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Objective: The objective in this study was to evaluate a web-based type 2 diabetes self-management
education programme aimed at improving knowledge, encouraging active patient participation and
providing supportive self-management tools.

Methods: (1) An effect evaluation was conducted using a randomized controlled trial with a pre-test and
post-test design (n=99) and a knowledge questionnaire. (2) A user evaluation was conducted using an

{)(exwordsc:l . online questionnaire (n = 564) and one-on-one interviews (n = 11) to examine the perceived quality, use
l(zt(;e\;z;gg:catlon of functionalities and use of the programme as a supportive tool in education.

Results: The effect evaluation showed a significant intervention effect (p < 0.01) on knowledge. The user
evaluation showed high satisfaction with the programme’s content, credibility and user-friendliness.
However, functionalities and self-management tools were used by less than half of the participants.

Self-management
Diabetes mellitus

Internet
Evaluation Conclusion: The programme can improve knowledge, but it is not fully used as intended. A more optimal
Intervention use of the programme is necessary for higher efficacy.

Practice implications: The use of mostly spoken text instead of written text was highly appreciated and
could be used more often for educational websites. Furthermore, health care practitioners need support

in implementing new educational programmes during consultations.

© 2011 Elsevier Ireland Ltd. Open access under the Elsevier QA license

1. Introduction

Diabetes type 2 (DM2) is a chronic condition with a fast
increasing prevalence. The WHO estimated a rise of the total
number of people with DM from 171 million in 2000 to 366 million
in 2030 [1], of which approximately 90% will have DM2. Self-
management is a complex but essential component of the
management of chronic illnesses such as diabetes, since it can
limit the impact of chronic illness on patient and societal level [2-
5]. Several studies indicate that patients experience difficulties
with self-management [6-8] and together with the increase in the
number of diabetic patients the demand on the health care system
and health care professionals (HCPs) increases. Therefore, to limit
the consequences of the ‘diabetes epidemic’, supportive tools for
adequate self-management are urgently needed.
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The first prerequisite for self-management is that patients have
enough knowledge to make informed decisions [8-10] and to work
together with their HCPs [11,12]. Studies have shown that
knowledge, preparation for consultations, active patient partici-
pation during consultations, lifestyle changes, and patients’
involvement in goal setting are important requirements for self-
management [13-16].

Although these different valuable strategies are known,
education materials in DM2 care in the Netherlands primarily
consist of written materials, mostly focused on didactic teaching.
Moreover, different organizations and companies distribute
different education materials through HCPs. To our knowledge,
there was no nation-wide programme in the Netherlands that
could be used by different HCPs and also by patients with DM2 that
provided information and tools for self-management, could be
used at their convenience and that was adaptive to specific needs.

Reviews of previous studies on self-management education
programmes have shown that educational interventions often
consist of face-to-face education in both one-on-one and group
sessions [17-19]. Although these interventions may be effective in
improving patients’ understanding of diabetes, they do not relieve
HCPs’ workload. Internet and information technology offer
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opportunities for diabetes education and care and this technology
is becoming increasingly important because of the advantages of
the Internet and because of trends in diabetes care [20]. Patients
want to be engaged in health care decisions and outcome
monitoring [21,22], which is possible through the widespread,
low-cost Internet access that is erasing geographic, economic and
demographic barriers. Moreover, the number of people using the
Internet for information about health is growing [23], websites are
available at any moment, interactive features can be applied and
information can be tailored to individual needs [20]. Boren and
colleagues reviewed 21 computerized learning technology inter-
ventions that can empower patients in the self-management of
diabetes and support diabetes education over a distance. They
distinguished three approaches: assessment and instructions,
assessment with individual counselling and feedback, and games
or simulation [24]. Most evidence showed advantageous effects of
these computerized interventions on immediate outcomes (learn-
ing); less evidence was found for long-term outcomes (health
status). The research area of the Internet and information
technology is relatively young, and the benefits and applicability
in daily practice need further exploration.

To support patient education and thereby self-management, we
developed a web-based education programme (Diabetes Interac-
tive Education Programme; DIEP) for patients with DM2. DIEP was
developed in close cooperation with potential users and is based on
national guidelines for diabetes care. The programme aims to (a)
increase understanding of DM2; (b) encourage active patient
participation; and (c) provide tools to support adequate self-
management. A separate article has been published about the
developmental process (based on intervention mapping [25]) and
content of DIEP [26], but a short description of DIEP can be found
below.

