| Original Article |

Interdependence Web-based Type 2 Diabetes Mellitus education for
family intervention: An evaluation phase study

Tengku Mohd Mizwar', Annamma Kunjukunju', Nurul Fariza', Aini Ahmad®

ABSTRACT

OBJECTIVE: To evaluate the Interdependence web-based type 2 diabetes mellitus education program for
patients and informal caregivers. Specifically, the study first aims to determine the relationships among
ease of use, perceived usefulness, attitude toward usage, and satisfaction in the formative phase. Next,
to study the pre-post-test effects on reaction, learning, behavior, and results in the summative phase.
METHODOLOGY: Quantitative methods were used at formative and summative stages in hospitals and
health clinics. 30 families participated in the formative pilot from 19 July 2024 to 8 August 2024, while 93
families were purposively sampled from 22 October 2024 to 28 February 2025 for the summative stage,
for a total of 172 days. Participants aged 20 to 60 years were included.

RESULTS: Pearson correlation analysis was used in the formative stage, and Wilcoxon Signed-rank and
Mann-Whitney tests were used in the summative stage. At the formative stage, results showed p < .05
overall, with r-values of 0.31 for T2DM patients and r- value of 0.61 for caregivers for attitude toward
usage and satisfaction. Weak dyadic relationships present opportunities for more focused study. In the
summative stage, results showed p < .05, indicating significant differences and changes in scores after
web-based education was implemented.

CONCLUSION: Web-based interdependence education has improved the delivery of diabetes self-
management education, supporting a more harmonious and healthy family system. The concept of
interdependence in type 2 diabetes care still needs to be emphasized, particularly in the attitudes of

patients' and caregivers towards the clinical care provided by health professionals.
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INTRODUCTION

The development of technology-based education,
often given a new lease of life, presents a golden
opportunity for researchers in the design and
development process of prototypes. For users, the
aim is to derive benefits from the prototypes built to
facilitate management, address questions, and elicit
more effective responses. For web-based health
education, it is necessary to include the management
and care of type 2 diabetes mellitus (T2DM), which is
a complex process to implement, especially when
managing chronic diseases that require long-term
care. This is because the purpose of the prototype is
not only to provide knowledge and understanding, but
also to be designed and implemented. However, the
prototype can provide a positive force and use that
knowledge to motivate and translate it into action. This
is known as Diabetes Self-Management Education
(DSME), which leads to the development of strategies
to avoid complications and conflicts, ultimately
fostering respon3|b|I|ty and long-term  coping
mechanisms'?
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The concept of interdependent web-based education
for T2DM is one of the more comprehensive
approaches compared to the dependent and
independent approaches introduced in this study
The concept of interdependence in this study mvolves
a dyadic process between T2DM patients and
caregivers in the same family in performing their daily
DSME. The involvement of T2DM patients and
caregivers in this study has been demonstrated
through empirical studies, which consistently show
that both positive and negative forces are contributed
by family members ultimately leading to more optimal
health control >°. However, existing studies have not
adequately examlned the formative and summative
evaluation of interdependent web-based education for
T2DM. Surprisingly, the elements that influence the
intention to use mobile learning remain unexplained,
particularly in the context of T2DM patients and
caregivers. This is not in line with the 2025 prediction,
as approximate7y 71% of individuals have access to
mobile internet’. Additionally, 53.6% of individuals
download activity and 38.06% use moblle health
applications only for frequent use in MalayS|a

This study aims to address existing research gaps by
implementing both formative and summative
evaluation analyses. The Technology Acceptance
Model (TAM) and Kirkpatrick Evaluation Model (KEM)
were adapted for use with T2DM patients and their
caregivers. The formative evaluation, conducted as a
pilot study, will utilize TAM constructs: Perceived Ease
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of Use (PEU), Perceived Usefulness (PU), Attitude
Toward Usage (ATU), Behavioral Intention to Use
(BIU), and Satisfaction of Use (SU). The summative

evaluation applied KEM elements, specifically
reaction, learning, behavior, and result, to assess the
overall impact of interdependent web-based

education. Employing both models is expected to
clarify the effectiveness of the interdependent
approach in T2DM management and to strengthen the
credibility and accuracy of the findings. The study
objectives are: (i) to determine the relationship
between T2DM patients and caregivers using
Technology Acceptance Model constructs for
formative evaluation, and (ii) to study a summative
evaluation using Kirkpatrick Evaluation Model
constructs among T2DM patients and caregivers. This
evaluation study has not yet been conducted among
T2DM patients, and caregivers have received limited
literature on the concept of interdependent care.
Conceptual Framework

