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Abstract

Background: Maternal evaluation during routine antenatal care visits may reduce maternal morbidity and mortality by identifying
and addressing issues early on. A health recommender system could help health professionals and pregnant women monitor daily
health parameters, provide tailored recommendations, and support timely antenatal care.

Objective: This study aims to qualitatively analyze challenges in the preimplementation of health recommender system for
maternal carein Indonesiaas perceived by multiple stakeholders, including health care providers, patients, health system managers,
government officers, and technology vendors.

Methods: The methodology used aqualitative approach, where qualitative datawere obtained from interviews of 37 respondents
from multiple stakeholders, consisting of 15 health workers and 15 patients from private and government health care facilities,
4 officers from government health offices, 2 directors of health application vendors, and 1 manager from a private health clinic.
These semistructured interview results were analyzed using thematic analysis.

Results: This qualitative study identifies key challenges in implementing a health recommender system for maternal care in
Indonesiaacrossthe people, process, infrastructure, and policy dimensions. Intercoder reliability for the coding process demonstrated
almost perfect agreement (Cohen k=0.90), supporting the consistency of the coding process. Six major challenges were reveal ed,
mostly regarding skill, accuracy, compl eteness, timeliness, cost, and standardization. These 6 major challenges were mentioned
96 times, accounting for 64.43% of all codes extracted from the interviews. These findings emphasi ze the val ue of user involvement
in system design to meet health care professionals’ and patients’ needs, technical advancementsto foster trust and support effective
decision-making, aswell as enhanced data accuracy, reliable and timely service delivery, cost management, and clear regulatory
standards.

Conclusions; Thisformative, preimplementation qualitative study highlights the importance of involving usersin system design
and future implementation to meet the needs of health care professionals and patients. Reducing input errors and improving
system reliability are critical to building trust and supporting effective point-of-care decision-making and, in later phases,
facility-level monitoring as part of public health surveillance. Adherence to regulatory standards and the establishment of
standardized guidelineswill be key to enabling broader implementation. Further usability, feasibility, and pilot studies are required
before any evaluation of effectiveness.
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Introduction

Overview

The global maternal mortality ratio is expected to be <70 per
100,000 live births by 2030, according to the Sustainable
Development Goal s[1]. The World Health Organi zation (WHO)
report on maternal mortality, however, shows that while the
rate of maternal deaths has dramatically declined, a sizeable
gap needs to be closed before this goal is met, and progress
varies among nations [2].

Timely and sufficient antenatal care (ANC) visits are known to
reduce maternal mortality [3]. Among the major causes of
maternal mortality, hypertensive disorders during pregnancy
are the leading cause following postpartum hemorrhage [4,5].
Although a few of these problems might have been present
before getting pregnant, most complications happen during
pregnancy and can be prevented with routine ANC visits [6].
Maternal evaluations during ANC visits may help identify and
address issues early on, reducing risks of morbidity and death
for both the mother and the unborn child [7]. Critical illnessin
pregnancy, like hypertensive disorders, is often diagnosed during
pregnancy at prenatal visits, as prenatal care affords the
opportunity for prevention, early diagnosis, management, and
treatment of hypertensive disorders [8]. Therefore, the WHO
released recommendations to ensure an adequate number of
ANC contacts, improve continuity of care, promote healthy
behaviors, provide dietary supplements, and encourage both
community involvement and home visits for ANC [9].

In Indonesia, ANC activities face challenges regarding health
facility access and quality, the availability of health workers,
and socioeconomic barriers such as cost limitations and
education gaps [10]. Materna mortality remains high in
Indonesia, and the reduction in the maternal mortality ratio is
among the slowest in Southeast Asia, even though most women
attend the recommended number of ANC visits and give birth
with a skilled birth attendant [11]. Baharuddin et al [12] also
found that the major causes of materna deathswere preventable,
and factors that contribute were commonly health
worker—oriented and related to quality of care in hospitals.
Indonesia also faces urban-rura disparities in health care
serviceswith amixed public-private delivery system and uneven
digital-health uptake [13,14]. Studying this context provides
transferable insights for low- and middle-income countries
facing similar constraintsin digital health adoption.

Using technology to monitor daily health parameters in a
normal, everyday environment can help reduce hospitalization
and lower medical expenses [15]. Noninvasive sensor
technologies can be used to track user behavior, providing
insights into how daily lifestyle choices influence health [15].
Additionally, recommender systems in health care have the
ability to provide patients and physi cians with toolsand support,
assisting in the ongoing observation and diagnosis of chronic
illnesses[15].
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ANC activitiesinclude not only health education and promotion
but also the detection, prevention, and treatment of
complications based on measurements taken during regular
visits [7]. A health recommender system (HRS) for maternal
care could use mobile sensors and portable diagnostic devices
to automatically collect these measurements [16-18]. The data
required for generating recommendations could be obtained
from user inputs, the patient’s health records, and connected
medical devices[16,19-29].

Studies by Etemadi et a [30], Croon et a [31], Tran et a [32],
and Pincay et al [33] offer insights into the methods and
techniques used in HRS and the areas where HRS can be
applied. Tran et a [32] explore the types of users who could
benefit from different kinds of recommendations provided by
HRS and examine user satisfaction with those recommendeations.
Furthermore, Croon et al [31] and Pincay et al [33] discuss how
recommendations should be delivered to users and propose
design principles that can be applied to HRS research. While
these studies [30-33] address some of the challenges faced by
HRS, there is ill a gap in the literature regarding a
comprehensive exploration of implementation challengesfrom
multiple stakeholder perspectives, such as health care
professionals, patients, app developers, and government health
officers [30-33]. Existing research predominantly focuses on
technical aspects, system evaluation, or specific user groups,
like patients or medical expertsin general, without sufficiently
addressing the broader challenges faced by key stakeholdersin
maternal care delivery. Additionally, these studies often lack
consideration of domain-specific health constructs, such as
asthma, pregnancy, and iron deficiency.

HRSfor Maternal Care

An HRS can be defined as a system designed to assist health
professionals or patients in decision-making and personalized
health care by filtering through large amounts of data and
generating meaningful recommendations [15]. These systems
could learn user behaviors and adapt their recommendations
depending on the domain and the characteristics of available
health records[15]. An HRS should be sensitive to patient needs,
attitudes, and the specific context of health and disease
management to ensure its effectiveness [15]. Such systems
accommodate 2 main types of end users. health professionals,
who can access additional resources like research articles or
clinica guidelines, and patients, who receive high-quality,
evidence-based content [15]. Recommendations can be
generated based on users' previous interactions or explicit
preferences using methods like collaborative filtering,
content-based analysis, and knowledge-based analysis, with
many systemsintegrating multiple techniques and incorporating
additional data types, such as time, location, and socia
information, to optimize performance [32]. According to Saha
et al [15], HRS can be categorized into 2 types. one that
continuously monitors and diagnoses chronic diseasesto support
doctors and patients with advice and predictions, and a
content-based system that hel ps users expl ore conditionsrelated
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to their illness through semantic analysis. While most HRS use
graphica user interfaces, some distribute information viamobile
apps or web-based mobile interfaces [17,23-25,27,34,35].
Alternatively, other systems present recommendations through
web interfaces [31].

