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ARTICLE INFO ABSTRACT

Article history Maternal and child health remains a critical priority in global health
ﬁzzz\e’jd ;:J‘gi’ziozzsoz s strategies, particularly in achieving the Sustainable Development Goals
Accepted : August 29, 2025 (SDGs). In Indonesia, maternal mortality remains significantly higher

than the SDG target, underscoring the urgent need for accessible and
high-quality maternal health information. Digital innovations, such as
Keywords: Artificial Intelligence (Al)-based chatbots, have emerged as promising
Health Information Access: tools to help bridge this gap. This study aimed to evaluate the
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Maternal Health: effectiveness of a Meta-Al chatbot delivered via WhatsApp in
Meta-Al Chatbot; improving pregnant women’s access to maternal and child health
Pregnant Women. information. A quasi-experimental one-group pretest—posttest design
was employed, involving 30 pregnant women in Singasari Village,
Tasikmalaya Regency. Participants received a one-time training session
on accessing health information—particularly related to pregnancy
care—through the Meta-Al WhatsApp chatbot, supported by a
guidance booklet. Data were collected using a validated and reliable
questionnaire that assessed participants’ knowledge and skills before
and after the intervention. Paired sample t-tests were used to compare
pre- and post-intervention scores. The results demonstrated significant
improvements in both knowledge and skills. Knowledge scores
increased from 5.00 (SD = 2.00) to 9.40 (SD = 0.85), t-test (29) = 29.0,
p < 0.001, Cohen’s d = 1.88, 95% CI [1.27, 2.47]. Similarly, skills
scores rose from 26.5 (SD = 5.40) to 36.7 (SD = 3.02), t-test (29) =
29.0,p <0.001, Cohen’s d=2.31,95% CI [1.61, 2.99]. These findings
indicate that the Meta-Al chatbot, used via WhatsApp, significantly
enhanced pregnant women’s knowledge and skills, thereby improving
access to accurate maternal health information, strengthening health
literacy, and supporting informed decision-making. Future research
should explore the long-term effects of this intervention and its
potential integration into public health systems.

This is an open-access article under the CC-BY-SA license.

1. Introduction

Maternal and child health remains a central focus of global health initiatives, particularly in
achieving the Sustainable Development Goals (SDGs), which aim to reduce maternal and infant
mortality worldwide [1, 2]. In Indonesia, the maternal mortality ratio decreased from approximately
305 per 100,000 live births in 2015 to 189 per 100,000 live births in 2020. However, this figure
remains substantially higher than the SDG target of <70 per 100,000 live births by 2030. The most
recent estimates from the World Health Organization (WHO) indicate that Indonesia’s maternal
mortality ratio was approximately 173 per 100,000 live births in 2023, underscoring persistent
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challenges in maternal health service delivery, particularly concerning the accessibility and
utilization of maternal health information [3—6]. Limited access to accurate and timely information
has been shown to constrain pregnant women’s ability to recognize maternal health risks and make
informed decisions [7]. A survey conducted at the Kedokteran Indonesia Kiara Clinic in DKI Jakarta
revealed that only 24.7% of respondents demonstrated high health literacy, while 72.6% exhibited
low health literacy levels [8]. Geographic isolation, socioeconomic disparities, and restricted digital
access further exacerbate these inequalities [9]. Therefore, innovative strategies are needed not only
to improve accessibility but also to enhance the quality of maternal and child health information [10].

Advances in digital health provide opportunities to address these barriers. Artificial Intelligence
(AI)-based platforms have emerged as promising tools to expand the reach and availability of health
information [11-13]. Al-driven chatbots serve as interactive conversational agents that enable rapid,
personalized, and evidence-based information exchange [14]. Previous studies have demonstrated
the effectiveness of chatbots as virtual health assistants capable of delivering interactive health
education [15]. However, the novelty of this study lies in its application of Meta-Artificial
Intelligence (Meta-Al) chatbots, which go beyond conventional Al chatbots by leveraging more
advanced Natural Language Processing (NLP), contextual understanding, and adaptive responses
tailored dynamically to the needs of pregnant women [16]. Consequently, Meta-Al chatbots not only
provide one-way information but also facilitate more natural, contextual, and personalized
interactions, thereby enhancing comprehension and user experience compared to traditional chatbots.

