerns or complaints about the study at any stage, you can contact: the lead 

researcher Fahad Darwish at f.darwish@edu.salford.ac.uk. 

•  

Q1. How long have you been diagnosed with diabetes? 
< 3 years Between 3-13 years 

Between 13-23 years 23+ years 

Q2. Do you have difficulty keeping a record of your day-to-day diabetic readings? 

Yes No 

Q3. Are you currently monitoring your diabetic readings? If so how? 
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Written (Physically on paper i.e diary)  Stored Digitally  

Generic diabetic website Smart Phone App (General app) 

Personal Blood Glucose Monitoring system iPhone or Samsung app for your monitoring 

device  

I do not track my readings Other 

Q4. Would you consider using an e-Toolkit like the one proposed? 
Yes No Unsure 

Q5. If you were presented with an app for the proposed e-Toolkit, would this interest you?    

Yes No Unsure 

Q6. In your opinion, which of the following characteristics are important to record on the e-
Toolkit? (Please check all that apply)  
Weight Blood Glucose Levels 

Urine Glucose level Changes in Mood 

Side effects/symptoms Foot related problems 

Insulin  Diet 

Additional / other features to include   

Q7. What is it that you currently dislike about the system /app/monitoring software that you 
currently using? (Please check all that apply) 
Difficult Hard to access 

Poor layout / not intuitive Not able to track the information I want to 

Readings not presented as graphs or charts Does not track trends 
Healthcare does not have access to my details Does not have feature to share readings/other 

ways to share it i.e. E-mail 

Security issues 
 

  

Any further suggestions? (both positive and negative) 

Q8. Sending data and alerts to your selected healthcare professionals is one of the main features 
of this e-Toolkit. Would you recommend this e-Toolkit to your Healthcare professional, in order to 
help you better self manage yourself? 

Yes No 

Q9. Would you support a blog feature on the e-Toolkit which would allow patients to discuss a 
specific medication or problems? 

Yes No 

Thank you for taking the time for completing the survey 

Table 3 - Diabetic Patient Survey – The questionnaire above was given to Patients around the 
world to fill it in.  
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3.2.8 Survey Results for Diabetics  

 
1. How long have you been diagnosed with diabetes? 

 

 

Figure 29- Diabetic Patient Survey – Responses to Question 1  

 
2.  Do you have difficulty keeping a record of your day-to-day readings? 

 
 

The responses to this were very surprising. It was largely expected that even those patients who 

perceived their condition as being well controlled would still consider the task of recording their day 

to day readings a challenge, especially the recently diagnosed. One important finding from the 

surveyors, is that there seem to be two particular classes of diabetics. There are those individuals 

who make the effort to understand their condition, remain in control, and manage themselves well. 

By contrast, other individuals may dismiss medical guidance and continue to carry forward the same 

eating and drinking habits that they have already acquired prior to their diagnosis and rely heavily 

on their medications. These are coincidentally the individuals who would not take part in such a 

study or use the proposed e-Toolkit. 

<3 Years Between 3-13 Years

Between 13-23 Years 23+ Years

This survey got reactions from 60 

diabetic patients’ participants from 

around the globe from all ages.  

 

Two-thirds of the patients have 

been diagnosed with diabetes either 

for less than 3 years or more than 

twenty-three years.  

Yes  
47%

No 
53%

Figure 30 - Diabetic Patient Survey – Responses to Question 2 

 

 

 

 



MPhil Thesis               Fahad Darwish 

   58 

3. Are you currently monitoring your diabetic readings? If so how? 

Figure 31- Diabetic Patient Survey – Responses to Question 3 

Numerous patients have said that they spend a copious amount of time creating their own 

recording tools such as spreadsheets and journal pages. Some patients admit to having 

abandoned such records in favour of recording the two weeks of readings that are 

consequently stored in their monitoring device. A few patients said that they will just do this 

if they have an issue or their specialist required a more itemised history to decide how to 

treat them. 

4. Would you consider using a e-Toolkit like one proposed?    

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 32 - Diabetic Patient Survey – Responses to Question 4 

 

Initially it was believed that such a e-Toolkit would be welcomed mainly by diabetic groups. 

Seeing the medical professionals overwhelming support and encouragement was very 

encouraging as it was expected to see some uncertainty or doubts to e-Toolkit proposed.  

Yes
72%

No
6%

Unsure
22%

0 30 60

I do not track my readings

Written log journal or planner

Electronic log, journal or file (e.g. Word, Excel etc)

Generic diabetic website

Generic diabetic phone app

Website for your specific monitoring device

Phone app for your specific monitoring device

Other
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The responses to Q4 demonstrated those with diabetes are significantly more reluctant, 

mindful and worried to use such e-Toolkit, prior to understanding it fully.  

5. If you were presented with an app for the proposed e-Toolkit, would this interest you?    

 

 
 

 

 

 

 

 

 

 
Figure 33 - Diabetic Patient Survey – Responses to Question 5 

6. In your opinion, which of the following characteristics is it important to record on the 

e-Toolkit? (Please check all that apply) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
Figure 34- Diabetic Patient Survey – Responses to Question 6 

 

Reponses from this question on both diabetic patient and medical professional surveys were 

used to conclude the most significant characteristic to record to the e-Toolkit. The highest 

rated characteristics for the diabetic patient survey are blood sugar levels, insulin intake, diet 

and weight. 

It is intriguing to see the connection in 

responses between this question and 

the one before. 

One would have thought that people 

might be interested in mobile apps 

more than a PC e-Toolkit purely for 

the reason of mobility.  
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7. What is it that you currently dislike about the system /app/monitoring software that you 

currently using? (Please check all that apply) 

 

Figure 35 - Diabetic Patient Survey – Responses to Question 7 

Some of the features the diabetic patients were wary about were not being able to share 

information, access difficulty, inconvenience and if their healthcare provider did not have 

access to the system. 

 

8. Sending data and alerts to your selected healthcare professionals is one of the main 

features of this e-Toolkit. Would you recommend this e-Toolkit to your Healthcare 

professional, in order to help you better self-manage yourself? 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
Figure 36 - Diabetic Patient Survey – Responses to Question 8 

Yes
58%

No
42%

Out of 60 responses, 35 diabetic 

patients agreed to wanting to ask their 

doctors to use this e-Toolkit due to the 

biggest feature of sending data and 

alerts when necessary for a more 

accurate and efficient way of using the 

data. 
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9. Would you support a blog feature on the e-Toolkit which would allow patients to 

discuss a specific medication or problems? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 29 - Diabetic Patient Survey – Responses to Question 9 

3.2.9 Survey Comparison  

 

Below are side-by-side comparisons of the most prioritised questions to the researcher. 

 
1. Would this e-Toolkit be something you would use? 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 37  - Side by side comparison - Type of participants 

This graph shows a two-sided comparison of the two surveys issued to medical staff and 

diabetics. This proves that medical professionals were more likely to approach the proposed 

e-Toolkit with extraordinary eagerness as opposed to patients who were more apprehensive.  

Out of 60 responses, only 5 patients 

disagreed with a blog feature to allow 

interaction between medication users 

to share successful stories and any 

difficulties.  

Yes
92%

No
8%
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2. Please indicate the readings that the e-Toolkit should record? 

 
 

Figure 38 – Side by side comparison – Readings that the e-Toolkit should record. 

The comparison demonstrates that medical professionals and diabetics are both happy with 

which data ought to be recorded on the proposed e-Toolkit. The top health factors to be 

record were (Glucose readings, Insulin readings, weight, symptoms if there is any and 

carbohydrate intake). 

 

3. Would you recommend a feature where the e-Toolkit sends notifications to your 

healthcare professionals recording up normal readings?  

  
               Figure 39 – Side by side comparison – Notifications feature 
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The main feedback gathered 

from the side by side 

comparison was that both 

medical professionals and 

patients were in agreement to 

be notified as long as the 

doctors are able to set the level 

of the up normal reading for 

each patient as this will vary 

from one person to another.  



MPhil Thesis               Fahad Darwish 

   63 

3.3 Summary 

When carrying out the aforementioned research, some aspects such as the impact on the 

people themselves throughout their lives, physically and emotionally may be have been 

missed. Whilst collecting these findings many ideas were discovered from the diabetic 

community. Throughout the depth of the numerous subjects in this research, the researchers 

were reminded constantly that diabetes is a very serious disease affecting millions of 

people’s wellbeing and everyday lives around the world. However, creating an e-Toolkit to 

try support a huge community is neither easy nor simple.  

 

When conducting a research project like this it can be easy to get carried away with the 

theoretical aspect and neglect how it may serve people in reality. It is clear that diabetes is a 

condition with global implications affecting millions of people worldwide. Formulating a 

tool which can enrich the lives of such people is no easy feat. The most striking outcome 

from this research was the discovery of the communication gap between healthcare 

professionals and diabetic patents. This was more exaggerated in North America when 

compared to the UK. Many questions have arisen from this revelation, many beyond the 

scope of this thesis.  As previously touched upon, it appears that the diabetic patients in this 

study can be divided into two general categories, as shown in the following table. 

Table 4 – Summary of results - Two groups of Diabetic community  
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CHAPTER FOUR: PROPOSED FRAMEWORK 

4.1 Introduction 

In the previous chapter, the research problem was identified, and a survey was conducted to 

see what the e-Toolkit should include in terms of diabetes readings, what the patients and 

the medical health care thought of the idea proposed and what would be the benefits to the 

community. This chapter will propose a framework to overcome some of the problems 

identified in the previous chapters. The framework integrates KD and KM to help patients 

in managing themselves. In this chapter, the two parts of the thesis are discussed as two 

layers. The first layer focuses on the improvement of medical data collection and 

communication methods that can be applied to different diseases, as well as the creation of 

an e-Toolkit. The framework aims to be applied to the field of diabetes mellitus in the United 

Kingdom. The framework seeks to improve self-management techniques for patients and to 

improve the effectiveness of the medicines provided by the healthcare professionals, related 

to diabetes mellitus. Layer two of the framework is linked to KD and Data Mining in 

specific. This is where the reviews of the medicines provided for diabetic patients which was 

obtained from layer one is data mined. In addition, layer two acts as the KM layer where the 

SECI model is used to capture these reviews and disseminate this knowledge on the e-

Toolkit in the form of guidelines or documents. This chapter will also introduce the proposed 

SECI model where knowledge management and knowledge creation processes are taking 

place, which can assist in sharing the knowledge among individuals. The SECI model is 

considered to be the most documented knowledge model which converts and creates 

knowledge between tacit and explicit forms ( Ikujiro Nonaka, 2008). 