The WHO recommendation for pregnancy careincludesregular
checkups and routine screenings to maintain wellness, detect
complications early, and prevent conditions that complicate
delivery [9]. The HRS aids in diagnosing and monitoring
patients over time by using personal health records gathered
from measurementstaken by health care providersor the patients
themselves [15]. Using HRS for maternal care, pregnant
individuals can receive recommendations on diet, exercise,
medication, or consultations [16,18,23,24,28]. These systems
may incorporate portable diagnostic tools and mobile sensors
to enable automatic measurements [16,18,26]. Data from
connected medical devices, along with user input in patient
health records, can be used to provide recommendations that
assist with diagnosis and monitoring during ANC [16,19-29].
While previous studies highlight the potential of HRSto monitor
pregnancies and mitigate risks, challenges in implementation,
particularly from physicians' perspectives, have aso been
explored [36].

Conceptual Modéd of Research

SERVQUAL (Service Quality) is one of the widely used and
accepted methods for service quality measurement [37]. The
quality of health care service, as assessed by the SERVQUAL
model, can be determined by examining the gap between
desirable and current conditions based on 5 dimensions:
tangibles, reliability, responsiveness, assurance, and empathy
[38]. Furthermore, the HEALTHQUAL (Healthcare Service
Quality) model expands these dimensions by including health
care-specific aspects like safety, efficiency, and patient
outcomes [39]. Additionally, Nemati et a [40] highlight
availability, affordability, and caring as essential factors to
consider in assessing health care quality. Together, these
elements support a comprehensive approach to measuring care
quality from the perspective of both patients and health workers
[39].

In analyzing the challenges of implementing HRSin Indonesia,
the framework from Handayani et al [41] also providesvaluable
insights. The study by Handayani et al [41] on strategic hospital
servicesquality in Indonesiaidentifieskey dimensions necessary
for improving health care services, including human resources,
processes, policy, and infrastructure. Each of these dimensions
plays a crucial role in the successful implementation of health
care systems, including HRS for maternal care. Inthe analysis,
we used the model to orient coding while alowing inductive
themes to emerge.

The people or human resources dimension refers to the quality
and professionalism of health care staff, emphasizing empathy,
communication, and skills, which are critical in building trust
and patient satisfaction [41]. Headlth care professionals are
expected to possess the necessary technical skills, medical
knowledge, and expertise, while also being empathetic,
compassionate, and trustworthy [42]. Empathy in health care
is reflected in the ability of medical staff to understand and
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acknowledge the patient’s situation during treatment,
demonstrating personal concern for each individual [39]. It is
further expressed through prioritizing patient needs, offering
personalized care, showing courtesy to both patients and their
families, and providing emotional support [37].

The process dimension focuses on the responsiveness and
reliability of service delivery, including timely, accurate, and
efficient health care operations [41]. Reliability refers to the
ability to deliver consistent, dependabl e services, characterized
by timely health care, transparent processes, and standardized
treatments and procedures [37]. Responsivenessinvolves having
quick, efficient, and customer-focused systems, such as an
effective triage system for rapid emergency response and clear
communication [37]. Efficiency in health care quality relates
to the extent to which processes and operations are optimized
to deliver effective services [39].

The policy dimension in health care involves establishing clear
guidelines and standards that govern practices and ensure
compliance with regulations, providing assurance to both
patients and staff [41]. A significant challenge in this context
is the cost-effective implementation of proven clinical
interventions, with common barriers such as limited time and
staffing resources [43]. Safety quality aspectsfurther emphasize
maintaining high staff qualifications, fostering confidence in
service delivery, and ensuring a safe environment for both
patients and employees [39].

Lastly, the infrastructure dimension pertains to the availability
and quality of physical and technological resources, such as
medical equipment and hospital facilities, which support the
delivery of high-quality care[41]. Advanced medical equipment
and technology are central to tangible quality aspects, ensuring
high standards in health care alongside the best medical staff
[39]. The equipment used in health care services also defines
tangibles, referring to both the physical facilities and the
condition of the tools used in delivering care [37].

Objective

In this study, an HRS refers to patient-facing and
clinician-supporting features embedded in routine ANC
workflowsthat generate pati ent-specific, actionable suggestions
for pregnant women and/or clinicians, using guideline-based
and/or machinelearning—driven approaches. We exclude general
health information systems and stand-alone prediction toolsthat
do not produce actionable recommendations. Thus, the aim of
this study was to identify implementation challenges of
maternal-care HRS in Indonesia from the perspectives of
multiple stakeholders. Accordingly, we addressed thefollowing
research question: What are the key challengesinimplementing
a maternal-care HRS in Indonesia, as perceived by multiple
stakeholders? The findings of this study are expected to inform
stakeholder-aligned design and implementation strategies to
support adoption within routine ANC workflows.

Methods

Study Design

This formative, preimplementation qualitative study used a
purposive sampling method to select respondents and elicit
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stakeholder perspectives on anticipated barriers, enablers, and
surveillance-relevant requirements for future implementation;
no HRSwas deployed or tested in practice. Thisstudy followed
the COREQ (Consolidated Criteria for Reporting Qualitative
Research) guidelines as a comprehensive checklist to ensure
complete reporting of key components of qualitative research
(Multimedia Appendix 1) [44]. We used purposive, iterative
sampling with concurrent analysis. Recruitment proceeded
interview-by-interview and ceased when additional interviews
yielded no substantively new codes (thematic saturation). A
total of 37 participantsfrom 32 organizationswere interviewed.
Among the respondents were 12 medical doctors, who were all
specialistsin obstetrics and gynecol ogy, and 3 midwives. Those
medical doctors and midwives worked in public hospitals (4
participants), private hospitals (11 participants), and private
clinics (4 participants). It isimportant to note that in Indonesia,
amedical doctor can work in more than one health carefacility.
Additionally, we interviewed 15 preghant women who were
patientsat private clinics (12 participants) and community health
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care centers (3 participants). Four participantsfrom government
agencies represented regulatory bodies, while 2 participants
with IT backgrounds, holding director positions at health
application devel opment companies, provided insightsinto the
technological aspects. The remaining participant was part of
the management team of a private mother and child health clinic.