Prior research has documented the potential of Al chatbots to support evidence-based decision-
making, increase pregnant women’s confidence in utilizing maternal health services, and reduce
barriers to maternal healthcare, particularly for women living in rural settings and low-income
communities [17—19]. Despite the promising role of digital health interventions, empirical evidence
regarding the implementation of Meta-Al chatbots at the community level, particularly in developing
country settings, remains limited. Considering their potential to provide rapid, interactive, and
evidence-based maternal health information, Meta-Al chatbots may represent a feasible and scalable
approach for enhancing maternal health education and bridging service delivery gaps among
underserved populations [11, 13]. Accordingly, this study aims to examine the effects of a Meta-Al
chatbot intervention on improving pregnant women’s capacity to access maternal and child health

information.
Activities Outputs Outcomes Impacts
* Meta-Al chatbots * Delivery of * Increased * Improved * Improved
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« Health content adaptive health accurate and knowledge maternal health
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Figure 1. Framework Meta-Al Chatbots via WhatsApp Enhance Maternal Health Outcomes
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Figure 1 clarifies the theoretical foundation of this intervention. A conceptual framework was
developed to illustrate how the Meta-Al chatbot is expected to influence maternal health outcomes.
The framework outlines the causal pathway through which the chatbot delivers adaptive, evidence-
based, and context-specific health information, thereby improving knowledge, strengthening
decision-making capacity, and ultimately enhancing the utilization of maternal health services.
Additionally, the logic model highlights key mediators, such as health literacy, confidence, and
engagement, alongside contextual factors, including socioeconomic status and digital access, which
may affect the effectiveness of the intervention.

2. Method

This quantitative quasi-experimental study employed a one-group pretest-posttest design to
assess the effect of Meta-Artificial Intelligence (Meta-Al) chatbot via WhatsApp on pregnant
women’s access to maternal and child health information. Thirty participants from a prenatal class
in Singasari Village, Singaparna District, Tasikmalaya Regency, were recruited through purposive
sampling. The inclusion criteria were smartphone ownership and willingness to participate, while
exclusion criteria were cognitive, visual, or hearing impairments and incomplete participation. The
Meta-Al chatbot combined rule-based and generative features, provided context-aware and adaptive
responses, and supported multiple languages. Intervention materials were delivered through a booklet
(Asking Al about Maternal Health: A Smart Way to Obtain Accurate Health Information) integrating
text and illustrative graphics. Knowledge (prenatal care, nutrition, danger signs, infant care) and
skills (ability to search, verify, and apply health information via the chatbot) were measured using
ten-item validated questionnaires and scenario-based exercises scored with a standardized rubric.
Variables were recoded into categorical levels (low, moderate, high) before analysis to facilitate
interpretation. The pretest and posttest were administered on the same day, following a single training
session, to minimize external influences and capture the immediate effects of the intervention.

Data were analyzed using both univariate and bivariate methods. Univariate analysis was
employed to describe the distribution and characteristics of each research variable. Before bivariate
analysis, data normality was assessed using the Shapiro-Wilk test. Results showed that the data were
normally distributed (p > 0.05), allowing for parametric testing. Consequently, bivariate analysis was
performed using paired simple t-tests to evaluate differences between pre- and post-intervention
scores. Statistical significance was set at p <ss 0.05. In addition to the p-value, effect sizes were
calculated using Cohen’s d to determine the magnitude of observed differences. The study was
conducted in May 2025 with ethical approval (No. 166/KEPK/SDHB/B/V/2025), and written
informed consent was obtained from all participants.