TAM® and KEM'™ are comprehensive theories that
examine the acceptance and effectiveness of an
assessment before and after an intervention. The
combination of theories in this study has provided an
interdependent process in which TAM explains the
factors that influence the acceptance and use of
technology. Meanwhile, KEM evaluates the
effectiveness of training and development programs
through four levels (reaction, learning, behaviour, and
results). For this study, two theories have been
integrated to evaluate the relationship and
effectiveness of web-based education. The integration
of this theory aims to evaluate acceptance in terms of
reliability and usability using TAM in a formative
manner. After that, implementation is carried out in the
field study. At the summative level, effectiveness is
assessed through KEM.
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Figure 1 briefly explains the relationship between
conceptual study and hypothesis mapping.

Notes: Perceived Ease of Use (PEU), Perceived
Usefulness (PU), Attitude Toward Usage (ATU),
Behavioral Intention to Use (BIU), and Satisfaction of
Use (SU).

METHODOLOGY

Study Design

This study was part of a mixed-methods research
study. Quantitative methods were used to examine the
relationship and statistical effects of each study
variable on web-based education. The formative
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assessment began with a pilot study conducted
from19 July 2024 to 8 August 2024. Following this, the
summative  assessment employed a quasi-
experimental one-group pre-posttest  design,
conducted from 22 October 2024 to 28 February
2025. The researchers used a cross-setting design:
formative assessment was conducted in a tertiary
healthcare setting, while summative assessment was
conducted in primary care. Reflections from the
tertiary stage were shared in the later stages. In direct
terms, this method provides an advantage in
spreading awareness about the dangers of T2DM
complications. Therefore, the hypothesis of this study:
H1. There is no significant relationship between PEU
and SU.

H2. There is no significant relationship between PU
and SU.

H3. There is no significant relationship between ATU
and SU.

H4. There is no significant relationship between BIU
and SU.

H5. It has no significant effect on the level of reaction
at the pre-test and post-test interventions.

H6. It has no significant effect on the level of learning
at pre-test and post-test.

H7. It has no significant effects on the level of
behaviour at pre-test and post-test.

H8. It has no significant effect on the level results at
pre-test and post-test.

Population and Sample

Overall, this study involved patients with T2DM and
their caregivers from the same family. Inclusion
criteria for participants aged between 20 and 60 years
old, had been involved in treating and managing
T2DM for more than one year as caregivers, and had
a biological relationship or partner.

In the formative assessment, a total of 30 families
participated as part of a pilot study'’. The selection of
these 30 families consisted of T2DM patients who had
received treatment in the hospital and were
subsequently discharged. This is because the
researchers wanted to observe how this web-based
practice was implemented at home over 14 days.
Meanwhile, for the summative assessment, a total of
93 families were involved. This is based on the
G*Power calculation'®, which was used to determine
the minimum sample size required with an effect size
parameter f = 0.15213, an error type of 0.05, and a
power of 0.8. The minimum sample size required for
the summative assessment is 72 families. The
researchers also accounted for a 30% dropout rate,
resulting of 94 families as participants.

However, the researchers successfully recruited 103
families at the initial stage; only 93 could be retained
for the assessment stage of the study, which could be
analyzed. The 93 families consisted of T2DM patients
registered at four main health clinics in the Besut and
Setiu districts of Terengganu, Malaysia. The
difference for the summative stage is that it took 90
days.
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The following (Table I) summarizes the number of
families involved in the formative and summative
phases.