In terms of demographics, the group consisted of 31 females
and 6 males. Most participants lived or worked in Banten
province (29 participants) in aregion in the greater Jakartaarea,
characterized by urbaninfrastructure with well-devel oped health,
communication, and transportation systems. The remaining
participants worked in Jakarta province (6 participants) and
West Java province (2 participants), which are also near the
greater Jakarta area. To complement this urban perspective, we
additionally interviewed representatives from government
offices, such asthe Ministry of Health and public health offices,
whose system-level viewpoints provided a counterbalance to
facility-level experiences. Table 1 shows the summary of the
participant characteristics.

Table 1. Participant characteristicsin aformative, preimplementation qualitative study of a maternal health recommender system in Indonesia (n=37).

Characteristics of participants Participants, n
Respondent group
Regulator 4
Specialist 12
Midwife 3
Health app devel oper 2
Clinic management 1
Patient 15
Sex
Male 6
Female 31
Province
Banten 29
Jakarta 6
Jawa Barat 2
Type of organization
Ministry of Health (DTO?) 1
Heslth office 2
Community health center (Puskesmas) 4
Government hospital 4
Private hospitals 11
Private clinic 4
Professional associations 4
Health app vendors 2

3DTO: Digital Transformation Office.
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Ethical Consider ations

Ethical approval for this study was obtained from the Faculty
of Computer Science at the University of Indonesia (approval
number S-15/UN2.F11.D1.5/PPM.00.00/2024). Additional
approval for data collection in Tangerang Selatan was provided
by the local government health office (letter number
400.14.5.4/1560/SDK). All participants received information
about the study purpose, procedures, voluntary nature of
participation, and their right to withdraw at any time. Written
or verbal consent was obtained before each interview. To ensure
confidentiality, transcripts were anonymized and deidentified
prior to analysis, with access restricted to the research team.
Participants received no financial compensation or transportation
allowance. No identifiable images or personal information are
included in this manuscript or supplementary materias; all
guotations are anonymized.

Data Collection

Semistructured interviews were used to gather data between
August 23, 2024, and November 13, 2024. The interview was
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conducted via phone cal, Zoom meeting (Zoom
Communications), or face-to-face dialogue following the
availability or the preference of each participant. Each interview
lasted between 30 and 60 minutes and was recorded after
acquiring the participant’s verbal consent, witnessed by the
interviewer. The recordings were transcribed, then translated,
and the resulting datawere anonymized. Theinterview questions
were created to investigate the preimplementation of an HRS
for maternal care, focusing on the dimensions of people,
processes, infrastructure, and policy to ensure acomprehensive
understanding of the challenges and opportunities (theinterview
guestions are available in Multimedia Appendix 2).

Data Analysis

To examine different perspectives from research participants,
thematic analysis was used to analyze interview data in QDA
Miner Lite (Provalis Research). The 6 steps of a thematic
analysisasdescribed in Harahap et a [45] are asfollows: getting
to know thedata, creating preliminary codes, |ooking for themes,
assessing themes, defining and labeling themes, and producing
reports (Figure 1).

Figure 1. Data analysis workflow for a formative, preimplementation qualitative study of a maternal health recommender system. Semistructured
interview transcripts (n=37; regulators, clinicians, midwives, patients, app vendors, clinic manager) were analyzed in QDA Miner Lite using a 6-step
thematic analysis (familiarization, initial coding, searching themes, reviewing themes, defining/naming themes, and reporting).

Creating
preliminary
codes

Getting to
know data

- Looking for
themes

We first read the interview transcripts several times to become
acquainted with the meanings of the data in order to become
familiar with them. Every transcript file has a name that
corresponds to the case and the original creation date. Second,
we used QDA Miner Liteto arrange the dataset before creating
the programs. All of the first codes that were discovered were
noted, along with short notes and quote samples. Third, we
categorized codes into subthemes and then categorized the
subthemes into themes inductively. The research framework
was used to help search for themes and generate initial themes
from codes. When appropriate, the research framework
deductively guided the organization of candidate themeswithout
forcing fit, and we iteratively refined the structure to maintain
coherence with the data. Subthemeswere then derived from the
coded dataand represented as child nodes. In QDA Miner Lite,
the themes were shown as parent nodes, and the codes and
subthemes were shown as child nodes. A codebook was used
to maintain the evolution and categorization of codes and
subthemes. To support coding rigor, one researcher initialy
developed the preliminary codes and subthemes, which were
subsequently reviewed by another researcher. The 2 researchers
then discussed and refined the coding framework until
agreement was reached on code definitions and theme
boundaries. To quantitatively assess coding consistency,
intercoder reliability was calculated using Cohen k. Thishybrid
approach, where collaborative validation was combined with
guantitative agreement testing, ensured interpretive consistency,
minimized bias in theme development, and provided
transparency regarding coding reliability in this formative

https://formative.jmir.org/2026/1/€73726

Defining &
labelling
themes

Assessing
themes

Producing
reports

qualitative study [46]. To limit confirmatory bias, we organized
themeswithout forcing fit, retained nonaligned inductive codes
as emergent/cross-cutting, held consensus meetingsto reconcile
coding differences, used constant comparison across transcripts,
and actively looked for negative/variant cases to revise themes
or mark their boundary conditions. Fourth, we evaluated the
transcripts to make sure the chosen quotes or coded data fit the
subtheme and went over the codes for each subtheme to assess
their relevance. Subthemes were then examined aongside
themes by the authors. Examining and contrasting earlier
research was another step that complemented the process of
connecting themes, subthemes, and codes. Fifth, we verified
thethemes and classification after writing in-depth analysesfor
each theme in order to refine, define, and name them. Finally,
we created the report’s Discussion section, which comparesthe
findings with earlier research that supports our interpretation,
and presentsthe report’sthemes, subthemes, and selected quotes.
Although we calculated the frequency of each code to indicate
the relative prominence of themes across stakeholder groups,
these counts were interpreted descriptively rather than
statistically. We analyzed the qualitative data until we did not
find other themes or reached data saturation. The purpose of
reporting frequencies was to illustrate thematic salience and
identify the most commonly discussed issues, not to imply
guantitative significance or apply statistical normalization.
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Results

Overview

We discovered 13 challenges that were represented by codes,
where each code was mapped to 6 subthemes and 4 themes
thereafter. People, process, infrastructure, and policy are the 4
dimensions reflecting themes. The people dimension has
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empathy and professionalism as subthemes and 4 codes under
each subtheme. Process dimension has responsiveness and with
3 codes and reliability with 2 codes underneath. The
infrastructure dimension only has tangible as a subtheme with
only 1 code. Lastly, the policy dimension has assurance as a
subtheme and 3 codes. These relationships are illustrated in a
thematic map in Figure 2.