4.2 Proposed solution & Framework 

The first goal of this research study is to develop an e-Toolkit that is globally available and 

that will fill the communication gap between medical and healthcare professionals. The 

second goal of this research is merging KM and KD within the e-Toolkit to support diabetes 

education and self-management in the UK. Knowledge generated from the reviews will then 

be disseminated using the developed SECI model. This knowledge can also be generated 

from reviews or the discussion of specific topics between patients and the medical team 

within the blog section of the e-Toolkit through the conversion of tacit knowledge to explicit 

knowledge as explained in Chapter 2. The e-Toolkit needs to be user friendly and accessible 

to medical teams and patients enabling them to record individual risk factor data that is 

important in monitoring an individual patient’s condition. 
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The patient will have an e-Toolkit which they can use to consistently record readings, and 

which can be accessed from home, work or from any other location desired using a mobile 

phone, laptop or any other device with internet connectivity and a browser. Patients will no 

longer have to experience the inconvenience of carrying a journal and writing notes. 

 

The e-Toolkit will also be accessed by the patient’s doctor allowing vital patient/doctor 

interaction. Doctors and patients are able to interact using the direct messaging system. As 

the system requires a log in, procedures will be implemented to allow regular monitoring 

with the aim of the e-Toolkit becoming integrated to the daily routine of the patient. 

Additional features can potentially provide displays of graphs and charts, notifications to 

high-risk patients as well as enabling data from lab results to be recorded and shared (Fahad 

Darwish, 2019). 

 

The e-Toolkit aims to be accessible to all patients and is not limited by expensive apparatus 

or subscriptions. This will be of significant help to the diabetic community as it has been 

reported that the cost of treating diabetes and its complications amounts to 93bn Euros in 

Europe alone (OECD, 2012). Therefore, having an e-Toolkit such as the one proposed will 

help to manage the resources necessary to combat the disease. 

 

In summary, the limitation of the current methods and technologies discussed in chapter 

three can be overcome by the proposed e-Toolkit as the proposed framework will solve the 

everlasting broken relationship between doctors and patients. Therefore this will allow 

doctors and patient to resolves issues related to diabetes more effectively and efficiently. 

This will have an effect on the doctors having a better understanding of each patient and 

have a clear thought to aid in reducing the effects of diabetes mellitus by advising solutions 

best for individuals. This can benefit the reduction of the rate of diabetic patients in the UK 

and possibly around the world. Having this e-toolkit available and free of charge to all 

patients with internet access and can become an important tool for diabetic patients and 

healthcare professionals. It aims to reduce the cost of the budget currently spent on diabetes 

by preventing patient complications via close monitoring.  
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4.3 The proposed solution and framework Components   

As mentioned above the proposed solution and framework is described in two layers, those layers are illustrated in figure 40. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                Figure 40 – The Proposed Solution
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4.3.1 The First Layer: Method and Development of a Diabetics Self-management System 

In this layer, there are two categories: the improvement of medical data collection methods 

and the communication with the healthcare team. The framework is applied to improve the 

interaction between doctors and patients and to improve upon the current methods of 

capturing data. It has been reported that daily self-management for diabetic in the UK is a 

concern (Shayban, 2017). This layer aims to become innovative for patients to discuss topics 

amongst themselves. It will also capture readings and log them into a database for the 

healthcare profession to analyse and make a choice from a selection of medical responses.  

 

The Diabetes Management e-Toolkit System of the Medical Health Care Home Page is 

illustrated on figure 41. A more detailed explanation of the e-Toolkit is explained in chapter 

6. 

 

Figure 41 – The Diabetes Management System e-Toolkit 
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4.3.2 The Second Layer: The Discovery and Dissemination of Knowledge via the 

developed SECI model 

The aim of this layer is to mine the data acquired from the reviews that were collected from 

the first layer via the blog within the e-Toolkit and to then elicit new knowledge that can 

improve the medical field. The DM method employed to achieve this is ‘Sentiment Analysis’ 

which is appropriate to the structure of our reviews which contains ratings of 1 for good 

review and 0 for a bad review (Lin Zhanga, 2014). The knowledge discovery approach is 

shown on figure 42.  

In order to develop the recommendation system within the SECI proposed model, different 

machine learning algorithms were reviewed to compare their performance on different 

datasets (as discussed in Chapter 5). These techniques have applications in text 

classification, sentiment analysis, pattern recognition and data mining problems. In addition, 

layer two helps in the conversion of tacit and explicit knowledge between patients and the 

health care team to provide useful knowledge that can help patients to manage and control 

their diseases. As explained in Chapter 2, the developed knowledge creation model (SECI) 

shown in figure 42 is applied in this layer to provide effective self-management and 

education for sufferers of diabetes mellitus, to facilitate effective sharing of guidelines and 

best practices to diabetics. Strategies, discussions, guidelines and best practice are useful 

recommendations to be shared between patients and healthcare professionals (Almuayqil, 

2017). These practices should provide solutions to help predict the right treatment or side 

effects of certain medicines depending on patient location, age etc. Details about the 

proposed SECI model are discussed in section 4.4 below. 

  

 

 

 

 

 

 

 

 

 

 

Figure 42 – The proposed knowledge discovery part of the SECI model 
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4.4 The proposed SECI model  

The proposed SECI model is illustrated in figure 43, the process and the merging stages of 

KD & KM happen within one model. Knowledge will be discovered and managed through 

the SECI four modes starting from Socialisation where views and opinions are expressed 

within the e-Toolkit blog section then to the Externalisation mode where knowledge is 

captured through data mining techniques. Followed by Combination where knowledge is 

discovered and passed to the professional personnel to be verified and to create official 

documents. Finally, in the Internalisation mode, documents that were generated from the 

Combination mode is published into the e-Toolkit as illustrated in figure 44 this is to help 

the diabetic and health care professionals. 

 

Figure 43 – Illustration of the Proposed SECI Model process for Knowledge Creation and 
Dissemination  
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Each of the modes is explained in detail below: 

 

Socialisation- Tacit to Tacit. As stated by Nonaka “Knowledge is passed on through practice, 

guidance, imitation, and observation” (Nonaka, 1994). This is where the patient’s 

community and medical staff will have meetings e-Toolkit features Blogs, as it was indicted 

by (M.A., 2007).  This mode in the proposed SECI model can overcome the complication of 

matters such as medication side effects. Diabetic patients can socialise amongst themselves 

within the blog provided in the portal. Patients whom might be taking the same medication 

can discuss any other issues that they might share. 

 

Externalisation- As stated by Nonaka – “Tacit knowledge is codified into documents, 

manuals, etc. so that it can spread more easily through the organization” (Nonaka, 1994). 

The externalisation mode in the proposed SECI model will be the mode where knowledge 

collected from the blog will then be converted from tacit to explicit knowledge. This is where 

the knowledge discovery part takes place using sentiment analysis and other data mining 

techniques that are explained in chapter 5. 

 

Combination- Explicit to explicit. As stated by Nonaka “This is the simplest form. Codified 

knowledge sources (e.g. documents) are combined to create new knowledge” (Nonaka, 

1994). The combination stage is where formal meetings by medical professionals to discuss 

findings will take place which will then results in (recommendation, best practices, 

guidelines) all those then put into an official document to help the community/NHS etc.  

 

Those official documents will be published on the portal. As shown on Appendix K & Figure 

44. As stated by (Natek, 2016)  “One of the effective web technologies for combination is a 

document system”. As indicated by  (Natek, 2016)  a document system helps members to 

upload and download important documents of interest. It facilitates access to information. 

As it was mentioned by (Nonaka, 1994) that “an open source to information is an important 

tool for combination”.  
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Figure 44 – Official Document generated from our Knowledge  

 

Internalisation – As indicated by (allkm.com, 2018) “internalisation of explicit knowledge 

is created using tacit knowledge and shared across the organisation. When this tacit 

knowledge is read or practiced by individuals it broadens the learning spiral of knowledge 

creation”. This is where tacit knowledge is converted to explicit knowledge. Everything 

concluded from the previous stages is presented to the patients and medical community as 

explicit knowledge. The e-Toolkit will have the features to share this knowledge including 

user training through instructional videos. 

 

The knowledge discovered could contribute in finding side effects of treatments. The e-

Toolkit could have the option to organise that information and potentially update NHS 

knowledge systems such as ‘nice.org.uk’. The “National Institute for Health and Care 

Excellence” system which as described by (NICE.org.uk, 2018) a system that “delivers 

access to particular and authoritative evidence in health, social care and public health. with 

their latest findings”. 
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4.5 Chapter Summary 

In this chapter, a solution has been discussed and proposed that integrates KD and KM. An 

e-Toolkit is also proposed to bridge the gap in the NHS and help patients and healthcare 

professionals better communicate with each other within one platform. The two layers of the 

solution and framework are also described. The proposed e-Toolkit system will not only fill 

the issues mentioned in chapter 2 but it will also provide a tailored KM approach to help 

diabetics to self-manage their health condition, likewise the e-Toolkit will help in cutting 

down GP appointments which will results in budgeting the NHS budget.  

 

There are several contributions associated with our integrated framework. These are listed 

below: 

1. The Framework is the first to integrate DM and KM in the healthcare domain 

in the UK. 

2. The use of DM to extract useful knowledge in relation to medication side 

effects and other non-health related diseases.  

3. The dissemination of useful knowledge using the proposed SECI model first 

of its kind in the UK.  

 

Having discussed the solution model and the associated techniques, the experimental 

implementation is discussed in detail in the next chapter. 
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CHAPTER FIVE: EMPIRICAL IMPLMENTATION OF EACH OF 

THE PROPOSED LAYERS  

5.1 Introduction 

This chapter covers the implementation of the framework described in Chapter 4, in 

particular layer 2 of the framework “knowledge discovery part” of the SECI model. In order 

to implement and validate layer two of the framework, three datasets are used. This is 

because time was a limiting factor and sufficient data was not collected from the e-toolkit. 