The current article describes two evaluations that were
performed in different samples. (1) An effect evaluation was done
to determine whether the DIEP Internet-based education pro-
gramme has the potential to increase DM2 knowledge. The efficacy
of DIEP depends on the use of the programme and its functionali-
ties by HCPs and patients, and on how well it fits the needs and
preferences of the HCPs and patients. Therefore, (2) a user
evaluation was performed among patients and HCPs to assess
the programme’s perceived quality, the use of functionalities and
the use of DIEP as a supportive tool in education.

1.1. www.DIEP.info

To increase understanding of DM2, DIEP gives an overview of
DM2 in seven chapters, see Table 1. Information is provided on
different levels: basic information (e.g. where insulin is produced)
and additional information (e.g. relation between insulin and
blood glucose). Each chapter closes with questions to the patient,
e.g. ‘What is your strategy to prevent hypoglycaemia?’ The
information is mostly presented in spoken language, supported
by headlines, images, video and real patient experiences on
different topics.

Table 1
Knowledge scale topics.

Chapter Number of items

Background information about DM 5
Hyperglycemia (consequences & treatment)
Diabetes and lifestyle

Treatment & management of the disease
Hypoglycemia

Blood glucose monitoring

Living with diabetes (managing specific situations)

NN WU o

Total 29

Besides chapters with information, the following additional
tools are added to encourage patient participation and support
adequate self-management: Each chapter has a workbook where
patients can register the information they have consumed and note
down questions they would like to discuss with the HCP. This
workbook also provides goal setting forms for detailed self-
management plans and checklists on specific self-management
behaviours, e.g. foot care.

2. Methods
2.1. Study 1: effect evaluation

2.1.1. Design

In a randomized controlled trial with a pre-test (TO) and one
post-test after two weeks (T1) participants were allocated to the
experimental group (A), the control group (B) or the post-test only
control group (C). The latter was included to assess possible test
effects of completing the pre-test on post-test knowledge scores.
Only the experimental group (A) had access to DIEP for two weeks.
Both control groups received access after the post-test.

2.1.2. Participants and procedures

Patients with DM2 were recruited through an announcement in
a free DM magazine, in local door-to-door papers and on two
websites, where patients were informed that they could email for
more information. After informed consent was obtained, patients
were allocated to one of the three groups. Inclusion criteria were
diagnosis of DM2 and age 40-70. Patients were excluded from
participation if they already used DIEP. The questionnaires were
sent by email and participants in the experimental group (A)
received a login code for DIEP. The ‘number of website visits’ and
‘total time spent on the website’ were registered.

2.1.3. Knowledge questionnaire

We developed a new knowledge questionnaire because to our
knowledge there was no validated questionnaire applicable to the
Dutch situation. The questionnaire was based on the content of
DIEP, see Table 1, and contained 29 multiple-choice knowledge
items with three options, only one of which was correct (values:
1 = correct, 0 = incorrect). Knowledge scores were calculated by
summing all item scores with a maximum of 29. Both theoretical
knowledge and practical knowledge were measured, see Table 2.
Furthermore, additional information was obtained about sex, age,
educational level, time since diagnosis and medical treatment.

The reproducibility of our knowledge questionnaire was
determined by assessing the agreement (Intraclass Correlation
Coefficient; two-way random model with participants and
moments of measurement as random factors) and reliability
(Pearson’s r; test-retest method) using pre-test and post-test scores
of the control group (B). Both, ICCagreement and Pearson’s r were
0.85, p < 0.001, indicating high reproducibility. Furthermore, an
indicator of construct validity was the expected relationship
between baseline scores and educational levels (B=0.315;
p=0.002) and time since diagnosis (8 =0.215; p =0.027) rather
than between baseline scores and age or gender [27].

2.1.4. Data analysis

Independent-sample t-tests and logistic regression analyses
were used for attrition analysis. To test whether randomization
was successful, Chi-square, one-way ANOVAs and independent-
sample t-tests were used. An independent-samples t-test (between
the two control conditions) was used to assess whether the pre-
test had an effect on post-test knowledge scores. A multiple linear
regression analysis was used to examine the relation between
demographic characteristics and baseline knowledge scores.
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Table 2
Examples of practical and theoretical knowledge questions.

