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Assistive technology tor older diabetes patients 
T.J. Verblackt BSc June 2007 

Abstract 
Diabetes Mellitus is a growing problem in the Netherlands because of the ageing 
society. Also among citizens of non-European descent and younger people with 
overweight, the number of diabetes patients increases. Currently, interaction between 
care giver and patient is low in diabetes care. By increasing the number of contacts 
and better self monitoring, the number of complications decreases. Assistive 
technology can be helpful to achieve this. 
Aim of this study is to provide an onset for tailor made support for older diabetes 
patients through assistive technology. 

Tests with 62 diabetes patients have been performed. All subjects were bom before 
1960 and lived in Eindhoven and its surroundings. Subjects were asked to (i) transfer 
glucose data from a glucose meter to a computer, (ii) look at the data analysed by the 
software and (iii) transfer data to the pc of a care giver. To gain insight in technical 
barriers for subjects with sufficient computer experience, a control group (n=30) was 
used. From 5 glucose meters of 5 different brands, one glucose meter was selected 
with a pilot test (best practice was selected). A questionnaire has been used with 
questions concerning (i) gender, (ii) age, (iii) diabetes, (iv) computer use, (v) interests 
in services and (vi) perceived difficulty of software and glucose meter. 

Significant differences between male and female diabetes patients have been found. 
Technical barriers concerning the software and the glucose meter are significantly 
lower for male diabetes patients. Female diabetes patients show more interest in 
services. When comparing type I and type 11 diabetes patients, it appears type I 
diabetes patients (i) have more computer experience, (i i) measure more frequently 
and (iii) show more interest in services. Three age groups have been made and 
compared to each other. From this analysis it appears that diabetes patients bom 
between 1950 and 1960 (i) have most computer experience, (ii) have least technical 
barriers and (iii) show most interest in services. The group of diabetes patients bom 
between 1930 and 1940 is least willing to pay for the services. 

Other researches show no significant technical barriers when transferring data from a 
glucose meter to a computer and from a computer to a care giver. An explanation 
can be found in the fact that average age in current research is higher than in most 
other researches and all subjects were observed in a first use situation. When 
completely eliminating current technical barriers, other problems like privacy matters 
would still remain. In this research emphasis lay on barriers and interests for patients. 
Introduction of assistive technology not only influences patients but also other groups 
like care givers, government and insurance companies. 

Concluding we can say that for the current generation of assistive technology the 
different technical barriers should be eliminated first both for men as weil as for 
women. Current assistive technology is most tailor made for male diabetes patients 
bom between 1950 and 1960. Because of their higher interest in extra services and 
longer life span, it will be profitable to make this technology more tailor-made for 
female diabetes patients. 

Keywords: Diabetes, support, assistive technology, teleservices 
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Samenvatti ng 
Diabetes Mellitus is een groeiend probleem in Nederland wegens de verouderende 
samenleving. Ook onder allochtonen en jongere mensen met overgewicht, stijgt het aantal 
diabetespatiënten. In de huidige zorg voor diabetespatiënten, is de interactie tussen 
zorgverlener en de patiënt gering. Door contact te intensiveren en betere zelfcontrole, 
vermindert het aantal complicaties. Ondersteunende technologie kan hier nuttig zijn. 
Het doel van deze studie is een begin te maken voor op maat gemaakte steun voor oudere 
diabetespatiënten door het gebruik van ondersteunende technologie. 

62 Diabetespatiënten deden mee aan de test. Alle testpersonen waren geboren vóór 1960 
en wonen in Eindhoven en omgeving. De testpersonen werd gevraagd om (i) de 
glucosewaarden van de glucosemeter te verzenden naar een computer, (ii) de gegevens met 
de software te bekijken en (iii) de glucosewaarden naar een zorggever te verzenden. Om 
inzicht te krijgen in technische barrières voor testpersonen met voldoende computerervaring, 
werd een controlegroep (n=30) gebruikt. Uit 5 glucosemeters van 5 verschillende merken, is 
één glucosemeter geselecteerd met behulp van een pilot test (best case). Een vragenlijst is 
gebruikt met vragen betreffende (i) geslacht, (ii) leeftijd, (iii) diabetes, (iv) computergebruik, 
(v) interesse in diensten en (vi) ondervonden moeilijkheid van software en glucosemeter. 

Significante verschillen tussen mannelijke en vrouwelijke diabetespatiënten zjjn gevonden. 
De technische barrières betreffende de software en de glucosemeter zijn beduidend lager 
voor mannelijke diabetespatiënten. De vrouwelijke diabetespatiënten tonen meer interesse in 
diensten. Wanneer type I en type 11 diabetespatiënten worden vergeleken, blijkt het dat type I 
diabetespatiënten (i) meer computerervaring hebben, (i i) vaker meten en (iii) meer interesse 
hebben in diensten. Drie leeftijdsgroepen zijn gemaakt en vergeleken met elkaar. Uit deze 
analyse blijkt dat diabetespatiënten geboren tussen 1950 en 1960 (i) de meeste 
computerervaring hebben, (ii) de minste technische barrières hebben en (iii) de meeste 
interesse in diensten tonen. De groep diabetespatiënten geboren tussen 1930 en 1940 is het 
minst bereid om voor de diensten te betalen. 

Andere onderzoeken tonen geen significante technische barrières met betrekking tot het 
verzenden van gegevens van een glucosemeter naar een computer en van een computer 
naar een zorgverlener. Een verklaring kan worden gevonden in het feit dat de gemiddelde 
leeftjjd in het huidige onderzoek hoger is dan in de meeste andere onderzoeken en alle 
mensen werden waargenomen bij het eerst gebruik van de software en meter. Wanneer 
huidige technische barrières volledig zouden zijn geëlimineerd, zouden zich nog altijd andere 
problemen zoals privacykwesties voordoen. In dit onderzoek ligt de nadruk op barrières en 
interesses voor patiënten. De introductie van ondersteunende technologie beïnvloedt niet 
alleen patiënten, maar ook andere groepen zoals zorggevers, overheid en 
verzekeringsmaatschappijen. 

Concluderend kunnen wij van de huidige generatie ondersteunende technologie zeggen dat 
hiervoor de diverse technische barrières eerst moeten worden geëlimineerd. Huidige 
ondersteunende technologie is het meest geschikt voor mannelijke diabetespatiënten 
geboren tussen 1950 en 1960. Omdat ze meer interesse hebben in extra diensten en langer 
leven, is het interessant om deze technologie meer geschikt te maken voor vrouwelijke 
diabetespatiënten. 

Trefwoorden: Diabetes Mellitus, steun, assistive technology, teleservices 
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1 Introduction 
The Netherlands are ageing. Since 1950, life expectancy for men and women has 
increased with respectively 7 and 9 years and according to predictions of the Dutch 
Statistics Agency (CBS) this increase of life expectancy will continue at least until 
2050. (Figure 1) 
The demographical development leads towards more older adults. This implies a 
demographic pressure that increases even faster than in the past decades and wil! 
ri se from 25% up to 43% (Figure 2). 
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Figure 1: Life expeetaney (sou ree: CBS, 2006) 
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Figure 2: Demographie pressure (souree: CBS, 
2006) 

In the Netherlands, about 43% of the people over 65 have the perception that their 
health is "Iess than good,,1. An explanation for this is th at elderly become more liable 
to (chronic) diseases. One of these chronic conditions is Diabetes Mellitus, which is a 
metabolism disease (Appendix I). Because type " diabetes has a high prevalence 
among elderly, the number of diabetes patients increases in future years. Among 
younger people with overweight and among citizens of non-European descent, type" 
diabetes is a growing problem as well. 2

•
3 

Patients with diabetes are vulnerable for different kinds of complications. Most 
common complications are problems with feet, eyes, heart and arteries.4 In current 
diabetes care, patients have contact with the internist, diabetes nurse and the 
dietician at a regular basis (once every 3 or 4 months).5 Also the podotherapist, 
ophthalmologist and when necessary the cardiologist are visited regularly. Because 
all these appointments are only a few times a year, interaction between care giver 
and patient is very low. For people with badly controlled diabetes, better control of 
glucose can be achieved by increasing the number of interactions with the care 
giver. 7 This way more and better feedback can be provided by the care giver. With 
this better feedback, both the number of complications and the number of 
hospitalisations decreases.6 The patient becomes more independent despite of the 
disease and his life quality is enhanced. 

Assistive technology can play an important role in care for diabetes patients.7 Self 
monitoring of blood glucose is best known. Self monitoring is important for people 
with diabetes, because the patient gains insight in current glucose values and can 
react to that. Self monitoring can lower the HbA 1c5 and by doing so, reduce the 
number of complications.8 The monitoring of blood glucose alone, does not 
guarantee a decrease of the HbA 1 c. An essential part of self monitoring is 

- 6 -



Assistive technology for older diabetes patients 

anticipation of the diabetes patient on the results. The refo re, sufficient education is 
essential when starting self monitoring.7

,9 

Currently, most glucose meters have the possibility to connect the meter to the 
personal computer. In that case a personal computer can be a helpful tooi with self 
monitoring of blood glucose. The measured glucose data can be transmitted to the 
personal computer. With the support of computer software both the patient and the 
care giver obtain a clear view of the (long term) progress of the blood glucose values. 
This assistance leads towards more specific service that can be provided by the care 
giver and the patient can react better on the measured values. 1o Sending glucose 
data to a care giver is an example of telemonitoring. 11 Telemonitoring is related to 
subjects like telemedicine, telehealth, telecure and telecare (Appendix I) and allows 
the care giver to obtain a more accurate view on apatient's heaIth, compared to the 
current procedure, when only HbA1c is measured every 3 or 4 months. 

Telemonitoring is not the only service that can be helpful for diabetes patients. 
Teleservices like instant nutrition advice based on glucose data and teleconsults wil! 
also be useful. 5 Although telemonitoring and other teleservices can help to support 
diabetes patients in controlling their disease, there are only a few diabetes patients in 
the Netherlands who send their glucose data to a care giver by computer on a regular 
basis. 
According to van Nispen 12, there are a number of barriers which cause this low 
number of patients. These barriers are divided into 4 categories. These categories 
are (i) financial barriers, (ii) user barriers, (iii) organisational barriers and (iv) technical 
barriers. The technical problems explain 36% of the total problem. Among the 
technical barriers are compatibility and user friendliness. It appears that these two 
elements are not as good as they should be for successful assistive technology for 
older adults. 

Depending on their complications and disabilities, the needs for assistive technology 
of older people vary.13 In an ideal situation, technology offered should be tailor made 
for every patient. For this tailor made support of older diabetes patients, technology 
has to fit their expectations and needs. Technology interacting with and influencing 
the behaviour of people is called persuasive technology.13 

1.1 Aim 
Aim of this study is to determine needs of older diabetes patients for tailor made 
support through assistive technology. 
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2 Methodology 
User tests are performed with diabetes patients. In these tests, user friendliness of a 
glucose meter and the required software are examined. In addition patient's interest 
is studied for (i) direct response from the care giver after having sent glucose data, 
(i i) nutrition ad vice and (iii) the availability of a 24/7 service. For the evaluation of 
technical barriers that existed even with sufficient computer experience, a control 
group of students from the Technical University of Eindhoven has been selected to 
perform the test too. To understand the needs for tailor made support, differences 
between (i) gender, (i i) type of diabetes and (iii) age are mapped. 

2.1 Selection of the glucose meter 
In the Netherlands 5 major brands of blood glucose meters are available. These 5 
brands represent about 95% of all used glucose meters in the Nethertands.14 These 
five brands topether have made available a total of 15 different blood glucose 
meters. 15,16,17,1 ,19 Twelve of these meters have the ability of transmitting data to a 
computer. Many glucose meters that are currently in use, are previous models from 
these same five brands. 
The types (i) Abbott Precision Xceed, (ii) Bayer Ascensia Contour, (iii) LifeScan 
OneTouch Ultra Smart, (iv) Menarini Glucocard X-Meter and (v) Roche AccuChek 
Aviva were selected. 

Only one meter has been used in the tests. To select the appropriate meter, the 
following criteria were applied. 

• The user manual for the software and the user interface are in Dutch. 
• The glucose meter is connected to the computer by a cabie. 

Applying these two criteria, resulted into two suitable meters. 

To make a selection, a pilot study has been performed. Goal of this pilot test is to 
select the best case of the two meters. 
For this pilot test, 5 subjects were selected. These people were all master students or 
PhD students at the Technical University of Eindhoven. It was assumed that they all 
had plenty computer experience. These subjects were taken apart to do the test. 
Therefore support and influence from others was excluded. The test set-up consisted 
of a computer with the software belonging to the meters al ready installed and ready 
to use. The two glucose meters, the manuals and cables were put at two piles. One 
pile at a time was handed over to the subject. 
At the start of the test, a brief instruction was given about the test. In these 
instructions it was made clear that all subjects had to (i) transfer glucose data 'from 
the meter to the computer, (i i) look at the results, (iii) save them at the computer and 
(iv) teil how to e-mail the results to a care giver. 
During the test, observations were made with regard to the buttons pressed and 
actions performed. When a subject was having difficulties, support was provided by 
the observer after approximately 10 minutes. After having finished the test, remarks 
could be made by the subject (positive, neutral, negative). 
This way both glucose meters were tested by every subject. Three subjects first 
tested the Abbott Precision Xceed, two first tested the Menarini Gucocard X-Meter. 
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Results of the two meters compared, can be seen in Table 1. A "+" means no help 
had to be offered during the test, a "±" means a little help had to be offered during the 
test and a U_" means considerable help had to be offered during the test. 

Table 1: Pilot test results tor seleeting best ease meter. A "+" means no help had to be offered 
during the test, a "t" means a little help had to be offered during the test and a"·" means 

id b b ff dd h eons era Ie help had to e 0 ere uring t e test. 
Abbott Precision Xceed Menarini Gucocard X-Meter 

Test person 1 (first Abbott) + + 
Test person 2 (first Abbott) - + 
Test person 3 (first Abbott) + + 
Test person 4 (first Menarini) + ± 
Test person 5 (first Menarini) + + 

After the test each subject could give it's preference for a meter. 4 subjects preferred 
the Menarini Gucocard X-Meter, 1 subject preferred the Abbott Precision Xceed. 

Concluding from this pilot test and previous selection criteria, the Menarini Gucocard 
X-Meter is the best practice and used for testing. Software used for the test was 
Dialogue v. 3.0.0. 

