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Abstract
Objective: To describe the validation process of an educational material for diabetes self-management
education among patients with type 2 Diabetes Mellitus (T2DM).
Methods: Methodological study, developed in three phases: construction of the educational material,
validation of the educational material by judges, and by patients with T2DM (criterion validity). The
validation process was conducted by 7 judges and 30 patients with T2DM. Criterion validity was
assessed against gold standard by field expert. A 70% or more total disagreement of any of the items by
the experts was decided to remove from the educational material. Criterion validity was measured by
sensitivity, specificity, as well as the area under receiver operating characteristic (ROC) curve. The
expected primary outcome was the HbA1c level to be decreased by 0.5% or more after the
implementation of intervention guide among patients with T2DM.
Results: The changes suggested by judges were accepted and included in the final version of the
educational material. All experts (100%) agreed that illustrations and texts in the education material
motivate the patient with T2DM to understand the important of lifestyle modifications. The sensitivity of
the developed intervention guide was 81.5% (95% CI=61.9-93.7%) with a specificity of 100.0% (95%
CI=15.8-100.0%) and the area under ROC curve of 0.907. Intervention had a statistically significant
reduction (p<0.05) in HbA1c [8.60% (IQR 2.60) vs. 7.40% (IQR 2.10)] and FBS level [159.00 mg/dl (IQR
77.50) vs. 134.00 mg/dl (IQR 40.50)] at the end of 3 months. Further, the mean BMI at baseline was
higher compared to 3 months of intervention [24.88 Kg/m2 (SD ± 3.06) vs. 24.19 Kg/m2 (SD ± 2.79)]
which was statistically significant (p=0.000).
Conclusion: The educational material was validated in terms of judgment and criterion validity. It
would be used by nurse health educators for diabetes self-management education.
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Introduction
Educating the patients includes providing information and
support, correcting misconceptions and helping them to
understand the roles and responsibilities of self-care [1].
Further, education can help them and their families to
recognize and minimize fear and anxiety, cope with stress and
avoid complications [2] and increase self-efficacy improving
self-esteem [3]. The use of printed educational material can be
a complement to verbal guidance helping patients to achieve
empowerment and easy the education process [4]. Educational
materials are identified as the single most important component
positively impacting the health status of patients with T2DM.
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Before using the educational material, it has to be validated.
Validity of a tool is the extent to which it measures what it is
expected to measure in the target population [5]. There are
many types of validity namely judgment and criterion validity.
The judgemental validity included face, content and consensual
validity. Face validity is how the variables appear in order for
the investigator to measure what he/she wants to measure.
Content validity is to check if all aspects of the measures were
covered. Consensual validity is to assess the agreement of the
experts on the tool [6]. Criterion validity is the best and most
obvious way of appraising to find a criterion (gold standard)
that is known or believed to be close to the truth and to
compare the results of the measure with this criterion [6].
Further, criterion validity is used to validate an instrument
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when investigator attempts to develop a shorter or more
convenient version of an instrument by correlation to a “gold
standard” [7]. The educational material included actions to
promote healthy eating, engaging in regular physical activities,
guidance of stress management, factors for good glycemic
control among patients with T2DM based on baseline study.
Thus, this study was aimed to validate the educational material
for diabetes self-management education using judgmental and
criterion validity.

Methodology
Study design
This was methodological study consisted of three phases:
construction of the educational material, validation of the
educational material by judges (judgmental validity), and by
patients with T2DM (criterion validity).

Construction of the educational material
Educational material was developed by principal investigator
(PI). This educational material is a guide with lifestyle
modifications instructions including a dietary and physical
activity which was prepared along with the results of the
baseline study [8-10] which includes knowledge regarding
T2DM, attitudes of patients and culturally acceptable practices
for self- management of T2DM among Tamils with T2DM and
factors for good glycemic control among patients with T2DM.

statements-if one item asks two or more questions at the same
time, each of which can be answered differently and jargon.
The most appropriate medical words in the guide as it was to
be used by medical professionals.
The experts were requested to give their feedback to the PI.
The PI analyzed the comments of experts for each item as
follows: Percentages of total agreement, percentage of
agreement with minor changes, percentage of agreement with
major changes and percentage of total disagreement for each
item. A 70% or more total disagreement of any of the items by
the experts was decided to remove from the educational
material. The items with agreement with minor and major
changes were highlighted to all the experts. With their
approval, many of the minor changes were corrected and some
of the major changes were changed after majority of the
experts agreed to that particular change. An evaluation form
was designed to evaluate the content and appearance of the
educational material by the judges, with seven items. The
judges performed the corresponding evaluation of the
agreement and relevance of each item (agrees or disagrees).
Further, the evaluation form consisted of open questions for
comments and suggestions. At the end of the evaluation, the
recommendations of the judges were accepted and
incorporated.

