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Abstract

Objectives: Diabetes Mellitus (DM) is a common non-communicable disease globally. Since children spend
a significant amount of time at school, collaboration with school staff is essential for managing both
emergencies and long-term complications related to DM. Therefore, assessing the knowledge level of school
staff about DM is of great importance. This study aimed to develop a Diabetes Mellitus Knowledge Scale
(DM-KS) and to conduct its validity and reliability analysis among teachers.

Materials and Methods: This methodological study was carried out with 379 teachers working under the
Altindag District National Education Directorate during the 2022-2023 academic year. The DM-KS consists
of 23 items. Validity was assessed through content validity, item analysis, exploratory factor analysis (EFA),
confirmatory factor analysis (CFA), and known-groups comparison.

Results: The DM-KS comprises two subscales: “DM General Information and Symptoms” (11 items) and
“DM Treatment and Complication Management” (12 items). Item difficulty indices ranged between 0.37 and
0.84, and discrimination coefficients ranged between 0.40 and 0.91. According to EFA, four items were
excluded due to overlapping factors, and the factor loadings of the remaining items ranged from 0.39 to
0.76. The explained variances of subscales 1 and 2 were 38.2% and 41.4%, respectively. Cronbach’s alpha
values were 0.84-0.87. Participants who had received training scored significantly higher in both subscales.
Conclusions: The DM-KS demonstrated acceptable reliability and preliminary evidence of validity for
assessing diabetes-related knowledge among teachers. Further validation in independent and diverse
samples is warranted.

Keywords: Type 1 diabetes mellitus; diabetes knowledge; diabetes knowledge scale; school health;

psychometrics; validity and reliability.
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Introduction

Type 1 diabetes is one of the most prevalent long-term diseases of childhood globally. It
has major health consequences for individuals and society.1:2 The IDF Diabetes Atlas
(2021) estimates that DM affects 10.5% of adults aged 20-79 years (536.6 million people)
and was associated with approximately 6.7 million deaths worldwide in 2021.3 According
to World Health Organization (WHO) data, there are approximately 9 million individuals
diagnosed with Type 1 DM, the majority of whom are in high-income countries.# In
Tiirkiye, type 1 DM represents a major pediatric burden: approximately 1,700-2,000
children are newly diagnosed each year, and about 30,000 children under 18 live with the
condition, most of them school-age.5>¢ Teachers play a critical role in the daily
management and safety of children with type 1 diabetes mellitus (T1 DM) in school
settings. Inadequate knowledge among school personnel may lead to delayed recognition
of hypoglycemia or hyperglycemia, inappropriate emergency responses, and increased
risk of acute complications, which can negatively affect both health outcomes and
academic performance of students with diabetes. International organizations emphasize
that improving diabetes awareness and preparedness in schools is essential for ensuring
safe educational environments and preventing diabetes-related emergencies among
children. Therefore, assessing teachers’ knowledge levels is an important step in planning
effective educational interventions and school health policies.4¢ At school, children need
prompt recognition of hypoglycemia and ketoacidosis, meal and activity planning,
assistance with glucose monitoring and treatment, and coordinated support from
teachers, staff, and families. Therefore, this study aimed to develop and validate a reliable
and valid scale to assess teachers’ knowledge regarding type 1 diabetes mellitus, including
recognition and management of hypoglycemia and hyperglycemia and emergency
management in school settings, and to introduce the Diabetes Mellitus Knowledge Scale

(DM-KS).
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Materials and Methods

This methodological study was conducted with primary, middle, and high school teachers
serving in Altindag District National Education Directorate during the 2022-2023
academic year. This study was carried out within the scope of the project titled:
"Evaluation of the Knowledge Level of School Teachers about Diabetes Mellitus", and SBU
Dr. Abdurrahman Yurtaslan Ankara Onkoloji Research and Hospital Ethics Committee

approval (2022-10/172) was received to conduct this study.
Development of Diabetes Mellitus Knowledge Scale

An extensive literature review was conducted to develop the DM-KS. A widely accepted
and used DM-KS among teachers could not be found. Therefore, it was decided to develop
the DM-KS. While developing the DM-KS, a question pool consisting of 40 items was
prepared. In line with expert opinions, the questions were reduced to 27 items and
grouped under two subheadings: “Diabetes Mellitus General Information and Symptoms
(Subscale 1)” and “Diabetes Mellitus Treatment and Complication Management (Subscale

2"

n “

In both subscales of DM-KS, correct answers were evaluated as "2", “I don't know”
answers as "1", and incorrect-blank answers were evaluated as "0" points. No correction

formula was applied for chance-based success.