2.2 Selection of subjects 

2.2.1 Subjects diabetes patients 
Subjects for the test had to meet the following criteria: 

• Living in Eindhoven and its surroundings 
• Born before 19601

•
20 

• Familiar with a glucose meter 

Subjects were retrieved through (i) the Dutch society of Diabetes Patients and (ii) the 
Maxima Medisch Centrum Veldhoven. Diabetes patients were contacted by letter 
through the Diabetes Vereniging Nederland from the region Eindhoven and its 
surroundings (Appendix 11). 77 Patients were contacted from which 13 replied. 

In cooperation with the care centre, more subjects were selected. After having had an 
appointment with the diabetes nurse or dietician in the care centre, patients were 
asked to perform the test. These patients also had to meet the criteria above. 

According to Docampo Rama20 there is a generation difference between people born 
before and after 1960. People born before 1960 are presumed to belong to the EM
generation (Electro Mechanical generation) and people born after 1960 belong to the 
S-generation (Software generation). In this test, only people born before 1960 will be 
taken into account, because (i) more difficulties are to be expected here and (ii) the 
percentage of diabetes patients among people bom before 1960 is larger than 
among people born after 1960.1 

In the test, all subjects had to work with a glucose meter. To ensure all subjects were 
already familiar with a glucose meter, patients contacted through the Diabetes 
Vereniging Nederland were all type I diabetes patients. (Some type 11 diabetes 
patients use a glucose meter and are therefore also familiar with it, but not all 
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patients are.) Patients contacted through the Maxima Medisch Centrum Veldhoven 
were all familiar with a glucose meter. Therefore no distinction between type land 
type 11 diabetes patients was made here. 

T 0 determine needs for tailor made support we not only introduced age as a 
parameter but also gender. The (frequency of) computer use differs between men 
and women in Dutch society. 1 To be able to compare significant differences in 
gender, the ratio men I women was 50 I 50. 

In the hospital a total of 108 patients were asked to cooperate with the test in 5 days 
time (dUl·ing March and April 2007). From these patients a number of 55 patients 
cooperated (51%). From these 55 patients, 6 were born after 1960 and were 
therefore excluded in this study. 

2.2.2 Subjects student group 
Subjects of the control group were all students of the University of Technology 
Eindhoven. These students were invited to join the test through an e-mail and via a 
request in department bulletin of the department of Architecture, Building and 
Planning. This control group consisted of 30 students (15 male and 15 female). 
Subjects with diabetes were excluded. 

2.3 User test 

2.3.1 Diabetes patients 
The tests with the diabetes patients obtained from the Dutch Society of Diabetes 
patients were performed at their homes. The tests with the patients from the hospita I 
were performed in a separate room in the hospital. All subjects were handed over (i) 
a identical notebook computer with the required software installed, (ii) the glucose 
meter and (iii) man ua Is. After that, a short instruction of the test was provided by the 
observer. In this instruction the following aspects were mentioned: 

• Glucose data on the glucose meter have to be transferred to the computer, 
glucose data have to be watched and sent by mail to a (non existing) care 
giver 

• The manuals of both the glucose meter and the software can be consulted 
• The test person has about 10 minutes to transfer data without further support 
• After this 10 minutes help is offered by the observer 

Preceding the test, the first part of the questionnaire (Appendix 111) had to be filled 
out. This part of the questionnaire contains 2 items related to population, 14 items 
related to their iIIness, 7 items related to their computer use and 7 items related to 
interest in services. After having finished the test, the second part of the 
questionnaire can be completed. This part of the questionnaire contains 10 items 
related to the experience with the glucose meter and the software. 

2.3.2 Control group 
Students were invited to take part in the test in a separate room at the university. The 
test equals the test with the diabetes patients. After having finished the test, subjects 
were asked to fill in the questionnaire. Only the items related to the glucose meter 
and software had to be completed. 

-10 -



Assistive technology for older diabetes patients 

2.4 Data analysis 
Results from the questionnaires have been analyzed with SPSS 15.0 for Windows. 

Non parametric bi-variate (Kendall's tau_b) correlations have been computed 
between variables concerning (i) gen der, (ii) age, (iii) diabetes related varia bles, (iv) 
interests in extra services and (v) perceived difficulty of the meter and the software. 
These correlation matrices have been made for male and female patients, type land 
type 11 patients and for the three age groups. (The three age categories are bom 
between (i) 1930 and 1939, (ii) 1940 and 1949 and (iii) 1950 and 1960.) 

To reduce the number of factors, Principal Component Analysis (Varimax rotation) 
has been used. With the obtained reduced set of variables, correlation matrices have 
been made. Again these matrices have been made for male and female patients, 
type I and type 11 patients and for the three age groups. 

The Mann-Whitney U test and the Kruskal Wallis test have been performed to test if 
the experiences with the meter and software differ significantly between (i) students 
and diabetes patients, (i i) male and female diabetes patients, (iii) type I and type 11 
diabetes patients and (iv) the three different age groups. These tests are also used to 
test the interests in services for different (i) genders (i i) types of diabetes and (iii) age 
groups. 

For multi variant analysis (Principal Component Analysis, Varimax rotation) a 
selection of variables has been analyzed more thorough. The number of components 
th at have been extracted depended on the eigenvalues. The eigenvalues had to be 
higher than 1. 
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3 Results 

3.1 Observations 
Sending data (i) from the selected glucose meter to a computer and (ii) from the 
computer to the care giver was new to all subjects, both in the control group as weil 
as among the diabetes patients. Some patients brought their glucose meter to the 
hospital when visiting the diabetes nurse. Glucose data were then transferred to the 
computer of the diabetes nurse by herself. Along with the remarks in the patient's 
paper diabetes diary, new glucose data obtained since the latest visit were analysed. 

All subjects had the opportunity for making remarks about the software and the 
meter. 5 Most heard remarks of the diabetes patients were: 

• The pictures of the buttons in the manual were not the same as in the 
software. 

• The explanation of the buttons differed between the manual and software. 
• The size of the buttons and size of text in the software were too smal!. 
• A step by step guide is not provided. Neither in the manual nor in the software. 
• When sending data to a care giver, data has to be exported to a .txt file. This 

file can be sent bye-mail to the care giver. It would be easier to be able to e
mail the results directly from the software. 

In the tests performed with the control group (students), problems arose with 
selecting the right COM port settings. The selected meter was connected to the 
computer with a USB plug, but the computer recognized it as being a COM 
connection. When deleting a patient record from the software before every test, the 
COM settings are automatically deleted. When only deleting the glucose data and not 
the patient from the software, COM settings remained saved. This way next time a 
patient connects the meter to the computer, it automatically selects the right COM 
settings. In the tests performed with the control group, the patient was deleted 
between every test. In the tests performed with the diabetes patients, only glucose 
data were deleted between every test. Subjects from the control group encountered 
problems with selecting the right COM settings. However, even after having had help 
for this, technical barriers remained. These technical barriers wiJl be discussed in 
paragraph 3.6. 

3.2 Descrlptive statistics 
The total number of diabetes patients having performed the test is 62. From these 
subjects, 38 were type I diabetes patients and 24 were type 11 diabetes patients. The 
mean age of all diabetes patients was approximately 57 years with a range from 46 
to 75. In Table 2 the population of diabetes patients is further described. 
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T bi 2 eh a e : aracterlstlcs 0 fd' b 'ts la etes patlen 
# subjects % subjects 

Male 30 48 
Female 32 52 
Type I 38 61 
Type 11 24 39 
'50- '60 30 48 
'40 - '49 20 32 
'30 - '39 12 19 

The student group consisted of 30 students from the Technical University of 
Eindhoven (15 male and 15 female). No subjects were diabetes patients since they 
were excluded. 

The variables (i) type of care giver, (i i) place of appointment with care giver and (iii) 
frequency of appointments are only valid for the subjects retrieved from the Dutch 
society of Diabetes patients. All patients used a glucose meter. Therefore the 
variabie using glucose meter was a constant value. From all 62 subjects 52 (84%) 
rated the size of the meter as good and 56 (90%) rated the size of the digits as good. 
From 55 subjects having answered if their expectations were accomplished, 47 
(85%) answered that their expectations were accomplished or very accomplished. 
The variables (i) using glucose meter (ij) rating size of meter, (iii) rating size of digits 
and (iv) expectations accomplished were therefore considered constant and were not 
taken into account with data analysis. 

3.3 Gender 

3.3.1 Descriptive 
The frequency tables of all variables resulted in two constant variables for female 
subjects. From all female subjects, no one saved their glucose data at their home pc 
and only 2 (6%) sent glucose data to a care giver. For female subjects these two 
variables were considered constant and were therefore not taken into account in 
further data analysis, 

3.3.2 Correlations 
The correlation matrices were plotted for both male and female diabetes patients. 
Both matrices showed correlations between (i) age on one hand and (ii)hrs computer 
use at home, (iii) hrs computer use at work and (iv) perceived pc knowledge on the 
other (Tabie 3, Table 4). 
It also appeared that (i) hrs computer use at home, (ii) hrs computer use at work and 
(iii) perceived pc knowledge correlated for both male as weil as female diabetes 
patients. (Tabie 3, Table 4) These variables measured the same phenomenon and 
are correlated. Therefore they were analysed with Principal Component Analysis for 
further data reduction. (paragraph 3.3.3) 
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Table 3: Correlation matrix concerning (i) age, (ii) hrs computer use at home, (iii) hrs computer 
use at work and (iv) perceived pc knowledge tor male diabetes patients 

• Hrs computer Hrs computer 
useat home use at work per 

Age (1=1960- per week (1=0- dav (1=0-1 hr. Perceived PC 
1950.2=1949- 1 hr. 2=1-2 hr. 2=1-2 hr. 3=2-3 Knowledge 
1940.3=1939- 3=2-3 hr. 4=3-4 hr. 4=3-4 hr. (1 =excellent. 

1930) hr. 5=>4 hr) 5=>4 hr) 5=bad) 
Age (1=1960-1950. Correlation Coefficient 
2=1949-1940.3=1939- Sig. (2-tailed) ---
1930) N 

Hrs computer use at Correlation Coefficient -.409(*) 
home per week (1=0-1 hr. Sig. (2-tailed) .011 
5=>4 hr) N 30 
Hrs computer use at work Correlation Coefficient -.479(**) .615(**) 
per dav (1=0-1 hr. Sig. (2-tailed) ,004 .000 -------
5=>4 hr) N 30 30 

Perceived PC Knowledge Correlation Coefficient ,565(-) -,667(**) -.709(**) 
(1 =excellent, 5=bad) Sig. (2-tailed) ,000 .000 ,000 ------

N 30 30 30 

Table 4: Correlation matrix concerni"g (i) age, (Ii) hrs computer use at home, (iii) hrs computer 
use at work and (iv) perceived pc knowledge tor temale diabetes patients 

Hrs computer Hrs computer 
useat home use at work per 

Age (1=1960- per week (1 =0- dav (1 =0-1 hr. Perceived PC 
1950.2=1949- 1 hr, 2=1-2 hr. 2=1-2 hr, 3=2-3 Knowtedge 
1940.3=1939- 3=2-3 hr. 4=3-4 

I hr. 5=>4 hr) I 
hr, 4=3-4 hr. (1 =excellent, 

1930\ 5=>4 hr) 
Age (1 =1960-1950. Correlation Coefficient 
2=1949-1940. 3=1939- Sig. (2-tailed) ----1930) 

N 

Hrs computer use at Correlation Coefficient -,647(**) 
home per week (1=0-1 hr, Sig. (2-tailed) ,000 5=>4 hr) 

N 32 
Hrs computer use at work Correlation Coefficient -,479(**) .532(**) 
per dav (1 =0-1 hr, Sig. (2-tailed) ,003 ,001 -----5=>4 hr) 

N 32 32 
Perceived PC Knowledge Correlation Coefficient ,550(**) -,760(**) -.609(**) 
(1 =excellent, 5=bad) Sig. (2-tailed) .000 ,000 ,000 

N 32 32 32 

Significant correlations could also be found for male and female diabetes patients 
between (i) interest in direct response, (ii) interest in nutrition advice and (iii) 
importance of service 24n. (Tabie 5,Table 6) These variables measured the same 
phenomenon and are correlated. Therefore they were analysed with Principal 
Component Analysis for further data reduction. (paragraph 3.3.3) 
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Table 5: Correlation matrix concernlng (i) Interest in direct response care giver, (11) interest in 
nutrition advice and (iii) importance of service 24/7 for male diabetes patients 

Interest in direct Interest in Importance of 
response care nutrition advice service 24fl 
giver (1 =very (1=very (1=very 

interesting, 5=not interesting,5 not important, 5=not 
interesting) interesting) important) 

Interest in direct response Correlation Coefficient 

caregiver (1 =very interesting Sig. (2-tailed) 

, 5=not interesting) N 

Interest in nutrition advice Correlalion Coefficient ,842(*") ----
(1=very interesting, 5 not Sig. (2-tailed) ,000 
interesting) N 30 30 

Importance of service 24fl Correlation Coefficient ,613(-) ,568(-) 

(1 =very important, 5=not Sig. (2-taîled) ,000 ,000 
important) N 30 30 

Table 6: Correlation matrix concerning (i) interest in direct response care glver, (ii) interest in 
nutrition advice and (iii) importance of service 24/7 for female diabetes patients 

Interest in direct Interest in Importance of 
response care nutrition advice service 24fl 
. giver (1 =very (1=very (1=very 

interesting,5=not interesting, 5 not important, 5=not 
interesting) I interesting) important) 

Interest in direct response Correlalion Coefficient 
caregiver (1=very interesting Sig. (2-tailed) 

, 5=not interesting) N 

Interest in nutrition advice Correlation Coefficient ,589(**) 
(1 =very interesting, 5 not Sig. (2-tailed) ,000 
interesting) N 32 30 

Importance of service 24fl Correlation Coefficient ,383(*) ,575(**) 
(1 =very important. 5=not Sig. (2-tailed) ,017 ,000 

____ w_ 

important) N 32 32 

Finally, (i) sending data to pc and (ii) data easy to save are correlated to (iii) sending 
data to care giver, (iv) finding data back on computer and (v) interpretation of data 
correlated both for male as weil as for female subjects. (Tabie 7,Table 8) These 
variables measured the same phenomenon and are correlated. Therefore they are 
analysed with Principal Component Analysis for further data reduction. (paragraph 
3.3.3) 