Table I:

Sampling for the formative and summative phase

RETAINED and

Phase ELIGIBLE— ENROLLED— ANALYSIS
Formative 30 families 30 families 30 families
Summative 94 families 103 families 93 families
Instrument

The researcher adapted the questionnaire from the
elements in TAM, namely PEU, PU, ATU, BIU, and
SU from Alharbi'* and Bob et al.”. Meanwhile, the
elements in KEM, including reaction, Iearning,
behavior, and result, were adapted from Fazal et al.™
and Heydari et al."”. All study instruments used a 5-
point Likert scale. All items were validated through
pilot testing during the formative phase involving 30
families (T2DM patients and caregivers). The pilot test
results showed a Cronbach's alpha reading of 0.92.
T2DM patients and caregivers answered the same
questions, in which the word 'we' or 'us' was used for
each question. Consecutive translation was done from
English to Malay and then back to English, as most
participants practiced communication in Malay. All
questionnaires were administered online via Google
Forms for logistical and convenience purposes and to
ensure timely completion in this study.

Data Analysis

The data were analyzed using descriptive statistics,
Pearson's correlation, and the Wilcoxon signed-rank
test (within—group) and the Mann-Whitney test
(Between-Group) using SPSS Software Version 25.
Ethical Statement

Ethical approval was obtained from the KPJ Research
Ethics Committee, and written informed consent was
acquired from all participants. The reference number
is ERC letter No. KPJ Healthcare University, Malaysia.
KPJUC/RMC/SON/EC/2023/468 and the Medical
Research and Ethics Committee, Ministry of Health,
Malaysia, letter No. NMRR 1D-23-03333-CDI (lIR).

RESULTS

Characteristics of Participants

Characteristics of participants (T2DM patients and
caregivers) from the two formative and summative
stages are briefly described in Table 1. The data
suggest that individuals aged 36 to 50 years are more
likely to play active roles in T2DM care, particularly
when family involvement is present. Notably, over
50% have a strong family history of T2DM and HbA1c
readings above 6.5%. For the formative and
summative stages, participation rates are 70% and
83.8%, respectively.

Values are presented as the number of participants or
the number (%).

At the formative stage, a total of 30 families have
voluntarily participated and signed a consent form. For
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14 days, this participant needs to see the acceptability
and feasibility of the Web-based education. For this
entire study, IBM SPSS Statistics version. 21.0 and
the significance level (a) for statistical verification was
set at p<.05.

To determine the appropriate analysis test for the
study's objective, the Shapiro-Wilk normality test is
more accurate because the sample size is less than
Table II: Frequency distribution of participants

based on the characteristics of the formative and
summative phases

Characteristic Formative Summative

No. of participants 30 families 93 families
A. T2DM patient

Age

25-30 0 0
31-35 3/10 4/4.3
36-40 12/40 18/19.3
41-45 8/26 5/5.3
46-50 7/23 8/8.6
51-55 0 5/5.3
56-60 0 53/56
Single 5/16.6 5/5.3
Married 18/60 81/87
Divorced/Widowed 7/23.3 7/7.5
Family History

Yes 28/93.3 7277
No 2/6.6 21/22.5
Duration of T2DM (years)

1-5 8/26.6 15/16.1
6-10 14/46.6 30/32.2
11 and above 8/26.6 15/16.1
HbA1c

< 5.7% (Normal) 3/10 8/8.6
5.8% - 6.5% (Pre Diabetes) 6/20 7/7.5
> 6.5 % (Diabetes) 21/70 78/83.8
B. Caregiver

Age

25-30 5/16.6 20/21.5
31-35 6/20 12/12.9
36-40 2/6.6 3/3.2
41-45 3/10 14/15
46-50 8/26.6 19/20.4
50-55 1/3.3 7/7.5
56-60 5/16.6 11/11.8
Family relationship

Spouse 14/46.6 52/55.9
Son and daughter 7/23.3 23/24.7
Sibling 2/6.6 0/0
Father /mother 6/20 17/18.2
Grandfather /mother 1/3.3 11
Received diabetic education before

YES 18/60 82/88.1
NO 12/40 11/11.8
Having enough time to be patient

YES 19/63.3 72/77.4
NO 11/36.6 21/22.5
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50 participants. The results of the analysis show p
> .05, indicating that the parameter analysis of person
correlation is more accurate. The following table
(Table IlI-IV) presents the results of the analysis
conducted on T2DM patients and their caregivers.

