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Abstract. Background: Iron-deficiency anemia (IDA) in pregnancy remains a
critical health concern in Indonesia, particularly in Seluma Regency, Bengkulu
Province, where the prevalence remains high. Limited compliance with iron—
folic acid supplementation underscores the need for innovative maternal health
education strategies. The SINA (Sahabat Ibu Anti Anemia) chatbot was designed
to deliver interactive, digital-based health education for pregnant women. This
study aimed to develop and psychometrically test a questionnaire to evaluate the
effectiveness of the SINA chatbot. Methods: Instrument development was based
on Green’s PRECEDE-PROCEED model. The questionnaire initially contained
62 items across three domains: knowledge (22), attitudes (30), and practices (10).
Content validity was evaluated by experts using the Content Validity Index
(CVI), readability was tested among five pregnant women, and construct validity
and reliability were examined among 30 pregnant women. Validity testing
employed item-total correlation (r > 0.30), and reliability was assessed using
Cronbach’s Alpha. Results: The overall CVI was 0.89, indicating strong content
validity. Readability testing showed good comprehension in the knowledge
(4.36) and practice (4.72) domains and moderate comprehension in attitudes
(3.82). After item analysis, 46 items were valid, with 3 items revised. Cronbach’s
Alpha for the overall instrument was 0.87, with subscale reliabilities of 0.82
(knowledge), 0.85 (attitudes), and 0.80 (practices). Conclusion: The SINA
questionnaire demonstrated strong validity and reliability and can serve as a valid
instrument for preliminary evaluation of chatbot-based maternal health
interventions. Further testing with larger samples and confirmatory factor
analysis is recommended.
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1 Introduction

Iron-deficiency anemia (IDA) is one of the most prevalent nutritional disorders among
pregnant women globally. The World Health Organization (WHO) reports that approx-
imately 40% of pregnant women suffer from anemia, with the highest prevalence found
in Southeast Asia [1]. In Indonesia, anemia affects more than 40% of pregnant women
[2]. In Bengkulu Province, the prevalence remains high, particularly in Seluma Re-
gency (11.61% in 2023) [3].

Anemia during pregnancy has been linked to several adverse maternal and neonatal
outcomes, including fatigue, preterm birth, and low birth weight [4]. Although iron—
folic acid supplementation (IFA) programs have been implemented nationwide, adher-
ence remains low due to poor knowledge, misconceptions, and limited access to health
education [5].

The rise of digital health technologies, including mobile health (mHealth) and con-
versational agents or chatbots, provides new opportunities for interactive health pro-
motion [6], [7]. The SINA (Sahabat Ibu Anti Anemia) chatbot was developed to deliver
educational messages on anemia prevention via WhatsApp. To evaluate its effective-
ness, a psychometrically tested questionnaire is required to measure changes in
knowledge, attitudes, and practices among pregnant women.

This study aimed to develop and validate such an instrument through comprehensive
psychometric testing involving content validity, readability, construct validity, and re-
liability analyses.

2 Methods

2.1  Study Design

This study employed a cross-sectional design for the development and validation of a
questionnaire intended to assess the SINA maternal health chatbot.

2.2 Instrument Development

Item construction was guided by Green’s PRECEDE-PROCEED model [8], covering
predisposing (knowledge, attitudes) and reinforcing (practices) factors in anemia pre-
vention. The initial version comprised 62 items distributed across three domains:
knowledge (22), attitudes (30), and practices (10).

2.3  Content Validity

Three subject-matter experts in maternal health, health promotion, and public health
assessed each item’s relevance, clarity, and representativeness using a 4-point Likert
scale. The overall Content Validity Index (CVI) was 0.89, reflecting excellent expert
agreement (Table 1).
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Table 1. Content Validity Index (CVI)

Domain No. of Items CVI Interpretation
Knowledge 22 0.89 High validity
Attitudes 30 0.88 High validity
Practices 10 0.90 High validity
Overall 62 0.89 Excellent

2.4  Readability Testing

The readability test was conducted with five pregnant women of varied education levels
(junior high to college). Each participant rated the clarity and understandability of each
domain on a 5-point scale. Results are shown in Table 2.