3. Results and Discussion

3.1.Results

This section presents data on respondent characteristics, including maternal age, gestational age,
parity, educational attainment, occupation, and experience with Al/chatbot services. The descriptive
analysis highlights several key participant characteristics with important implications for maternal
health, including maternal age, gestational age, parity, educational attainment, occupation, and prior
experience with technology. A notable proportion of mothers fell into higher-risk age categories,
with 16.7% younger than 20 years and 13.3% older than 35 years, suggesting increased vulnerability
to pregnancy-related complications. The early gestational stage was relatively uncommon, with only
13.3% of participants in the first trimester. In comparison, grand multiparity was rare (3.3%),
indicating that most participants had a low- to moderate-risk obstetric profile. Educational attainment

Faujiah et.al (Enhancing Pregnant Women'’s Access to Maternal and Child Health ...)



ISSN 2656-0534 Jurnal Cakrawala Promkes 117
Vol. 7, No. 2, August 2025, pp. 114-122

was generally moderate, with only one participant reporting elementary-level education, reflecting
limited formal education within a small subset of the group. Notably, half of the respondents (50%)
had never used Al- or chatbot-based health services, underscoring a substantial gap in digital health
literacy and limited prior exposure to technology-assisted maternal health information. The data are
presented in Table 1.

Table 1. Frequency Distribution of Respondent Characteristics

Characteristic Frequency (F) Percentage (%)
Maternal Age <20 years old 5 16.7
20-35 years old 21 70.0
>35 years old 4 133
Gestational Age 1st Trimester 4 13.3
2nd Trimester 12 40.0
3rd Trimester 14 46.7
Parity Primigravida 6 20.0
Multigravida 23 76.7
Grande Multigravida 1 33
Educational Attainment Elementary School 1 33
Junior High School 5 16.7
Senior High School 16 533
University 8 26.7
Occupation Housewife 22 733
Employee 2 6.7
Laborer 2 6.7
Entrepreneur 4 13.3
Experience with AI/Chatbot Using it routinely 4 13.3
Services Had used it occasionally 11 36.7
Never 15 50

Based on Table 1, the descriptive analysis highlights several key participant characteristics with
important implications for maternal health, including maternal age, gestational age, parity,
educational attainment, occupation, and prior experience with technology. A notable proportion of
mothers fell into higher-risk age categories, with 16.7% younger than 20 years and 13.3% older than
35 years, suggesting increased vulnerability to pregnancy-related complications. The early
gestational stage was relatively uncommon, with only 13.3% of participants in the first trimester. In
comparison, grand multiparity was rare (3.3%), indicating that most participants had a low- to
moderate-risk obstetric profile. Educational attainment was generally moderate, with only one
participant reporting elementary-level education, reflecting limited formal education within a small
subset of the group. Notably, half of the respondents (50%) had never used Al- or chatbot-based
health services, underscoring a substantial gap in digital health literacy and limited prior exposure to
technology-assisted maternal health information.

Respondent characteristics were first collected, followed by an analysis of knowledge and skills
scores before and after the intervention. Scores were categorized into three levels —low, medium,
and high —to facilitate interpretation. Knowledge scores (0-10) were classified as low (0-3),
moderate (4-7), and high (8-10), while skills scores (10-40) from a 10-item Likert scale were divided
into equal-width categories: low (10-19), moderate (20-29), and high (30-40). The data are presented
in Tables 2 and 3.

Table 2. Analyze the Level of Knowledge and Skills of Respondents Before Being Educated

Characteristic Frequency (F)  Percentage (%)
Knowledge Low 8 26.67
Moderate 18 60
High 4 13.33
Skills Low 2 6.67
Moderate 20 66.67
High 8 26.67
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Based on Table 2, the knowledge variable reflects the mother’s level of knowledge before the
provision of education. Most respondents were categorized as having a moderate level of knowledge
(60.00%), followed by a low level (26.67%) and a high level (13.33%). Similarly, in terms of skills,
most respondents were categorized as moderate (66.67%), while fewer were classified as high
(26.67%), and the remainder were classified as low (6.67%).