Table Ill: Summary of Hypotheses Testing Results
for T2DM patient

Hypotheses Relaticrmship (2-t§ii|%.d) p Interpretation
H1 PEU and SU .55 .00 Moderate / Significant
H2 PU and SU 57 .01 Moderate / Significant
H3 ATU and SU .31 .00 Weak / Significant
H4 BIU and SU .50 .00 Moderate / Significant

Table IV: Summary of Hypotheses Testing Results
for the caregiver

Hypotheses Relatic:nship (2 asilig&) p Interpretation

H1 PEU and SU .75 .01 Strong / Significant
H2 PU and SU .64 .01 Moderate / Significant
H3 ATU and SU .61 .01 Moderate / Significant
H4 BIU and SU .60 .00 Moderate / Significant

At the summative stage, a total of 93 families
successfully participated in this study for 90 days and
provided an assessment. The data obtained went
through a data purification process involving (1) data
analysis, (2) definition of transformation workflow and
mapping rule, (3) verification, (4) transformation and
(5) backflow of cleaned data, ensuring that the data
met the most important criteria, namely that the
questionnaire had to be answered by T2DM patients
and caregivers'®. This is crucial for obtaining accurate
and high-quality study results. After that, to determine
the appropriate analysis test for the study objective,
the  Kolmogorov-Smirnov  normality test was
performed, and the result showed p < .05. This
indicates that the data is not normally distributed and
suggests that non-parametric analysis is more
appropriate. The Wilcoxon Signed-rank test (within-
group) was conducted to analyze changes in scores in
the T2DM patient and caregiver groups from pre-test
to post-test.

Meanwhile, followed by the Mann-Whitney test
(Between-group) to compare the difference in
variance between the T2DM patient and caregiver
groups. The choice of this analysis method is aimed at
obtaining more accurate statistical analysis
results'®?°. The following is a summary of the analysis
findings for the summative stage, as described in
Table V.

DISCUSSION

The study's results have statistically proven a positive
relationship and significant impact between T2DM
patients and their caregivers. This was due to the
effectiveness of interdependent Web-based
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Table V: Summary of Hypotheses of Wilcoxon
signed-rank test (within—group) and Mann-Whitney
test (Between-Group) for the pre-test and post-test

Interpretation
p=.05
p=.05
p= .05
p= .05

P
(pre/post)
00/.00
00/.00
0.00/.00
0.02/0.01

(pre/post)

9069 | 3951/3562.5

94575
8322
79335
8215
9176
B965 | 4055/42155
8804.5
8426
8586.5
9157
8902.5
8234

83975  4026.5/3844
8993.50

84885 | 4117.5/3863

Sum of

Mann-Whitney test (Between-Group)
Ranks

975
1016
89.4
853
0.3
46
23
8.4

9
96.7

98.6
96 4

9
90.6

Mean
Rank
86.33
9
0912
957
9
885

test

Pre/Post
00 Pre

Post
00 Pre
Post
00 Pre
Post
00 Pre
Post
00 Pre
Post
00| Pre
Post
00 Pre
Post
00 Pre
Post

p

Z
54
55
8.3
8.2
3.3
28
8.3
8.3

00
4095.0
00
550
00

43710
00

456
2394
3225
22335
145
478
145
4356.5
4371.0

Sum of
Ranks

Mean

Rank
325
392
215
398
2
478
00
455
00
{5
550
00
470
470

Wilcoxon signed-rank test (within—group)

Group
T2DM
Patient
Caregiver
T2DM
Patient
Caregiver
T2DM
Patient
Caregiver
T2DM
Patient
Caregiver

Hypotheses
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education, which was successfully delivered through
formative and summative evaluation analysis. This
evaluation has explored the viability and feasibility of
interdependent Web-based education, as no such
education is currently being conducted.