Figure 2. Thematic map of challengesidentified from 37 stakeholder interviews on a maternal health recommender system.

( Challenges in health recommender system for maternal care )

] |

People Process Infrastructure Policy
: I : l : .
Empathy Professionalism Responsiveness Reliability Tangibles Assurance
l l I , l .-
Personalization Innovation Automatic Accuracy Equipment Compensation
Communication Skill Completeness Integrity Cost
Timeliness Standard

The frequency of occurrences of the codes in the transcripts
was calculated as shown in Table 2 and illustrated in Figure 3.
These frequencies are presented to demonstrate which themes
were most salient across participants; however, they should be
interpreted descriptively. The counts reflect emphasis in
participant discussions rather than normalized or statistically
analyzed values. Intercoder reliability for the coded subset
demonstrated almost perfect agreement between the 2
researchers, with Cohen k=0.90, indicating high consistency in
the application of the coding framework. Notably,
professionalism, particularly the skill subtheme, is emphasized
by health workers (12 occurrences) and patients (8 occurrences),
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RenderX

indicating the importance of competence in using the system.
Similarly, accuracy under reliability isasignificant concern for
health facility management and patients, highlighting the need
for precise system outputs. The completeness of informationin
responsivenessisacritical issuefor health workersand patients,
underscoring the need for comprehensive data in the system.
Additionaly, financial concerns such as cost and compensation
are primarily noted by health facility management and
regulators, reflecting broader concerns about the system’s
affordability and sustainability. Timeliness is also crucial,
particularly for health facility management, who emphasizethe
importance of efficient service delivery.
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Table 2. Freguency of qualitative codes by stakeholder group in aformative, preimplementation study of amaternal health recommender system (n=37

interviews).
Theme, subtheme, and code Health facility man- Healthworker Patient Regulator Health application Total, n
agement (n=1), n (n=15), n (n=15), n (n=4),n vendor (n=2), n
People
Empathy
Personalization 0 2 4 0 0 6
Communication 0 4 2 1 0 7
Professionalism
Innovation 0 2 0 2 1 5
Skill 0 11 7 1 0 19
Process
Reliability
Accuracy 0 10 5 2 2 19
Integrity 0 3 3 1 1 8
Responsiveness
Automatic 1 5 2 1 0 9
Completeness 1 8 6 2 1 18
Timeliness 0 9 2 3 1 15
Infrastructure
Tangible
Equipment 0 3 0 1 1 5
Policy
Assurance
Compensation 0 5 2 1 1 9
Cost 0 7 4 2 2 15
Standard 0 8 2 2 2 14
https:/formative.,jmir.org/2026/1/€73726 JMIR Form Res 2026 | vol. 10 | €73726 | p. 7
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Figure3. Distribution of code frequencies across stakeholder groups for preimplementation challenges of amaternal health recommender system (n=37
interviews). Higher barsindicate more frequent mentions. Consistent with Table 2, the 6 most-cited challenges (skill, accuracy, completeness, timeliness,
standards/standardization, reliability) account for 96 references (64.43% of al coded instances).

Standard |

Cost
Compensation
Equipment
Timeliness

Completeness

Automatic
Integrity
Accuracy

Skill

Innovation
Communication

Personalization

People

The people dimension covers the needs and challenges of both
health care providers and patients. Through qualitative analysis
of interviews, several key themes emerged that reflect the human
factors influencing the system’s adoption and functionality.
These themes include empathy and professionalism concerns,
illustrating the importance of tailored information, interactive
communication, and the delivery of new technology, aswell as
individual factors.

Empathy

Per sonalization (Need for I ndividualized and Specific
Maternal I nformation)

General appsrarely meet specific maternal needs, offering only
basic advice and leaving concerns unresolved. The current
maternal health book offersvery basic advice, such asdirecting
usersto see adoctor in case of danger signs, but it lacks detailed
recommendations. A more personalized solution (eg, app or
chatbot) could guide symptom causes and provide tailored
recommendations.

Not everyone has the same problem. An application
is for, for the general population, it's like saying,
actually it's for the general population, right, and
everyone has a different individual function. [DR1]

Communication (I nteractive Communication)

Patients need direct interaction with doctors to build trust and
gain clarity, but constant personal contact can overwhelm
doctors. A potential solution is an app that schedules and

https://formative.jmir.org/2026/1/€73726

M Health facility management
Health worker
Patient
Regulator

M Health application vendor

15 20

manages communication, ensuring patients get guidance without
overburdening doctors.

They love it when they can have direct contact with
us. On the other hand, when we give out our contact
information, it can sometimes be disruptive. [DR3]

Some patientsfeel amaternal HRSis unnecessary because they
already have easy access to health workers and facilities. For
those near health centers, face-to-face education is faster and
more convenient than using an app, and comprehensive apps
are hard to find; direct access to doctorsis often enough.

Because the neighborhood is close, for their
education, it'sfaster to came here. They arealso more
focused, right. That's why it may not be really
necessary to have an application. [GO3]

Professionalism

Innovation (Time and Effort in New Tech Delivery)

Many developers struggle to reach product-market fit because
solutions do not align with clinicians' workflows or pregnant
women's needs, leading to low interest.

Maybethereis something that we still miss... Aslong
s we haven't found a product market fit or product
solution fit, thiscan't continue more massively. [VD2]

Adoption also slows due to the need to train users (providers
and patients). During transition, old systemsrunin parallel until
the new one embeds in daily work, and
technological/infrastructure gaps add friction.

The Satu Sehat platform [Indonesia’s integrated
health data platform], the main goal is actually
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initially reducing such applications. But during this
transition period, they are still input in their
respective applications. [GO2]

Skill (Individual Factor)

Applications in health care should be designed to be easy to
use, with information that is simple to understand, provided to
both health care providers and patients. Some users may find
traditiona methods, likewriting in abook, more straightforward,
leading to more complete and detailed notes. However, others
prefer the convenience of digital tools, finding it easier to access
information through gadgets or by searching online. The system
must also consider user preferences for different types of
interaction with the application, ensuring that it isintuitive and
adaptable to individual needs. Moreover, patients should be
equipped with the necessary knowledge to accurately measure
health indicators at home and correctly interpret the results.

Sometimes there are patients who don’t understand,
but it turns out that it isalready written by the doctor,
so it is more, | rely more of a book than that, for
example, sometimes it is also more complicated to
work than to write, so sometimes it is even more
completewhat iswritten, which isin a book than what
istyped. [DR2]

Process

The process dimension addresses issues related to reliability
and responsiveness. The challenges identified within this
dimension include issues related to the accuracy of datainput,
quality of output, and data integrity. Additionally, there are
concerns about the need for automated processes, the lack of
dataintegration, and incomplete information provided to users.
Timeliness is another key concern, particularly in terms of
ensuring continuity of service, delivery time of service, and
improving time efficiency in patient handling.