Translation of educational material

The educational material had twenty two (22) pages including
cover page and content page. The seven pages (5-11) presented
text and diagram displays on the knowledge aspects of T2DM.
Other seven pages (12-18) demonstrated the health instruction
of healthy eating (food that are recommended and those that
should be avoided), physical activities and stress management
for successful management of T2DM. Next two pages (19, 20)
included details on factors associated with good glycemic
control and the last page displays the checklist of patients’ aim
to achieve better glycemic control. Initially, education material
was prepared in English language.

The educational material was prepared in English and the first
step was to translate the guide to Tamil language. Translation,
back translation method was used during the translation
process. The intervention guide was translated to Tamil by two
independent language experts. They were requested by the PI
to retain the original structure and content as much as possible.
The PI discussed the variations with the two experts and
consensual alterations were made. The agreed Tamil version of
the intervention guide was back translated to English by other
two English-Tamil language experts. The back translated
version was again rechecked with the original intervention
guide by the PI for consistency. Any discrepancy was corrected
again after discussions with the expert translators.

Judgemental validity

Criterion validity

This intervention guide was validated judgementally by judges
who experts in the field of Medicine, Community Medicine,
Nutrition and Nursing. They were invited to check the relevant
and suitable guide for the Sri Lankan setting. The experts
consisted of the following specialists; The Consultant
Community Physician (1), Consultant Physicians (2) with
special experience in diabetic care, Nutritionist (2) with special
experience in diabetic care and Nursing professional (2) with
special experience in diabetic care.

A group of Tamil patients with T2DM were randomly selected
and intervention guide was implemented among them
individually at medical clinic, Base Hospital, Kaluwanchikudy
after obtaining permission from Medical Superintendent of the
hospital. Before implementing the intervention guide to the
study sample, baseline HbA1c, FBS and body mass index
(BMI) were measured and recorded. As intervention guide
consists of two major components such as dietary
modifications and physical activities (lifestyle modification),
were implemented in a selected group of Tamil patients with
T2DM for the period of 3 months. After completion of 3
months, HbA1c, BMI and FBS were again measured and
recorded. Informed consent was obtained after explaining the
purpose and the nature of the study.

The intervention guide was sent to the above experts for their
comments and opinion. The PI explained the purpose and
objectives of this step to the experts. They were instructed to
read the intervention guide carefully and voice any difficulties
on testing it and to check for the following; ambiguity-if the
items are ambiguous or poorly worded, double barreled
2291
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The minimum sample size calculation was based on the testing
of criterion validity. The required minimum sample size was
calculated at the required absolute precision level for
sensitivity and specificity based on Buderer’s formula [11].

Results

N1 sample size based on sensitivity=Z2Sn (1-Sn)/ L2 x
Prevalence

Assessment of Judgment validity

Z=Standard normal deviation for the selected level of
confidence, which is 1.96 for a confidence level of 95%.

The recommendation were given by the judges are listed in the
Table 1.

Sn=Expected sensitivity as (80%)

Table 1. Recommendations of judges.

L=Required level of precision (0.2)
Prevalence (good glycemic control)=proportion of patients
having good glycemic control was considered to be 50% to
obtain the maximum sample size

the differences between the two related groups. The p value
<0.05 was considered statistically significant.

Item Number

Recommendations of judges

Page-04

Better to have bullets if there is no sequence/order. Maintain
the same pattern in using action verbs

Page-05

Use same font type for all headings/within boxes.

N1=1.96 × 1.96 × 0.8 × 0.2/ 0.2 × 0.2 × 0.5
N1=30.7 ≈ 30

Remove unnecessary labeling and keep only essential area
Page-06

The diagram should be explained in one or two simple
sentences-to say how much is known to people and how
much is unknown while mentioning about the research
study.

Page-07

Give the definition of BMI-indicator of what?

N2 based on specificity=Z2Sp (1-Sp)/ L2 × (1- Prevalence)
Z=Standard normal deviation for the selected level of
confidence, which is 1.96 for a confidence level of 95%.
Sp=Expected specificity as (80%)

Grammatical error
Page-08

L=Required level of precision (0.2)

There should be uniformity in using technical terms/medical
terms.

N2=1.96 × 1.96 × 0.8 × 0.22/0.2 × 0.2 × 0.5

A very brief introduction of what patients knew when asked
about complications.