Therefore, the researcher decided to utilise datasets that are available online for the purpose 

of validating this framework. These datasets are explained in detail below. This chapter will 

also discuss the evaluation process, the datasets used, the knowledge extraction 

implementation for KD as well as comparing the available algorithms and analysis of the 

results. Accordingly, to achieve these tasks, the following software and programming 

languages tools were used: 

• Anaconda (Spyder): Python IDE software written in Python and it is used for data 

mining analysts (anaconda.org, 2019). 

• Python 

• Natural language toolkit (NLTK), scikit-learn and regex 

5.2 Framework Structure 

As mentioned in the previous chapter the proposed framework is designed in two layers (see 

figure 45). The first layer focuses on filling the gap in helping patients and the medical care 

team communicate freely by creating a web portal as discussed from survey findings in 

Chapter 3. This layer also acts as a hub to help diabetics discuss their concerns or 

complications that they are currently facing within the blog section of the web portal.  

 

Figure 45 – The Layers of the proposed Framework as discussed on chapter 4 
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The second layer is related to KD and DM in particular. This is where the developed SECI 

model (illustrated in figure 45) is used and where the concerns relating to a specific medicine 

/ topic are discussed in the blog provided to patients within the e-toolkit. This will result in 

the sharing of useful diabetes self-management tips and provision of education, guidelines 

and best practices to the patients as a group.  

5.2.1 Dataset Search Strategy, explanation and preparation     

 

To achieve the goals of the second layer, a dataset is required. The dataset has reviews and 

ratings in order discover new knowledge to validate layer two of the framework, which is 

knowledge discovery. The process of discovering new knowledge through the SECI model 

is shown in figure 43 in the previous chapter.  

 

Sentiment Analysis, in the context of reviews, as described by (Haddi, 2015) “Is the process 

of exploring product reviews on the internet to determine the overall opinion or emotions 

about a product. Reviews that represent the so-called user-generated content is currently 

attracting increased attention”.  It is a useful resource for marketing teams, sociologists, 

psychologists and others who might be concerned with opinions, views, public mood and 

general or personal attitudes. In our case this would be the medical teams who would aim to 

establish the side effects of medication through the use of the proposed framework, which 

converts knowledge which has been extracted from blog reviews into useful knowledge. 

Therefore, the knowledge conversion from tacit to explicit is achieved and by using 

sentiment analysis helps to convert reviews to official documents to support the diabetic 

community (Tang, 2009; Haddi, 2015). 
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5.2.1.1 Dataset  

Three opensource datasets were used to verify the proposed model, including two medical 

datasets and one commercial dataset. The datasets are split into two columns, the first 

column is reviews and the second column is the ratings, the ratings are “0” for a negative 

review and “1” for a positive review.  

An explanation of each dataset is shown below in the form of case studies to help in the 

validation of the framework: 

 

5.2.1.1.1 Case Study 1 – Reviews on Citalopram Drug 

Citalopram, which has the common trade name of Celexa in the US. As described by 

(fda.gov, 2019) “is an FDA approved antidepressant medication that is often used to treat 

other mental illnesses, such as anxiety disorders.  It may also be found under the brand 

name Cipramil in other parts of the world” (fda.gov, 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 46 – Citalopram Drug – Source: (fda.gov, 2019) 

 
 
 

Dataset Source: “ https://www.webmd.com/drugs/drugreview-1701-
citalopram+oral.aspx?drugid=1701&drugname=citalopram+oral&pageIndex=47&sortby=3&conditionFilter=

-1 ” 
 

296 Reviews on the above medicine with ratings, 1 = good review / 0 = bad review 
 
 
 
 

https://www.webmd.com/drugs/drugreview-1701-citalopram+oral.aspx?drugid=1701&drugname=citalopram+oral&pageIndex=47&sortby=3&conditionFilter=-1
https://www.webmd.com/drugs/drugreview-1701-citalopram+oral.aspx?drugid=1701&drugname=citalopram+oral&pageIndex=47&sortby=3&conditionFilter=-1
https://www.webmd.com/drugs/drugreview-1701-citalopram+oral.aspx?drugid=1701&drugname=citalopram+oral&pageIndex=47&sortby=3&conditionFilter=-1
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5.2.1.1.2 Sample of Citalopram Drug Dataset 
 

 
 

Figure 47 – Sample of Citalopram Drug Dataset
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5.2.1.1.3 Case Study 2 – Reviews on Amazon Echo Show Alexa-enabled Bluetooth 

Speaker with 7" Screen 

 

The Echo Show has both a display and a front-facing camera. It can be used to video call 

people. Specifically, it allows the user to video call people with either an Echo Show or the 

Alexa app on their phone (amazon.co.uk, 2018). As mentioned by Amazon website “The 

Echo users could also watch video flash briefings, access the Amazon Video, see music 

lyrics, security camera images, photos, weather forecasts, to-do and shopping lists, browse 

and listen to Audible audiobooks, and much more” (amazon.co.uk, 2018).  

 

Note: Amazon Echo Show had been used to validate the layer two of the Framework which 

is KD. The dataset from Amazon Echo reviews shows evidence that the framework can be 

applied to monetary products and is not limited to medicinal purposes.  

 
 

 

 

 
Figure 48 – Amazon Echo – Source: (amazon.co.uk, 2018) 

 
 
 

 

Dataset Source: kaggle.com – “ https://www.kaggle.com/datafiniti/consumer-reviews-of-amazon-

products#Datafiniti_Amazon_Consumer_Reviews_of_Amazon_Products.csv ” 

 

 

846 Reviews on the above Device with ratings, 1 = good review / 0 = bad review 
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5.2.1.1.4 Sample of Amazon Echo Dataset 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 49 – Sample of Amazon Echo Dataset
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5.2.1.1.5 Case Study 3 – Reviews on Gilenya Drug 

The primary use of this drug is to treat specific types of multiple sclerosis. The principle 

action of the drug as described by (webmd.com, 2018) is “to prevent the immune system 

cells (lymphocytes) from attacking the nerves in the brain and spinal cord. As a result it may 

help decrease the number of episodes and may prevent or delay disability” (webmd.com, 

2018). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 50 - Gilenya Drug – Source: (webmd.com, 2018) 

 

 

 

Dataset Source: “ https://www.webmd.com/drugs/drugreview-154676-

Gilenya+oral.aspx?drugid=154676&drugname=Gilenya+oral&pageIndex=17&sortby=3&conditionFilter=-1 ” 

 

 

73 Reviews on the above medicine with ratings, 1 = good review / 0 = bad review 
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5.2.1.1.6 Sample of Gilenya Dataset   

 
Figure 51 – Sample of Gilenya Dataset
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5.2.2 Data Mining Methodology 

 

In order to generate new knowledge from the discussed reviews on specific topic, the CRISP- 

DM method was used to extract the most common words. CRISP-DM stands for cross- 

industry process for data mining. This methodology produces a well-structured approach in 

six phases when developing a data mining project (Daniel T. Larose, 2015). 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 52 – CRISP-DM Diagram – Source: (Daniel T. Larose, 2015) 

 

The first phase is the business/research understanding phase. In this phase, the project’s 

aims, and terms are clearly outlined and translated into a data mining problem definition.  A 

fundamental strategy to accomplish the requirements is then prepared. The second phase of 

the CRISP-DM method is phase of understanding data. This stage consists of data collection 

and using investigative data analysis to discover fundamental observations, evaluate the 

quality of the data and then, if necessary, choose subsets that may include actionable patterns 

(Daniel T. Larose, 2015). 
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The third labour-intensive phase is the data preparation phase which converts the initial raw 

data into the final data set. Suitable variables and cases are chosen and analysed, 

transformations are performed on specific variables, if necessary, and the raw data is 

cleansed and prepared for the modelling phase which is phase four.  

 

The modelling phase applies the most suitable modelling techniques and calibrates the 

settings of the model to improve the results. Frequently, various techniques may be used for 

the same data mining problem. In some cases, it may be necessary to repeat the third phase 

(data preparation) to bring the data form in line with the explicit requirements of a certain 

data mining technique. The model(s) in this phase are delivered to the fifth phase, the 

evaluation phase. The model(s) are checked for quality and efficiency before deployment in 

the field and to ascertain if the model achieves and meets the aims that were set in the first 

phase. Additionally, checks are made if some important parts of the business/research 

problem have not been included (Jen Stirrup, 2017). 

 

The final, sixth phase of the CRISP-DM method is the deployment phase. Even though the 

model has been created, the project is not completed. An example of a simple deployment is 

carried out with a report being created’ An example of an intricate deployment could be an 

implementation of a parallel data mining process used in an alternative department. For the 

business industry, usually the customer carried out the deployment based on the model (Jen 

Stirrup, 2017). 
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5.2.3 Data processing  

The flowchart used to extract the most common words to help knowledge creation is shown 

in figure 53. 

 
 

 
 

Figure 53- Flowchart of Knowledge extraction process 
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5.2.4 Data preparation 

Pre-processing of data is essential in machine learning tasks. It is a data mining method used 

to convert raw data into a beneficial format. Pre-processing also plays a huge role in text 

mining, natural language processing (NLP) and information retrieval (IR).  

Our datasets are selected, shuffled and randomly divided into training and test sets in an 

80:20 ratio respectively. As stated by (Oded Maimon, 2005) “To measure the accuracy of 

the model, the data needs to be split into these two parts - the training set to fit and tune the 

model and the testing set to create predictions and evaluate the model at the very end”. 

 
 

Figure 54 - Train Test Split - Source: (elitedatascience.com, 2018) 

Information retrieval (IR) is defined by (Gurusamy, 2014)  “as the process of determining 

which documents should be recovered to meet a user’s need for information. The 

information is represented by a query or profile containing one or more search terms, plus 

some additional information such as the weight of the words”. (Gurusamy, 2014). 

5.2.5 Pre-processing and NLP techniques 

The general pre-processing and NLP techniques used in this thesis are as follows: 

5.2.5.1 Punctuation removal. 

The words are kept the same but with without any punctuation, i.e. no commas or quotes 

and   contractions are kept together. “One way would be to split the document into words by 

white space (as in 2. Split by Whitespace), then use string translation to replace all 

punctuation with nothing e.g. remove it” (Brownlee, 2017). 