Whether DM-KS measures the desired structure was evaluated with content validity. For
content validity, the opinions of experts, including public health specialists, family
medicine specialists, linguists, internal medicine specialists, and endocrine specialists,
were consulted. The questions were examined by experts, and each question was
evaluated as 'necessary-adequate’, 'necessary but insufficient’, and 'unnecessary'. The
question root and options were changed. Then, expert opinions were transformed into
statistically interpretable quantifiers. The content validity index (CVI) was calculated for

each question. In both subgroups, the CVI was above 0.80 (0.87-0.90).7
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Study group, procedure, and questionnaire form

Our study was conducted with teachers who serve under the Altindag District National
Education Directorate. After obtaining the necessary permissions and informing the
school officials, the schools were visited during working hours. The subject and purpose
of the study were explained. Those who agreed to participate in the study were asked to

complete the questionnaire.

The questionnaire form consists of 2 parts. The first part includes the sociodemographic

characteristics of the teachers, and the second part comprises the DM-KS items (27 items).

According to the records of the Ministry of National Education, 4,418 teachers were
employed in the Altindag district at the time of the study. The sample size recommended
for developing a new assessment tool is generally 5-10 times the number of scale items.8
Since the initial version of the DM-KS consisted of 27 items, the minimum required sample
size was calculated as 270 participants. To ensure representation across educational
levels, schools were randomly selected from among primary, secondary, and high schools
in the district. Reserve schools were also identified in advance to compensate for potential
non-response. Participants were recruited from the selected schools, and all eligible
teachers who were present during the data collection period and consented to participate
were included in the study. Participation was voluntary, and no incentives were offered.
The study was completed with 379 teachers, exceeding the recommended sample size for

scale development studies.

Item Analysis

Item difficulty and difficulty index should be calculated when developing assessment
tools, such as those measuring ability and success that require performance. The item
difficulty index is used to distinguish how difficult or easy an item is, and the item
discrimination coefficient is used to distinguish between those who know and those who

do not. In our study, item difficulty (Pj) and discrimination coefficients (rjx) were
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calculated with the formula P= (H+L/N)*100 and d= (H-L/N/2) formulas (ABBID).
Another method used to determine item validity is to compare the item scores of the
lower and upper 27% groups. It is based on the assumption that people in the upper 27%
group possess the characteristic that the assessment tool aims to measure positively,
while those in the lower 27% group exhibit a negative effect. This assumption is also
expected to emerge among the items. The scores of the lower- and upper-27 % groups
from the evaluation tool are analysed using a significance test to determine the difference
between the two averages in independent samples. It is desirable that there is a statistical
difference between the two averages. The statistical difference between the lower and
upper 27% groups reveals evidence of the validity and distinctiveness of the items in the

assessment tool.”

Construct Validity

The Kaiser-Meyer-Olkin (KMO) value was examined to decide whether the sample size
was suitable for factor analysis. The KMO value ranges from 0 to 1, and it is required to be
close to 1 for factor analysis to be effective. In the Exploratory Factor Analysis (EFA) to be
performed, a KMO coefficient of 0.60 and above is considered sufficient, but it is desired
to be above 0.80. While performing EFA, not all items were analysed at the same time, and

it was checked whether they were collected under the determined dimensions.8

One method used to determine the construct validity of the developed assessment tool is
““known groups comparison”. The intergroup differentiation method assumes that the
groups are different in terms of the area to be measured. In our study, teachers who
received DM training were expected to achieve higher scores on DM-KS and were

compared with those who did not receive training using the Mann-Whitney U test.”

One frequently used method in determining construct validity is Confirmatory Factor
Analysis (CFA). CFA is a method that allows checking the factor structures revealed in
EFA. While the relationships between the items in the evaluation tool are examined with

EFA, the relationships between the factors are evaluated with CFA. CFA is a modelling
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method used to evaluate the latent structure of a measurement tool and to test the fit
between observed variables and latent variables. In this study, the factor structure of the

DM-KS was examined using CFA with the LISREL 8.51 software program.