N2=30.7 ≈ 30
N1 ≈ N2, therefore N=30.
The post-hoc sample size calculation was performed with the
sample size of 30 (at alpha 0.05) and power was 100%.
The expected primary outcome was the HbA1c level to be
decreased by 0.5% or more after the implementation of
intervention guide among Tamil patients with T2DM. The
minimum significant reduction of HbA1C level was observed
as 0.5% in self-management education intervention in several
studies [12,13].
Every patient was assessed by a consultant physician (gold
standard) at the baseline and at the end of 3 months after
assessing the history, examination, BMI and FBS. The primary
outcome of tool, HbA1c was measured after assessment by the
consultant physician (gold standard) to avoid bias. The HbA1c
improvement was cross checked with the gold standard.
Further, criterion validity was measured by sensitivity,
specificity, predictive values and likelihood ratios [14] as well
as the area under receiver operating characteristic (ROC) curve
[15]. Receiver operating characteristic (ROC) curve is defined
as a plot of sensitivity versus 1-specifity and the area under the
curve (AUC), are the other measures of assessing the accuracy
of test [15].
Overall improvement was assessed on a primary outcome
(HbA1c) and secondary outcomes (FBS and BMI) between
baseline and after 3 months of intervention by paired t-test or
Wilcoxon signed-rank test based on normality distribution of
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The size of the picture is not adequate.

Page-09

Uniformity of heading should be maintained for better
presentation.

Page-10

Say what should be done to control DM first.

Page-11

Format the pyramid. Give them motivation. Use same
terms.

Page-14

Use pictures meaningfully

Page-22

Say that you yourself must do it. Not the doctor or any other
person.

Table 2. The overall agreement on content of the educational material
by the judges.
Assessment items

Agreement

1

The content covered information on healthy eating are
86%
relevant

2

Texts seem clear and comprehensive

86%

3

Suitable pictures are used

71%

4

The content covered information on physical activity are
86%
relevant

5

Illustrations and texts motivate the patient with diabetes
100%
to understand the important of lifestyle modifications

6

Educational material improve the patient’s knowledge on
86%
Diabetes, its complications and management

7

Applicability of this educational material in everyday
100%
clinical nurse health education practice
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Majority of judges (6/7, 85.7%) were agreed that the content
covered in educational material regarding on healthy eating
and physical activities are relevant to the patients with T2DM.
Further, all experts agreed that illustrations and texts in the
education material motivate the patient with T2DM to
understand the important of lifestyle modifications as well as
the applicability of the educational material in everyday
clinical nurse health education practice can be possible. The
overall agreement on content of the educational material by the
judges is shown in Table 2.

100.0% (95% CI=15.8-100.0%) (Tables 5 and 6) and the area
under ROC curve was 0.907 (Figure 1).
Table 5. HbA1c improvement by the intervention guide and gold
standard.
HbA1c improvement by
intervention guide

Improvement stated by consultant

Total (%)

(Gold standard)
Yes (%)

No (%)

Yes

22 (81.5)

0 (0.0)

22 (75.9)

Assessment of criterion validity

No

5 (18.5)

2 (100.0)

7 (24.1)

The total of 30 patients was included and 1 patient dropped
out. The respondent rate was 96.7%. Majority of them were
females (n=25, 86.2%).

Total

27 (100.0)

2 (100.0)

29 (100.0)

Overall improvement of primary and secondary
outcome
A Wilcoxon signed rank test showed that intervention through
intervention guide had a statistically significant change in
HbA1c and FBS level at 3 months of intervention. Further, the
mean BMI at baseline was higher compared to 3 months of
intervention [24.88 Kg/m2 (SD ± 3.06) vs. 24.19 Kg/m2 (SD ±
2.79)] which was statistically significant (p=0.000). Majority
of participants (n=22, 75.9%) had improved their HbA1c level
by ≥ 0.5% in 3 months (Tables 3 and 4).
Table 3. Mean/median of primary and secondary outcome variables
between baseline and after 3 months of intervention.
Variables

Baseline
(n=29)

After 3 months
(n=29)

Mean
difference

p value

HbA1c (%)¥

8.60 (2.60)

7.4 (2.10)

1.00 (1.35)

FBS (mg/dl)¥

159.00 (77.50)

134.00 (40.50)

17.00 (52.00) 0.002@

BMI (Kg/m2)∞

24.88 (3.06)

24.19 (2.79)

0.69 (0.70)

0.000@

0.000a

@Wilcoxon

Signed Ranks Test; aPaired t-test; ∞Variable outcomes are shown as
mean with ± SD (Standard Deviation); ¥Variable outcomes are shown as median
with IQR (Interquartile range).