Theoretical knowledge Practical knowledge

Eating foods lower
in fat decreases
your risk for

Imagine you are at a birthday
party and you drink two glasses
of red wine. Your blood
glucose initially will

(a) increase

(b) decrease

(c) stay the same

(a) nerve disease
(b) kidney disease
(c) heart disease

Within-group analyses on knowledge were conducted using a
paired t-test. The efficacy of the intervention was further tested
with a multiple linear regression analysis. The significance of the
effects is reported (p < 0.05) as well as the magnitude of the effect
size (Cohen’s d) [28].

To determine if a relation exists between ‘total time spent on
the website’ and ‘change in knowledge’, a Spearman correlation
analysis was done because ‘total time spent’ was not distributed
normally.

Participants with an outlying (outside three standard devia-
tions from the mean) ‘total time spent on the website’ or ‘number
of website visits’ were excluded from the analyses with these
variables.

2.2. Study 2: user evaluation

An online questionnaire was used for the user evaluation. More
explanatory information was obtained in eleven semi-structured
one-on-one interviews.

2.2.1. Participants and procedures

All DIEP visitors were asked to fill in an online questionnaire
when they closed the programme. Only the data of visitors with
DM2 were included in the analyses. The questionnaire was
available for two years (July 2006-July 2008).

For the interviews, patients with DM2 as well as HPCs (nurse
practitioners and diabetes nurses) using DIEP were approached.
HPCs were included because optimal use of DIEP as an education
tool partly depends on the use by HCPs. The snowball method was
used for recruitment; a HCP working with DIEP was asked to name
other HCPs working with DIEP, and HCPs were asked to recruit
patients. Informed consent was obtained prior to the interviews.

2.2.2. User evaluation measurements

The online questionnaire consisted of mostly multiple-choice
questions, addressing the perceived quality of the website and the
use of functionalities. Table 3 gives an overview of the number of

items per topic and examples of questions. Open-ended questions
were used for (a) clarification of information lacking in the
programme and (b) suggestions for improving the programme.
For the interviews, a topic guide was generated based on
previous research on quality aspects of websites [29-32]. The main
topics were (a) programme content; (b) user-friendliness and
programme features; and (¢) programme goals (see Table 4).

2.2.3. Data analysis

Concerning the online questionnaire, logistic regression analyses
were used to analyze the relationship between the use of
functionalities and demographics.

The interviews were all tape-recorded and transcribed verbatim.
An analysis was conducted on the original transcripts, facilitated
by using QSR NVivo 2.0.

3. Results
3.1. Study 1: results of the effect evaluation

3.1.1. Response, baseline characteristics and test effect

The majority (87%) of people that wanted more information
about this study (n=190) gave informed consent (n=166).
Thirteen participants were excluded from all analyses because
they had already used the website before the study. Nine
participants dropped out before the start of the study (no data
available), and another nine before the post-test (experimental
group (A) n=7; control group (B) n=2).

There were no significant differences in gender, age, BMI, time
since diagnosis, educational level or baseline knowledge score
between the three groups. Table 5 gives a description of the
participants’ characteristics (n = 135). Participants with a longer
time since diagnosis (8 =0.215; p = 0.027) or a higher educational
level (8 =0.315; p=0.002) had a higher baseline knowledge score
than participants with a shorter time since diagnosis or a lower
educational level. Baseline knowledge did not depend on age or
gender.

No test effects on knowledge scores were found when the post-
test knowledge scores of the control group (B) were compared with
the post-test only control group (C) (t =0.01; df=90; p = 0.99).