Internal Consistency

The Cronbach’s alpha coefficient was calculated to test the reliability of DM-KS and to

determine internal consistency.

Scoring DM-KS - Statistical Analysis

Each correct answer given to the DM-KS items was scored as "2", incorrectly marked as
"0", and those marked as "I don't know" were scored as "1". As the score obtained from

each domain increased, the level of knowledge increased.

Data were evaluated using IBM SPSS Statistics for Windows, Version 20.0 (Armonk, NY:
IBM Corp.). Sociodemographic characteristics were presented with descriptive statistical
data (mean, frequency, standard deviation, etc.). The conformity of distribution was
evaluated with the Shapiro-Wilk test. Mann-Whitney U, Kruskal-Wallis test, and

Spearman correlation analysis were used for statistical analysis.

Ethical Considerations

This study was carried out within the scope of the project titled: ‘Evaluation of the
Knowledge Level of School Teachers about Diabetes Mellitus’, and University of Health
Sciences Dr. Abdurrahman Yurtaslan Ankara Oncology Training & Research Hospital

Ethics Committee approval (2022-10/172) was received to conduct this study.
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Results

DM-KS Validity-Reliability Analysis

The DM-KS item difficulty indexes ranged from 0.37 to 0.84, and the discrimination
coefficients ranged from 0.40 to 0.91. According to the item analysis results, no items were

extracted from the developed assessment tool.

As a result of the EFA analysis performed to test the construct validity, four items were
excluded from the assessment tool because they had a factor load of more than 0.40 in
each of the two subscales (overlapping factor) ("item 10: The main effect of insulin
hormone is to raise blood sugar.", "item 11: Insulin therapy is in the form of oral tablets.",
"item 17: In case of low blood sugar, if the child is conscious, he/she can be sent home.",
“Item 21: It is not appropriate for a student with controlled Diabetes Mellitus to attend

classes that require exercise, such as physical education.”). The item analysis and EFA

results of DM-KS are given in Table 1.
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Table 1. Item analysis results and factor loads of DM-KS.

DM-KS items Pj rjx Factor
Load

Diabetes Mellitus General Information and Symptoms

KMO0:0.870

Bartlett's Test of Sphericity:1117.482; 0.000

Explained Variance:38.20

1- Diabetes mellitus is a disease with high blood sugar that occurs when the 0.78 0.51 0.61

pancreas is unable to produce enough insulin or the body is unable to use

insulin effectively.

2- The blood sugar level of an individual without diabetes should not exceed 0.47 0.70 0.59

100 mg/dLin fastingand 140 mg/dL in satiety (2 hours after starting the meal).

3- The two most common types of diabetes mellitus are Type 1 and Type 2 0.53 0.83 0.69

diabetes.

4- The disease, characterised by an increase in blood sugar due to absolute 0.37 0.78 0.63

insulin deficiency, is called “Type 1 diabetes mellitus”.

5- Type 1 is the most common type of diabetes mellitus in childhood. 0.40 0.78 0.64

6- Diabetes mellitus is one of the leading chronic diseases worldwide. 0.73 0.53 0.56

7- Findings such as constant thirst/dry mouth, drinking more water than usual, 0.84  0.42 0.60

and frequent and copious urination (polyuria) are among the most common

findings of diabetes mellitus.

13- Ablood sugar level lower than 70 mg/dL is considered hypoglycaemia (low 0.48 0.91 0.70

blood sugar).

14- Symptoms such as hand and foot tremors, pale colour, and cold sweating 0.75 0.55 0.60

may indicate low blood sugar.

18- Symptoms such as a feeling of thirst, acetone odour in the mouth, and 0.55 0.80 0.65

sleepiness may indicate high blood sugar.

22- Diabetes is a lifelong disease. 0.63 0.55 0.50

Diabetes Mellitus Treatment and Complication Management
KMO0:0.893

Bartlett's Test of Sphericity:1549.145; <0.001

Explained Variance:41.42
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8- Insulin therapy is used in the treatment of type 1 diabetes mellitus. 0.46 0.70 0.51
9- The pancreas is the main organ in which the insulin hormone is secreted. 0.63 0.75 0.65
12- Insulins are drugs subject to the cold chain. 0.39 0.50 0.39

15- In case of low blood sugar, sugar cubes/fruit juice should be given if the 0.65 0.72 0.65

child is conscious.