- 15-



Assistive technology for older diabetes patients 

Table 7: Correlation matrix concemi~g (i) sending data to pc, (ii) data easy to save, (iii) sending 
data to care giver, (iv) finding data back on computer and (v) interpretation of data for male 
dl b t ti ts a e es pa en 

Finding 
Sending data back 

Sending Data easy data to on 
data to pc to save care giver computer Interpretation 
(1=very (1=very (1=very (1=very of data 
easy, easy, easy, easy, (1=very 

5=very 5=very 5=very 5=very easy,5=very 
hard) hard) hard) hard) hard) 

Sending data to pc, Correlation Coefficient 
(1 =very easy Sig. (2-tailed) -------
5=very hard) N 

Data easy to save Correlation Coefficient ,771 (**) 
(1=very easy, Sig. (2-tailed) ,000 -------
5=very hard) N 30 
Sending data to Correlation Coefficient ,562(**) ,510(**) 
care giver (1=very Sig. (2-tailed) ,000 ,001 ----
easy, 5=very hard) N 30 30 
Finding data back Correlation Coefficient ,502(**) ,467(**) ,450(-) 

on computer (1 =very Sig. (2-tailed) ,002 ,004 ,006 ----
easy, 5=very hard) N 30 30 30 
Interpretation of data Correlation Coefficient ,403(*) ,429(-) ,284 ,286 
(1=very easy, 5=very Sig. (2-tailed) ,013 ,008 ,080 ,084 i 
hard) N 30 30 30 30 

Table 8: Correlation matrix concerning (I) sending data to pc. (ii) data easy to save, (iiI) sending 
data to care giver. (iv) finding data back on computer and (v) interpretation of data for female 
d" b t f ts la e es pa len 

Finding 
Sending data back 

Sending Data easy data to on 
data to pc to save care giver computer Interpretation 
(1=very (1=very (1=very (1=very of data 
easy, easy, easy, easy, (1=very 

5=very 5=very 5=very 5=very easy, 5=very 
hard) hard) hard) hard) hard) 

Sending data to pc, Correlation Coefficient 
(1=very easy Sig. (2-tailed) -----
5=very hard) N 

Data easy to save Correlation Coefficient ,693(**) 

(1 =very easy, Sig. (2-tailed) ,000 -
5=very hard) N 30 

Sending data to Correlation Coefficient ,538(**) ,348(*) 
care giver (1=very Sig. (2-tailed) ,000 ,014 ---
easy, 5=very hard) N 30 30 
Finding data back Correlation Coefficient ,480(**) ,533(-) ,341(*) 
on computer (1 =very Sig. (2-tailed) ,002 ,001 ,031 
easy, 5=very hard) N 30 30 30 
Interpretation of data Correlation Coefficient ,344(*) ,383(*) ,057 ,633(**) 
(1=very easy, 5=very Sig. (2-tailed) ,029 ,017 ,717 ,000 -----
hard) N 30 30 30 30 
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For male diabetes patients, (i) hrs computer use at home, (ii) hrs computer use at 
work and (iii) perceived pc knowledge correlated with (iv) connection of meter to pc, 
(v) sending data to pc, (vi) data easy to save, (vii) sending data to care giver and (viii) 
finding data back on computer. 

3.3.3 Data reduction 
Because of the correlations between multiple variables, factor analysis could be 
useful for reduction of data. This analysis could be made for (i) hrs computer use at 
home, (ii) hrs computer use at work and (iii) perceived pc knowledge (see Table 9). 
One component was extracted explaining 82,6% of the total variance. This 
component acts as a variabie which indicates computer experience. 

Table 9: Component matrix for computer experience for all subjects (extraction method: 
Principal Component Analysis) 

Component 
1 

Hrs computer use at home per week (1=0-1 hr, 2=1-2 hr, 3=2-3 hr, 
,905 4=3-4 hr, 5=>4 hr) 

Hrs computer use at work per dav (1=0-1 hr, 2=1-2 hr, 3=2-3 hr, 4=3-4 
,889 

hr, 5=>4 hr) 
Perceived PC Knowledge (1=excellent, 2=good, 3=fairly, 4=moderate, 

-,933 
5=bad) 

(i) Interest in data saving at home pc, (ii) interest in direct response and (iii) 
importance of service 24/7 could also be analysed with principal component analysis 
(Tab Ie 10). One component was extracted and is explaining 82,2% of the total 
variance. This component could act as a new variabie and indicates the interest in 
different services. 

Table 10: Component matrix for Interest in services for all subjects (extract ion method: 
Principal Component Analysis) 

Component 
1 

Interest in direct response care giver (1=very interesting, 5=not 
,930 

interesting) 

Interest in nutrition advice (1 =very interesting, 5 not interesting) ,942 

Importance of service 24/7 (1 =very important, 5=not important) ,844 

When having analysed (i) sending data to pc and (i i) data easy to save are correlated 
to (iii) sending data to care giver, (iv) finding data back on computer and (v) 
interpretation of data with reliability analysis, a Cronbach's alpha of 0,851 was found. 
When removing interpretation of data from the set of variables, Cronbach's alpha 
increased to 0,861. Therefore only (i) sending data to pc and (ii) data easy to save 
are correlated to (iii) sending data to care giver and (iv) finding data back on 
computer were taken into account with factor analysis. When having analysed these 
4 variables, one component was extracted (see Table 11) explaining 70,6% of the 
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total variance. This component could act as a new variabie and indicates the 
perceived difficulty of software for all subjects. 

Table 11: Component matrix for difficulty of software for all subjects (extraction method: 
Principal Component Analysis) 

Component 
1 

Sending data to pc (1=very easy, 5=very hard) ,901 
Data easy to save (1 =very easy, 5=very hard) ,864 
Sending data to care giver (1 =very easy, 5=very hard) ,785 
Finding data back on computer (1=very easy, 5=very hard) ,807 

Correlation matrices have been made with these three new variables for both male 
and female diabetes patients. Significant correl~tions for age and computer 
experience could be found in this matrix. Also a correlation between computer 
experience and perceived difficulty of actions with software could be found. This 
confirmed correlations discussed in paragraph 3.3.2. 

3.3.4 Comparison male I female 
The Mann-Whitney test showed significant differences for male and female diabetes 
patients for (i) data save in journal (p = 0,022), (ii) 'frequency of data sent to care 
giver (p = 0,017), (iii) total computer experience (p = 0,035), (iv) total interest in 
services (p = 0,048) and (v) difficulty of actions with software (p = 0,024). 
Because of these differences two different Principal Component Analyses have been 
performed. 

3.3.5 Principal component analysis 
For male diabetes patients, the following factors were used for Principal Component 
Analysis: (i) Age, (i i) type of diabetes, (iii) nr of measurements, (iv) data save in 
journal, (v) frequency of data sent to care giver, (vi) total computer experience, (vii) 
interest in data save at home pc, (viii) total interest in services, (ix) maximum 
payment per month, (x) objection against central database, (xi) interpretation of data 
and (xii) difficulty of actions with software. With PCA 4 cornponents (explaining 80,2% 
of the total variance) have been extracted. For male diabetes patients the following 
components have been extracted: 

Component 1 (explaining 43,4% of total variance) shows that older male type 11 
diabetes patients, who have little pc experience, measure their glucose values less 
often and have least interest in data save at home pc. 

Component 2 (explaining 16,2% of total variance) shows that male diabetes patients 
who send their data more often to the care giver, have a higher interest in services 
and have less difficulty with the software but they are less willing to pay for it. 

Component 3 (explaining 10,8% of total variance) shows th at male diabetes patients 
who have less objection against a centra I database, have less difficulty interpreting 
data. 

Component 4 (explaining 9,8% of total variance) consists only of data save in journal. 
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For female diabetes patients, the following factors were used for Principal 
Component Analysis: (i) Age, (ii) type of diabetes, (iii) nr of measurements, (iv) data 
save in jOLirnal, (v) total computer experience, (vi) interest in data save at home pc, 
(vii) total interest in services, (viii) maximum payment per month, (ix) objection 
against centra I database, (x) interpretation of data and (xi) difficulty of actions with 
software. With PCA 3 components (explaining 59,7% of the total variance) have been 
extracted. For female diabetes patients the following components have been 
extracted: 

Component 1 (explaining 29,9% of total variance) showed that older female type 11 
diabetes patients, who have little pc experience, measure their glucose values less 
often and have least interest in data save at home pc. 

Component 2 (explaining 17,2% of total variance) showed that female diabetes 
patients who have more interest in services are less willing to pay for them and have 
more difficulty with interpretation of data. 

Component 3 (explaining 12,6% of total variance) showed that female diabetes 
patients who have less objection against a centra I database, have more difficulty with 
actions of software. 

Component 1 of both PCA's is equal for men and women with respect to the 
variables included. 

3.4 Type of diabetes 

3.4.1 Descriptive 
The frequency tables of all variables resulted in two constant variables for subjects 
with type 11 diabetes. From all type 11 diabetes patients, only 2 (8%) used a computer 
at work and only 1 type 11 diabetes patient (4%) saved glucose data at the home pc. 
For subjects with type 11 diabetes these two variables were considered constant and 
were therefore not taken into account with data analysis. For type I diabetes patients, 
they were taken into account. 

3.4.2 Correlations 
In the correlation matrix, plotted for both type I and type 11 diabetes patients, 
correlations could be found between (i) age on one hand and (ii) hrs computer use at 
home, (iii) hrs computer use at work and (iv) perceived pc knowledge on the other. 
(Tabie 12,Table 13) 
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Table 12: Correlation matrix concerning (i) age, (ii) hrs computer use at home, (iii) hrs 
computer use at work and (iv) perceived pc knowledge tor type I diabetes patlents 

Hrs computer Hrs computer 
useat home use at work per 

Age (1=1960- per week (1 =0- dav (1=0-1 hr. Perceived PC 
1950,2=1949- 1 hr, 2=1-2 hr, 2=1-2 hr. 3=2-3 Knowledge 
1940.3=1939- 3=2-3 hr, 4=3-4 hr. 4=3-4 hr. (1 =excellent. 

1930) hr. 5=>4 hr) 5=>4 hr) 5=bad) 
Age (1=1960-1950, Correlation Coefficient 
2=1949-1940,3=1939- Sig. (2-tailed) ------
1930) N 

Hrs computer use at Correlation Coefficient -,415(*) 
home per week (1=0-1 hr, Sig. (2-tailed) ,003 
5=>4 hr) N 38 
Hrs computer use at work Correlation Coefficient -,433(**) ,682(**) 
per dav (1=0-1 hr. Sig. (2-tailed) ,003 ,000 --------
5=>4 hr) N 38 38 

Perceived PC Knowledge Correlation Coefficient ,460(**) -,711 (**) -,787(**) 
(1=excellent,5=bad) Sig. (2-tailed) ,001 • ,000 ,000 --------

N 38 38 38 

Table 13: Correlation matrix conceming (i) age, (ii) hrs computer use at home, (Ui) hrs 
computer use at work and (iv) perceived pc knowledge tor type 11 diabetes patients 

Hrs computer Hrs computer 
use at home use at work per 

Age (1=1960- per week (1 =0- dav (1=0-1 hr, Perceived PC 
1950,2=1949- 1 hr, 2=1-2 hr, 2=1-2 hr, 3=2-3 Knowledge 
1940,3=1939- 3=2-3 hr. 4=3-4 hr. 4=3-4 hr, (1 =excellent. 

1930) hr 5=>4 hr) 5=>4 hr) 
Age (1 =1960-1950, Correlation Coefficient 
2=1949-1940, 3=1939- Sig. (2-tailed) ----1930) 

N 

Hrs computer use at Correlation Coefficient -,496(**) 
home per week (1=0-1 hr. Sig. (2-tailed) ,007 5=>4 hr) 

N 24 
Hrs computer use at work Correlation Coefficient -,391 (*) .254 
per dav (1=0-1 hr, Sig. (2-tailed) ,045 ,186 -----5=>4 hr) 

N 24 24 
Perceived PC Knowledge Correlation Coefficient ,552(**) -.639(**) -,325 
(1=excellent,5=bad) Sig. (2-tailed) ,003 ,000 ,091 

N 24 24 24 

Differences in correlations between type I and type 11 diabetes patients could be 
found for (i) hrs of computer use at home, (ii) hrs of computer use at work and (iii) 
perceived pc knowiedge. For type I diabetes patients, these three varia bles are all 
correlated. For type 11 diabetes patients, these variables didn't correlate. (Tabie 
12,Table 13) 

For both type I as weil as type 11 diabetes patients (i) interest in direct response, (ii) 
interest in nutrition advice and (iii) importance of service 24fi are correlated. (Tabie 
14,Table 15) These variables measured the same phenomenon and are correlated. 
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Therefore they were analysed with Principal Component Analysis for further data 
reduction. (paragraph 3.4.3) 

Table 14 Correlation matrix concerning (i) interest in direct response care giver, (ii) interest in 
nutrition advice and (Ui) importance of service 24/7 for type I diabetes patients 

Interest in direct Interest in Importance of 
response care nutrition advice service 24n 
giver (1 =very (1=very (1 =very 

interesting, 5=not interesting, 5 not important, 5=not 
interesting) interesting) important) 

Interest in direct response Correlation Coefficient 
caregiver (1 =very interesting Sig. (2-tailed) 

, 5=not interesting) N 

Interest in nutrition advice Correlation Coefficient ,842(**) 
(1 =very interesting, 5 not Sig. (2-tailed) ,000 
interesting) N 30 30 
Importance of service 24/7 Correlation Coefficient ,613(**) ,568(**) 
(1 =very important, 5=not Sig. (2-tailed) ,000 ,000 ------------
important) N 30 30 

Table 15 Correlation matrix concerning (i) interest in direct response care giver, (ii) interest in 
nutrition advice and (Ui) importance of service 24/7 for type 11 diabetes patients 

Interest in direct Interest in Importance of 
response care nutrition advice service 24/7 
giver (1 =very (1=very (1=very 

interesting, 5=not interesting, 5 not important, 5=not 
interesting) interesting) important) 

Interest in direct response Correlation Coefficient 
caregiver (1 =very interesting Sig. (2-tailed) ----
, 5=not interesting) N 