Table 2. Readability Test Results

Domain Mean Score Interpretation

Knowledge 4.36 Easy to understand

Attitudes 3.82 Moderate; minor revision required
Practices 4.72 Very easy to understand

2.5  Construct Validity and Reliability

The revised questionnaire was administered to 30 pregnant women attending antenatal
care in Seluma Regency. Construct validity was assessed using Pearson’s item-total
correlation (cut-off r > 0.30) [9]. Internal consistency reliability was analyzed using
Cronbach’s Alpha (acceptable > 0.70) [10].

Table 3. Construct Validity and Reliability Results

Domain Initial Items  Valid Items Revised Items Cronbach’s Alpha
Knowledge 22 16 0 0.82
Attitudes 30 20 0 0.85
Practices 10 10 (7 valid, 3 re- 3 0.80
vised)
Total 62 46 valid items 3 revised items  0.87 (overall)

2.6 Ethical Considerations

Ethical approval was obtained from the Ethics Committee of Sapta Bakti College of
Health Sciences, Bengkulu, Indonesia. All participants provided informed consent.
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3 Results

3.1 Content Validity Results

Content validity of the questionnaire was evaluated by three experts with backgrounds
in maternal health, health promotion, and public health. The overall Content Validity
Index (CVI) of the instrument was 0.89, indicating a high level of agreement among
experts regarding item relevance, clarity, and representativeness.

Across domains, the CVI values were consistently high, with knowledge items
achieving a CVI of 0.89, attitude items 0.88, and practice items 0.90. These results
suggest that the initial pool of items adequately reflected key constructs related to ane-
mia prevention and maternal health education within the context of chatbot-based in-
terventions. Minor revisions were recommended by experts, primarily involving sim-
plification of technical terms and rephrasing of negatively worded statements to en-
hance clarity.

3.2 Readability Test Results

Readability testing was conducted among five pregnant women with diverse educa-
tional backgrounds, ranging from junior high school to higher education. The mean
readability score for the knowledge domain was 4.36, indicating that most items were
easy to understand. The practice domain showed the highest readability score (4.72),
suggesting that behavior-related questions were highly comprehensible and directly
aligned with respondents’ daily experiences.

In contrast, the attitude domain yielded a lower mean score of 3.82, indicating mod-
erate readability. Participants reported difficulty understanding items that used abstract
expressions or negative sentence constructions. Based on this feedback, several attitude
items were revised to improve sentence structure and simplify wording, while main-
taining their conceptual meaning. Overall, the readability findings indicate that the
questionnaire was generally well understood by the target population, with targeted im-
provements required mainly for attitudinal statements.

3.3  Construct Validity Results

Construct validity was assessed using item—total correlation analysis based on re-
sponses from 30 pregnant women. A correlation coefficient threshold of r > 0.30 was
applied to determine item validity. Of the 62 initial items, 46 items met the validity
criteria, while the remaining items were either excluded or revised.

Within the knowledge domain, 16 out of 22 items demonstrated adequate item—total
correlations and were retained in the final instrument. In the attitude domain, 20 of the
30 items met the validity threshold, indicating that several attitudinal statements did not
consistently align with the overall construct. All 10 practice items were retained, alt-
hough three items underwent minor revisions to improve clarity based on both statisti-
cal results and qualitative feedback.



Development and Psychometric Testing of a Questionnaire for ... 193

These findings suggest that knowledge and practice items exhibited stronger con-
struct alignment compared to attitude items, which required more refinement to capture
consistent respondent perceptions.

3.4  Reliability Results

Internal consistency reliability of the revised questionnaire was assessed using
Cronbach’s Alpha. The overall reliability coefficient for the final instrument was o =
0.87, indicating excellent internal consistency.