Table 3. Analyze the Level of Knowledge and Skills of Respondents After Being Educated

Characteristic Frequency (F) Percentage (%)
Knowledge Moderate 3 10
High 27 90
Skills Moderate 6 20
High 24 80

Based on Table 3, the knowledge variable reflects the mother’s level of knowledge after being
educated. Most respondents were categorized as having a high level of knowledge (90%), followed
by those with a moderate level (10%). Similarly, in terms of skills, most respondents were
categorized as high (80%), while fewer were classified as moderate (20%).

Following the frequency distribution analysis of pregnant women’s knowledge and skills
before and after the educational intervention, a paired sample t-test was performed to analyze the
bivariate relationship. Normality of the data was confirmed via the Shapiro-Wilk test, with p-values
of 0.063 and 0.165 for knowledge and skills, respectively (p > 0.05), indicating that the data were
normally distributed. Continuous data were therefore used for the paired sample t-test to assess the
effect of Meta-Al-based education on improving access to maternal and child health information.
The results of the pretest and posttest analyses for knowledge and skills are presented in Table 4,
Figures 2 and 3.

Table 4. Paired sample t-test results for comparison of knowledge and skills levels of pretest and
posttest respondents

95% CI
Std. p- Cohen’s
Variable N Min Max Mean df Lo
Dev  value d Upper
wer
Knowledge Pretest 30 2 9 5.00 2.00 <0.00 29 1.88 1.27 247
Posttest 30 7 10 9.07 1.01 1
Skills Pretest 30 15 37 26.5 5.40 <0.00 29 2.31 1.61 2.99
Posttest 30 29 40 36.7 3.02 1

Based on Table 4, the paired-sample t-test demonstrated a statistically significant improvement
in both knowledge and skills following the intervention. For knowledge, the mean score increased
substantially from the pretest (M = 5.00, SD = 2.00) to the posttest (M = 9.07, SD = 1.01), with the
difference reaching statistical significance (p < 0.001, df = 29). The effect size was substantial
(Cohen’s d = 1.88; 95% CI [1.27, 2.47]), indicating a robust positive effect of the intervention on
participants’ knowledge. Similarly, skills improved significantly from the pretest (M = 26.5, SD =
5.40) to the posttest (M = 36.7, SD = 3.02). The increase was statistically significant (p < 0.001, df
= 29), with a huge effect size (Cohen’s d =2.31; 95% CI [1.61, 2.99]). These results suggest that the
intervention produced substantial improvements in both knowledge and skills, with consistently
strong and clinically meaningful effect sizes.
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Figure 2. Plot a paired-sample t-test of Figure 3. Plot a paired-sample t-test of
knowledge skills

3.2.Discussion

This study demonstrated that the Meta-Al chatbot delivered via WhatsApp significantly
improved pregnant women’s maternal health knowledge and skills. The average knowledge score
increased from 5.00 (SD =2.00) to 9.07 (SD = 1.01), while the mean skills score rose from 26.5 (SD
=5.40) to 36.7 (SD = 3.02). Categorically, 90% of respondents achieved high knowledge levels after
the intervention, compared to only 13.33% before, and 80% reached high skill levels post-
intervention, compared to 26.67% previously. These results indicate that the intervention was not
only effective in improving knowledge but had an even stronger effect on enhancing practical skills
(Cohen’s d = 2.31 for skills vs. 1.88 for knowledge), suggesting that experiential and interactive
learning mechanisms embedded in the chatbot may have reinforced skill acquisition more robustly
than knowledge recall. Similar findings have been reported in digital health education, where
interactive, scenario-based, and problem-solving features promote deeper skill mastery compared to
passive knowledge transfer [21].