Based on the results of the correlation test analysis, a
positive relationship was found between T2DM
patients and their caregivers. Where the r-value for
each variable is moderate, and p < .05, the surprising
result of the H3 ATU and SU analysis between T2DM
patients and caregivers indicates a significant
difference in the r-value of the relationship. The r-
value is .31 (weak) for T2DM patients and .61
(moderate) for caregivers. Previous studies have
highlighted a gap, showing that the incompetence of
T2DM patients requires support in implementing more
effective and safe daily management modifications. In
the studies by Ingul et al.?' and Peter et al.?, the
importance of attitude in safe modifications is
emphasized. Addressing this important gap,
interdependent Web-Based education is one of the
strategies for safer T2DM daily management
modifications in this study. The formative assessment
has given researchers an advantage in identifying
what needs to be emphasized, enabling subsequent
assessments to be improved. This indicates that the
TAM Model is well-suited for testing, particularly when
combined with web-based education, to ensure the
training program has a positive impact on productivity
and performance among T2DM patients and
caregivers.

Meanwhile, for the summative level, Wilcoxon signed-
rank test (within—-group) and Mann-Whitney test
(Between-Group) for the pre-test and post-test were
performed and found that the analysis results were
significant at p <.05. Through the Wilcoxon signed-
rank test (within—group) it showed a significant
difference and the Mann-Whitney test (Between-
Group) also showed a significant result on the change
in score. This indicates that the intervention had a
significant impact on reaction, learning, behaviour,
and outcome scores, with a notable increase following
the intervention. This situation can be demonstrated
by the differences in action practices between T2DM
patients and caregivers after the intervention was
implemented. This has shown a significant increase
compared to before. One possible explanation for this
result is that moderator support®®, behaviour change
interventions®, and factor empowerment21 represent
gaps previously identified as suggesting a strong
association that still needs improvement. This study
has improved by identifying issues that can be
addressed in the intervention, and the intervention has
been  successfully implemented. This also
demonstrates that the KEM Model is highly suitable
for summative assessment that covers the entire

study.
Overall, this study has provided a preliminary
assessment of the formative and summative

effectiveness of the strength of the influence of using
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interdependent Web-based education in T2DM
interventions among patients and caregivers.
Caregivers have played a crucial role in helping
patients manage T2DM more effectively through
mutually agreed-upon modifications. This emphasis is
crucial for the community's future health. This method
also helps caregivers become more experienced with
their families. Therefore, it is appropriate to expand
this interdependent method on a larger scale by
involving interested sectors more committed to
community health, rather than focusing solely on
business factors.

LIMITATIONS

This study reveals limitations in the control group of
the summative phase, which are more pronounced
compared to the formative phase. This is because the
researchers identified patients and caregivers who,
after leaving treatment, still require ongoing health
guidance, whereas those who have not vyet
experienced health complications do not. In addition,
the relationship between patients and caregivers still
needs to be emphasized, particularly in terms of
attitude and dyadic responsibility. This can be used as
a suggestion for future studies.

CONCLUSION

In addition, the formative and summative stages are
an assessment process that is very helpful in
designing and implementing the program more
effectively to deliver diabetes self-management
education, thereby supporting a more harmonious and
healthy family system.

The concept of interdependence in T2DM care should
be further developed and applied in clinical practice.
Therefore, it is appropriate that this web-based
education method be supported by stakeholders and
widely adopted across the government and private
sectors, making it easier to share clinical data.
Additionally, this step facilitates the development of
web-based education and evidence-based practice in
health education. This also contributes to a positive
impact on the production of more informative health
education resources. The framework in this study has
great potential to contribute to the general question of
what assessment framework can be used in this
process. It should be analyzed more precisely to

explore more effective implementation through
formative assessment, followed by summative
assessment.

Based on the findings of this study, attitudes among
patients and caregivers regarding the management of
T2DM still need to be strengthened, along with
information on the complications of this disease.
Health interventions are crucial because they enable
multidisciplinary involvement, a strategy for creating
healthy families and communities.
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