Reliability
Accuracy

Incorrect | nput

Reliability in the implementation of a health care information
system is dependent on the accuracy of the datainput. Manual
data entry, while sometimes necessary, is prone to human error,
leading to inaccuracies that can compromise patient care. To
mitigate these issues, an application could use a guided form
within the system that can help standardize input and reduce
the risk of mistakes. Otherwise, as some users point out, the
process to avoid inaccuracies requires careful checking and
rechecking, and if errors are found, it may require redoing the
entire examination, which is time-consuming and frustrating.

| think there's always some manual input involved,
like entering lab results, which is probably done
manually. Because the lab system isn’'t connected to
the Satu Sehat, so the lab staff have to enter it
manually. Hopefully, there won't be any human error
during the entry. [DR7]

Technical issueswithin the application could lead to input errors.
Such errors can result in data that are either inaccurately
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recorded or, in some cases, completely unreadable. This not
only disrupts the continuity of care but also poses significant
risks to patient safety, as health care providers may be unable
to access crucial information when needed. These technical
glitches undermine trust in the system, making it imperative to
address them proactively.

The problemisthat the delivery of the results doesn’t
come in even though it’s been sent. It seems like we
have updated the patients as of today, right, but we
can't read it later. [GO4]

For the system to function effectively, diagnostic devices must
be routinely calibrated to ensure they deiver precise
measurements. Without regular calibration, there is a risk of
inaccurate readings, which could lead to incorrect diagnoses or
treatment plans. Additionally, thereisavalid concern regarding
the sensitivity of diagnostic devices; if adeviceisnot sensitive
enough, it may fail to detect subtle but crucial changes in a
patient’s condition, further compromising the accuracy of the
information within the system.

The better the device, the more sensitive the tool is,
right. I'mafraid that for example, like a sportswatch,
if the sensitivity for the pulse track will also be
different, so it will be different from the sensitivity.
[DR2]

Quality of Output

The accuracy of ahealth care information system for maternal
careis not only determined by the correct input and processing
of data but also by ensuring that the data are delivered to the
right person. If the information reaches the wrong individual,
it could lead to significant errors in patient care, including
incorrect diagnoses, inappropriate treatments, or delays in
critical interventions.

Additionally, another significant challenge is the potential for
misinterpretation or the generation of inaccurate
recommendations, which can occur if the system’s data are not
correctly analyzed or presented. For instance, if the system
displaysinaccurateinformation, it can lead to misinterpretation
by health care providers or patients, resulting in misguided
decisions or actions. Furthermore, discrepancies in critical
calculations, such as due date estimates, can cause confusion
and erode trust in the system, especially when the simulations
provided are significantly off-target.

Last timethe simulation was very far fromthe.... what
... from menstrual tracking. Also when entered into
the application. The estimated due dateislike a month
different. [PS10]

There is often an assumption that health apps may not provide
all the necessary information about a patient’s condition, leading
to alack of motivation to use them. Some patients may not be
aware of theimportance of monitoring their health, or they may
lack support from those around them to do so. Moreover, health
apps are frequently deprioritized in favor of entertainment or
sociadl media unless their use is mandatory. For patients
experiencing a second preghancy, there may be a perception
that they already know everything they need to, making them
lessinclined to use the app.
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Even if we make an application, if from the mother
herself, her desire to monitor herself islacking, it is
still less useful. [DRS]

Partial Availability of Required Data

For the system to provide precise and reliable guidance, it must
have accessto all necessary datainputs, which typically require
contributionsfrom both the patient and the physician. It isgood
that patients understand what data should be available in the
system, but examination results from physicians are needed to
create recommendations. If any required data are missing or
incompl ete, the algorithm within the system cannot produce an
accurate recommendation, leading to potentially flawed advice
that could impact patient care. Therefore, it is important to
ensure that both patients and health care providers understand
their roles in data input to maintain the system’s accuracy and
overall effectiveness.

If the results are patient-based, only based on what
the patient knows or experience, maybe the
recommendations will not be very accurate. [DR6]

Integrity (Data I ntegrity and System Reliability)

Clear accountability for data entry/management builds trust.
Users need assurance that data are accurate and protected
end-to-end, with strong technical and operational security and
not just policies on paper. Many still fear cloud risks.

What is clear to me is a safety issue. Data safety,
right. That the cloud is not safe. Yes, | think so.
Because this cloud has data everywhere. If someone
hacks like that, it's really troublesome. [DR1]

Reliability issues such as crashes and poor connectivity,
especialy in weak-network areas, undermine confidence and
make users hesitate to rely on the system.

Some people are still in trouble if the network is not
very strong. [GO4]

Responsiveness
Automatic

Need of Automated Process

Linked data can trigger reminders and follow-ups automatically,
improving responsiveness for providers and patients. But
overcomplex automation is hard to build and maintain and can
cause delays/errors.

It's a bit difficult if it's a bit comple, if it's simple,
it's already automatic in our hospital. [DR5]

Repetitive Action by User

Users often reenter the same data across apps. Interoperability
with medical recordswould allow automatic data pull, reducing
manual entry and frustration.

We write everything manually, so we can’t directly
pull the data .... If it was already entered into the
system, the data could be pulled right away. So, if
you want to connect that, that's how it should work.
[DR2]
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Completeness

Lack of Data I ntegration

Users, both patients and health care providers, express a strong
preference for an al-in-one solution that consolidates various
functions and data sources. Patients, for example, desire the
ability to view ultrasound results and track fetal devel opment
directly within their app, without having to switch between
multiple platforms. The absence of integration between different
applications often leads to inefficiencies and complications,
making it difficult to manage health care processes smoothly.
When systems are not interconnected, simple tasks like
managing schedul es, setting reminders, or sharing databecome
cumbersome, requiring multiple actions that could be
streamlined through a unified system.

Yes, if you can have one application that covers
everything. So there is no need to double record, and
thereis no need to repeat it. [BD2]

When an app is fully integrated with medical records, it can
automatically generate reminders and recommendations that
are personalized and timely, directly benefiting patient care.
However, acommon challenge arises when health facility apps
are not connected to other applications and are used merely for
data collection. This lack of integration limits the system’s
ability to provide actionable insights, as it cannot leverage the
full spectrum of patient information.