Table 4. Overall HbA1c improvement among all participants.
HbA1c improvement

Participants (n, %)

≤ 0.4 %

07 (24.1)

0.5-1.0 %

08 (27.6)

1.1%-1.5 %

06 (20.7)

>1.5%

08 (27.6)

Individual improvement of primary outcome
Gold standard of the intervention guide was assessed by the
consultant physician based on the clinical improvement of each
patient at the end of 3 months compared with baseline. The
sensitivity of the developed intervention guide was 81.5%
(95% CI=61.9-93.7%, p=0.009, r=0.482), with a specificity of
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Table 6. Statistic results of sensitivity, specificity and other values of
the test with 95% confidence interval.
Indicators

Estimated
Value

95% CI

Sensitivity

0.8148

61.92-93.70%

Specificity

1

15.81-100.00%

Positive predictive value

1

81.50-100.00%

Negative predictive value

0.2857

15.35-46.88%

Positive Likelihood ratio

Infinity

-

Negative Likelihood ratio

0.19

0.08-0.41

Discussion
The educational material was developed based on the results of
baseline of this study which included the knowledge aspects of
disease and lifestyle modifications instructions (dietary
modifications and daily physical activities). A Sri Lankan
study had recommended that findings of knowledge on foot
care among T2DM have to be used as a guideline for diabetes
health education programme which would help to focus on
deficit areas [16]. The newly developed educational material
was implemented among T2DM patients to assess the
effectiveness of self-management of T2DM. The effectiveness
of intervention was assessed by the primary outcome of
HbA1c. The UKPDS revealed that HbA1c is being used as the
most reliable test of assessing glycemic control and risk of
complications [17].
According to Wagner et al. [18] self-management health
education in T2DM is an important strategy for good glycemic
control where patients receive periodic health education
session to meet their needs. In order to improve the primary
outcome of HbA1c in self-management of T2DM, the patient
education becomes an integral part [19]. Thus, the printed
educational material was developed and validated before
implement. The educational material was validated
judgementally by experts in the field. In the process of
analyzing the content and the appearance of the educational
material, contributions were included judges who were experts
in diabetes care. The judges provided information relevant to
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modification of information provided in the educational
material. Hundred percent of the judges agreed on the
applicability of the educational material for clinical nursing
practice. At the same time, judgemental validity has its own
limitations where there is no statistical test to determine
whether a measure adequately covers or represents the content
area and it totally depends on judgement of experts [20].

Figure 1. ROC curve between sensitivity and specificity.

Sensitivity and specificity measures were used to assess the
intrinsic validity of educational material against a gold
standard [21]. The sensitivity and specificity of the
intervention using educational material was 81.5% and 100%
respectively. The measure is of high validity when the both
sensitivity and specificity are high [6]. This intervention was
found to have an AUC of 0.907 and it revealed that educational
material would be acceptable. The maximum of AUC=1
interprets that the test is perfect in the differentiation between
the test and gold standard [22]. As there is no true gold
standard, assessing the clinical improvement of glycemic
control by the consultant physician would be affected by
internal and external factors that might influence the judgement
[23].
Further, in this study, case manager implemented the
intervention. Case Management offers an intervention to
successful self-management of DM [24] through diabetes
health education. The Case manager coordinated the activities
performed by a nurse to provide the health care services
required by patients [25]. In addition, case manager provides
and coordinates health care services to the population and
which is a participative process to identify and facilitate
options and services for meeting individual’s health needs [26].
Further, case manager work closely with patients with DM on
lifestyle modifications and day to day self-management
practices which would improve the clinical outcomes [27].
Furthermore, case manager plays an important role in
providing holistic individualized care by developing rapport
with patients, facilitating communication between patients and
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care provider and empowers patients with adequate knowledge
necessary for self-management of DM. In addition, diabetes
case manager provides high quality care for patients by
emphasizing the importance of self-management and
promoting patients’ choice and self-directed decision-making
by through education [27]. It is providing wide range of
intervention to improve diabetes self-management through
patient education, counseling and support on self-management
[28].
On implementation of printed educational material among
patients with T2DM, the level of HbA1c was significantly
reduced in study participants by 1.33% (± 1.57) in 3 months.
The mean HbA1c level of 8.91% (± 2.22) at pre-interventional
level was declined to 7.58% (± 1.36) at the end of 3 months of
intervention. Further, nearly 76% of participants had improved
their HbA1c level by ≥ 0.5%. In addition, FBS and BMI were
also reduced significantly in study participants. This shows that
study participants were able to reach the target HbA1c level ≤
7.0% of Sri Lanka [29]. Further, it revealed that
implementation of the new educational material had led to
significant improvement in self-management of T2DM among
patients in relation to glycemic improvement by adaptation on
self-care activities such as appropriate diet, regular exercise,
appropriate use of medications and regular follow-up. Based
on the results, the printed educational material might help the
patient to be independent with regards to self-management of
T2DM.
The limitations: Unfortunately the study is limited to only 30
diabetic subjects with one drop out as it is a pilot study. The
only biochemical parameter HbA1C was used to assess the
glycemic control. In addition, change in self-care behaviors of
patients with DM due to intervention was not measured
objectively.

Conclusion
The educational material was developed and validated for its
content and relevance. This educational material appears to be
relevant, being considered as a new teaching aid for health
education activities to provide information about T2DM and its
self-management which motivates the patients to adhere to
lifestyle modification to improve outcome.
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