3.1.2. Intervention effects
Within the experimental group (A), post-test knowledge scores
were significantly higher compared to the baseline (p < 0.05;
ES = 0.40). No changes were observed in the control group (B).
Compared to the control group (B), the experimental group (A)
had higher knowledge scores on T1 (8 = 0.18) with adjustment for
knowledge at TO. This difference did not change after adjustment

Table 3
User evaluation online questionnaire topics.
Topic Number of Example
items
Content 5 How satisfied are you with the information you have found?
(a) very satisfied, (b) satisfied, (c) not satisfied or unsatisfied,
(d) unsatisfied, (e) very unsatisfied
User-friendliness 4 What do you think of the website’s user-friendliness?
(a) very good, (b) good, (c) not good or bad, (d) bad, (e) very bad
Use of sound 2 Do you have the sound turned on when you visit the website?
(a) yes, (b) no, (c) no, because my computer has no sound
Use of functionalities 4 Have you ever looked at the additional information? (a) yes, (b) no
Revisit 2 Are you planning to revisit the website? (a) yes, (b) no
Suggestions 1 Do you have suggestions for improving the website?
Background info (demographics, duration 4 -

of DM2, website visit)

Total 22
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Table 4
Examples of one-on-one interview questions.

Topic Example

Programme content What is your opinion about the content

of the website?

What information could you not find?

What do you think about the user-friendliness
of the website?

What do you think could be improved?

What do you think the website’s goal is?

Do you think that these goals are achievable?

User-friendliness

Programme goals

for age, gender, educational level and time since diagnosis, see
Table 6. The effect of the group on knowledge was medium with an
ES of 0.54 [33]. Furthermore, older participants had a lower post-
test knowledge score than younger participants. The group x age
interaction effect was not significant.

Within the experimental group (A), the mean number of
website visits was 3.56 (SD = 2.66) and the total time spent on the
website was 58 min on average (SD=56.08). The correlation
between total time spent on the website and increase in
knowledge was not significant (p=0.42). Furthermore, there
was no significant relation between total time spent on the
website and baseline knowledge, sex, age, educational level and
time since diagnosis.

3.2. Study 2: results of user evaluation

3.2.1. Participants

Online questionnaire. Of the 3961 people asked to participate,
3122 refused and 275 were excluded from further analysis, because
they were not patients with DM2. Finally, 564 patients were
included in this study. The average age was 57 years (SD = 9.96), see
Table 5 for a description of participants’ characteristics.

For 84% of the participants, it was their first visit to DIEP. Most
participants (61%) were advised to visit DIEP by their HCP and 23%
had heard of this website and were curious. Another 10% had
specific questions about DM2. Almost all (99%) participants
intended to revisit DIEP.

Interviews. Six HCPs and five patients were interviewed. Three
HCPs had been using DIEP for several months, the other three for
longer than one year. Two patients had also used DIEP for longer

Table 5
Participants characteristics of the effect evaluation and online user evaluation.

than one year, two had used it for a couple of months and one
patient had only recently been introduced to DIEP.

3.2.2. Evaluation of the programme

Content. The respondents to the questionnaire evaluated the
content of DIEP positively; 85% found all the information they were
looking for. Furthermore, 94% was satisfied or very satisfied with the
information, 91% acquired new knowledge by visiting DIEP and 99%
reported that DIEP was interesting in general. All respondents
regarded the DIEP information as credible. Critical notes were made
about it being difficult finding information on medication and on
certain aspects of diet. Moreover, participant mentioned that the
amount of information about diet should be increased. The
interviews mainly supported these outcomes on satisfaction with
content, although some participants would like to see more specific
information (e.g. specific diets). Furthermore, all interview partici-
pants estimated the content as credible. Some participants said that
they found it reliable because of the involvement of an academic
hospital. Almost half of the participants perceived the content as up
to date; the other participants said this was difficult to assess.

User-friendliness. Almost all (98%) respondents to the question-
naire described user-friendliness as good to very good. Further-
more, all respondents agreed that the chapter division is clear and
95% reported that it was easy to very easy to navigate through
DIEP. Almost all (96%) respondents answered that the language use
was good. Participants in the interviews explicated that the use of
colours in the website contributed to the clarity of the programme,
and that the illustrations helped to understand the information.
The distinction between basic information and additional infor-
mation was highly appreciated and according to HCPs, it protects
patients from information overload.

Use of sound. Of the respondents to the questionnaire, 91% was
pleased to very pleased by the information being delivered in
spoken text. Some respondents would like to be able to import
their medical information. Data from the interviews showed that
most participants (patients as well as HCPs) strongly appreciated
the spoken text, although HCPs did not know how to switch off the
sound while using the programme during their consultations.