If there could be an app that acts like a personal
doctor, reminding you, “ Hey, your weight hasreached
this point;” that would be great. But the issue is that
it's not integrated with medical records. [DR1]

Partial | nformation

When only partial information is accessible, it limits the
effectiveness of both patient care and health care management.
For instance, teleconsultation has inherent limitations because
it cannot perform physical examinations, which are vital for
accurate diagnosis and treatment. Additionally, patients often
find themselves with access to only a portion of their medical
information, which can hinder their understanding and
engagement in their own care. On the other side, doctors may
struggle to obtain comprehensive data on their patients,
particularly regarding treatments received elsewhere, leading
to gapsin care continuity. Moreover, relying solely ontraditional
methods, such as paper records, failsto provide aclear view of
apatient’smedical history and risk factors, which are essential
for informed decision-making.

They don't see the previous pattern, so they only ook
at the examination at that time. Meanwhile, when we
combine it with some historical data, or indeed the
use of this application has been carried out fromthe
beginning of pregnancy, therewill be patterns of what
risk factors the mother has. [VD1]

Another key aspect in the completeness of information is the
ease of data recording that digital applications provide. Unlike
physical books, which can be easily lost, forgotten, or suffer
from scattered and unreadable notes, apps offer a secure and
organized way to store important health data. This digital
approach reduces the risk of losing critical information and
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ensures that records are aways accessible when needed.
However, despite this convenience, it isimportant to recognize
that patients may still struggleto interpret their own health data
accurately. Even with easy access to stored information, they
often rely on adoctor’s expertiseto draw conclusionsand make
informed decisions about their care.

Yes, | mean, reading isfine, but | don’t want to make
assumptions on my own. Sure, for example, with
hypertension, you're supposed to do this and that.
That's the theory. In practice, we need to ask the
doctor directly. We can't conclude on our own.
Becauseitistill, even if you want to take action, you
must have the doctor’s approval. Like in my case, |
have gestational diabetes, that's a warning, | can't
decide on my own what to do. I’ d be clueless. [PS15]

Timeliness
Continuity of Maternal Care

Health workers need the flexibility to input datainto the system
while on the move, allowing patientstoimmediately view results
and follow up on their care. This seamless integration is vital
for maintaining a continuous workflow. However, the experience
is often disrupted when the application crashes, isinaccessible,
or lags, especialy during critical moments like home visits
when access to datais urgently needed.

It would be better if there was already a system that
was used when they served while go around, they
immediately input at the systemand all owsthe patient
to see the results and later in the future so they will
be better at following up. [GO1]

A maternal care system must not only detect and diagnose
problems in a timely manner but also ensure that appropriate
follow-up actions are seamlesdly integrated into the care process.
Thismeansthat the system should be designed to automatically
prompt and schedule follow-up appointments, reminders, and
any necessary additional tests or treatments, ensuring that
patients receive continuous care without gaps.

So, with any health-related app, the difficult part is
the follow-up. Because in my opinion, these online
appsare helpful for initial emergencies, but after that,
there’'s no follow-up. You can't just contact the same
number or even the same doctor again. It's unlikely
that you'll be connected to the same doctor again
after using the app thefirst time. [DR5]

Delivery Time of Servicein Maternal Care

Physicians need to take action at the right moment to ensure
effective treatment, and early detection of health issues is
essential for preventing complications. To support this, the
system must be capable of delivering necessary services and
information to the right stakehol ders exactly when needed. For
instance, using instant messages sent directly from the system
can significantly enhance awareness and prompt action,
especialy since stakeholders may not be checking the app
regularly.

If they have to open the application every time, there's
a concern that they might missit. And we also don’t

https://formative.jmir.org/2026/1/€73726

Priambodo €t d

just remind in emails, but we also make interactions
in emails. [VD1]

Time Efficiency in Patient Handling

In a setting where the number of patients is high and time is
limited, improving time efficiency becomes essential. A health
careinformation system that optimizestime management allows
health care providersto handle more patients effectively without
compromising the quality of care. By streamlining processes,
reducing unnecessary delays, and automating routine tasks, the
system can free up valuable time for health care professionals,
enabling them to focus on direct patient care.

There are many pregnant women as patients, as you
can see right now, there are 30. And my time is
limited, right, so for one patient we need fast. [DR10]

Infrastructure

Overview

Theinfrastructure dimension highlightsthe tangible challenges
related to equipment availability/performance and access to
technical support. Key challenges within this dimension were
identified, including the availability of required equipment and
infrastructure, as well as the difficulty in accessing technical
support. For instance, there is a significant gap in network
quality and availability between different areas, hindering the
system’ s effectiveness; in such settings, offline capture-and-sync
strategies are used to ensure data transmission. Additionally,
the lack of easy-to-reach technical support further complicates
the smooth operation and maintenance of the system. Where
connectivity issues affect the timing of care or reminders, we
discussimplications under process timeliness.

Tangible (Equipment)

Availability of Required Equipment and Infrastructure

In many cases, the necessary equipment and infrastructure are
not uniformly available, leading to significant disparities in
health care delivery. The gap between urban centers and
suburban or rural areasis often substantial, even within the same
region. While downtown areas might have advanced technology
and reliable network connectivity, many suburban and rural
regions face challenges such as poor network access and
inadequate infrastructure. These communication access issues
are particularly problematic in health care, where a strong and
consistent network is essential for the timely transmission of
data, remote consultations, and other critical services.

Yes, that’swhy | said because this technology hasthe
obstacle, right, not all regions have a good network,
right, that's why there is offline data transmission.
When it is downloaded, it enters like that, so there
arevarious strategies. [DR4]

Lack of Technical Support

A lack of accessible and timely technical support can lead to
frustration, decreased trust in the system, and ultimately, reduced
usage. An app provided by the government nationwide could
have centralized support that can be difficult to reach. Thisis
especialy critical in health care, where delays or difficultiesin
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accessing information can have seriousimplications for patient
care.

No, we usually can't directly contact the technical
support, because that’s the program from the Health
Office. [BD2]

Policy

Overview

The policy dimension covers the guidelines, regulations, and
resources that shape how such systems are developed and
applied. Several challenges were identified within this
dimension, particularly concerning compensation, cost, and
standardization. Key challengesinclude the lack of alternatives
for patient monitoring, budget limitations, and the disparity
between costs and perceived benefits. Additionally, the need
for standardized application development and strict regulatory
compliance is emphasized to ensure that health facilities and
developersfollow government regul ations and medical practice
standards. Budget limitations pose a significant challenge,
particularly for health facilities with restricted resources, which
may hinder the system’s full implementation. Additionally, the
balance between cost and benefit is a concern, with potential
cost burdens on patients that could diminish the system’s
perceived value.

Assurance

Compensation (Absence of Alternativesfor Patient
Monitoring)

Clinicians still keep paper records because digital systems are
error-prone or go down; paper becomes the source of truth, and
outagesforce providersto reconfirm info with patients. Without
amanual backup, progress cannot be tracked during downtime.