16- In case of low blood sugar, emergency health services should be notified if 0.84 0.40 0.56

the child is unconscious.

19- Exercise programs are part of the treatment of diabetes mellitus. 0.60 0.73 0.63

20- In situations that cause anxiety, such as exams, the blood sugar balance may 0.70 0.66 0.68

deteriorate.
23- Exercise programs are effective in lowering blood sugar. 0.60 0.80 0.71
24- Failure to control blood sugar creates long-term health problems. 0.83 0.52 0.68

25- If blood sugar is not kept under control in diabetes mellitus, eye damage 0.65 0.80 0.74

(blindness, etc.) may occur.

26- If blood sugar is not kept under control in diabetes mellitus, severe kidney 0.70 0.70 0.76

disease may develop that may require dialysis and/or kidney transplantation.

27- If blood sugar is not kept under control in diabetes mellitus, diseases such  0.53 0.81 0.69
as heart attack and stroke, which may result in death, may develop due to

damage to the heart and brain vessels.

Total Explained Variance: 40%, Pj: item difficulty index; rjx: item discrimination coefficients.

In the reliability analysis, the Cronbach's alpha coefficient for subscale-1 was 0.84, and
the item-total correlation coefficient ranged between 0.394 and 0.604; the Cronbach's
alpha coefficient for subscale-2 was 0.87, and the item-total correlation coefficient
ranged between 0.330 and 0.674. Cronbach's alpha coefficient did not increase when
any item was removed in both subscales. The reliability analyses of the study are given

in Table 2.
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Table 2. DM-KS Reliability Analysis Results

DM-KS items Corrected Cronbach’s
item-total alpha if
correlation item

deleted

Diabetes Mellitus General Information and Symptoms

Cronbach’s alpha coefficient: 0.836

1- Diabetes mellitus is a disease with high blood sugar that occurs when the 0.507 0.823

pancreas is unable to produce enough insulin or the body is unable to use insulin

effectively.

2- The blood sugar level of an individual without diabetes should not exceed 100 0.481 0.825
mg/dL in fasting and 140 mg/dL in satiety (2 hours after starting the meal).

3- The two most common types of diabetes mellitus are Type 1 and Type 2 diabetes. 0.592 0.815
4- The disease, characterised by an increase in blood sugar due to absolute insulin 0.529 0.820

deficiency, is called “Type 1 diabetes mellitus”.

5- Type 1 is the most common type of diabetes mellitus in childhood. 0.540 0.819
6- Diabetes mellitus is one of the leading chronic diseases worldwide. 0.452 0.827
7- Findings such as constant thirst/dry mouth, drinking more water than usual, and 0.496 0.824

frequent and copious urination (polyuria) are among the most common findings of

diabetes mellitus.

13- A blood sugar level lower than 70 mg/dL is considered hypoglycaemia (low 0.604 0.813
blood sugar).
14- Symptoms such as hand and foot tremors, pale colour, and cold sweating may 0.491 0.824

indicate low blood sugar.

18- Symptoms such as a feeling of thirst, acetone odour in the mouth, and 0.541 0.819

sleepiness may indicate high blood sugar.

22- Diabetes is a lifelong disease. 0.394 0.832

Diabetes Mellitus Treatment and Complication Management

Cronbach'’s alpha coefficient: 0.865

8- Insulin therapy is used in the treatment of type 1 diabetes mellitus. 0.434 0.863
9- The pancreas is the main organ in which the insulin hormone is secreted. 0.555 0.854
12- Insulins are drugs subject to the cold chain. 0.330 0.865
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15- In case of low blood sugar, sugar cubes/fruit juice should be given if the child 0.566 0.854

is conscious.

16- In case of low blood sugar, emergency health services should be notified if the 0.470 0.860

child is unconscious.

19- Exercise programs are part of the treatment of diabetes mellitus. 0.542 0.855
20- In situations that cause anxiety, such as exams, the blood sugar balance may 0.586 0.852
deteriorate.

23- Exercise programs are effective in lowering blood sugar. 0.628 0.849
24- Failure to control blood sugar creates long-term health problems. 0.574 0.854
25- If blood sugar is not kept under control in diabetes mellitus, eye damage 0.642 0.848

(blindness, etc.) may occur.