Interest in nutrition advice Correlation Coefficient ,589(**) ---
(1 =very interesting, 5 not Sig. (2-tailed) ,000 
interesting) N 32 30 

Importance of service 24n Correlation Coefficient ,383(*) ,575(**) 
(1 =very important, 5=not Sig. (2-tailed) ,017 ,000 -----------
important) N 32 32 

For type 11 diabetes patients these three factors also correlated to maximum payment 
per month. 
For both groups (i) sending data to pc, (ii) data easy to save, (iii) sending data to care 
giver and (iv) finding data back on pc are correlated. (Tabie 16,Table 17) These 
variables measured the same phenomenon and are correlated. Therefore they were 
analysed with Principal Component Analysis for further data reduction. (paragraph 
3.4.3) 
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Table 16: Correlation matrix concerning (i) sending data to pc, (ii) data easy to save, (iii) 
sending data to care giver, (iv) finding data back on computer and (v) interpretation of data for 
type I diabetes patients 

Finding 
Sending data back 

Sending Data easy data to on 
data to pc to save care giver computer Interpretation 

(1=very (1 =very (1=very (1=very of data 
easy, easy, easy, easy, (1=very 

5=very 5=very 5=very 5=very easy, 5=very 
hard) hard) hard) hard) hard) 

Sending data to pc, Correlation Coefficient 

(1 =very easy Sig. (2-tailed) -------------

5=very hard) N 

Data easy to save Correlation Coefficient ,822(**) 
(1 =very easy, Sig. (2-tailed) ,000 
5=very hard) N 38 
Sending data to Correlation Coefficient ,419(**) ,431 (**) 

care giver (1=very Sig. (2-tailed) ,003 ,004 --------

easy, 5=very hard) N 38 38 
Finding data back Correlation Coefficient ,439(**) ,540(**) ,298(*) 
on computer (1 =very Sig. (2-tailed) ,002 ,000 ,039 ----------
easy, 5=very hard) N 38 38 38 
Interpretation of data Correlation Coefficient ,310(*) ,376(**) ,102 ,549(**) 
(1 =very easy, 5=very Sig. (2-tailed) ,030 ,009 ,478 ,000 ---
hard) N 38 38 38 38 

Table 17: Correlation matrix concerning (i) sending data to pc, (ii) data easy to save, (iii) 
sending data to care giver, (iv) finding data back on computer and (v) interpretation of data for 
type 11 diabetes patients 

Finding 
Sending data back 

Sending Data easy data to on 
data to pc to save care giver computer I nterpretation 

(1 =very (1=very (1=very (1=very of data 
easy, easy, easy, easy, (1=very 

5=very 5=very 5=very 5=very easy, 5=very 
hard) hard) hard) hard) hard) 

Sending data to pc, Correlation Coefficient 

(1 =very easy Sig. (2-tailed) 

5=very hard) N 

Data easy to save Correlation Coefficient ,595(**) 
(1 =very easy, Sig. (2-tailed) ,001 ---------
5=very hard) N 30 
Sending data to Correlation Coefficient ,778(**) ,494(**) 
care giver (1 =very Sig. (2-tailed) ,000 ,005 ------
easy, 5=very hard) N 30 30 
Finding data back Correlation Coefficient ,667(**) ,543(**) ,658(**) 

on computer (1 =very Sig. (2-tailed) ,000 ,003 ,000 
easy, 5=very hard) N 30 30 30 
Interpretation of data Correlation Coefficient ,521 (**) ,513(**) ,384(*) ,362 
(1=very easy, 5=very Sig. (2-tailed) ,005 ,006 ,038 ,055 -----------

hard) N 30 30 30 30 
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3.4.3 Data reduction 
For type I diabetes patients (i) hrs computer use at home, (ii) hrs computer use at 
work and (iii) perceived pc knowledge can be reduced to one variabie using factor 
analysis (see Table 18). This variabie describes the computer experience of type I 
diabetes patients. 

Table 18: Component matrix for computer experience (extraction method: Principal Component 
Analysis) 

Component 
1 

Hrs computer use at home per week (1 =0-1 hr, 2=1-2 hr, 3=2-3 hr, 
,915 4=3-4 hr, 5=>4 hr) 

Hrs computer use at work per day (1=0-1 hr, 2=1-2 hr, 3=2-3 hr, 4=3-4 ,938 
hr, 5=>4 hr) 
Perceived PC Knowledge (1=excellent, 2=good, 3=fairly, 4=moderate, -,943 
5=bad) 

For type 11 patients the number of patients using a computer at work was very low 
(see paragraph 3.4.1). Therefore this factor analysis could not be made for type 11 
diabetes patients. For this group of patients only (i) hrs computer use at home and (i i) 
perceived pc knowledge were taken into account. 

Because for both type I as weil as type 11 diabetes patients the factors (i) interest in 
direct response, (i i) interest in nutrition advice and (iii) importance of service 24fi are 
correlated, the same PCA could be used as in paragraph 3.3.3. This variabie has 
been taken into account for both type I as weil as type 11 diabetes patients. The same 
counts for the variabie difficulty of actions with software found in paragraph 3.3.3. 

Correlation matrices have been made with these three new variables for both type I 
as weil as type 11 diabetes patients. Significant correlations for age and computer 
experience could be found in both matrices. Also a correlation between gender and 
computer use could be found in both matrices. Finally, a correlation between interest 
in services and maximum payment per month could be found for type 11 diabetes 
patients. This corrfirms correlations discussed in paragraph 3.3.2. 

3.4.4 Comparison type I1 type 11 
The Mann-Whitney test showed type 11 diabetes patients are significantly older than 
type I diabetes patients (p=0,002). It also showed type I diabetes patients measure 
more frequently than type 11 patients (p=O,OOO). 
The total computer experience of type I diabetes patients was significantly higher (p= 
0,000) than of type 11 diabetes patients. Interest in (i) data save at home pc (p=0,001) 
and (i i) different services (p= 0,017) were both higher for type I diabetes patients. 
Because of these differences two different Principal Component Analyses have been 
performed. 

3.4.5 Principal component analysis 
For type I diabetes patients, the following factors were used for Principal Component 
Analysis: (i) gender (i i) age, (iii) nr of measurements, (iv) data save in journal, (v) 
frequency of data sent to care giver, (vi) total computer experience, (vii) interest in 
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data save at home pc, (viii) total interest in services, (ix) maximum payment per 
month, (x) objection against central database, (xi) interpretation of data and (xii) 
difficulty of actions with software. With PCA 4 components (explaining 71,9% of the 
total variance) have been extracted. 

Component 1 (explaining 32.1 % of the total variance) showed that older, female, type 
I diabetes patients save data more often in a journal, have less computer experience 
and have more difficulty with actions of software. 

Component 2 (explaining 17,2% of the total variance) showed type I diabetes 
patients who have more interest in data save at home pc, have less objection 
towards a central database. 

Component 3 (explaining 12,9% of the total variance) showed type I diabetes 
patients who measure more, have less difficulty interpreting data. 

Component 4 (explaining 9,6% of the total variance) showed th at type I diabetes 
patients who send data more often to a care giver have most interest in services and 
are willing to pay more. 

For type 11 diabetes patients, the following factors were used for Principal Component 
Analysis: (i) gender (ii) age, (iii) nr of measurements, (iv) data save in journal, (v) hrs 
computer use at home (vi) perceived pc knowledge (vii) interest in data save at home 
pc, (viii) total interest in services, (ix) maximum payment per month, (x) objection 
against centra I database, (xi) interpretation of data and (xii) difficulty of actions with 
software. With PCA 4 components (explaining 78,0% of the total variance) have been 
extracted. 

Component 1 (explaining 40,7% of the total variance) showed th at older type 11 
diabetes patients measure less and save their data less often in a jou rna I. 

Component 2 (explaining 17,0% of the total variance) showed that type 11 diabetes 
patients have Ie ss interest in data save at home pc and have more difficulty 
interpreting data and more difficulty with actions of software. 

Component 3 (explaining 11,2% of the total variance) showed (i) hrs of computer use 
at home is related to (ii) objection against central database. 

Component 4 (explaining 9,1% of the total varianee) showed female type 11 diabetes 
patients have more interest in services and are willing to pay more for them. 

When comparing both PCA's, it appeared that older diabetes patients (both type I as 
weil as type 11) show less interest in services and the possibility of saving data to their 
home pc. 

3.5 Age 

3.5.1 Descriptive 
From all 12 diabetes patients born between 1930 and 1939, no one used a computer 
at work, no one saved data at their home pc and no one sent data to a care giver. 
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Therefore, the varia bles (i) computer use at work, (ii) data save at home pc and (iii) 
sending data to care giver were not taken into account for subjects born between 
1930 and 1939. 
From all 20 diabetes patients born between 1940 and 1949, only 2 patients (10%) 
used a computer at wOrk, data was saved at the home pc only by one person (5%) 
and no one sent data to a care giver. Therefore, the variables (i) computer use at 
work, (ii) data save at home pc and (iii) sending data to care giver were not taken into 
account for subjects born between 1940 and 1949. 
For patients born between 1950 and 1960 all variables were taken into account. 

3.5.2 Correlations 
With the correlation matrix plotted for all three age groups, correlations could be 
found between (i) interest in direct response, (i i) interest in nutrition advice and (iii) 
importance of service 24n. (Tabie 19,Table 20,Table 21) 

Table 19: Correlation matrix concerning (i) interest in direct response care giver, (ii) interest in 
nutrition advice and (iii) importance of service 24/7 for diabetes patients born between 1950 
and 1960 

Interest in direct Interest in Importance of 
response care nutrition advice service 24/7 
giver (1 =very (1=very (1=very 

interesting, 5=not interesting, 5 not important, 5=not 
interesting) interesting) important) 

Interest in direct response Correlation Coefficient 
care giver (1 =very interesting, 5ig. (2-tailed) ----
5=not interesting) N 

Interest in nutrition advice Correlation Coefficient ,659(**) 
(1 =very interesting, 5 not 5ig. (2-tailed) ,000 
interesting) N 30 
Importance of service 24/7 Correlation Coefficient ,558(-) ,452(**) 
(1 =very important, 5=not 5ig. (2-tailed) ,001 ,004 -----
important) N 30 30 

Table 20: Correlation matrix concerning (i) interest in direct response care giver, (11) interest in 
nutrition advice and (111) Importance of service 2417 for diabetes patients born between 1940 
and 1949 

Interest in direct Interest in Importance of 
response care nutrition advice service 24/7 
giver (1=very (1=very (1=very 

interesting, 5=not interesting, 5 not important, 5=not 
interesting) interesting) important) 

Interest in direct response Correlation Coefficient 
care giver (1=very interesting, 5ig. (2-tailed) ----
5=not interesting) N 

Interest in nutrition advice Correlation Coefficient ,878(**) 
(1=very interesting, 5 not 5ig. (2-tailed) ,000 
interesting) N 20 
Importance of service 24/7 Correlation Coefficient ,567(**) ,433(*) 
(1 =very important, 5=not 5ig. (2-tailed) ,004 ,029 -
important) N 20 20 
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Table 21: Correlation matrix conceming (i) interest in direct response care giver, (ii) interest in 
nutrition advice and (iii) importance of service 24n for diabetes patients born between 1930 
and 1939 

Interest in direct Interest in Importance of 
response care nutrition advice service 24/7 
giver (1 =very (1 =very (1=very 

interesting, 5=not interesting, 5 not important, 5=not 
interesting) interesting) important) 

Interest in direct response Correlation Coefficient 

care giver (1 =very interesting, Sig. (2-tailed) ---
5=not interesting) N 

Interest in nutrition advice Correlation Coefficient ,919(**) 

(1 =very interesting, 5 not Sig. (2-tailed) ,000 ------
interesting) N 12 
Importance of service 24/7 Correlation Coefficient ,811 (**) ,891 (**) 

(1=very important, 5=not Sig. (2-tailed) ,001 ,000 -------
important) N 12 12 

For the group bom between 1950 and 1960 the variables (i) hrs computer use at 
home, (ii) hrs computer use at work and (iii) perceived pc knowledge are all 
correlated. This was not in case of the two groups bom between 1930 and 1950. 

Table 22: Correlation matrix conceming (i) hrs computer use at home, (i i) hrs computer use at 
work and (iii) perceived pc knowledge for diabetes patients born between 1950 and 1960 

Hrs computer Hrs computer 
use at home use at work per 

per week (1 =0- dav (1 =0-1 hr, Perceived PC 
1 hr, 2=1-2 hr, 2=1-2 hr, 3=2-3 Knowledge 

3=2-3 hr, 4=3-4 hr, 4=3-4 hr, (1 =excellent, 
hr, 5=>4 hr) 5=>4 hr) 5=bad) 

Hrs computer use at Correlation Coefficient 

home per week (1 =0-1 hr, Sig. (2-tailed) ----
5=>4 hr) N 

Hrs computer use at work Correlation Coefficient ,659(**) 

per dav (1=0-1 hr, Sig. (2-tailed) ,000 

5=>4 hr) N 30 
Perceived PC Knowledge Correlation Coefficient -,788(**) -,701 (**) 

(1 =excellent, 5=bad) Sig. (2-tailed) ,000 ,000 

N 30 30 

For the group bom between 1950 and 1960 the variables (i) sending data to pc, (i i) 
data easy to save, (iii) sending data to care giver and (iv) finding data back on 
computer are correlated, but for the other two groups this was not the case. 
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Table 23: Correlation matrix concerning (i) sending data to pc, (ii) data easy to save, (iii) 
sending data to care giver and (iv) tinding data back on computer tor diabetes patients born 
between 1950 and 1960 

Finding data 
Sending data Data easyto Sending data back on 
to pc (1 =very save (1 =very to care giver computer 
easy,5=very easy,5=very (1 =very easy, (1 =very easy, 

hard) hard) 5=very hard) 5=very hard) 
Sending data to pc (1 =very Correlation Coefficient 

easy, 5=very hard) Sig. (2-tailed) 

N 

Data easy to save (1 =very Correlation Coefficient ,829(-) 

easy, 5=very hard) Sig. (2-tailed) ,000 
N 30 

Sending data to care giver Correlation Coefficient ,507(**) ,522(**) 
(1 =very easy, 5=very hard) Sig. (2-tailed) ,002 ,001 -----

N 30 30 
Finding data back on, Correlation Coefficient ,549(**) ,568(**) ,243(**) 
computer (1 =very easy Sig. (2-tailed) ,001 ,001 ,002 

5=very hard) N 30 30 30 

3.5.3 Data reduction 
As shown in paragraph 3.3.3 the interests for different services could be reduced to 
one variabie using factor analysis. 
For the group of subjects bom between 1950 and 1960 this could also be done for 
the variables describing pc experience (which are (i) hrs computer use at home, (i i) 
hrs computer use at work and (iii) perceived pc knowledge and for variables 
describing the difficulty of actions with the software (which are (i) sending data to pc, 
(i i) data easy to save, (iii) sending data to care giver and (iv) finding data back on 
computer). 