They have manual records ... So they have a record
if they are going to get around, they have data on
which one they want to visit. [GO3]

A fragmented app ecosystem also persists: facilities build their
own tools due to limited guidance, leading to poor integration.
What is needed is a unified, interoperable platform rather than
many siloed apps, government support often stops at web
resources.

If we'retalking on a national level, why should every
health care facility have to create its own app, right?
Ideally, they should just be able to integrate. [DR12]

Cost

Budget Limitation in App | mplementation

While large hospitals can make significant investmentsin IT
infrastructure, the cost of developing and maintaining health
care apps can be prohibitively expensive for smaller institutions.
These primary and regional facilities often operate on limited
budgets, and local governments, which are responsible for
funding these centers, also face financial constraints. The
Ministry of Health may not allocate sufficient funding for health
care T, leaving these institutions with inadequate resources to
implement and sustain these systems. As a result, even if an
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app is developed, its long-term viability is at risk if funding
stops.

I have also made an application for pregnant women
... but the cooperation was only 3 years, and now it
can no longer be accessed. [GO1]

While there may be abundant ideas for innovative solutions,
the in-house IT teams are often focused solely on managing
daily operations and maintaining existing infrastructure, leaving
no capacity for the development of new applications. This
creates a significant gap, as organizations must then rely on
third-party developers to build and implement the system.
However, contracting with external developers can be costly,
especialy for smaller health facilitieswith limited budgets. This
reliance on third-party services further strains financial
resources, making it difficult to invest in the necessary IT
infrastructure.

Thelogicintheapplication can be used, for example,
to make recommendations and otherswhose data has
been entered but we're still limited in resources that
the person who works on it also does not available.
[GO2]

I nequal Benefit Compared to Cost

For many patients, the cost burden of using heath care
technology can be a significant barrier. The technology must
be affordable, accessible, and easy to use to encourage
widespread adoption. If an app requires payment, subscription
fees, or is cluttered with advertisements, patients are often
reluctant to engage with it, preferring alternatives that are free
or lessintrusive.

Number one, of course, the most important thing later
isthat this technology must be cheap, right? It hasto
be cheap, anyone can buy it, right? [DR4]

Many stakeholders may feel that the high costs associated with
developing, deploying, and maintaining such a system are not
justified by the benefitsit provides. Thissentiment is particularly
strong when the perceived needs are not fully met by the system,
leading to dissatisfaction and reluctancetoinvest. Additionally,
the recent rel ease of agovernment-backed app can worsen these
concerns, as users may question the necessity of investing in a
separate system when apotentialy more cost-effective or widely
supported alternative is available.

It seems that the price is also not bad. Then the
hospital may also fedl that it is not too necessary
because there is no interest either. Maybe it would
be very useful if the model was in remote areas like
that might be more useful. [DR3]

Standard

Standardization in Application Development

Currently, patients who visit multiple facilities often encounter
avariety of record-keeping formats, leading to confusion and
difficulty in managing their medical history. This lack of
uniformity can be particularly problematic when there are many
partiesinvolved in apatient’s care, raising questions about who
isresponsible for datainput and how the information should be
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managed. Moreover, astandard for connecting medical devices
isneeded, as each device may operate under different protocols.

So it’s tricky and sometimes because of the custom
protocol, they have updates, in the previous backend
so that the integration of the device needs efforts and
thereis no standard. [VD2]

Regulatory Compliance

Health care providers are required to adhereto strict data privacy
regulations, reflecting widespread concerns among patients and
providers about the safety and confidentiality of medical data.
According to regulations, medical datamust remain confidentia.
However, thereis a particular fear that connecting an app to an
electronic medical record system could expose sensitive data
to risks such as hacking, loss, or tampering. This skepticismis
often heightened by concerns over user negligence, as users
frequently fail to keep their credentials secure, making them
vulnerable to data leaks. In other cases, storing patient data
within an application is not allowed by law, yet practica
challenges, such as signal problems, can delay the immediate
transmission of data, complicating compliance.

We refer to the old law, the old health law, so
applications like this are very, very comply. So there
isno data at all that can be stored in the application,
on a cell phone. Because this medical data is
sensitive, and there is a legal impact, if we refer to
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the old law, all the data must not be stored in ... we

couldn’'t savein ... save first, in the cache or herein

the application or in the cell phone, all data is sent

immediately. [VD1]
The WHO provides standards and guidelines for medical
practice; yet, not al applicationseasily comply, even with these
guidelines in place. Hospitals often face lengthy bureaucratic
processes that can hinder the implementation of such systems,
while clinics may exhibit more flexibility. Despite the push for
connectivity and standardization, there are still a few
implementations that successfully send data to a unified
platform, and not all vendors possess the capability to ensure
seamless connectivity.

So the behavior is somewhat different between
hospitals and clinics. e used to fit into the hospital
and it is true that they are difficult to change, the
bureaucracy islong, onefeature can takealongtime.
But for clinics, they actually tend to be more flexible.
The problem is that we can say that this regulation
must require this. [VD2]

Table 3 summarizes the 6 major challenges with operational
definitions, exemplar quotes, and associated actors (patients,
clinicians, midwives, vendors, managers, regulators). Weinclude
a concise map here for readability; the expanded map with all
subthemes and additional examples appears in Multimedia
Appendix 3.
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Table 3. Major challenges to implementing a maternal-care health recommender system (HRS) with operational definitions, exemplar quotes, and