 

Python provides a constant called string.punctuation as mentioned by (Brownlee, 2017) “ 

string.punctuation it provides a list of punctuation characters”. Figure 55 shows an example 

of punctuation removal being used in Python programming language.  
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Figure 55 - Sample of Python code for punctuation characters – Source: (Brownlee, 2017) 

5.2.5.2 Html tag removal. 

As described by (Brownlee, 2017) “Unstructured text contains a significant amount of noise, 

as stated by especially if retrieved using techniques such as web or screen scraping”. HTML 

tags are typically one of these components which add little or no value when understanding 

and analysing text (Brownlee, 2017). 

 
Figure 56- Sample of Python code for HTML tags removal – Source: (Brownlee, 2017) 

It is quite evident from the above output that we can remove unnecessary HTML tags and 

retain the useful textual information from any document (Brownlee, 2017). 

5.2.5.3 Convert text to lowercase. 

An example is shown on figure 57 showing the conversation from upper to lowercase. 

 

 
Figure 57- Sample of Python code for converting to lowercase – Source: (Brownlee, 2017) 
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5.2.5.3 Lemmatization. 

Lemmatization is to cut down words, as described by (Brownlee, 2017)  “Lemmatization is 

to cut down inflectional forms to a common base form. As opposed to stemming, 

lemmatization does not simply remove inflections. Instead it uses lexical knowledge bases 

to obtain the correct base forms of words”. 

Lemmatization tools are available in Python packages which was used on this thesis such 

as NLTK (Brownlee, 2017). 

 
Figure 58 - Python code showing how Lemmatization works – Source: (Brownlee, 2017) 

 
5.2.5.4 Stop words removal. 

Words recur in any document very frequently but some of those words have little meaning 

as they are used to join words together in a sentence. As described by (Gurusamy, 2014) 

“Words such as ‘the’, ‘to’, ‘and’, ‘are’, ‘this’ etc. are not useful in the classification of 

documents, therefore they need to be removed. Nevertheless, the development of a ‘stop 

words’ list is difficult and inconsistent between textual sources”.  Python has its own stop 

words package which the researcher has used in this thesis.  As stated by (Silhavy, 2018) 

“This process will help reduce the text data and improve the DM performance”. 

 

 

 

 

 

 

 

 

 

http://www.nltk.org/_modules/nltk/stem/wordnet.html
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5.2.6 Results Analysis and Discussion  

5.2.6.1 Word Clouds 

A word cloud is a collage of randomly arranged words where the size of each word is 

proportional to its frequency in the corpus. It provides an idea of what words are represented 

in the corpus of each class. However, they do not clearly indicate accurate information 

especially when comparing each class. (Robinson, 2017). A sample of the code that 

generates a word cloud is shown in figure 59. 

 

Figure 59 – Sample of Python code to generate word cloud 

5.2.6.2.1 Word Cloud for Citalopram Dataset 

 

As shown below, the bigger the words are the most mentioned phrases including headache, 

depression and tiredness. At first glance it can concluded that the medication is used as an 

antidepressant from the responses to the Citalopram data. Furthermore, the phrase 

‘headache’ could be a side effect from the medication. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 60 – Word Cloud for Citalopram Drug Dataset 
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5.2.6.2 Word Cloud for Amazon Echo Dataset 

As shown below in figure 61, knowledge can be gathered from what the consumer has been 

discussing about the product. There are positive responses in the Amazon Echo Dataset, like 

‘love’, ‘great’, ‘nice’, ‘fun’ and ‘easy’, which have been mentioned multiple times due to 

the size of the word. The characteristics of the item have been mentioned, ‘music’, ‘screen’, 

‘sound’, ‘video’ ‘camera’ ‘call’ and ‘purchase’. 

 

 
Figure 61 – Word Cloud for Amazon Echo Dataset 

5.2.6.3 Word Cloud for Gilenya Dataset 

 

Figure 62 is a Word Cloud of the dataset for the medication Gilenya. The phrases 

‘symptoms’, ‘better’ and ‘headaches’ are examples of the patients’ reviews about the use of 

medicine from which they have encountered side effects. 

 

 
Figure 62 – Word Cloud for Gilenya Dataset 
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5.2.6.4 Feature Extraction 

Once the text data is cleaned it is not yet ready for modelling. The text needs to be converted 

into a numerical form. Two different vectorisers were investigated to identify which one was 

best for the data. A logistic regression model was then used as it is a fast and simple classifier 

(scikit-learn.org, 2018). Figure 63 shows an example taken from the coding that was used 

on this thesis. 

 

Figure 63 – Packages needed for Feature Extraction  

5.2.6.4.1 TF-IDF Vectorizer 

TF-IDF (term frequency–inverse document frequency) vectorises words by taking into 

account the number of a words in a given document and the frequency between documents. 

(Robinson, 2017). As stated by Olga Davydovaand “The importance increases 

proportionally to the number of times a word appears in the document but is offset by the 

frequency of the word in the corpus” (Davydova, 2019). 

  

Term Frequency: The more frequent terms in a target article, the higher the score 

 
     

Equation 1 – Term Frequency Equation – Source: (Robinson, 2017) 

Inverse Document Frequency: The more common in other articles, the lower the score 

 

 
Equation 2 – Inverse Document Frequency – Source: (Robinson, 2017) 

If a word is common in most documents it is suppressed and rare words are given more 

influence showing they are highly specific for a particular document. 

 

Figure 64– Code for assigning numbers to words  
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5.2.6.4.2 Results for TF-IDF (Without N-Gram) 

 

5.2.6.4.2.1 Results for Citalopram Dataset 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 65 – TF-IDF Results for Citalopram Drug Dataset 

5.2.6.4.2.2 Results Gilenya Dataset 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 66 – TF-IDF Results for Gilenya Drug Dataset 

5.2.6.4.2.3 Results for Amazon Echo Dataset 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 67 – TF-IDF Results for Amazon Echo Dataset 

As shown on figures 65,66 

and 67 on the left these are the 

most mentioned words that 

have been discovered using 

TF-IDF on all the three 

datasets/ This is the initial step 

for knowledge discovery from 

the reviews feature.  
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5.2.6.4.3 N-Gram 

An N-gram is an N-token sequence of words: a 2-gram (bigram), is a two-word sequence of 

phrases like “please move”, “move your”, or “your homework”, and a 3-gram (trigram) is a 

three-word sequence of words like “please move your”, or “move your homework” 

(Jurafsky, 2014). Figures 65-67 have shown that it is not practical to rely on a single tokens 

word to hold as much information compared to double or triple combined. 

 

N-gram will take a range of n tokens to use as features, for example: 

(1, 1) default: using only a singular token 

(1, 2) bigram: using a range of singular and double tokens 

(1, 3) trigram: using a range of singular, double and triple tokens 

 

As illustrated in figure 68, that the trigram sentence “severe constant headache” is what most 

patients have struggled with as a side effect, therefore the use of n-gram is beneficial in better 

understanding compared to TF-IDF. It can also be concluded from figure 68 that the 

accuracy increases with the range as it gives more information for the model to predict. Here 

(4, 4) range has the highest score. 

 
Figure 68 – n-gram (4,4) results  
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Figure 69 – Frequent word Vs Word Weight Bar Chart  

 

5.2.5.5 Algorithms comparison and results 

In addition to the word weight shown on figure 69, multiple DM algorithms were used and 

a code written to compare the highest F-score on each dataset. 

Machine learning algorithms that were used and compared were support vector machine 

(SVM), logistic regression, decision tree classifier, random forest, naïve Bayes and neural 

network.  

 

The models proposed was trained using these techniques and used F-score and accuracy 

metrics to compare the performance of each datasets. Whenever a user enters a new topic, 

the e-Toolkit will automatically take the reviews of this topic and generate knowledge as 

well as run those reviews through the algorithm comparison process, this helps in finding 

the best algorithm to be used on those specific reviews. 
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The above-mentioned algorithms are explained below. 

5.2.5.5.1 Logistic Regression (LR)  

LR is used for the supervised classification part. As mentioned by (Hilbe, 2009) “LR is a 

statistical method for analysing a dataset, which has one or more independent variables that 

determine an outcome. The outcome is measured with a dichotomous variable (in which 

there are only two possible outcomes).   It is used to predict a binary outcome (0 or 1, Yes 

or No, True or False) given a set of independent variables. To represent a binary or 

categorical outcome, dummy variables are used” (Hilbe, 2009). Logistic regression can be 

considered as a special case of linear regression when the outcome variable is categorical, 

where log of odds as dependent variable is used. (Hilbe, 2009).  

 

 In easier terms, LR can predicts occurrence probability of an event by fitting data to a logit 

function.  

 

Equation 3 – Logit function – Source:  (Hilbe, 2009) 

A plot of the logit function is illustrated in figure 70. As stated by (Brixius, 2018)  “The 

value of the logit function heads towards infinity as p approaches 1 and towards negative 

infinity as it approaches 0”.  

 

 
Figure 70 – Plot of the Logit function – Source: (Brixius, 2018) 

In this research, the binary outcome is either 0 or 1 which represent either having a negative 

review or a positive review respectively. 
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5.2.5.5.2 Support Vector Machine (SVM) 

SVM is a supervised learning algorithm as described by (Hamel, 2011)  SVM can “outputs 

an optimal hyperplane which categorises new examples. In two-dimensional space, this 

hyperplane is a line dividing a plane in two parts where in each class lay in either side”. 

There are many variants of SVM. Polynomial fitting SVM is used for this research. 

 

5.2.5.5.3 Decision Tree 

A decision tree is a classifier expressed as a recursive partition of the in-stance space. It is 

described by (Lior Rokach, 2015) that “decision tree consists of nodes that form a rooted 

tree, meaning it is a directed tree with a node called “root”, that does not have any incoming 

edges. All other nodes have exactly one incoming edge. 

A node with outgoing edges is called an internal or test node. All other nodes are called 

leaves (also known as terminal or decision nodes)” (Lior Rokach, 2015). Decision Tree has 

been used on this thesis as a way to verify our results as shown on the next chapter.  

 

5.2.5.5.4 Random Forests 

Random forests (or random forest) are made of many decision trees, as stated by (Lior 

Rokach, 2015) “Random Forests are an ensembles of learning method for classification, 

regression and other tasks that operate by constructing a multitude of decision trees at 

training time and modelling the class that is the mode of the classes (classification) or mean 

prediction (regression) of the individual trees”.   

Random Decision forest can help correct decision trees when overfitting to their training set  

(Lior Rokach, 2015). 