The variabie describing computer experience for subjects bom between 1950 and 
1960 explains 86% of the total variance. The component matrix of this variabie is 
shown below. 

Table 24: Component matrix tor computer experience tor diabetes patients bom between 1950 
and 1960 (extraction method: Principal Component Analysis) 

Component 
1 

Hrs computer use at home per week (1 =0-1 hr, 2=1-2 hr, 3=2-3 hr, ,939 
4=3-4 hr, 5=>4 hr) 
Hrs computer use at work per day (1=0-1 hr, 2=1-2 hr, 3=2-3 hr, 4=3-4 ,892 
hr, 5=>4 hr) 
Perceived PC Knowledge (1 =excellent, 2=good, 3=fairly, 4=moderate, 

-,951 
5=bad) 

The variabie describing the difficulty of actions with the software explains 69,1% of 
the total variance. The component matrix of this variabie is shown below. 
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Table 25: Component matrix for difficulty of software for diabetes patients bom between 1950 
and 1960 (extraction method: Principal Component Analysis) 

Component 
1 

Sending data to pc (1 =very easy, 5=very hard) ,933 
Data easy to save (1 =very easy, 5=very hard) ,937 
Sending data to care giver (1 =very easy, 5=very hard) ,689 
Finding data back on computer (1 =very easy, 5=very hard) ,735 

For the two groups bom between 1930 and 1950 only (i) hours of computer use at 
home and (i i) perceived pc knowledge were taken into account. (paragraph 3.5.1) 

3.5.4 Comparison of age groups 
To compare the three age groups, the Kruskal-Wallis test has been used. Wh en 
comparing the group of diabetes patients bom between 1930 and 1939 on one hand 
to the patients bom between 1940 and 1949 and patients bom between 1950 and 
1960 on the other hand, it appeared that (i) there are less type I diabetes patients (p= 
0,010), (i i) they measure less frequently (p= 0,000), (iii) they spend less hours at the 
home pc (p= 0,000) and (iv) they are willing to pay less for services (p= 0,048). 

When comparing the group of (i) diabetes patients bom between 1930 and 1939 and 
(i i) patients bom between 1940 and 1949 on one hand to (iii) the patients bom 
between 1950 and 1960 on the other hand, it appeared that (i) their perceived pc 
knowledge is lower (p= 0,000), (i i) their interest in data save at home pc is lower (p= 
0,000), and (iii) perceived difficulty of actions with software is higher (p= 0,001). 

3.5.5 Principal component analysis 
For diabetes patients bom between 1950 and 1960, the following factors were used 
for Principal Component Analysis: (i) gender (ii) type of diabetes, (iii) nr of 
measurements, (iv) data save in jou mal, (v) frequency of data sent to care giver, (vi) 
total computer experience, (vii) interest in data save at home pc, (viii) total interest in 
services, (ix) maximum payment per month, (x) objection against central database, 
(xi) interpretation of data and (xii) difficulty of actions with software. With PCA 4 
components (explaining 76,0% of the total variance) have been extracted. 

Component 1 (explaining 31,2% of the total variance) showed that diabetes patients 
who measure more, have more computer experience, have more interest in data 
save at home pc, have Ie ss objection against a centra I database and find it less 
difficult to interpret data. 

Component 2 (explaining 19,1% of the total variance) showed that diabetes patients 
who send their data more frequently to a care giver, have more interest in services 
and are willing to pay more for it. 

Component 3 (explaining 12,9% of the total variance) showed gender is not related 
to another factor. 
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Component 4 (explaining 12,7% of the total variance) showed that type I diabetes 
patients save data less often in a joumal and have more difficulty with actions of 
software. 

For diabetes patients bom between 1940 and 1949, the following factors were used 
for Principal Component Analysis: (i) gender (i i) type of diabetes, (iii) nr of 
measurements, (iv) data save in joumal, (v) hrs computer use at home, (vi) perceived 
pc knowiedge, (vii) interest in data save at home pc, (viii) total interest in services, (ix) 
maximum payment per month, (x) objection against ce ntra I database, (xi) 
interpretation of data and (xii) difficulty of actions with software. With PCA 4 
components (explaining 80,6% of the total varianee) have been extracted. 

Component 1 (explaining 33,9% of the total variance) showed th at patients with type 
11 diabetes measure less often, and have less computer experience. 

Component 2 (explaining 21,7% of the total variance) showed th at patients who have 
less interest in data save at home pc, have less interest in services, are less willing to 
pay for them and have more difficulty interpreting data. 

Component 3 (explaining 13,1 % of the total varianee) showed that female patients 
spend less hours at the home pc and have less objections against a central 
database. 

Component 4 (explaining 12,0% of the total variance) showed that patients who save 
their data more often in a jou mal, are less willing to pay for services and have more 
difficulty of actions with software. 

For diabetes patients bom between 1940 and 1949, the following factors were used 
for Principal Component Analysis: (i) gender (ii) type of diabetes, (iii) nr of 
measurements, (iv) data save in joumal, (v) hrs computer use at home, (vi) perceived 
pc knowiedge, (vii) interest in data save at home pc, (viii) total interest in services, (ix) 
maximum payment per month, (x) objection against central database, (xi) 
interpretation of data and (xii) difficulty of actions with software. With PCA 4 
components (explaining 80,3% of the total variance) have been extracted. 

Component 1 (explaining 32,8% of the total varianee) showed that type I diabetes 
patients spend more hours at the home pc and have more difficulty interpreting data. 

Component 2 (explaining 18,8% of the total variance) showed that male patients are 
less interested in data save at home pc and less interested in services. 

Component 3 (explaining 16,9% of the total variance) showed th at patients who 
measure less, have less computer experience and are willing to pay less for services. 

Component 4 (explaining 11,9% of the total variance) showed that patients who save 
their data in a jou mal have less objection against a central database and have more 
difficulty with actions of software. 
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When having plotted the correlation matrix for all subjects of the control group, 
correlations could be found between (i) sending data to pc, (i i) data easy to save, (iii) 
sending data to care giver and (iv) finding data back on computer. 

Table 26: Correlation matrix concerning (i) sending data to pc, (ii) data easy to save, (iii) 
sending data to care giver and (iv) tinding data back on computer tor the control group 

Finding data 
Sending data Data easyto Sending data back on 
to pc (1 =very save (1 =very to care giver computer 
easy, 5=very easy,5=very (1=very easy, 

5=very hard) 
(1 =very easy, 
5=very hard) hard) hard) 

Sending data to pc (1 =very Correlation Coefficient 

easy, 5=very hard) Sig. (2-tailed) -
N 

Data easy to save (1 =very Correlation Coefficient ,560(**) 
easy, 5=very hard) Sig. (2-tailed) ,001 --------

N 30 
Sending data to care giver Correlation Coefficient ,426(**) ,701 (**) 
(1=very easy, 5=very hard) Sig. (2-tailed) ,009 ,000 ----

N 30 30 
Finding data back on, Correlation Coefficient ,337(*) ,214(*) ,371 (*) 
computer (1 =very easy Sig. (2-tailed) ,046 ,036 ,049 
5=very hard) N 30 30 30 

3.6.2 Data reduction 
Because of these correlations, these variables were reduced to one new variabie with 
principal component analysis (varimax rotation). The variabie describing the difficulty 
of actions with the software explains 62,6% of the total variance. The component 
matrix of this variabie is shown below. 

Table 27: Component matrix tor difficulty ot software (extraction method: Principal Component 
Analysis) 

Component 
1 

Sending data to pc (1=very easy, 5=very hard) ,813 
Data easy to save (1 =very easy, 5=very hard) ,866 
Sending data to care giver (1=very easy, 5=very hard) ,858 
Finding data back on computer (1=very easy, 5=very hard) ,595 

3.6.3 Comparison of control group and test group 
The Mann-Whitney test showed subjects from the control groLlp spent more time at 
the home pc (p= 0,000) and more time at the pc at work (p=O,OOO). It also showed 
the perceived pc knowledge of the control group was higher than of the test group 
(p= 0,000). No significant differences were found for (i) gender, (i i) connecting meter 
to pc and (iii) difficulty of actions with software. 
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3.6.4 Principal component analysis 
Principal Component Analysis has been performed on 6 factors for subjects of the 
control group (see Appendix IV) explaining 58% of the total variance. For this group 2 
components have been extracted. 

Component 1 (explaining 34,9% of the total varianee) showed that female subjects 
from the control group spend less time at their home pc, have more difficulty with 
connecting the meter to the pc and have more difficulty with actions of software. 

Component 2 (explaining 23,1% of the total variance) showed th at subjects from the 
control group who spend more time at the pc at work have a better perceived pc 
knowiedge. 
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4 Discussion 

4.1 Control group 
When comparing subjects form the control group with the diabetes patients, it 
appears that only significant differences can be found for the computer use and 
computer experience. Despite the fact that the computer experience in the control 
group is higher, the perceived difficulty of actions with the software was high in both 
groups. Technical barriers all subjects encountered should be eliminated first. 

4.2 Gender 
In the results of this study can be noticed th at women have significantly more interest 
in extra services than men. This can be a result of the fact th at women use more 
health care services than men.21 In a research conducted on 21,277 diabetes 
patients in the age of 45 to 65 years, women significantly used more health care 
services. It also aEpeared th at men have a lower morbidity rate compared to women. 
McColium et al. 2 confirmed these results with a research conducted on 1653 
subjects. She showed that women score lover on measures of self-care activities. 

The difference in computer experience between men and women found in this study 
meet the statistics of the Dutch population.1 Mackie23 showed similar results, namely 
that there are differences in attitudes towards computers and that this attitude and 
the computer use change with age. In current study, male diabetes patients were the 
only ones to save their glucose data at the home computer and send them to their 
care giver. Results show that their computer experience and perceived computer 
knowledge was higher than that of women. 

Carlson and Ehrlich24 find th at the use of most assistive technologies is higher 
among men than women. (n=1414) They also find that the severity of impairments is 
higher among men. The severity of diabetes and the number and kind of 
complications has not been measured in this research. Carlson and Ehrlich24 also 
find that the use of assistive technology is strongly related to the education level of 
the subjects. In total, 72% of the variance within the use of assistive technology could 
be contributed to the amount of education attained. In the Netherlands, the number of 
people with a chronic disease (and in special diabetes) is higher among the lower 
educated.1 The percentage of people using assistive technology like blood glucose 
meters will therefore be higher among this part of society. 

Although results of this research show that the interest in teleservices is higher at 
female diabetes patients, the use of it is still less than man. Main problems for 
women in current set-up seem to be the technical barriers. Other research show only 
minor technical barriers with telemonitoring for diabetes patients, both for men as weil 
as for women. 25,26 

4.3 Type of diabetes 
In this research, type 11 diabetes patients show less interest in extra services than 
type I diabetes patients. It is shown that older diabetes patients prefer to have a more 
passive attitude towards decision-making regarding their disease.27 Depression, 
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which is also prevalent in elderly with diabetes, can also act as a barrier for self-care 
and with th at, the interest in accessing external information sources.27

,28 

Schutt et al.29 showed th at type I diabetes patients measure more frequently. 
Examined among approximately 24,500 diabetes patients, they noticed type I 
diabetes patients performed 4.4 blood glucose measurements per day and type 11 
diabetes patients performed 2.7 measurements per day. In this research significant 
differences in the amoLint of measurements per day between type I and type 11 
diabetes patients have been found too. However, for obtaining better glycaemic 
control and reduce the number of cornplications, frequently measuring of blood 
glucose is important for both types of diabetes.30

,31 

4.4 Age 
Cbs 1 shows that type of diabetes is strongly correlated to age. Although this deviation 
tends to shift to a younger age3

, the percentage of type 11 diabetes patients increases 
with age in the Netherlands. Despite the fact that the major group of diabetes 
patients is older than 55 years, several studies focusing on transferring data and 
telemonitoring, have subjects that are (much) younger.25

,26,32,33 Average age in 
current research was 57 with a range from 46 to 75. This is a better fit to Dutch 
society suffering from diabetes. 

Subjects selected in Biermann25 have an average age of 30,5 ± 11, and in Vähätal026 

selected subjects have an average age of 42,8 ± 11,4. This group has substantially 
more computer experience than the subjects selected for this research. 1 This might 
explain the difference in perceived difficulty of transferring data. Remarkable 
however, remains the fact that the control group in this research had problems 
transferring data, despite of the computer experience. All technical barriers should be 
eliminated in the manufacturing. 

Jaana7 discusses in a comprehensive literature review 17 studies of evaluations of 
telemonitoring systems for diabetes patients. In only 3 researches the average age of 
selected subjects is higher than 50 years. In none of these 3 researches, focus has 
been on technical barriers. Although the technical aspect of transferring data and the 
perceived difficulty of that is discussed in 5 studies, no researches were present in 
Jaana7 with technical barriers for transferring data. In these 5 studies the average 
age of the subjects lies between 30 and 42,8 years. The duration that all evaluated 
systems were tested, was at least 3 months. In this research, all subjects only had 
one test in which they transferred data. When having had the opportunity to get used 
to the equipment, perceived barriers mjght have been lower. Carlson and Ehrlich24 

show that technology training affe cts the performances of subjects. 

4.5 Technology barriers 
Sending data (i) from the selected glucose meter to a computer and (ii) from the 
computer to the care giver was new to all subjects, both in the control groLlp as weil 
as among the diabetes patients. This first use can have a negative influence on the 
perceived level of ease of working with the meter and the software.24 This first use is 
therefore very important when introducing assistive technology. 