Subscale reliability analysis showed Cronbach’s Alpha values of 0.82 for the
knowledge domain, 0.85 for the attitude domain, and 0.80 for the practice domain. All
values exceeded the commonly accepted threshold of 0.70, demonstrating that the re-
tained items within each domain consistently measured their respective constructs.

Taken together, the validity and reliability analyses resulted in a final questionnaire
consisting of 46 valid items, with three practice items revised for clarity. These results
indicate that the instrument possesses strong psychometric properties and is suitable for
preliminary evaluation of maternal health chatbot interventions.

4 Discussion

This study aimed to develop and psychometrically test a questionnaire designed to eval-
uate the SINA (Sahabat Ibu Anti Anemia) maternal health chatbot. Overall, the findings
demonstrate that the instrument possesses strong content validity, satisfactory construct
validity, and high internal consistency reliability, indicating its suitability for prelimi-
nary evaluation of chatbot-based maternal health education interventions.

4.1  Content Validity and Conceptual Adequacy

The high overall Content Validity Index (CVI = 0.89) indicates strong agreement
among experts regarding the relevance and representativeness of the questionnaire
items. This finding suggests that the instrument adequately captures key constructs re-
lated to anemia prevention and maternal health education. According to Polit and Beck,
a CVI value above 0.80 reflects excellent content validity and indicates that items are
conceptually aligned with the intended measurement domain [8].

The consistently high CVI scores across knowledge, attitude, and practice domains
further support the conceptual robustness of the instrument. This is particularly im-
portant in the context of digital health interventions, where evaluation tools must reflect
both biomedical content and behavioral dimensions of health education [9]. The use of
Green’s PRECEDE-PROCEED model as the theoretical foundation likely contributed
to this strong conceptual alignment, as the model emphasizes the role of predisposing
and reinforcing factors in shaping health behaviors [10].
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4.2  Readability and Comprehension Among Pregnant Women

Readability testing revealed that the knowledge and practice domains were generally
easy to understand, whereas the attitude domain showed comparatively lower readabil-
ity. This pattern is consistent with previous studies reporting that attitude-related items
tend to be more abstract and cognitively demanding than factual knowledge or behav-
ioral questions, particularly among populations with varied educational backgrounds
[1].

Pregnant women participating in the readability test reported difficulty with nega-
tively worded and abstract attitudinal statements. Similar findings have been reported
in maternal health surveys, where complex sentence structures and negative phrasing
were associated with reduced comprehension and response accuracy [4]. The revisions
made to these items were therefore essential to enhance clarity without altering the un-
derlying construct. These findings underscore the importance of linguistic simplicity
and cultural adaptation in developing instruments for maternal health education, espe-
cially in low- and middle-income settings [6].

4.3  Construct Validity Across Domains

Construct validity analysis indicated that not all initial items demonstrated adequate
item—total correlations, particularly within the attitude domain. This result suggests that
attitudes toward anemia prevention may be more heterogeneous and context-dependent
than knowledge or practice behaviors. Attitudinal constructs are influenced by personal
beliefs, social norms, and cultural expectations, which can vary substantially among
pregnant women [7].

In contrast, knowledge and practice items exhibited stronger construct alignment,
with most items meeting the validity threshold. This finding aligns with previous re-
search indicating that factual knowledge and observable behaviors tend to yield more
stable psychometric properties than attitudinal measures [11]. The retention of all prac-
tice items, albeit with minor revisions, suggests that behavioral indicators related to
iron tablet consumption and anemia prevention are more directly interpretable and con-
sistently perceived by respondents.

4.4  Reliability and Internal Consistency

The reliability analysis demonstrated high internal consistency for the overall instru-
ment (Cronbach’s Alpha = 0.87) and for each subscale (o = 0.80—0.85). According to
Tavakol and Dennick, Cronbach’s Alpha values above 0.70 are considered acceptable,
while values above 0.80 indicate good reliability for newly developed instruments [12].
The reliability coefficients obtained in this study therefore suggest that the question-
naire items consistently measure their respective constructs.