 

5.2.5.5.5 Naïve Bayes 

Naive Bayes classifiers are a family of simple "probabilistic classifiers" it is described by 

(Lior Rokach, 2015) as probabilistic classifier which is “based on applying Bayes’ theorem 

with strong (naive) assumptions that every feature is independent of other features”. Bayes’ 

theorem calculates the output depending upon probabilities of features (Lior Rokach, 2015). 
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5.2.5.5.6 Artificial Neural Network 

Artificial neural networks consist of a group of neurons working together to estimate an 

output. A single artificial neuron analyses a “weighted sum” input then adds a bias and make 

it makes a decision to whether it fired or not.  

𝑌 = ∑(𝑤𝑒𝑖𝑔ℎ𝑡 ∗ 𝑖𝑛𝑝𝑢𝑡𝑠)

𝑁

𝑛=1

+ 𝑏𝑖𝑎𝑠 

Equation 4 - Artificial Neural Network – Source (Giuseppe Ciaburro, 2017) 

The value of Y is the output of a neuron.  

 

5.2.5.6 Comparison of Algorithm Results  

The calculated results from Citalopram drug, Gilenya drug and Bluetooth speaker (Amazon) 

are illustrated in figures 71 – 73 below: 

5.2.5.6.1 Citalopram Dataset Results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 – F-Score multiple DM results Citalopram Dataset 

 

 
Figure 71 – F-Score Results for the Citalopram Drug Dataset 
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5.2.5.6.2 Gilenya Dataset Results: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Table 6– F-Score multiple DM results Amazon Dataset 

 
 

 
 

Figure 72– F-Score Results for the Gilenya Drug Dataset 
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5.2.5.6.3 Bluetooth Speaker (Amazon) Dataset Results: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7 – F-Score multiple DM results Amazon Dataset 

 

 

Figure 73 – F-Score Results for the Bluetooth Speaker (Amazon) Dataset  
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5.3 Results Discussion 

The overall results presented in tables 5-7 and visualised in Figure 68 and 69 reveal that the 

proposed model demonstrated a very competitive performance as it shows the most common 

issues that the patients are currently facing from the medicine reviews dataset. This fulfils 

one of the main goals of this thesis, that is merging KM and KD in one framework and that 

converting Tacit knowledge to Explicit knowledge is achievable.  

As shown in Figure 68-69 the top 3 highest concerns were “Severe Headache”, “Caused 

hormonal imbalance”, and “Always tired”.  Those concerns were passed to a medical team 

via an online meeting (consisted of 2 medical doctors and 2 pharmacist) to verify the 

combination mode within the SECI model.  This is formal meeting by medical staff after 

discovering knowledge from the data mining techniques in the externalization mode. The 

questionnaires given to the participants are shown in Appendix K and were verified by all 4 

medical professionals as accurate side effect of this medication and therefore an official 

document was issued on the e-Toolkit, a comprehensive validation process is shown in 

section 6.5 of this thesis. 

Furthermore, using other datasets such as amazon reviews showed that it is possible for the 

implemented framework idea to be used in other non-medical fields and not only on 

Diabetes. Thus, further studies merit exploring to ascertain how this framework could be 

used on other fields.  

Additionally, the comparison of different DM algorithms presented in Table 5-7 showed 

excellent F-Score results, in most cases an overall average of 0.8,  

Overall, our framework investigated cutting-edge concepts in knowledge discovery and 

knowledge management as well as the knowledge dissemination area. 

5.4 Chapter Summary 

 

This chapter explained in detail the experimental implementation and the obtained results of 

text mining analysis from the knowledge discovery part of the SECI model (blog) which was 

mentioned in previous chapters. It also discussed the evaluation process, datasets used, the 

knowledge extraction implementation for KD and the additional feature this chapter has 

proposed comparing four DM algorithms and analysis of the results. 

The next chapter will discuss the process of Knowledge Dissemination using the SECI 

proposed Model on the e-Toolkit, as well as the validation of the e-Toolkit. 
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CHAPTER SIX: E-TOOLKIT KNOWLEDGE DISSEMINATION, 

IMPLEMENTATION AND VALIDATION 
 

6.1 Introduction  

In the previous chapters the SECI model was discussed and explained thoroughly. The 

SECI model can be used in the electronic place to create and share knowledge among 

individuals and groups. This knowledge can be managed using Web 2.0 is a technological 

tool that can be used to create and share knowledge via forums, blogs, Wikis, etc. As 

mentioned previously, most researchers have used the SECI model to disseminate 

knowledge. However, the proposed SECI model will create and disseminate the knowledge 

through the e-Toolkit.  

 

Therefore, a website was designed to include these technological tools to create and 

sharing knowledge. This chapter will first discuss the development of the e-Toolkit 

followed by an overview of the e-Toolkit, followed by a validation of the e-Toolkit and a 

summary of work done so far. 

6.2 E-Toolkit Development 

This section, presents the design and implementation of our e-tool kit which we have called 

a Diabetic Patient Monitoring System. Part of our aims is to develop this e-Toolkit to support 

diabetic patients and healthcare professionals to better communicate and to provide effective 

creation and sharing of knowledge related to the control of diabetes mellitus. 

 

The development of e-Toolkit is defined by (Diffily, 2006) as the procedure of building a 

new website, or adapting features of an existing one, involving eight phases illustrated as 

follows: 

1.  Planning: why is the site being planned and what will be built  

2. Content: a list of the materials (content) to be included on the website  

3. Design: make an outline to show how the content will be presented 

4. Development: write the code and upload the content 

5. Test: ensure everything works appropriately and correctly with all current browsers 

6. Hosting: select a domain name and identify a web hosting provider 

7. Publicity: build up activity by drawing attention to the site 

8. Review: audit the site at intervals, to ascertain its usage and effectiveness. 
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Figure 74 – The website development cycle. Source: (Diffily, 2006) 

 

6.2.1 e-Toolkit Planning 

 

Planning is considered to be one of the significant steps in the design of a website. It is a 

procedure to identify the users’ needs and businesses’ objectives, to start the Development 

Cycle (Diffily, 2006).  

The objectives of building this website were determined, based on the survey conducted and 

the needs of healthcare providers and patients.  

Thus, the objectives of this e-Toolkit are: 

• To build an e-Toolkit to disseminate and create knowledge (SECI MODEL) 

• To build an e-Toolkit to support diabetes education and self-management world-

wide. 

6.2.2 e-Toolkit Content 

Website content includes most information and applications that need to be available online 

for Diabetes Management System e-Toolkit. It was essential to ensure that the information 

provided meets the needs of the patients (Diffily, 2006).  

From the data gathered through the survey it was decided to use the MoSCoW method to 

define requirements by priority order. As Stated by (Stephens, 2015)  “The most important 

requirements need to be met first for a greater chance of success” (Stephens, 2015). 
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6.2.2.1 MoSCoW 

MoSCoW is a useful method used in software development to achieve a mutual 

understanding with investors on the “importance they place on the delivery of each 

requirement” (DSDM, 2018).  

 

To decide on what content to be included on the e-Toolkit the MoSCoW approach is used. 

As Stated by (Ma, 2009), The letters MoSCoW stand for: “ 

o “MUST have” - the requirements in this group must be contained in the 

project. Failure to deliver these requirements means the entire project would 

be a failure. 

o “SHOULD have” - the project should if at all possible, contain the 

requirements in this group. 

o “COULD have” - the project should contain these requirements. But they are 

less important than the requirements in the “SHOULD have” group. 

o “WON’T have” - is similar to a “wish list”. It means that the requirements in 

this group are good requirements, but they will not be implemented in the 

current stage. They may be implemented in the next release” (Ma, 2009). 

In a research like this where there is a time restraint, understanding the relative importance 

of all research related matters is important to have progression and meeting deadlines.  

An illustration of the MoSCoW method is presented in figure 75.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 75 – Representation of the MoSCow Method – Source: (Stephens, 2015) 
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The reason why the MoSCoW method was used on the e-Toolkit is to set the importance 

and prioritise the features from High, Medium and Low. The specific use of “must, should, 

could or won’t have” implies the outcome of failing to deliver that requirement. These 

features were decided from the results gathered by the surveys in chapter 3.  Those 

requirements are illustrated below.  

6.2.2.1.1 Must Haves 

 

• The e-Toolkit must allow diabetics to enter all vital health information.  

• E-Toolkit must be free to use for all diabetic and medical professionals.  

• An ID must be assigned to every physician, nurse and medical staff member. 

• Nurses and staff members must see the patient details the same way doctors do. 

• An ID must be assigned to every diabetic. 

• A secure communication messaging system between medical professionals and 

diabetic must be put in place  

• Doctors who are web administrators, must be able to register and delete staff (such 

as nurses).  Diabetic must be able to update their assigned medical professionals 

details.  

• Blog/forum is required where patients could discuss certain topic such as medicines. 

Data mining techniques could then be used to create knowledge from those reviews 

• Pages to present the knowledge discovered, generally in the form of PDF 

documents/guidelines. The documents to be published after approval from the 

medical team. This is to meet our research objectives in regards to documenting 

knowledge discovered. 

• The e-Tool kit must have the capability to graphically present patient’s data.  

6.2.2.2 Should Haves 

 

• The e-Toolkit should be accessible from any device and operating system. 

• If this e-Toolkit is applied to the NHS, the e-Toolkit should check that every medical 

professional has a valid medical license and has no criminal convictions or any 

penalties on their medical license before registering to be part of the system.   

• If this e-Toolkit is applied to the NHS, the e-Toolkit should have access and NHS 

medical systems to update new knowledge discovered by the e-Toolkit after approval 

by medical staff.  
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6.2.2.3 Could Haves 

 

• Doctors could communicate with each other. 

• The patients could be able to pick what data the doctors can see. For example, a 

patient who has written a personal note in the e-Toolkit’s notes area, marking this 

note as a “personal diary”, then the e-Toolkit should not allow their assigned health 

care professional to see this note.   

6.2.2.4 Won’t haves 

Legality should be taken into account so therefore the e-Toolkit will not have the option to 

upload any personal information from the patient NHS record into the system. 