26- If blood sugar is not kept under control in diabetes mellitus, severe kidney 0.674 0.847

disease may develop that may require dialysis and/or kidney transplantation.

27- If blood sugar is not kept under control in diabetes mellitus, diseases such as 0.599 0.851
heart attack and stroke, which may result in death, may develop due to damage to

the heart and brain vessels.

Total scale Cronbach’s alpha coefficient:0.891

As another analysis method for DM-KS, the scores of the upper and lower groups (27%)
were compared, and it was determined that the scores of the upper group were higher
in all subscales of DM-KS (for each subscale, p<0.05). The comparison of the item scores

of the lower and upper 27% groups is given in Table 3.

Table 3. Comparison of the item scores of the lower and upper 27% groups.

DM-KS Mean (SD) Median (Q1-Q3) Statistical analysis
Zp
Subdomain-1 Group of upper 27% 20.6 (1.5) 20.5 (20.0-22.0) 12.398; <0.001
Group of lower 27% 12.4 (2.5) 12.0 (11.0-14.0)
Subdomain-2 Group of upper 27% 22.4 (1.7) 23.0 (22.0-24.0) 12.284; <0.001
Group of lower 27% 13.2 (3.9) 14.0 (12.0-16.0)

Data are presented as mean (SD) and median (interquartile range). Mann-Whitney U test was used.
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For intergroup differentiation, the DM-KS scores of individuals who had received DM
training were compared with those who had not received training. As predicted, those
who received training beforehand had higher scores in both subscales. Comparisons

between groups are given in Table 4.

Table 4. Comparisons between groups.

DM-KS Mean (SD)  Median (Q1-Q3)  Statistical analysis
Z;p
Subdomain 1 Those who have not received 16.5 (3.7) 17.0 (14.0-19.5)  2.521;0.012

training on DM
Those who received training 17.7 (3.6) 19.0 (16.0-20.0)
on DM

Subdomain 2 Those who have not received 18.2 (4.6) 19.0 (16.0-22.0)  3.189;0.001
training on DM
Those who received training 20.1 (3.7) 21.0 (19.0-23.0)
on DM

Mann-Whitney U test was used. Q1-0Q3: interquartile range (25th-75th percentiles).

In the CFA conducted for DM-KS, although several goodness-of-fit indices did not meet
commonly recommended thresholds, the t-values and factor loadings in the
measurement model were within acceptable limits. The measurement model (T values)
obtained from the CFA is presented in Figure 1, and the fit indices for this model are

listed in Table 5.

Table 5. Fit indices obtained from CFA.

Fit indices Fit values of the measurement model obtained for
the DM-KS

X% /df 6.50

RMSEA 0.12

SRMR 0.08
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CF1 0.89
GFI 0.74
AGFI 0.69

df: degrees of freedom; RMSEA: root mean square error of approximation; SRMR: standardized root mean
square residual; CFI: comparative fit index; GFI: goodness of fit index; AGFI: adjusted goodness of fit index.

Chi-Square=1494.85, df=229, P-value=0.00000, RMSEA=0.121
Figure 1. The measurement model obtained from the CFA

Characteristics of Participants

281 (74.1%) of the participants in the study were female. Their ages ranged from 22 to
62 years, with a mean (SD) of 39.7 (9.3) years. DM-KS scores were not significantly
associated with most sociodemographic characteristics (p > 0.05). However, teachers
with a chronic disease demonstrated significantly higher DM-KS scores compared with

those without a chronic disease (p = 0.008) (Table 6).
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Table 6. Comparison of sociodemographic characteristics of participants and DM-KS.