Use of functionalities. Of the respondents to the questionnaire,
41% used the search function, 28% answered the questions at the
end of a chapter, 60% looked at the additional information and 13%

Variable Effect evaluation User evaluation
Exp group (A) (n=43) Control group (B) (n=56) Control group (C) (n=36) (n=564)

Sex; % female 56 48 53 40
Mean age 56 (£7) 56 (£7) 59 (+6) 57 (+10)
Educational level

% Low 35 43 25 34

% Middle 35 30 28 38

% High 30 27 47 24
Time since diagnosis

% <2 years 19 21 31 44

% 2—4 years 16 27 14 20

% >4 years 65 52 55 36
Treatment

% None 7 4 0 -

% Oral medication 56 70 61 -

% Insulin 23 9 14 -

% Oral med. & insulin 14 18 25 -

Baseline knowledge score®
Post-test knowledge score®

24.56 (+£2.38)
25.26 (£2.11)°

24.50 (+£2.84) - -
2429 (+£2.96)

2428 (+£3.18) -

+=SD.
4 Maximum score =29.
b Significant improvement within group (A).
¢ No significant change within control group (B).
No significant baseline differences between group A, B and C were found.
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Table 6

Results of linear regression on knowledge at post-test (n=99).
Variable B p
Group 0.18 0.005
Knowledge TO 0.79 0.000
Sex —-0.03 0.611
Age -0.13 0.047
Educational level —0.04 0.583
Time since diagnosis 0.04 0.505

R?=0.67.

had printed out spoken text at least once. There was no influence of
age or time since diagnosis on the use of these functionalities.
However, men were more likely to look at the additional
information than women (55% versus 64%, OR=1.508; 95%
Cl=1.02-2.20; p < 0.05), and respondents with a low educational
level were less likely to answer questions at the end of a chapter
than respondents with a middle (OR = 1.884; 95% CI = 1.19-2.99;
p <0.05) or high (OR=1.824; 95% CI=1.09-3.06; p < 0.05)
educational level, at 20% versus 33% and 31% respectively. Of
the participants of the interviews, only two HCPs used the
workbook intensively and the other four only distributed work-
books to their patients. Only two patients used the workbook to
write down their questions to discuss these with their HCP.

Programme goals. Regarding the intended goals of DIEP (to
improve self-management and encourage patient activation),
three HCPs said that DIEP can improve self-management, and
after probing another two agreed. However, DIEP was primarily
seen as an additional information tool in education. Several HCPs
argued that on its own DIEP is not sufficient to achieve better
contact and better self-management; individual contact remains
crucial. According to patients, DIEP’s main goal is to provide
information. And according to three patients, the website
contributes to problem solving. All patients shared the view,
when specifically asked, that the website can potentially improve
communication and self-management.

4. Discussion and conclusion
4.1. Discussion

We investigated whether an Internet-based education pro-
gramme has the potential to contribute to self-management by
improving knowledge in patients with DM2. Even though baseline
knowledge scores were relatively high and the programme was
only made available to participants for two weeks, we found a
positive intervention effect due to a significant improvement of
knowledge scores in the experimental group (A). The relatively
high baseline scores could be explained by the fact that more than
half of all participants had had diabetes for over four years. It is
likely that these participants already received DM education as
part of their treatment. Our knowledge questionnaire might have
been relatively easy for the participants. Although theoretically,
patients with recently diagnosed diabetes or patients with a low
educational level may benefit most from the programme because
they had the lowest baseline scores, we did not find a higher
increase in knowledge among these patients. Improvements in
knowledge were independent of the total time spent on the
website, indicating beneficial effects even after viewing only a
small part of the total programme.

The importance of educating patients for a better understand-
ing of the disease has been stressed earlier [34]. Puder and
colleagues emphasized the necessity of education to enable
patients to make informed choices concerning health-related
behaviour and to implement a self-care plan with individual goals
[35]. We believe, therefore, that DIEP can contribute to better self-

management by increasing knowledge about DM2. Conversely, the
relevance of knowledge as an outcome of patient education has
been disputed [36]. Knowledge may not directly lead to better self-
management, but patients with chronic conditions need sufficient
understanding of the disease to make day-to-day decisions about
their illness [8,10,17,37].