By eliminating the technology barriers appearing from the remarks made by all 
subjects, the first impression of the assistive technology improves. Most remarks 
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indicate that the software was not developed for older diabetes patients. Prevalence 
of eye problems with among elderly and diabetes patients is high.4 Buttons and text 
in software for diabetes patients should therefore be of appropriate size. Because of 
low computer experience among elderly and women 1, the software should be very 
intuitive to use. Moreover, both the software and the manual should provide a clear 
step-by-step guide. 

An important part of the technical barriers for all subjects in this research are 
transferring data to the computer. With the help of wireless technologies like 
Bluetooth and RF, this transfer of glucose data can be automated. Every time the 
glucose meter comes within the range of the wireless home pc receiver, data can be 
transmitted.34 On the home pc, incoming data should be evaluated automatically and 
when necessary, sent to a care giver. Automated evaluation of blood glucose 
however, still encounters serious drawbacks.35 Glycaemic control depends on a lot of 
unpredictable factors. Metabolism, illness, stress are all factors influencing glucose 
values. Other problems that have to be encountered with automation of sending data 
to a care giver, are those regarding the privacy of the patient. Glucose data as weil 
as other personal information will be sent over the Internet to the care giver. Security 
and data encryption have therefore to be taken into account. 36 Safety of record 
keeping of blood glucose values at the care giver's is also an issue of importance in 
the discussion about introducing an Electronic Patient Record.37 

For tailor made support of older diabetes patients, technology has to fit their 
expectations and needs. Technology interacting with and influencing the behaviour of 
people is called persuasive technology. This technology can successfully motivate 
people in making decisions for healthy living and can prevent the onset of medical 
problems like over weight.13 For persuasive technology to be successful, 4 
components are important. For the first component it is important that the presented 
message is simple and easy to understand. For the second component this message 
has to be sent at an appropriate time and at an appropriate place (component 3). For 
the last component, the message has to presented with a non-irritating strategy. 
According to Intille 13, the greatest challenge when developing user interfaces for 
persuasive technology is evaluation. It is very important not only to motivate the user, 
but also monitor if the behaviour changes. 

With the selection of the glucose meter, four meters have been discarded for the test. 
Technical barriers from the selected meter and software probably differ from those of 
other meters. A comparative research between a number of meters should be 
performed to investigate possible differences in technical barriers. 

4.6 Sfakeholders 
Introducing assistive technology for diabetes patients influences more stakeholders 
than only the patients themselves. Other end users like different care givers, the 
government and insurance companies have to work with these technologies too and 
therefore change their workflow. This can lead to new barriers which have to be 
studied before implementing new services. Study of Raappana38 showed that. 
Insufficient skills and knowledge about the technology can lead to a decrease of 
motivation, fears and distress. 
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Besides the patients, assistive technology has a great impact on the care giver. As 
discussed before, this care giver can be the internist, the ophthalmologist or the 
diabetes nurse in the hospitalor the General Practitioner. According to Biermann et 
al.25 time needed per month per patient increases for the care giver when using 
assistive technology. This in contrast to the time needed per month for the patients. 
The decrease in time for patients is due the lack of the travel and waiting time and 
needed for the consults. The increase of time needed by the care giver is due to the 
increase of the frequency of contacts with the patient. (The time per contact 
decreases, however the frequency increases.) 

Older people often receive help from family and friends. When introducing assistive 
technology, they are likely to play a significant role in operating these technologies. 
When introducing assistive technology at the patient's home, it is therefore important 
that the relative or friend who is taking care of the patient is present too. Proper 
education for all people who have to operate the technology frequently is essential 
for success.9 This education is not only important for operating the technology, but 
also for proper interpretation of the data and the actions needed regarding those 
data. 

According to Van Nispen 12, government plays an important role in introducing 
assistive technologies. Both with respect to financial and organisational barriers 
government is important. When dealing with financial barriers (responsibie for 19% of 
total barriers) like the obscurity about who has to pay for certain technologies, 
government can act by introducing guidelines for payment structures. 

To obtain more clarity in this payment structure for insurance companies, a Diagnosis 
Treatment Combination (DBC) for diabetes patients has been made.39 In this DBC, 
all expenses for annual diabetes treatment have been described. This way, 
insurance companies get a clear view of the expenses. Assistive technologies like 
telemedicine for diabetics are not yet included in current DBC. Therefore payment 
structures for telemedicine is still not clear. 

Because most assistive technologies have a multidisciplinary character, good 
consultation between government, insurance companies, suppliers of assistive 
technologies and various care givers is essential. The lack of this consultation is an 
organisational problem. According to Van Nispen 12 all organisational barriers are 
responsible for 24% of total barriers towards assistive technology. 

4.7 Conclusion 
Concluding we can say that for the current generation of assistive technology the 
different technical barriers should be eliminated first both for men as weil as for 
women. Current assistive technology is most suited for male diabetes patients born 
between 1950 and 1960. Because of their higher interest in extra services and longer 
life span, it will be profitable to make this technology more tailor-made for female 
diabetes patients. 

- 35-



Assistive technology tor older diabetes patients 

5 Acknowledgements 
I would like to thank the Diabetes Vereniging Nederland and the Maxima Medisch 
Centrum Veldhoven tor helping me getting in contact with patients tor the test. 

Thanks to Abbott Diabetes Care, Bayer Health Care, LiteScan Benelux, Menarini 
diagnostics and Roche diagnostics tor providing the meters, the cables and software. 

Francesco en Tamara, thank you tor the constructive comment on my report. 

I thank my supervisors Annelies, Ben and Erik tor their motivating comment, 
constructive discussions and patience. 

- 36-



Assistive technology for older diabetes patients 

6 References 
[1] Website of Central Bureau for Statistics (CBS), http://www.cbs.nl. retrieved 

May 2007 

[2] J.K. Kirk, D.E. Graves, R.A Bell, C.A Hildebrandt, K.MV. Narayan, "Racial 
and ethnic disparities in self-monitoring of blood glucose among us adults: a 
qualitative review", Ethnicity & disease, vol. 17, no 1, pp 135-142, 2006 

[3] D. Botero, J.1. Wo Ifsdorf, "Diabetes Mellitus in children and adolescents", 
Archives of medical research, vol. 36, pp. 281-290, 2005 

[4] O. Pinhas-Hamiel, P. Zeitier, "Acute and chronic complications of type 2 
diabetes in children and adolescents", The Lancet, Vol. 369, Issue 9575, pp. 
1823-1831,2007 

[5] E. Renard, MD, PhD; "Monitoring glycemic control: the importance of self
monitoring of blood glucose", The American joumal of medicine, vol. 118, no 
9a , pp. 12s-19s, 2005 

[6] E.J. Gómez, M.E. Hernando, A Garcia , F. Del Pozo, J. Cermeno, R. Corcoy, 
E. Brugués, A De Leiva, "Telemedicine as a tooi for intensive management of 
diabetes: the DIABTel experience", Computer methods and programs in 
biomedicine, vol. 69, pp. 163-177,2002 

[7] M.Jaana, G. Paré, "Home telemonitoring of patients with diabetes: a 
systematic assessment of observed effe cts" , Joumal of evaluation in clinical 
practice, vol. 13, pp. 242-253, 2006 

[8] AL. Briggs, S. Cornell, "Self-monitoring blood glucose (SMBG): Now and the 
Fututure", Journa/ofPharmacyPractice, vol. 17, no. 1, pp. 29-38, 2004 

[9] S.M. Renda, "A practical look at self-monitoring of blood glucose", Insulin, vol. 
1, no. 4, pp. 141-147,2006 

[10] J.M. Wójcicki, P. ladyzynski, "Telematic support in insulin treatment. 
Frequency of the data transfer", Diabetes research and clinical practice, vol. 
74, supp.2, pp. s225-s228,2006 

[11] G. Paré, M. Jaana, C. Sicotte, "Systematic review for home telemonitoring for 
chronic diseases: The evidence base", Joumal of the American informaties 
association , vol. 14, issue 3, pp . 269-277, 2007 

[12] B. v. Nispen, "Zorgdomotica: Een inventarisatie van knelpunten en 
struikelblokken met aanbevelingen om de grootschalige implementatie van 
zorgdomotica voor ouderen en mensen met functiebeperkingen in Nederland 
te versnellen en te verbeteren." Nitel / EPN, Sept. 2004 

- 37-



Assistive technology for older diabetes patients 

[13] S.S. Intille, "A new research challenge: persuasive technology to motivate 
healthy aging", IEEE transactions on information technology in biomedicine, 
vol. 8, no. 3, pp. 235-237, 2004 

[14] Website of Boeren Medical, http://www.boerenmedical.com. retrieved January 
2007 

[15] Website of Abbott Diabetes Care, http://www.abbottdiabetescare.nl . retrieved 
January 2007 

[16] Website of Bayer Diabetes Care, http://www.ascensia .nl . retrieved January 
2007 

[17] Website of Life Scan, http://www.lifescaneurope.com/benl/ retrieved January 
2007 

[18] Website of Menarini Diagnostics, http://www.menarinidiagnostics.nl. retrieved 
Januray 2007 

[19] Website of Roche Diagnostics, http://www.life-chek.nl. retrieved January 2007 

[20] M. Docampo Rama, H. de Ridder, H. Bouma, "Technology generation and age 
in using I'ayered user interfaces", Gerontechnology, vol. 1, no. 1, pp. 25-40, 
2001 

[21] V. Shalev, G.Chodick, A.D. Heymann, E. Kokia, "Gender differences in 
healthcare utilization and medical indicators among patients with diabetes", 
Public Health, no. 119, pp. 45-49, 2005 

[22] M. McCollum, PhD; L.B. Hansen, PharmD; L. Lu, MS; P.W. Sullivan, PhD, 
"Gen der differences in diabetes mellitus an defects of self-care activity", 
Gender Medicine, vol. 2, no. 4, pp 246-254, 2005 

[23] D. Mackie, J. Cooper, "Gender and computers: Two surveys of computer
related attitudes", Sex Roles, vol. 13, no. 3/4, pp. 215-228, 1985 

[24] D. Carlson, N. Ehr,lich, "Assistive technology and information technology use 
and need by persons with disabilities in the United States", U.S. Department of 
Education , National Institute on Disability and Rehabilitation research, Aug . 
2005 

[25] E. Biermann, W. Dietrieh, J. Ri'h l, E. Strandl, "Are there time and cost savings 
by using telemanagement for patients on intensified insulin therapy? A 
randomised, controlled triaL", Computer methods and programming in 
biomedicine, vol. 69, no. 2, pp. 137-146,2002 

[26] M.A. Vähätalo, H.E. Virtamo, J.S. Viikari, T. Rönnemaa, "Cellular phone 
transferred self blood glucose monitoring: prerequisites for positive outcome", 
Practical Diabetes International, vol. 21, no. 5, pp. 192-194, 2004 

- 38 -



Assistive technology for older diabetes patients 

[27] E. Gucciardi" P.L. Smith, M. DeMelo, "Use of diabetes resources in adult 
attending a self-management education program", Patient education and 
counseling, vol. 64, pp. 322-330, 2006 

[28] L.A Palinkas, E. Barrett-Connor, D.L. Wingard, "Type 2 diabetes and 
depressive symptoms exhibited lower adherence with self-care", Diabetic 
Medicine, vol. 8, no. 6, pp. 532-539, 1991 

[29] M. Schutt, W. Kern, U. Krause, P. Busch, A Dapp, R. Grziwotz, I. Mayer, J. 
Rosenbauer, C. Wagner, A Zimmermann , W. Kerner, R.W. HolI, "Is the 
frequency of self-monitoring of blood glucose related to long-term metabolic 
control? Multicenter analysis including 24,500 patients form 191 centers in 
Germany and Austria", Experimental and clinical endocrinology & diabetes, 
vol. 114, no. 7, pp. 384-388, July 2006 

[30] D. Owens, AH. Barnett, J. Pickup, et aL , "Blood glucose self-monitoring in 
type 1 and type 2 diabetes: reaching a multidisciplinary concensus", Diabetes 
primary care, vol. 6, no. 1, pp. 8-16, 2004 

[31] J.S. Burgers, JV. Bailey, N.S. Klazinga, AK. van der Bij, R. Grol, G. Feder, 
"Inside guidelines: comparative analysis of recommendations and evidence in 
diabetes guidelines from 13 countries", Diabetes Care, vol. 25, no. 11, pp. 
1933-1939, 2002 

[32] M.W. Tsang, M. Mok, G. Kam, M. Jung, A Tang, U. Chang, C.M. Chu, I. Li, J. 
Chan, "Improvement 'id diabetes control with a monitoring system based on a 
hand-held touch-creen electronic diary, Journalof telemedicine and te Ie care , 
vol. 7, pp. 47-50, 2001 

[33] A Billiard , V. Rohmer, M. A Roques, M.G. Joseph, S. Suraniti, P. Giraud, J.M. 
Limal, P. Fressinaud, M. Marre, "Telematic transmission of computerized 
blood gllucose profiles in IDDM patients", Diabetes Care, vol. 1,4, no. 2, pp. 
130-134,1991 

[34] Website of Telcomed, http://www.telcomed.ie. retrieved may 2007 

[35] V.L. FrankIin, AW. Wilson, R.A Butler, S.A Greene, "A predictive tooi for self
management of diabetes (Librae): evaluation using a continuous glucose 
monitoring system", Diabetic Medicine, vol. 23, pp. 21-25, 2006 

[36] F. Wozak, T. Schabetsberger, E. Ammmenwerth, "End-to-end security in 
telemedical networks - a practical guideline", international journalof medical 
informaties, vol. 76, issues 5-6, pp. 484-490, 2007 

[37] J.G. Anderson, "Security of the distributed electronic patient record: a case 
based approach to identifying policy issues", International journalof medical 
informaties, vol. 60, issue 2, pp. 111-118,2000 

[38] A Raappana, M. Rauma, H. Melkas, "Impact of safety alarm systems on care 
personnel", Gerontechnology, vol. 6, no. 2, pp. 112-117,2007 

- 39-



Assistive technology for older diabetes patients 

[39] "DBC inkoopgids 2005 - Segment B - Zorgverzekeraars onderhandelen over 
zorg", Zorgverzekeraars Nederland, nov. 2004, available at http://www.zn .nl 

- 40-



Appendix I: Glossary 

Demographic pressure 
Demographic pressure (in this case "grey pressure") is the number of people over 65 
compared to the number of people from 20 to 65. 
e.g. A demographic pressure of 43% means that for every 100 working people 
(people between 20 and 65) there are 43 people over 65. 