High reliability is particularly important for instruments intended to evaluate digital
health interventions, as repeated assessments are often required to monitor changes in



Development and Psychometric Testing of a Questionnaire for ... 195

knowledge, attitudes, and practices over time [13]. The strong internal consistency ob-
served in this study supports the use of the questionnaire as a stable measurement tool
in future chatbot-based maternal health evaluations.

4.5 Implications for Chatbot-Based Maternal Health Evaluation

The final 46-item questionnaire provides a structured and psychometrically sound in-
strument for evaluating the educational impact of the SINA maternal health chatbot.
Unlike many existing evaluations that rely on ad hoc or non-validated measures, this
instrument offers a theoretically grounded and empirically tested approach to assessing
digital health education outcomes [9,14].

By capturing knowledge, attitudes, and practices simultaneously, the questionnaire
enables a comprehensive evaluation of behavioral change mechanisms targeted by chat-
bot interventions. This is particularly relevant in maternal health promotion, where im-
provements in knowledge alone may not translate into sustained behavioral change
without corresponding shifts in attitudes and practices [15].

4.6  Study Limitations and Future Directions

Despite its strengths, this study has several limitations. The psychometric testing was
conducted with a relatively small sample size (n = 30), which limits the generalizability
of the findings. As recommended in psychometric literature, larger samples are required
for advanced analyses such as exploratory and confirmatory factor analysis [8,11]. Fu-
ture studies should therefore validate the questionnaire using larger and more diverse
populations to further strengthen construct validity.

Additionally, this study focused on preliminary validation. Longitudinal studies are
needed to assess the sensitivity of the instrument in detecting changes following chat-
bot-based interventions. Nevertheless, the present findings provide a strong foundation
for further instrument refinement and application.

5 Limitations

This study was limited by a small sample (n=30), below the typical psychometric stand-
ard of five respondents per item. As a result, the findings should be considered prelim-
inary. Additionally, data were collected from a single district, which may limit cultural
representativeness.

6 Conclusion

This study successfully developed and conducted preliminary psychometric testing of
a questionnaire designed to evaluate the SINA (Sahabat Ibu Anti Anemia) maternal
health chatbot. The findings demonstrate that the instrument possesses strong content
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validity, acceptable construct validity, and high internal consistency reliability, indicat-
ing that it is suitable for use as an evaluation tool in digital maternal health education.

The overall Content Validity Index (CVI = 0.89) confirms that the questionnaire
items are conceptually relevant and representative of key domains related to anemia
prevention, namely knowledge, attitudes, and practices. Readability testing further in-
dicated that the instrument is generally understandable by pregnant women, although
attitudinal items required minor linguistic refinement. These adjustments improved
clarity without compromising the underlying constructs.

Construct validity and reliability analyses resulted in a final instrument consisting of
46 valid items, with three practice items revised for clarity. The overall Cronbach’s
Alpha coefficient (o = 0.87) and strong subscale reliabilities support the internal con-
sistency of the instrument and its potential utility for repeated assessments in chatbot-
based interventions.

Importantly, this questionnaire provides a theoretically grounded and empirically
tested tool for evaluating maternal health chatbots, addressing a critical gap in digital
health research where evaluation often relies on non-validated measures. By capturing
knowledge, attitudes, and practices simultaneously, the instrument enables a more com-
prehensive assessment of behavioral change mechanisms targeted by chatbot-based ed-
ucation.

Although this study represents a preliminary validation with a limited sample size,
the results provide robust evidence supporting the feasibility and reliability of the in-
strument. Future research should involve larger and more diverse populations and apply
advanced psychometric analyses, such as factor analysis, to further strengthen construct
validation. Nevertheless, the present findings support the use of the questionnaire as a
promising evaluation instrument for maternal health chatbot interventions aimed at ane-
mia prevention.
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