6.2.3 e-Toolkit Design 

In order to design a successful e-Toolkit, Jakob Nielsen defined ‘ten good deeds’ in web 

design that increase the usability of virtually all websites. The ten elements was 

Identified by (Jakob, 1999) as follows: 

 

➢ “Allocate the name and logo of the organisation on every page and hyperlink the logo to 

the home page 

➢ Add a search engine 

➢ Describe the headlines and page titles as simply as possible 

➢ Build the page so as to simplify scanning 

➢ Use hypertext to structure the content space 

➢ Display product photos 

➢ ‘Use relevance-enhanced image reduction’ 

➢ Use link titles 

➢ Ensure that all essential pages are accessible for users with disabilities 

➢ Adopt what the best websites do in an appropriate technique”. (Jakob, 1999) 

 

The above points were used on the proposed e-Toolkit, Figure 76 – 80 illustrates the initial 

e-toolkit wireframes.  
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Figure 76 – e-Toolkit home page 

 

Figure 77 – e-Toolkit registration page

             

Figure 78- e-Toolkit doctor’s account on 
looking patients’ readings 

 

Figure 79- e-Toolkit patient’s own readings and info        

Figure 80- e-Toolkit doctor’s 
profile page 
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6.2.4 e-Toolkit Development (programming codes to consider) 
Selecting the right programming language to utilise for this project is an important choice 

that a developer faces when starting a new project. As it will have an extensive and 

profoundly established effect. Ideally, the advantages and disadvantages of all relevant 

programming languages should be considered to determine which is best suited for the 

project.   The selection process ought to be precisely weighed while considering the 

following: 

• Is the procedure to determine a problem natural or does the language require 

additional documentation to comprehend why a line of code was made or 

what it expects to do?  

• Is it easy to debug and test? 

• Is there cost involve or is it free to use? 

• Will the cost increment when connected to business project? 

• Is it sufficient to achieve the research goals? 

• How easy is it to get practical experience? E.g. open source projects? Easy to 

install and/or free to use? 

• How much work is asked for in that language? 

• Does the language have the basic features to construct the types of features 

you wish to include (if at all)? 

6.2.4.1 Python 

Python is a high-level programming language. It was introduced in 1991, it was created by 

Guido van Rossum.  Python does not need compiling, which is a lot faster, making the test 

edit debug cycle substantially faster. As mentioned by David Kuhlman, “Python code is very 

easy to debug, since in case of a bad input, a bug will only raise an exception, once the 

interpreter discovers the error. If the program doesn’t catch the exception it will print a stack 

trace” (Kuhlman, 2012). 

The main disadvantage of Python is that it is slow to process, it is “much slower than C++, 

PHP and some other programming languages” (Onur R B, 2019). It is not suitable for multi-

processor/multi-core work and has many limitations with database access. It is not a good 

programming language for mobile web browsing or app development. Any errors will only 

appear at the runtime and therefore it requires many more testing.  
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However, there are many advantages to Python, the code and syntax is much easier to read 

and write than many other languages (Kuhlman, 2012). Programmers can always add new 

modules that are implemented and compiled in a language such as C or C++. 

6.2.4.2  Hypertext Pre-processor (PHP) 

 

As it explained on php.net, “PHP is a widely-used open source general-purpose scripting 

language that is especially created for web development and can be embedded into HTML.” 

(php.net, 2018), According to a web technology survey by the business W3Techs, 61.4% of 

the 10 million largest websites use PHP 5 on the server side (w3techs.com, 2019). “It was 

originally created by Rasmus Lerdorf in 1994, the reference implementation of PHP 

(powered by the Zend Engine) is now produced by The PHP Group” 

(documentation.online.net, 2018). Unlike Python and JSP, PHP is relatively straightforward 

to learn, enabling new programmer to start programming quickly to an acceptable standard. 

(php.net, 2018) (Whitehead, 2001). 

6.2.4.3 JavaServer Pages (JSP) 

 

JavaServer Pages (JSP) is a technology which provides a way to “dynamically generate web 

pages and simplifies the process of developing web-based applications. JSP-enabled pages 

use a combination of HTML, XML, and short Java scripts”. JSP-enabled pages which is  

very similar in form and function to pages that was made by ASP, PHP or JSP the difference 

is the price they are very expensive to use and compile compared to PHP and Python  

(Indiana University, 2018). 
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6.2.5 Comparison of Programming languages  

 

After reviewing the advantages and disadvantages of the above languages, it was decided to 

use PHP for the front end and Python for the Data Mining part.   

 

Table 8 – Comparison of E-Toolkit Programming Languages  
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6.2.6 Test 

Website testing is the process used to assess the e-Toolkit, based on the previously agreed 

requirements. It ensures that the website meets the minimum standards to achieve its goal 

and objective (Diffily, 2006) 

The researcher has carried out many tests on the e-Toolkit such as the following. 

1. The first method used website testers such as website-grader.com 

 

Figure 81 – The Test Results by website-grader.com 

As shown above the initial results for the e-Toolkit was an overall grade of 72% for 

performance and usability. 

 

2. The other tests were carried out as part of the evaluation where patients and doctors 

completed a website test form. See Appendix I for more details. 

3. The final testing was achieved using Acceptance Testing – which is a test that 

determines whether the e-Toolkit had achieved its requirements or not. It includes 

running a number of “pass or fail” tests on the final product (Brian Hambling, 2013). 

See Appendix H for example of the Acceptance Testing that was used.   
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6.3.7 Hosting  

Hosting is a space where the e-toolkit will be stored and accessed via any device that is 

connected to the internet from anywhere in the world (Brown M, 2016). Hosting24.com 

was used as they claim 99.9% availability and are a secure host. The link to our e-toolkit 

is “ http://fahad-darwish.com/uniwebsite/ ”. 

6.3.8 Publicity 

For future work, if the e-Toolkit is accepted by medical professionals and diabetic users and 

the NHS, then it can be advertised via social communications, such as Twitter, Facebook, 

LinkedIn, and using Instant Messages such as WhatsApp. Furthermore, hosting24.com 

provides Search Engine Optimisation (SEO). 

 

However, an introductory video of the e-Toolkit was created that was used in presentations 

& conferences, a screenshot of the video is shown on Figure 82.  The video can be found on: 

 

“ www.fahad-darwish.com/uniwebsite/University_of_Salford_Video.mp4 ” 

or  

“ https://www.youtube.com/watch?v=SxGvnzSCxAA&t=6s ” 

 

 

 

Figure 82 – An introductory video to present the e-Toolkit 

http://fahad-darwish.com/uniwebsite/
http://www.fahad-darwish.com/uniwebsite/University_of_Salford_Video.mp4
https://www.youtube.com/watch?v=SxGvnzSCxAA&t=6s
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6.3.9 Website Security 

6.3.9.1 Registration and longing process 

Users wanting to have access to the e-Toolkit will have to register, the user will create a 

username and a password. The e-Toolkit will automatically check to see if this username 

and password is unique and not already been used. Email and passwords must be entered 

twice, this will ensure that the email and passwords entered are correct.  

 

The Patients information will be stored on the backend database for authentication and login, 

this will be managed by an administrator.  

6.3.9.2 Credential Recovery 

Users can request reminder of their username or password in the event that they have 

forgotten their credentials, they can request a password recovery by entering the email 

address in which they registered with, an email will then be sent for the user to change their 

password to a new one.  

6.3.9.3 Encryptions and Password Protection 

The SHA (Secure Hash Algorithm) encryption is used so the passwords are not stored as a 

plain text, instead every password is encrypted. Therefore, the developer or anyone else does 

not have access to the user password.  

SHA-256 is a type of algorithm used in cryptographic hash algorithm, which was created by 

the NSA (United States National Security Agency). This algorithm generates a 256-bit 

unique text size hash. Password hashing is highly used due to its one-way function, it can 

cannot be decrypted back. This is appropriately used for password validation, challenge hash 

authentication, digital signatures and anti-tamper (Yue-Long OU, 2010; Singhal, 2018; 

Aumasson, 2018). 

 

An SHA-256 example is shown on figure 83 below.  

 
Figure 83 – SHA-256 Example of password encryption 
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6.3.10 E-Toolkit Review  

A review of the website’s plan indicates that the goals and objectives have been accomplished, 

this section explains the contents of the e-Toolkit. 

6.3.10.1 e-Toolkit site Map 

Sitemaps are a hierarchical graph it shows the construction of a website or application. as 

described by (MEARS, 2018) “They are used by user experience designers and information 

architects to define the taxonomy by grouping related content.” Sitemap is an important part in 

web designing as it is a user centred process to make sure that the web site content is correct and 

in places where users would expect to find it. “They can also be used as a reference point for 

wireframes, functional specifications and content maps.” (MEARS, 2018) 

 

Figure 84 shows the sitemap of the proposed framework.  The two layers are clearly shown. 

Layer one as the Diabetic Management System and Layer 2 as the SECI web portal. 

Figure 84 – The proposed e-Toolkit sitemap 
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6.3.11 E-Toolkit Security 

The e-Toolkit has many security aspects i.e. All Passwords are encrypted using the SHA-

256 hashing function as discussed in section 6.3.9.3 and illustrated in figure 75, the use of 

other security measures is put in place such as SSL Certificates which is a digital computer 

file or small lines of code that can help verify and authenticate some details of the e-toolkit. 

SSL can also be used to encrypts the exchange of information between the website and the 

server, the information cannot be accessed or read by anyone but the intended recipient 

(symantec.com, 2019).  

6.3.12 Functionality 

This part of the e-Toolkit will serve as the communication hub for patients and medical 

health care professional to share data and communicate.   

6.3.13 Landing Page (Diabetes Management System – Layer 1)  

Figure 85 illustrate the initial landing page of the login page  

 

 
Figure 85 – Login Page 
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6.3.14 User verification  

Anybody needing access to the site must first register. The system will automatically check 

if the user already exists. If the users forget their username or password, they could click on 

forgot username or password, an email to change their password will be sent as illustrated 

on figure 86 below.  

 

 

Figure 86 – Password Recovery 

6.3.15 Diabetic Data (Doctors View) 

This is the landing page that the medical health professionals will see. 

 
Figure 87 – Landing Page for Medical Health care Professionals 
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6.3.16 Registration Page (Doctors View) 

This is where the health care professionals’ details are recorded. They will have the option 

to assign a nurse to have access to specific patient details. 

 

Figure 88 – Registration page for the Health Care Professionals.   

6.3.17 Diabetic Login 

Figure 89 illustrate the login page that diabetic patient will see after clicking on the ‘patient’ 

page, patients will get the chance to ‘Sign Up’ if they do not have username or password but 

they will need their health care provider to provide them with an ID in order to register and 

use the e-Toolkit. 