These findings are consistent with prior studies that have demonstrated the effectiveness of
digital interventions in enhancing maternal health outcomes. The “Rosie” chatbot in the United States
improved maternal health literacy among minority women [22]. And a study in Iran also reported a
19% increase in health literacy scores after using a mobile application [23]. In Indonesia, research
has shown that the use of chatbots in nutritional education for pregnant women positively impacted
anemia knowledge improvement [24]. Significantly, our study extends this literature by employing
a Meta-Al-driven chatbot that provides contextualized, adaptive responses beyond rule-based
designs, while simultaneously assessing both knowledge and skills.

Moreover, this study makes further contributions by utilizing a Meta—Al-based chatbot that is
capable of understanding context and providing more personalized and adaptive responses compared
to decision—tree—based chatbots [19]. In addition, the study not only assessed knowledge but also
examined skills, defined as the pregnant women'’s ability to access, verify, and independently apply
MCH information. These results support previous findings that e-health literacy plays a crucial role
in enhancing maternal readiness for childbirth [25].

The effectiveness of the Meta-Al chatbot intervention can be attributed to several key
mechanisms. First, microlearning, which delivers content in small, easily revisitable segments,
strengthens user comprehension and engagement, as demonstrated by a recent study that found that
chatbot-based microlearning improves understanding among parents and expectant mothers [26].
Second, Meta-Al technology enables personalized and adaptive interactions, where the chatbot
adjusts language and content to suit the user’s profile. This was evident in the development of the
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“Dr. Joy” chatbot for obstetric and mental health care, where users responded positively to dialogues
that felt contextual and empathetic [17]. Third, 24/7 accessibility enables pregnant women to access
information at any time, without the constraints of face-to-face schedules. The GisSa Mother-Baby
Chatbot study reported that over 90% of users found the chatbot practical, with clear information
quality and easy accessibility at any time [27].

Furthermore, the self-directed learning process empowers users to explore materials, revisit
explanations, and ask specific questions. This advantage was highlighted in a mixed-methods study
on micro-interventions via public health chatbots, emphasizing user engagement and personalization
as key to effectiveness [28]. In Indonesia, access to MCH information often remains fragmented and
uneven, especially in regions with suboptimal digital infrastructure [29, 30]. The fact that 50% of
respondents in this study had never used Al services before reflects a digital literacy gap. However,
the significant score improvements after the intervention indicate that Al-based chatbots can be
rapidly adopted, even by novice users.

This study, however, has several limitations. First, the intervention was conducted in a single,
short session, which limited the assessment of long-term retention. Second, the absence of a control
group restricts causal inferences, as external factors might partly influence improvements. Third, the
reliance on self-reported questionnaire data introduces the risk of response bias, particularly in skill
assessment. Nevertheless, the study has notable strengths: it is among the first in Indonesia,
especially in Singasari Village, to evaluate a Meta-Al-powered chatbot for maternal health
education, it combines both knowledge and skill outcomes rather than focusing on one domain, and
it demonstrates feasibility even among participants with limited prior exposure to Al technology.

Future research should adopt longitudinal designs to measure knowledge and skill retention over
time, incorporate control or comparison groups to strengthen causal claims, and explore the
integration of chatbot interventions into national maternal health applications to support scalability.
Additionally, developing personalized chatbot features tailored to user literacy levels, pregnancy
stage, and cultural context could further enhance engagement and effectiveness.

4. Conclusion

This research demonstrates that education facilitated by Meta-Al chatbots significantly
enhances pregnant women's knowledge and competencies in accessing information related to
maternal and child health (MCH). The noted enhancements indicate that Al-driven therapies are both
feasible and scalable for implementation in communities with restricted access to conventional health
services. These findings highlight the capacity of conversational Al to address digital literacy
disparities and promote maternal health equity. Subsequent studies must investigate long-term
effects, incorporation into national health systems, and user experiences among various
demographics to fully harness the transformative potential of Al in promoting maternal health.
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