Diabetes Mellitus 
Diabetes Mellitus or just diabetes is an incurable metabolism disease which is 
characterized by a constant hyperglycemia (high blood sugar level) resulting either 
from inadequate secretion of the hormone insulin by the pancreas, an inadequate 
response of target eells to insulin, or a combination of these factors. Patients with 
Diabetes Mellitus (diabetes) can be divided in 5 groups. Below are the 5 groups of 
diabetes patients. 

• Diabetes Mellitus type I (10% to 15%) 
This type of DM was formerly known as insulin dependent diabetes. At 
patients with DM type I the pancreas fails to produee insulin. Sensitivity and 
responsiveness to insulin are usually normal. These patients are fully 
dependant on the injections with insulin. 

• Diabetes Mellitus type 11 (85% to 90%) 
This type of DM was formerly known as insulin independent diabetes. At 
patients with DM type 11 the pancreas produees less insulin than the body 
needs or the target eells have become partly immune for insulin. Most type 11 
DM patients are not dependant on the injections with insulin. A large part of 
the care proeess consists of a healthy life style and a good follow up of the 
medicine prescription. 

• Gestational diabetes (app. 1 in every 20 pregnancies) 
This type of DM is temporary. Pregnancy is the cause of this type of DM. 

• Maturity Onset Diabetes of the Young (MODY) 
This type of DM often occurs to young people. Patients are not insulin 
dependant. This type of DM does not occur very much. 

• Latent Autoimmune Diabetes in Adults (LADA) 
The symptoms of LADA are quite similar to type I. In fact this is a slow variant of DM 
type I. In the beginning patients with LADA are not insulin dependant. 

HbA1c 
Hemoglobin A1c (HbA1c) is a stabie fraction of haemoglobin resulting from linkage of 
glucose to erythrocyte hemoglobin. Because the average erythrocyte lifespan is 120 
days, the HbA 1 c level is proportional to ambient blood glucose levels during the 
previous 2 to 3 months. For this reason, HbA1c testing is usually performed four 
times a year. [Renard] 

Telemedicine 
The word telemedicine is an aggregation of "teie" and "medicine". Tele is the Greek 
word for "far". The meaning of "medicine" is very diverse. 
The variety of definitions of telemedicine found in literature is very large. All 
definitions however are of the same tenor. For this study the definition of NITEL 
(Dutch Institute for Telemedicine) will be used. [ ... ] 



NITEL gives us the next definition: "Telemedicine is providing care services from a 
distance by using information and communication technology (ICT). Telemedicine 
can act in all phases of the primary care process; from prevention and tele-diagnosis 
to treatment and tele-home care", This definition is very broad and gives a good 
reflection of all definitions found. 
Telemedicine is not the only term found in relation to this subject. Words like 
telehealth, telecare and telecure are very much related to telemedicine. 

Telehealth 
Telehealth is related to health aspects of a person. Most of the times there is no 
medical influence here. 
For example: A sportsman who sends his heart rate and weight to his personal 
trainer in order to get a better training result. 

Telecure 
T elecure has more of a short term aspect. The term is more medical and can be used 
for patients to get support from a distance for recovering from a disease of su rge ry . 
For example: A patient with burns can be sent home quicker when he can remain 
contact in with the dermatologist via videoconference. 

Telecare 
Telecare has a more long term aspect. The term is not necessarily medica!. By the 
use of telecare people can live longer in their own homes. With the use of different 
sensors, the risk for accidents can be diminished and sufficient help can be offered. 
For example: An older man with beginning dementia can live longer in his own home 
with the help of telecare. 

Important is to note that the division between the terms is often vague. I.e. Some 
applications can be telehealth but can also be used for telecare services. 

Teleconsult 
A teleconsuit is a normal consult of a care giver to a patient. Communication however 
occurs through telephone or a video I speech connection. 
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Appendix 11: Letter of DVN (in Duteh) 

«Naam» 
«Adres» 
«Postcode» «Plaats» 

Eindhoven, 6 juni 2007 
Ons kenmerk: 2007/00206/KG/DBS 

Geachte «Aanhef» «Voorvoegsel»«Achternaam», 

Momenteel loopt op de Technische Universiteit Eindhoven een onderzoek naar zorg op afstand voor 
mensen met diabetes. Dit onderzoek wordt uitgevoerd in samenwerking met de Diabetesvereniging 
Nederland. 

Zorg op afstand wil zeggen, dat voor een consult of ondersteuning geen direct contact vereist is 
tussen de patiênt en de zorgverlener, maar dat dit ook mogelijk is via bijvoorbeeld e-mail, telefoon of 
videofoon. Op deze manier kan iemand met diabetes vanuit zijn / haar eigen huis contact houden met 
de zorgverlener. Eerste stappen in deze richting zijn gezet doordat producenten van glucosemeters de 
mogelijkheid bieden om glucosewaarden vanaf een glucosemeter door te sturen naar een computer. 
Vervolgens kunnen deze gegevens worden gemaild naar een zorgverlener. Op deze manier heeft een 
zorgverlener snel en gemakkelijk een overzicht van de glucosewaarden van zijn patiênt(en). 

Ook de patiênten zelf hebben voordeel bij het verzenden van glucosedata naar een pc. Via speciaal 
ontwikkelde software op een computer is het mogelijk om grote veranderingen te signaleren en een 
duidelijk overzicht te krijgen van het verloop van de glucosewaarden op langere termijn. Het is dan 
niet meer nodig om een glucosedagboekje bij te houden. Dit kan erg gemakkelijk zijn bij het (beter) 
onder controle krijgen van de glucosewaarden. 
Het onderzoek aan de Technische Universiteit Eindhoven is er op gericht om in de toekomst deze 
gegevens gemakkelijker te kunnen verzenden. Voor dit onderzoek zjjn we op zoek naar mensen met 
type 1 diabetes die mee willen helpen om de diabeteszorg van de toekomst te verbeteren. 

Indien u bereid bent mee te werken, wordt u door een onderzoeker van de Technische Universiteit 
Eindhoven thuis bezocht. Vervolgens voert u een korte test uit en vult een vragenlijst in. Tijdens deze 
test wordt u gevraagd om gegevens van een glucosemeter naar een computer te verzenden. (De 
glucosemeter en pc worden verzorgd door de universiteit.) Naar verwachting zal dit geheel ongeveer 
drie kwartier duren. 

Middels bijgevoegde antwoordkaart kunt u aangeven dat u bereid bent mee te werken aan dit 
onderzoek. Indien er na de uiterlijke inleverdatum te weinig aanmeldingen zjjn, is het mogelijk dat na 
deze datum vanuit de universiteit contact met u wordt opgenomen. 
De antwoordkaart graag insturen vóór vrijdag 16 februari. 
Wij hopen dat u bereid bent mee te werken aan het verder verbeteren van de diabeteszorg in 
Nederland. 

Bij voorbaat dank en vriendelijke groet, 

Ton Verblackt Kitty van Gorp 
Technische Universiteit Eindhoven DVN-afdeling Eindhoven e.o. 
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Appendix 111: Questionnaire 

Geachte heer, mevrouw, 

Deze vragenlijst is voor een onderzoek aan de Technische Universiteit Eindhoven. 

Het doel van dit onderzoek is betere diabetes zorg. Het is de bedoeling om glucose 
meters op een makkelijke manier te kunnen koppelen aan een telemonitoring 
(computer) systeem. Een telemonitoring systeem is een systeem waar chronische 
patiënten op afstand in de gaten kunnen worden gehouden. Op deze manier kan 
makkelijker en sneller worden ingegrepen in geval van nood en kan beter worden 
geanticipeerd op de (Ieef)situatie. 

De vragenlijst bestaat uit 2 delen. Het eerste deel voert u voor de test uit, het tweede 
deel erna. 

De gegevens uit deze vragenlijst zullen geheel anoniem worden behandeld. 

Bij dezen wil ik IJ hartelijk bedanken voor uw medewerking aan dit onderzoek. 

Vriendelijke groet, 

Ton Verblackt 
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Dit eerste deel van de vragenlijst gaat over u zelf en over uw huidige situatie. 

1. Wat is uw geslacht? 
oMan 
o Vrouw 

2. Wat is uw geboortejaar? 

3. Welk type Diabetes Mellitus hebt u? 
o Type 1 
o Type 2 

4. Hoe lang heeft u al Diabetes Mellitus? 

______ jaar 

5. De zorgverlener waar u het meeste contact mee heeft met betrekking tot uw 
diabetes is: 

o Huisarts 
o Internist 
o Diabetesverpleegkundige 
o Anders, nl: _____________ _ 

6. De afspraken met deze zorgverlener vinden plaats: 
o Huisartsenpraktijk 
o Ziekenhuis 
o Bij mij thuis 
o Zorgcentrum 
o Anders, nl: _____________ _ 

7. Deze afspraken vinden plaats: 
o Minder dan 1 keer per jaar 
o 1 of 2 keer per jaar 
o 2 of 3 keer per jaar 
o 3 of 4 keer per jaar 
o Meer dan 4 keer per jaar 

8. Hebt u een computer thuis? 
o Ja 
o Nee (ga door met vraag 12) 

9. Hoeveel tijd besteedt u gemiddeld per week thuis achter de computer? 
o 0 tot 1 uur 
o 1 tot 2 uur 
o 2 tot 3 uur 
o 3 tot 4 uur 
o Langer dan 4 uur 
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10. Hebt u internet thuis? 
D Ja 
D Nee 

11. Wat voor internetverbinding heeft u? 
D Telefoonlijn 
D Kabelinternet 
o ADSL 
D Weet ik niet 

12. Werkt u met een computer op het werk? 
D Ja 
D Nee (ga door met vraag 14) 

13. Hoeveel tijd besteedt u gemiddeld per dag op uw werk achter de computer? 
[J 0 tot 1 uur 
[J 1 tot 2 uur 
D 2 tot 3 uur 
D 3 tot 4 uur 
D Langer dan 4 uur 

14. Hoe zou u uw kennis omtrent het gebruik van de computer omschrijven? 
DUitstekend 
D Goed 
D Redelijk 
D Matig 
D Slecht 

15. Gebruikt u op dit moment een glucosemeter? 
D Ja (Ga door met vraag 18) 
D Nee 

16. Zou u er bezwaar tegen hebben om op regelmatige basis (min. 1x daags) uw 
glucosewaarden te meten? 

D Veel bezwaar 
o Weinig bezwaar 
o Geen bezwaar (Ga door met vraag 20) 

17. Wat zou voor u het grootste bezwaar zijn om op regelmatige basis uw 
glucosewaarden te meten? 

o Het prikken 
D De tijd die nodig is 
D Het is te moeilijk (Ga door met vraag 

20) 
D Ik vind het niet nuttig 
DAnders nl: ________________ _ 

18. Hoe lang gebruikt u al een glucosemeter? 
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19. Hoe vaak meet u uw glucosewaarden gemiddeld per week? 
D 1 tot 3 keer 
o 4 tot 7 keer 
o 8 tot 14 keer 
o Meer dan 14 keer 

20. Bewaart u uw glucosewaarden in een diabetesdagboek? 
o Ja 
o Nee 

21. Bewaart u uw glucosewaarden thuis op de computer? 
o Ja 
o Nee 

22. Zou u het interessant vinden om uw glucosewaarden op te kunnen slaan op uw 
computer en zo een uitgebreid overzicht te hebben van het verloop van uw 
glucosewaarden? 

Erg interessant Totaal niet interessant 
o o o o o 

23. Verzendt u uw glucosewaarden wel eens via de computer naar uw zorgverlener? 
o Ja 
o Nee (Ga door met vraag 25) 

24. Hoe vaak verzendt u deze waarden gemiddeld? 
o Minder dan 1 keer per maand 
o Een keer per maand 
D 2 keer per maand 
D 3 of 4 keer per maand 
o Meer dan 4 keer per maand 

25. Als u uw meetwaarden via de computer naar een zorgverlener zou sturen, bent u 
dan geïnteresseerd in een directe reactie van uw zorgverlener op uw 
glucosewaarden? 
Erg geïnteresseerd Totaal niet geïnteresseerd 

o o o o o 

26. Als u uw meetwaarden via de computer naar een zorgverlener zou sturen, bent u 
dan geïnteresseerd in voedingsadvies aan de hand van uw glucosewaarden? 
Erg geïnteresseerd Totaal niet geïnteresseerd 

o o o o o 

27. Hoe belangrijk zou u het vinden om 24 uur per dag de mogelijkheid te hebben om 
advies te krijgen over de huidige situatie van uw diabetes? 

Erg belangrijk Totaal niet belangrijk 
o o o o o 
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28. Hoeveel zou u per maand bereid zijn om te betalen voor direct (voedings)advies? 
o €o,-
[] € 0,- tot € 5,-
[] € 5,- tot € 10,
D € 10,- tot € 15,
D meer dan €15,-

29. Zou u er bezwaar tegen hebben als uw doorgestuurde glucosewaarden op een 
centraledatabase worden opgeslagen? 
Erg veel bezwaar Totaal geen bezwaar 

o o o o o 

30. Wat zou op dit moment uw voorkeur hebben als manier om uw glucosewaarden 
te bekijken? (meerdere antwoorden mogelijk) 

[] Een tabel met alle glucosewaarden(zoals in een diabetesdagboekje) 
o Een grafiek met alle glucosewaarden 
D Een tabel met de hoeveelheid gespoten insuline 
D Een grafiek met de hoeveelheid gespoten insuline 
D Een tabel met mijn gewicht 
D Een grafiek met mijn gewicht 
D De mogelijkheid om mijn HbA 1 c in te voegen 
D Andere tabellen of grafieken, nl: 

31. Heeft u nog andere opmerking aangaande het eerste deel van deze vragenlijst? 

Einde van deel 1 van de vragenlijst. 
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Hier begint deel 2 van de vragenlijst. 

Onderstaande vragen gaan over de meter die u hebt gekregen en over de test die u 
zojuist heeft gedaan. 