 
Figure 89 – Login Page for Diabetic Patient 
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6.3.18 Diabetic Patient Registration Page 

Figure 90 Illustrate the registration Page in which diabetic will see when they register.    

 
Figure 90 – Diabetic Patient Registration Page 

6.3.19 Diabetic Profile  

Figure 91 illustrate the page in which diabetic will see when they click on their profile, 

Diabetic will get to change their assigned doctor by changing the ‘Doctor ID’ they can also 

change their Password or any other details.   

 
Figure 91 – Diabetic Profile page  
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6.3.20 Diabetic recording page 

This is the page that diabetic will see upon clicking on the Daily Reading button at the top, 

Diabetic will get to record in their weights, Blood glucose and more.  

 
Figure 92 – Diabetic Recording Page 

6.3.21 Diabetic Messaging page 

Diabetic can send, receive message through the provided messaging system within the e-

Toolkit as illustrated in figure 93 below.  

 
Figure 93 – Diabetic Messaging System Page 
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6.3.22 E-Toolkit Database Diagram 

Figure 94 illustrate the Database Diagram for part of the e-Toolkit (first layer).    

 
Figure 94 – MySQL Database Diagram
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6.3.23 Data Collection for reviews on the e-Toolkit (SECI Portal - Layer 2)  

As shown on Figure 90, patients could add reviews on a particular topic and the algorithm 

used will generate rules as shown on figure 95- 98. 

Figure 95– Patient could either select a topic of create a new topic. 

Figure 96 – The e-Toolkit displaying results of Gilenya dataset. 
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Figure 97 - Comparison of techniques on a specific dataset. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 98– Adding reviews to be used on our system. 
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6.3.24 Goals achieved 
 

Our results show that random forest and neural network techniques give a better result than 

other techniques as illustrated in the figures above. Moreover, the dataset is also an important 

factor in these cases. When considering the Bluetooth speaker, Amazon’s dataset gives better 

results with all classifiers as it has a large number of reviews. This shows the more patients 

that use the e-Toolkit the more accurate the results will be which will in turn help diabetic 

patients. 

6.4 Debugging 

Component testing was performed to make sure that the system is working properly. The 

diagram below illustrates the process. It was obtained from the British Computer Society, 

(British Computer Society, 2018) 

 

 
Figure 99 – Component Testing Diagram – Source: (British Computer Society, 2018). 
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6.5 The framework validation  

One of the main objectives in this thesis is to validate the developed framework. As stated 

by  (Christopher J. Roy, 2010) “To validate means to test the accuracy a model represents in 

the real world from the perspective of the intended users of the model”. Validation was 

conducted via an online workshop and consisted of two parts. The first part focussed on our 

integrated framework and the second part was to evaluation of the e-toolkit which aimed to 

overcome the communication gap discussed in Chapter 1 & 2.  

 

A workshop was conducted which was held using www.zoom.us, which is a website that 

delivers remote conferencing services using cloud computing including video conferencing, 

online chat, meetings and mobile teamworking (Maldow, 2019).  

 

The workshop was carried out with eight participants who partook in both framework 

validation sessions. The eight participants were divided into four different backgrounds: two 

were medical doctors, two were pharmacists, two were diabetic patients and two were IT 

professionals. The online workshop took approximately an hour to complete and was split 

into the sections outlined below. 

1. A presentation was given discussing the aims and objectives of this research and 

explaining the framework. The framework and the e-Toolkit were presented to 

participants with a description of all the components and capabilities (See Figure 

100).  

 
Figure 100 – Validation presentation PowerPoint slides 
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2. Findings such as medication side effects and other datasets were discussed, to verify 

the proposed SECI model.  

• Participants were directly involved in the production of a document detailing 

common side effects that were highlighted from the e-toolkit and findings.  

3. A demonstration of the e-Toolkit was presented to determine if it had achieved its 

proposed requirements or not. 

4. Discussion session with participants  

5. Many validation forms were given to participants. (for sample forms see Appendix J 

& I).  

To validate the e-toolkit from a technical point of view a questionnaire was carried out. This 

was completed the patient and medical staff as seen in appendix I.  

6.5.1 e-Toolkit Validation 

 

All participants stated they were able to access the site on both phones/tablets. However, the 

majority found quick and easy access on their phones, with one participant (IT professional) 

stating they felt it had the potential to be a great digital logbook for all to access. 

 

Comments received for elements that didn’t work as well on the e-Toolkit have been 

subsequently fixed. According to the pharmacists, they really liked the features where the 

patient is able to openly discuss topics and where concerns would be flagged up 

automatically. Specifically, in regard to medicine issues as that could help both patients and 

pharmacists by offering a faster way to find answers. The diabetic patients believed that the 

e-Toolkit was a good platform for all patients with diabetes to come forth as a community 

to support one another in managing their own diabetes. Another well liked feature was the 

freedom that comes with using the e-toolkit.  

 

In particular the fact that they could now travel for a few months without having to worry 

about meeting their doctors as this e-Toolkit will automatically inform and update their 

health provider. Patients and IT flagged the issue of data protection and who might have 

access to data submitted to the e-toolkit. The IT team asked about the security measures 

being undertaken to ensure that everything is protected.  

The researcher reassured the participants by highlighting the fact that everything is stored in 

a secured server and that passwords are encrypted from both ends (server and client ends). 
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It was also made clear at the beginning of the study who would have access to this data and 

consent was taken prior to participation. 

6.5.2 Validation of Layer 2(SECI Model)  

 

The validation of the knowledge discovery capability with our integrated framework is 

achieved through asking the relevant participants, specifically medical professionals and the 

diabetic patients, questions with regards to the e-Toolkit. Firstly, both doctors and one 

diabetic patient agreed that the e-Toolkit had met its purpose. When asked about the 

usefulness of the e-Toolkit, both diabetics agreed that it was of great tool for them to utilise, 

whereas one doctor disagreed on the usefulness due to the time it might take for doctors to 

train on the e-Toolkit. It was explained that the e-toolkit can be accessed by any authorised 

member of the multi-disciplinary healthcare team such as nurses and pharmacists working 

in the practice. The e-toolkit is designed to be user-friendly and easy to read, so training time 

can be kept to a minimum.  

 

6.6 Chapter Summary 

 

This chapter has explained in detail the development of the e-Toolkit from start to finish, 

including an illustration of the final e-Toolkit in the form of screenshots. The validation of 

the framework and the e-Toolkit is also discussed in this chapter. These two parts were part 

of the aims and objectives (5 & 6) which are:  

• To build an e-Toolkit to support diabetes education and self-management in 

the UK. 

• To validate the developed framework and the e-Toolkit.  

Having discussed the implementation, testing and validation of the framework and the e-

Toolkit the next chapter will conclude the research and findings as well as a review the 

research contribution and discuss opportunities for future work.  
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CHAPTER SEVEN: CONCLUSIONS AND FUTURE WORK 

7.1 Introduction 

This chapter presents the conclusions and future work derived from this thesis.  The 

conclusions will consist of reviewing the work accomplished and the objectives achieved 

throughout this thesis. The first part of this chapter is the conclusions, followed by the Future 

work. The conclusions will consist of introducing and summarising the current research, 

followed by reviews of the aims and objects. The second part of the present chapter 

highlights the research contributions followed by the limitations faced whilst conducting this 

study. The final part of the current chapter highlights opportunities for future research work 

and discusses any possible limitations. 

7.2 Conclusion  

Knowledge management within the healthcare sector in the UK faces a number of elements 

that can hinder the application of the two fields. Such drawbacks result in insufficient 

practice of diabetes self-management and education to support the fast-growing number of 

diabetic patients, as well as healthcare professionals. The current research has developed a 

framework which integrates KM and KD to support the diabetics.  

 

This integrated framework provides a forum to include not only human knowledge and 

experience but also knowledge discovered from data. The developed SECI model has been 

applied through the proposed e-Toolkit to support diabetes self- management. Additionally, 

the framework is ambitious in its approach as it promotes the merits of KM in the healthcare 

sector by including a number of these tools familiar to patients. this will help to address the 

barriers discussed in chapter 1.  

 

The framework, eventually, aims to encourage the practice of self-management and 

education worldwide in terms of the prevalence of diabetes mellitus. The first chapter has 

indicated several objectives which has achieved in this research thesis. Several objectives 

were accomplished in previous chapters. For example, the creation of a universally 

accessible e-Toolkit has been successfully researched by comparing other applications in the 

healthcare sector. This was described in Chapter 2 and illustrated in Chapter 6 and identified  

where the needs are not being met by getting responses from both the healthcare 

professionals and the diabetics patients as clearly shown in Chapter 2. 
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In creating this e-Toolkit, the main goal was to create something that is easy to use and very 

simple for diabetics to record their readings. In the survey, the patients expressed their 

feelings about the tools that they used previously, citing a common theme that their current 

system was not user friendly or intuitive, leading to the diabetic community being deterred 

from using such tools.  

 

Additionally, the medical health care and diabetic patients respondents have highlighted that 

user friendly is a must for the proposed e-Toolkit and easy to navigate, which this research 

has taken into account and achieved.  

 

The e-Toolkit is very cleaned designed, straight-forward and simple, with a clean layout 

where everything is there and the user does not need to search for a feature or a tool. 

The minimalistic approach was intentional and has served its goal well. The e-Toolkit has 

achieved all its basic requirements (the must haves) and most of its secondary goals (the 

should haves). There is however, much room for refining the design and expanding the 

features.  

 

The survey shown in appendix H was also given to evaluators to ensure that all parts of the 

e-Toolkit were accessed and inspected. The overall outcome was that the e-Toolkit has 

accomplished what it set out to accomplish.  
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7.2.1 Review of Research Aims and Objectives 

Objective Method of investigation  Main outcome  Chapter 

1. A) To conduct a literature review of 

KM and its model as well as 

identifying issues within diabetes in 

the UK 

Literature review from published 

academic documents, industry reports 

thesis 

Gaps within the KM in the 

UK were discovered and 

were fulfilled by the 

proposed framework 

Chapter 2, 3 & 5 

1. B) To conduct a literature review of 

knowledge discovery  

Literature review from published 

academic documents, industry reports 

thesis 

Gaps within the knowledge 

Discovery were discovered 

and fulfilled by the 

proposed framework  

Chapter 2, 3 & 5 

1. C) To conduct a literature review of 

SECI models and its applications 

Literature review from published 

academic documents, industry reports 

thesis 

How the SECI model can 

be used to support the 

proposed model.  