n (%) DM-KS Statistical
Median Analysis
(Q1-3) Kwiz: p
Age group <35 130 (34.3) 16.0 (12.0-20.0) 5.229; 0.073
35-44 126 (33.2) 17.0 (10.0-22.0)
>45 123 (32.5) 19.0 (13.0-22.0)
Sex Female 281 (74.1) 17.0 (13.0-22.0)
Male 98 (25.9) 16.0 (10.0-21.0) 1.677;0.094
School type Primary school 97 (25.6) 17.0 (13.0-21.0)
Middle school 126 (33.2) 16.5 (11.0-21.0) 2.263;0.323
High school 156 (41.2) 17.5 (11.5-22.0)
Working position Director/Manager 27 (7.1) 20.0 (12.0-23.0) 1.114; 0.265
Teacher 352 (92.9) 17.0 (12.0-21.0)
Perceived income Poor 45 (11.9) 16.0 (10.0-21.0) 2.767; 0.251
level Middle 250 (66.0) 17.0 (12.0-21.0)
Good 84 (22.2) 18.0 (13.5-22.0)
Having a child Yes 271 (71.5) 17.0 (11.0-21.0) 0.532; 0.594
No 108 (28.5) 17.0 (13.0-22.0)
Having a chronic Yes 77 (20.3) 19.0 (14.0-23.0) 2.637; 0.008
disease No 302 (79.7) 16.5 (11.0-21.0)

Kruskal Wallis/ Mann-Whitney U test was used. Q1-Q3: interquartile range (25th-75th percentiles).

Discussion
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DM has become a major public health problem in Tirkiye. According to the IDF,
approximately 9 million individuals were living with DM in Turkiye in 2021, and an
estimated 30,000 children under 18 years have type 1 DM.>6 Because children spend a
substantial proportion of their time at school, early recognition of DM symptoms,
awareness of emergency signs in children with DM, and prevention of acute and long-term
complications are critically dependent on school personnel.? Consequently, teachers must
possess adequate DM knowledge, and our study therefore aimed to develop a Diabetes
Mellitus Knowledge Scale (DM-KS) and to conduct its validity and reliability analysis

among teachers.

In developing a new assessment tool, items should not be excessively easy or difficult and
should discriminate between knowledgeable and non-knowledgeable individuals. For
this purpose, an item discrimination coefficient of 20.20 is generally recommended.10 In
our study, DM-KS item difficulty indices ranged from 0.37 to 0.84, and discrimination
coefficients from 0.40 to 0.91, indicating satisfactory psychometric performance. Item
discrimination was further confirmed by comparing the lower and upper 27% groups,
and all items of the DM-KS were discriminative. In the Diabetes Knowledge Questionnaire
validation study by Hsieh et al, item difficulties ranged from 0.285 to 0.993 and
discriminations from 0.199 to 0.578, while Garcia et al. reported difficulty indices
between 0.14 and 0.96 and discrimination values between 0.27 and 0.37.1112 Qverall, the
item characteristics of DM-KS were comparable or superior to those reported in previous

instruments.

Exploratory factor analysis (EFA) was used to examine the construct validity of DM-KS.
Bartlett’s test of sphericity indicated that the item correlation matrix was suitable for
factor analysis, and the Kaiser-Meyer-0Olkin measure showed adequate sampling. In line
with recommendations in the social sciences, where an explained variance of 40-60% is
considered acceptable,” the two-factor structure of DM-KS accounted for 40% of the total

variance and was considered satisfactory.
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Factor loadings reflect the weights of items on their respective latent constructs and are
typically expected to be 20.30.7 In DM-KS, all item loadings exceeded 0.30, indicating that
each item contributed adequately to its factor. Consistent with our approach, Hsieh et al.
removed items with factor loadings <0.30 in their Taiwanese validation study, and Yavuz
and Erol excluded items with loadings <0.20, with the lowest retained loading being

0.30.1213

Construct validity was also supported by known-groups (intergroup) differentiation. As
hypothesised, teachers who had previously received DM training achieved significantly
higher DM-KS scores than those without such training, demonstrating the scale’s ability
to discriminate between groups with differing knowledge levels. Similarly, Bukhsh et al.
reported higher diabetes knowledge scores among individuals with good glycaemic
control compared with those with poor control, and Al-Qazaz et al. found parallel
associations between knowledge and self-management indicators.141> These convergent

findings further support the construct validity of DM-KS.

Internal consistency is a key component of reliability. A Cronbach’s alpha coefficient of
20.70 is generally regarded as acceptable.” In our study, Cronbach’s alpha values for the
overall DM-KS and for both subscales exceeded 0.80, indicating high internal consistency.
Previous diabetes knowledge scales developed or adapted in different languages have
reported alpha values of 20.70, and our results therefore fall within, or above, the range
reported in the literature.11.16 Differences in scoring formats, sample characteristics, and
scale length across studies may partly account for variability in alpha values, yet the

overall pattern consistently supports adequate reliability.