31. Hoe zou u de grootte van de meter beoordelen? 
[J Te klein 

Klein 
o Goed 
o Groot 
o Te groot 

32. Hoe zou u de grootte van de cijfers van de meter beoordelen? 
o Te klein 
o Klein 
o Goed 
o Groot 
o Te groot 

33. Hoe zou u het verbinden van de computer en de meter met behulp van de kabel 
beoordelen? 

o Erg makkelijk 
o Makkelijk 
o Neutraal 
o Moeilijk 
o Erg moeilijk 

34. Hoe zou u het verzenden van de glucosewaarden van de meter naar de 
computer beoordelen? 

o Erg makkelijk 
o Makkelijk 
o Neutraal 
o Moeilijk 
o Erg moeilijk 

35. Hoe zou u het opslaan van de glucosewaarden op de computer beoordelen? 
o Erg makkelijk 
o Makkelijk 
[J Neutraal 
[J Moeilijk 
o Erg moeilijk 
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36. Hoe zou u het verzenden van de glucosewaarden van de computer naar de 
zorgverlener beoordelen? 

o Erg makkelijk 
o Makkelijk 
o Neutraal 
o Moeilijk 
o Erg moeilijk 

37. Het terugvinden van mijn gegevens op de pc ging: 
o Erg makkelijk 
o Makkelijk 
o Neutraal 
o Moeilijk 
o Erg moeilijk 

38. Het interpreteren van de gegevens op de pc vond ik: 
o Erg makkelijk 
o Makkelijk 
o Neutraal 
[J Moeilijk 
[J Erg moeilijk 

39. In hoeverre is aan uw verwachtingen over de meter en de software voldaan? 
Erg voldaan Totaal niet voldaan 

o o o o o 

40. Kunt u aangeven op welke punten niet is voldaan aan uw verwachtingen? 

41. Heeft u nog andere opmerking aangaande deze vragenlijst of de meter die u kwijt 
wilt? 

Dit is het einde van de vragenlijst. 

Hartelijk dank voor het invullen. 
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Appendix IV: Principal Component Analysis 

Table 28 Rotated component matrix for male diabetes patients 

Component 
1 2 3 

Age (1=1960-1950, 2=1949-1940, 3=1939-1930, 
4=1929-1920, 5=before 1920, 6=after 1960) 

Type of diabetes (1 =type 1, 2=type 2) 

Nr of measurements per week (1 =1-3, 2=4-7, 3=8-14, 
4=>14) 

Data save in journal (1 =yes, 2=no) 

Frequency of data sent to care giver (1 =< 1 p/mth, 
2=1 p/mth, 3=2 p/mth, 4=3-4 p/mth, 5=>4 p/mth) 

Total computer experience 

Interest in data save at home pc (1 =very interesting, 
5=not interesting) 

Total interest in services 

Maximum payment per month for service (1 =€ 0, 2=€ 
0-5, 3=€ 5-10, 4=€ 10-15, 5=€>15) 

,779 ,365 

,789 ,114 

-,857 -,140 

,054 -,097 

-,168 -,667 

-,845 -,141 

,752 ,389 
~~ 

,286 ,800 

-,135 -,795 

Objection against central database (1 =very much obj., -,107 
2=no obj.) ,095 

,026 

,028 

,209 

-,014 

,419 

,323 

-,187 

-,053 

-,415 

,894 

4 

,010 

-,354 

-,317 

,913 
-

,136 

-,051 

,134 

-,199 

,047 

,111 

Interpretation of data (1 =very easy, 2=easy, 
3=neutral, 4=hard, 5=very hard) 

,246 ,231 -,798 ,244 

Difficulty of actions with software 

Extraction Method: Pnnclpal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization. 
Rotation converged in 5 iterations. 

,371 ,769 -,200 ,310 

XI 



Table 29 Rotated component matrix tor temale diabetes patlents 

Age (1=1960-1950, 2=1949-1940, 3=1939-1930,4=1929-
1920, 5=before 1920, 6=after 1960) 

Type of diabetes (1 =type 1, 2=type 2) 

Nr of measurements per week (1 =1-3, 2=4-7, 3=8-14, 
4=>14) 

Data save in journal (1 =yes, 2=no) 

Total computer experience 

Interest in data save at home pc (1 =very interesting, 5=not 
interesting) 

Total interest in services 

Maximum payment per month for service (1 =€ 0, 2=€ 0-5, 
3=€ 5-10, 4=€ 10-15, 5=€>15) 

Objection against central database (1 =very much obj., 2=no 
obj.) 

Interpretation of data (1 =very easy, 2=easy, 3=neutral, 
4=hard, 5=very hard) 

Difficulty of actions with software 

Extraction Method: Prmclpal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization. 
Rotation converged in 6 iterations. 

XII 

Component 
1 2 3 

,798 -,073 ,155 

,700 -,027 -,518 

-,815 -,104 ,183 

,095 ,491 ,063 

-,837 -,122 -,382 

,582 ,494 -,229 

,219 ,577 -,338 

,153 -,678 -,006 

-,076 -,071 ,641 

,019 ,655 ,404 

,328 ,386 ,664 



T bi 30 Rtt d a e oae t t· f t ld· b t f t componen ma rlX or [ype la e es pa len s 

Gender (1 =male, 2=female) 

Age(1=1960-1950, 2=1949-1940, 3=1939-1930, 
4= 1929-1920, 5=before 1920, 6=after 1960) 

Nr of measurements per week (1 =1-3, 2=4-7, 3=8-
14,4=>14) 

Data save in journal (1 =yes, 2=no) 

Frequency of data sent to care giver (1 =< 1 p/mth, 
2=1 p/mth, 3=2 p/mth, 4=3-4 p/mth, 5=>4 p/mth) 

T otal computer experience 

Interest in data save at home pc (1 =very 
interesting, 5=not interesting) 

Total interest in services 

Maximum payment per month for service (1=€ 0, 
2=€ 0-5, 3=€ 5-10, 4=€ 10-15, 5=€>15) 

Objection against central database (1 =very much 
obj., 2=no obj.) 

Interpretation of data (1 =very easy, 2=easy, 
3=neutral, 4=hard, 5=very hard) 

Difficulty of actions with software 

Extraction Method: Pnnclpal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization. 
Rotation converged in 14 iterations. 

XIII 

1 

,840 

,653 

,017 

·,549 

-,450 

·,767 

,310 

-,255 

-,075 

,165 

,273 

,641 

Component 
2 3 4 

,046 ,126 -,035 

-,118 -,209 -,001 

-
-,139 ,891 ,006 

,081 -,376 ,157 
I 
I 

-,364 ,137 ,614 

-,361 ,427 -,124 

,782 -,144 -,021 

,435 ,437 ·,592 

,373 ,078 ,824 
--

·,804 ,256 -,078 

,380 ·,700 -,150 

,267 -,265 -,313 



Table 31: R . f otated component matrix or type 11 d' b la etes patlents 

Gender (1 =male, 2=female) 

Age (1=1960-1950, 2=1949-1940, 3=1939-1930, 
4= 1929-1920, 5=before 1920, 6=after 1960) 

Nr of measurements per week (1 =1-3,2=4-7,3=8-
14,4=>14) 

Data save in journal (1 =yes, 2=no) 

Hrs computer use at home per week (1 =0-1 hr, 
2=1-2 hr 3=2-3 hr 4=3-4 hr 5=>4 hr) , , , 

Perceived PC Knowledge (1 =excellent, 2=good, 
3=fairly, 4=moderate, 5=bad) 

Interest in data save at home pc (1 =very 
interesting, 5=not interesting) 

T otal interest in services 

Maximum payment per month for service (1 =€ 0, 
2=€ 0-5, 3=€ 5-10, 4=€ 10-15, 5=€>15) 

Objection against central database (1 =very much 
obj., 2=no obj.) 

Interpretation of data (1 =very easy, 2=easy, 
3=neutral, 4=hard, 5=very hard) 

Difficulty of actions with software 

Extraction Method: Pnnclpal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization. 
Rotation converged in 7 iterations. 

XIV 

1 

,112 

,824 

-,893 

,646 
-

-,544 

,482 

,476 

,151 

-,282 

-,029 

-,088 

,440 

Component 
2 3 4 

,138 ,161 ,815 

,260 ,213 -,027 

-,118 -,201 -,005 

-,047 -,133 -,298 

-,106 -,748 -,073 

,474 ,456 ,091 

,588 ,388 -,140 
--

,555 ,042 -,729 

-,173 -,176 ,791 
,-

-,015 ,938 -,034 

,881 -,135 -,008 

,767 ,230 -,177 



Table 32: Rotate d component matrix or la etes patlents . f d· b 

Gender (1 =male, 2=female) 

Type of diabetes (1 =type 1, 2=type 2) 

Nr of measurements per week (1 =1-3, 2=4-7, 3=8-
14,4=>14) 

Data save in journal (1 =yes, 2=no) 

Frequency of data sent to care giver (1 =< 1 p/mth, 
2=1 p/mth, 3=2 p/mth, 4=3-4 p/mth, 5=>4 p/mth) 

T otal computer experience 

Interest in data save at home pc (1 =very 
interesting, 5=not interesting) 

T otal interest in services 

Maximum payment per month for service (1 =€ 0, 
2=€ 0-5, 3=€ 5-10, 4=€ 10-15, 5=€>15) 

Objection against central database (1 =very much 
obj., 2=no obj.) 

Interpretation of data (1 =very easy, 2=easy, 
3=neutral, 4=hard, 5=very hard) 

Difficulty of actions with software 

Extraction Method: Pnnclpal Component Analysis . 
Rotation Method: Varimax with Kaiser Normalization. 
Rotation converged in 13 iterations. 

xv 

b b orn etween 1950 d 1960 an 

Component 
1 2 3 4 

-,051 -,056 ,904 ,064 
- -

-,115 ,039 -,084 -,907 

,814 -,229 ,232 -,015 
- -

-,217 ,328 -,392 ,558 
--

,353 ,645 -,417 ,068 

,697 -,066 -,465 ,214 

-,685 -,013 ,361 ,339 

-,104 -,818 -,457 ,019 

-,359 ,749 -,198 ,023 
~ -

,821 ,135 ,135 ,124 

-,741 -,133 ,295 ,271 

-,392 -,475 ,409 ,502 



Table 33 Rotated component matrix for diabetes patients born between 1940 and 1949 

Gender (1 =male, 2=female) 

Type of diabetes (1 =type 1, 2=type 2) 

Nr of measurements per week (1 =1-3, 2=4-7, 3=8-
14,4=>14) 

Data save in journal (1 =yes, 2=no) 

Hrs computer use at home per week (1=0-1 hr, 
2=1-2 hr, 3=2-3 hr, 4=3-4 hr, 5=>4 hr) 

Perceived PC Knowledge (1=excellent, 2=good, 
3=fairly, 4=moderate, 5=bad) 

Interest in data save at home pc (1 =very 
interesting, 5=not interesting) 

Total interest in services 

Maximum payment per month for service (1 =€ 0, 
2=€ 0-5, 3=€ 5-10, 4=€ 10-15, 5=€>15) 

Objection against central database (1 =very much 
obj., 2=no obj.) 

Interpretation of data (1 =very easy, 2=easy, 
3=neutral, 4=hard, 5=very hard) 

Difficulty of actions with software 

Extraction Method: Pnnclpal Component Analysis . 
Rotation Method: Varimax with Kaiser Normalization. 
Rotation converged in 26 iterations. 

XVI 

Component 
1 234 

-,249 -,193 ,862 -,276 

-
,848 ,365 -,182 -,126 

-,870 -,100 ,196 -,160 

,367 -,027 -,103 ,838 

-,166 -,330 -,796 -,135 
-

,713 ,018 ,340 ,432 

,434 ,776 ,270 ,013 

,053 ,894 -,188 ,081 
~--

,211 -,579 ,188 -,615 

-,351 -,050 ,628 ,432 

,240 ,630 ,329 ,177 

,049 ,341 ,397 ,701 



T . ~ able 34: Rotated component matrix or diabetes patients born b etween 1930 and 1939 

Gender (1 =male, 2=female) 

Type of diabetes (1 =type 1, 2=type 2) 

Nr of measurements per week (1=1-3,2=4-7,3=8-
14,4=>14) 

Data save in journal (1 =yes, 2=no) 

Hrs computer use at home per week (1=0-1 hr, 
2=1-2 hr, 3=2-3 hr, 4=3-4 hr, 5=>4 hr) 

Perceived PC Knowledge (1 =excellent, 2=good, 
3=fairly, 4=moderate, 5=bad) 

Interest in data save at home pc (1 =very 
interesting, 5=not interesting) 

Total interest in services 

Maximum payment per month for service (1 =€ 0, 
2=€ 0-5, 3=€ 5-10, 4=€ 10-15, 5=€>15) 

Objection against central database (1 =very much 
obj., 2=no obj.) 

Interpretation of data (1 =very easy, 2=easy, 
3=neutral, 4=hard, 5=very hard) 

Difficulty of actions with software 

Extraction Method: Pnnclpal Component Analysis . 
Rotation Method: Varimax with Kaiser Normalization . 
Rotation converged in 6 iterations. 

XVII 

Component 
1 2 3 

-,159 -,885 ,014 

-,706 ,391 ,406 
-

,362 -,124 -,733 

-,009 ,188 ,291 

,911 -,003 -,273 

,006 ,002 ,762 

-,514 ,764 ,201 

-,278 ,869 ,166 

-,232 -,464 -,639 

-,214 -,025 ,088 
I- -

,856 -,110 ,422 

,363 ,197 ,159 

4 

,047 

-,311 

,267 

-,841 

-,214 

,426 

,148 

-,068 

,187 

,803 

,029 
-

,562 



Table 35 Rotated component matrix tor the control group 

Gender (1 =male, 2=female) 

Hrs computer use at home per week (1 =0-1 hr, 2=1-2 hr, 3=2-3 hr, 
4=3-4 hr, 5=>4 hr) 

Hrs computer use at work per day (1=0-1 hr, 2=1-2 hr, 3=2-3 hr, 
4=3-4 hr, 5=>4 hr) 

Perceived PC Knowledge (1 =excellent, 2=good, 3=fairly, 
4=moderate, 5=bad) 

Connecting meter to pc (hardware) (1 =very easy, 2=easy, 
3=neutral, 4=hard, 5=very hard) 

Difficulty of actions with software 

Extraction Method: Prmclpal Component Analysis. 
Rotation Method: Varimax with Kaiser Normalization. 
Rotation converged in 3 iterations. 

XVIII 

Component 
1 2 

,608 -,300 

-,764 -,015 

-
,342 ,755 

,240 -,733 

,806 ,192 

-,526 ,443 