Chapter 2 &3  

1. D)  To conduct a literature review of 

Diabetes Mellitus and its 

complications and prevalence globally 

and in United Kingdom. 

Survey conducted with 60 Participant 

who are patients and 40 Doctors   

Paper published (Please see 

appendix C) 

Chapter 2 

2. To carry out a survey in order to 

establish limitation of the existing 

diabetic monitoring systems. 

Finding lead to creating an e-Toolkit that 

could help diabetic and medical health 

care 

Paper published (Please see 

appendix C) 

Chapter 4 
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3. To Develop a framework to integrate 

KM and KD via the developed SECI 

Model to support the e-healthcare of 

diabetes mellitus patients and the 

NHS professionals in the UK. 

Integration of KM and KD.  

 

Integrated framework of 

using the developed SECI 

model and KD via the use 

of Data Mining techniques 

to help diabetes better 

manage themselves. 

Chapter 4, 5 & 6 

4. To carry out a Data Mining analysis of 

reviews data to find the most common 

issues within certain medication to 

validate our framework idea, as well 

as applying this into non-medical 

dataset such as Amazon 

 

The use of DM techniques, Python 

programming and various software were 

used to achieve this. 

Sentiment Analysis 

techniques and other data 

mining tools used to 

potentially find side effects 

of medications and give 

suggestions of treatment 

options for the healthcare 

professionals according to 

the data which the patients 

have input. 

Chapter 4, 5 & 6 

5. To build an e-Toolkit to support 

diabetes education and self-

management in the UK. 

To plan, design and test the web portal 

through reliable methods. 

e-Toolkit was planned and 

developed using multiple 

web development lifecycle 

such as Diffily 2006. 

Chapter 5 & 6  
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6. To validate the developed 

framework and the e-Toolkit. 

 

An online workshop using zoom.us was 

conducted with 8 participants 2 doctors 2 

pharmacist 2 diabetic patients and 2 IT 

professionals 

 

To validate the framework and its 

components as well as the application of 

the SECI model on the e-Toolkit   

Positive feedback was the 

overall results of the 

validity of the framework. 

 

Evlaution of the e-Toolkit 

was also ahcieved via 

multiple methods such as 

acceptance testing  

Chapters 6,7 & 8 

 
Table 9 – Overall research objectives and outcome 
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As well as the points mentioned in Table 9 the following e-Toolkit main aims that were also 

achieved: 

• Creation and making of universally accessible e-Toolkit that will help the 

diabetic community in the UK and globally. The e-Toolkit will have many 

purposes offering an area which is simple to use so that diabetic patients are 

able to document risk factor data (such as glucose levels etc). Diabetics 

patients will be able to access this e-Toolkit from anywhere in the world using 

their smart phones, tablet, PC or any other devices which have internet 

access.   

• The ability to communicate with the patient’s appointed medical professional 

via a direct messaging system, with measures in place for regular monitoring. 

Therefore, the e-Toolkit is able to be incorporated further into the patient’s 

day-to-day routine in real time.  

• The ability to display data graphs and charts; high risk patients alerts to 

medical professionals and the ability to share and store part of the patient’s 

medical data (e.g. test results) 

• The capability to have a blog feature, where diabetic patients can discuss and 

review medications that medical professionals can access.  Reports will also 

be made of both the successful and ineffective types of medication 

prescribed.  
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7.2.2 Review of Research Contributions  

The current research has produced a number of academic contributions. These contributions 

are presented as follows:  

• A novel framework that integrates KM and KD within the developed SECI model 

via the e-Toolkit to help diabetics in the UK to better communicate with medical 

professionals. The novel framework integrates KM and KD. KD applies sentiment 

analysis techniques and uses other data mining tools to potentially find side effects 

of medications and provide suggestions of treatment options for the healthcare 

professionals according to the data the patients have input. It also aims to provide 

patients around the globe who have diabetes and doctors with the relevant solutions 

in relation to overcoming these complications as well as better communication 

between those parties.  

• The integration of KM and KD is implemented in a new domain. That is, the 

proposed framework aims to overcome difficulties and problems of diabetics around 

the world as well as data mining the issues that they are facing from the data they 

input to discover new knowledge and to potentially help reduce the number of 

patients with diabetes. 

• The novelty of the implementation of the SECI model to disseminate useful 

knowledge related to diabetes self-management and education. Despite the 

usefulness of the SECI model in disseminating useful knowledge in different 

domains, the model lacks in its implementation to support people with diabetes to 

self-manage and educate them about their disease. The current study applied the 

developed SECI model to discover and disseminate useful diabetes self-management 

and education recommendations and showed a promising impact in empowering 

diabetic patients.  

• The generation of an open-source e-Toolkit for future diabetes or other domains of 

research. The current research indicated a deficiency of open-source e-Toolkits. It is 

planned to create an open source dataset gathered through diabetic visitors to the web 

portal via an optional participant on the knowledge gathered and will be published 

in the portal periodically.  

• The development of an e-Toolkit to support the community of diabetes mellitus 

patients using the SECI model. Despite the high prevalence of diabetes mellitus 

within the NHS, there are still deficiencies regarding the use of  web technologies to 

increase the awareness of the diabetes community, Furthermore, there isn’t a single 
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available website or an e-Toolkit kit that proposes the idea that this thesis proposes 

where by one location a patient is able to record all their vital readings and instantly 

share those with their health care providers as well as educating patients using an 

effective KM approach. Internet technology is a valuable tool for providing 

educational content. The application of the SECI model in the web environment 

provides an effective solution to disseminate useful knowledge to support people 

with diabetes mellitus, especially for those who live in remote areas.  

7.3 Opportunities for Future Research  

The discussion in the current research has identified five areas for future research. These are 

illustrated as follows:  

• The proposed framework was applied just to diabetes mellitus. One future research 

opportunity would be the application of the framework to overcome other diseases 

such as cardiovascular disease or respiratory disorders or other fields. Potential 

domains include education, military, industry and engineering, where ICT has been 

utilised for a period of time. Moreover, the application of the proposed framework 

in one of these domains offers some promising feasible opportunities as the 

challenges facing KM and the SECI model can often be the same.  

• As mentioned in chapter 1 and in the abstract, there are many other diseases where 

this framework could be applied. They include cardiovascular diseases that require 

consistent self-management. The application of the framework to extract knowledge 

encountered by cardiovascular disease patients and to disseminate guidelines and 

best practice can provide a useful initiative to tackle these diseases.  

• The current research focused on sentiment analysis of knowledge discovery from the 

e-Toolkit to extract knowledge related to information input by the patient. The 

utilisation of other KD approaches such as text mining, web mining and link mining 

offer an opportunity for future research. The application of these KD approaches can 

also produce a valuable contribution to the healthcare domain and/or be integrated 

with KM.  

• The current system allows patients to access the e-toolkit on mobiles and tablet 

devices as well as laptops and PCs. For future improvements, a topic of ease of use 

to the older generation could be added, this is for those who might not have the best 

understanding of technology and systems. The medical health care team can show a 

hands-on introductory tutorial to help them with the use of the system.  
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9.2 Appendix B: Abstract on IEEE 11th International Conference on 

the Developments in eSystems Engineering (DeSE 2018) 

 

 
 

Source: “ http://dese.org.uk/wp-content/uploads/ProgrammeFull_DeSE2018_V7-1-1.pdf ” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://dese.org.uk/wp-content/uploads/ProgrammeFull_DeSE2018_V7-1-1.pdf


MPhil Thesis     Fahad Darwish 

 

                                                                                                                 153 

9.3 Appendix C – Final Paper of ACM--2019 2nd International 
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9.9 Appendix H: e-Toolkit Acceptance Testing 

Example of the Acceptance Testing used 

 

Test Number MoSCoW 

requirements  

Results achieved  Has it passed? 

1 The e-Toolkit 

must allow 

diabetics to 

enter all vital 

health 

information.  

The e-Toolkit has the feature 

whereby patients are able to input 

all their vital readings  

Passed 

2 An ID must be 

assigned to 

every 

physician, 

nurse and 

medical staff 

member. 

The feature has been successfully 

implemented every doctor/patient 

has an ID assigned to them.  

Passed  
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9.10 Appendix I: e-Toolkit Evaluation Survey 

There were many e-Toolkit Evaluation forms that were issued to the patients and medical 

team the below is a sample of one of them, those forms helped greatly in the verification 

and validation of the e-Toolkit.  

 

 

Please go to http://fahad-darwish.com/uniwebsite/  

Please pick one of the followings which is more appropriate to you. 
1. Health Care Provider  

2. Patient with Diabetes 

3. Other 

To begin, please follow the instructions 
1) Register on the e-Toolkit as a health care provider  

2) Please input your email address as an email will be sent to you for verification.  

3) Please insert the following details 

Inputted Username:  Inputted Password:  ID chosen #  
4) Log in and view your profile 

5) Register a staff member   

6) Does the new member registered shown 

at the bottom of the page? 
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9.11 Appendix J: e-Toolkit Validation Survey 

There were many e-Toolkit validation forms that were issued to the patients and medical 

team the below is a sample of one of them, those forms helped greatly in the verification 

and validation of the e-Toolkit.  

 

 

Please go to http://fahad-darwish.com/uniwebsite/  

Please pick one of the followings which is more appropriate to you. 
4. Health Care Provider  

5. Patient with Diabetes 

6. other 

 

   

Does the e-Toolkit, does it meet its 

purpose  

Yes No 

Do you think this e-Toolkit beneficial ? Yes No 
 

How did you access the e-Toolkit? 

Phone, Laptop, tablet or others 

 

Was there part of the e-Toolkit that did 

not work for you? 

 

What did you like the most about the e-

Toolkit 

 

Any suggestion for improvement?  

More comments?  

 

 

 

9.12 Appendix K: Proposed SECI model (Scenario Validation)   

 

 

Our Framework revealed that the most common issues on the Citalopram Dataset 

were:   
a) “Severe Headache” 

b) “Caused hormonal imbalance” 

c) “Tiredness / feeling tired” 

 

   

Are those side effects / concerns correct? Yes No 

If yes are you happy for us to publish those on our e-Toolkit? 

 

 

 
 

Any additional comments?  
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Appendix L – Official Documents generated  
 

 