Confirmatory factor analysis (CFA) was conducted to test the two-factor structure
identified in EFA. CFA evaluates the fit between observed variables and latent constructs
by multiple fit indices; however, there is no universal consensus on optimal cut-off values,
and indices are influenced by factors such as sample size, model complexity, and data
distribution’. In our analysis, all item t-values exceeded 1.96 and all item-factor
correlations were statistically significant, supporting the specified factor structure.
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Although some goodness-of-fit indices did not meet commonly recommended thresholds,
the findings provided preliminary support for the proposed two-factor structure when
considered together with the factor loadings, theoretical coherence, and other
psychometric findings. It is well recognized that model fit indices may be affected by
sample characteristics, model complexity, and item distributions, and strict adherence to
cut-off values alone may lead to incorrect conclusions regarding model adequacy.
Previous methodological literature emphasizes that acceptable model fit should be
interpreted holistically by considering theoretical justification, factor loadings, and
reliability estimates rather than relying solely on numerical thresholds. Therefore, while
the findings support the proposed factor structure, the factorial validity evidence should
be interpreted with caution and considered preliminary. Furthermore, because both EFA
and CFA were conducted using the same sample, future studies involving independent
samples are needed to provide additional evidence regarding the stability and

generalizability of the factor structure.18-20

After finalising DM-KS, we examined its ability to distinguish subgroups defined by
relevant teacher characteristics. Teachers with chronic diseases had higher DM-KS scores
than those without chronic conditions. Comparable observations have been reported in
studies from rural China, where adults with chronic diseases or a positive family history
showed more extensive knowledge of chronic conditions, and among older individuals
with a family history of chronic disease.?1.22 These findings likely reflect increased health-
seeking behaviour and more frequent contact with healthcare professionals, which in turn

may enhance disease-related knowledge.

Strengths and Limitations

This study contributes to the existing literature by providing a psychometrically tested
instrument developed and evaluated among teachers to assess knowledge regarding type
1 diabetes mellitus in school settings. Although several diabetes knowledge scales exist in
the literature, most of them were developed for patients or healthcare professionals and
may not adequately capture the educational and practical needs of school personnel. The
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present scale addresses this gap by focusing on teachers, who play a critical role in
recognizing symptoms, preventing complications, and responding to diabetes-related
emergencies during school hours. In addition, the inclusion of both exploratory and
confirmatory factor analyses provides preliminary evidence regarding the structural
validity of the instrument. Therefore, DM-KS may serve as a useful tool for assessing
educational needs, planning training programs, and evaluating interventions aimed at

improving diabetes management and safety in school environments.

This study has several limitations that should be considered when interpreting the
findings. First, the study was conducted in a single district, and participants were
recruited using a convenience sampling approach, although schools were randomly
selected, which may limit the generalizability of the results to other regions or
populations. Second, data were collected using self-report questionnaires, which may
introduce response bias, including social desirability bias, and may not fully reflect
participants’ actual knowledge levels. Third, although both exploratory and confirmatory
factor analysis were performed, the CFA was conducted on the same sample rather than
an independent validation sample, which may limit the strength of the structural
validation. In addition, some CFA model fit indices did not fully meet the recommended
thresholds, and therefore the factorial validity findings should be interpreted with
caution. Additionally, test-retest reliability was not assessed due to time constraints, and
therefore the temporal stability of the scale could not be evaluated. Future studies
including larger and more diverse samples, independent validation groups, and
longitudinal reliability assessments are recommended to further strengthen the

psychometric properties of the scale.

In conclusion, the Diabetes Mellitus Knowledge Scale (DM-KS) demonstrated acceptable
reliability and preliminary evidence of validity for assessing teachers’ knowledge
regarding type 1 diabetes mellitus and its management in school settings. The findings
suggest that the scale has promising psychometric properties and may serve as a practical

tool for identifying knowledge gaps among teachers and guiding educational
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interventions. Further validation in independent samples is warranted to confirm the

stability and generalizability of its factor structure.

The DM-KS may also be useful for evaluating the effectiveness of training programs and
supporting school health policies aimed at enhancing preparedness for diabetes care in
educational environments. Future research involving larger and more diverse
populations, independent validation samples, and longitudinal studies assessing
temporal stability would provide additional evidence regarding the applicability and

psychometric performance of the scale across different settings.
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