In addition to the effect evaluation, we assessed the perceived
quality of the programme, the use of its functionalities and the use
of DIEP as a supportive tool in education in a second study by
means of a questionnaire and interviews. The majority of
participants evaluated the quality of the programme positively;
they were satisfied with the content, the design and user-
friendliness. Also, the spoken text was highly valued. We believe
that this rather unique aspect of the programme has contributed to
the positive evaluation. The results were supported by the fact that
almost everyone expressed the intention to revisit the website.
Useful suggestions were to extend the information, especially
about diet and to make it easier for HCPs to turn off the sound.

Although the programme was positively evaluated, only a
minority used the functionalities as intended, including the
workbook. Furthermore, according to HCPs and patients the
programme is primarily an informative education tool, and no use
is made of the self-management supporting features. However,
after probing, participants recognized the capacity of the
programme to improve communication and self-management.
We hypothesize that if the functionalities are used more efficiently,
by both patients and HCPs, the efficacy of DIEP might increase. For
example, if workbooks are used for goal setting and discussed with
HCPs, this might help patients achieve self-management goals
[17,38,39].

HCPs had difficulties recruiting patients to participate in the
one-on-one interview, often because they did not know whether a
patient had worked with DIEP or not. HCPs admitted that they only
pointed out the existence of the programme to some patients,
indicating the absence of structural use of DIEP during consulta-
tions. For optimal efficacy, a more adequate implementation and
use of the programme is necessary. An active role of HCPs is
required for a better implementation; self-management beha-
viours as outcome measures for evaluating DIEP may then become
relevant.

The present study has some limitations. Self-management
outcomes were not measured because no improvements could
be expected since the experimental group had only had access to
the programme for two weeks. Future research should investi-
gate the long-term effects of DIEP on self-management.
Furthermore, in diabetes care, education is an ongoing process
in which patients should have access to education at their
convenience. The short access period, together with the high
baseline scores may have led to the limited (+0.7), but
significant, increase in knowledge. Another limitation is the
number of interviews for the user evaluation. However, these
interviews with patients and HCPs were used to obtain more
explanatory information in addition to the information from the
online questionnaire among patients. The high number of non-
responders to the user evaluation questionnaire, on which we
have no data, should be taken into account in the interpretation
of the results. The low acceptance rate in this particular study
may have been caused by the fact that patients were asked to
participate after they had decided to exit the programme. It is
likely that people who appreciated our programme were more
likely to participate in our study than people who were
dissatisfied with the programme which may have led to an
overestimation of the appreciation of our programme. However,
because of the large number of participants (n = 564) we believe
our evaluation is valuable, especially the part of the evaluation
about the use of the programme.
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Despite these restrictions and the limited effects on knowledge,
this web-based education tool has high potential. The perceived
high quality of DIEP is not only shown in the current study, but also
by reactions from people in the field of diabetes care in the
Netherlands. After being nominated by representatives of inter-
nists, general practitioners, diabetes nurses and patients with
DM2, DIEP won the 2005 quality award for diabetes care.
Furthermore, in 2006 the Netherlands Institute for Health
Promotion and Disease Prevention assessed the quality of diabetes
education materials in the Netherlands and described DIEP as a
highly promising tool [40].

4.2. Conclusion

DIEP can improve knowledge and, thereby, has the potential to
contribute to self-management. Furthermore, participants were
highly satisfied with the content, credibility and user-friendliness
of the programme. However, the programme is merely seen as an
information tool instead of an education tool that offers the
opportunity to encourage patient activation and self-management
and therefore needs a better implementation plan.

Online education is easily accessible, can be interactive and can
be adapted to individual characteristics based on, for example,
learning needs or educational level [41,42]. DIEP could be further
developed into a more comprehensive source, with more interac-
tive features and tailored information.

4.3. Practice implications

e Participants appreciated the spoken text instead of only written
text. Educational websites could use this Internet option more
often.

o When developing new interventions, close cooperation with the
target group and stakeholders should be assured for a high
perceived quality of the programme.

e Adequate implementation and use of a new education pro-
gramme requires an active role of and clear instructions for HCPs.
Therefore, training for HCPs in how to use the programme in
diabetes care has been developed: DIEP@work.

e Continuous development of the programme is necessary for up-
to-date information and for processing suggestions for improve-
ment. Therefore, the DIEP-foundation was established. DIEP
could also be used as framework for programmes in other
countries, as it has in Belgium, and for other chronic conditions in
which self-management plays an important role.
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