primary actors.
Major challenge and indicator  Operational definition Exemplar quote Primary actors
People
Skill
Individual factor Counts when users lack the skill/confidence to navigatethe  “Sometimesit iseven morecom- BD, DR, GO,
HRS, find and understand needed information, or enter data  plete what iswritten, whichisin  PS
so they are shifting to paper or other workarounds; excludes — abook than what istyped.” [DR2]
technical/device failures.
Process
Accuracy
Incorrect input Counts when recorded values are factually wrong at entry or  “Lab systemisn’t connected; staff BD, DR, GO,
later corrupted (manual entry, device miscalibration, app-in-  enter results manually; risk of hu- PS, VD
duced loss); excludes missing/late data. man error.” [DR7]
Quiality of output Counts when recommendation content or routing is incor- “Estimated duedateintheappwas DR, PS, VD
rect/ambiguous/misdirected and causing misinterpretation;  about a month off.” [PS10]
excludes correct but late (timeliness) or incomplete-input
cases.
Partial availability of  Counts when only a subset of required inputsis available, “If only patient-reported dataare DR
required data preventing accurate computation; excludes wrong values. available, recommendations may
be inaccurate” [DR6]
Completeness
Lack of dataintegra-  Countswhen required data sources (medical recordgregisters’  “Theissueisit’s not integrated BD, DR, GO,
tion devices/government apps) are not linked, causing fragmented  with medical records.” [DR1] MG, PS
records or duplicate entry; excludes wrong values (accuracy)
or late arrival (timeliness).
Partial information Counts when only a subset of required fields or longitudinal  “They don’t see previous patterns; BD, DR, MG,
history isavailable at the point of use, limiting recommenda- combining history reveals risk PS, VD
tions; excludes integrated but incorrect data. factors” [VD1]
Timeliness
Continuity of mater-  Counts when ANC service continuity isinterrupted because  “Online apps help initially, but BD, GO
nal care the app/system isunavailable/unstable or lackstimely follow-  there’sno follow-up with the same
up mechanisms; excludes accuracy/completeness issues. doctor.” [DR5]
Delivery timeof ser-  Counts when ANC services, alerts, or information are deliv-  “If they must opentheappeach  BD, DR, GO,
vicein maternal care  ered after recommended clinical windows or too lateto act;  time, they might missit.” [VD1] PS,VD
excludes misrouted/incorrect content (accuracy) or missing
inputs (compl eteness).
Timeefficiency inpa- Counts when HRS-related steps cause avoidable delays (eg, “Therearemany patientsandlim- DR
tient handling slow loading, manual entry, multi-screen navigation) that re- ited time so we need to be fast.”
ducethroughput; excludes staffing/scheduling delaysunrelated [DR10]
to the HRS.
Policy
Cost
Budget limitationin ~ Counts when budget/capacity for development, maintenance, “Access stopped after threeyears; DR, GO, VD
app implementation  integration, or platform compliance prevents deployment or  maintenance and cooperation were
continuity; excludes standards/regulatory issues (see Standard).  constrained.” [GO1]
Perceived benefit does  Counts when stakeholders judge benefits do not justify costs  “Thistechnology must becheap  PS, DR, GO,
not justify cost for patients/providers/organizations, reducing willingnessto ... anyone should be abletobuy VD
adopt or pay; excludes provider-side budget limits (seerow  it.” [DR4]
above).
Standard
Standardizationinap- Countswhen lack/inconsistency of shared technical standards “Because of the custom protocols BD, DR, GO,
plication development  or device protocols makes integration or development hard;  and no standard, when there'sup- PS, VD

excludes pure budget issues.

dates the device integration needs
extraefforts” [VD2]

https:/formative.,jmir.org/2026/1/€73726 JMIR Form Res 2026 | vol. 10 | €73726 | p. 14

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR FORMATIVE RESEARCH

Priambodo €t d

Major challenge and indicator ~ Operational definition

Exemplar quote Primary actors

Regulatory compli-
ance
standard gaps.

Countswhen legal or institutional requirementsconstraindata “Old law required no datastored DR, GO, PS,
storage/processing or delay adoption; excludes technical -

on the phone; everything must be VD
sent immediately.” [VD1]

Discussion

Principal Findings

The HRS s equipped with the features needed to assist medical
professionals in their current roles and the patients they serve
[15]. This system provides users with a variety of
recommendations that support individuals in taking charge of
their health and help medical professionals make the best
choices [15]. This study investigated anticipated challenges
and requirements for implementing an HRS for maternity care
in Indonesia. We found 6 major challenges regarding skill,
accuracy, completeness, timeliness, cost, and standardization,
which primarily lie within the people and process dimensions.
These 6 major challenges were mentioned 96 times, or 64.43%
of all the codes extracted from the interviews. Our analysis of
stakeholder interviews suggests a primary focus on real-time,
individual-level  recommendations, while  surveillance
applications remain conceptual at this stage.

HRS can be used by both health care professional sand patients,
where health care professionals use the system to access
supplementary information while patients use the system to
receive health-related content that is based on evidence [15].
Additionally, these systems allow patients not only to browse
relevant content but also to receive derts, notifications, risk
predictions, and other actionable guidance through the
application [32]. Our study shows that one of the major
challenges identified is the varying skill levels of users
interacting with the HRS. Users, including health care
professionals and patients, may struggle with navigating,
understanding, and accessing the correct information in the
application. This is combined with difficulties in adding or
updating new information. If the system is not user-friendly or
intuitive, there is a high risk that users may become frustrated
or disengage, which would ultimately affect the quality of care
and the overall effectiveness of the system. Poor usability in
health information systems can lead to negative outcomes such
asmedical errors, clinician burnout, and patient disengagement
[47]. Improving health IT usability is not possible without
actively involving users in the design, testing, and
implementation stages to ensure the system aligns with their
real-world practices and enhancestheir work rather than creating
additional challenges[47]. Priambodo et al [36] discovered that
simplicity is a key factor in implementing HRS for maternal
care. The app should deliver information quickly, raise
awareness, and be user-friendly. Although a significant amount
of information needs to be entered, the data recording process
should remain simple and clear to ensure that important
messages are not missed, enabling both patients and doctorsto
make informed decisions[48]. Meanwhile, Abgjirinde et a [26]
found that, despite the perceived usefulness and motivation of
users, individual factors such aslow technological self-efficacy
and limited knowledge hindered the use of the system.
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Second, our study shows that accuracy in data entry and
processing is a critical concern. Manual input by health care
professionals or patients may lead to errors, creating biases or
discrepancies in the data. These inaccuracies can arise from
technical issues within the application, such as failure to
properly record data or rendering previously entered data
unreadable. Ensuring that the devices used for data input are
properly calibrated is crucial, as this ensures that the system
can capture and process dataaccurately, particularly for sensitive
health measurements. Wang and Preininger [49] also found that
errors in measurements from various devices can impact the
accuracy and reliability of results. Therefore, it is crucial to
devel op methodsthat can effectively model and minimizethese
measurement errors to ensure accurate physiological data
analysis. Technical problems during data entry, such as the
inability to correct errors and frequent software malfunctions,
could lead to further inconsistencies[50]. Additionally, Shiferaw
et a [51] identified instances where data were accidentally
deleted, memory cardsfailed, resulting in dataloss, and phones
became dysfunctional, rendering them unusable when required.
Abegjirinde et al [52] also found that a malfunction caused
incorrect dates to appear in numerous records from one of the
facilities, illustrating how system malfunctions can affect the
accuracy of health data. Perceived reliability is essentia for
user satisfaction and the intention to use interactive IT, as it
demonstrates the technology’s ability to deliver services
consistently, securely, and accurately as promised [53]. These
examples highlight the importance of addressing both manual
and technical issues to ensure the accuracy, reliability, and
overall user trust in health data systems.

Our study also found that the quality of the recommendations
generated by the system is just asimportant as the accuracy of
theinput. The recommendations must reach the correct person,
specifically the individual responsible for taking action based
on the hedlth information. Misinterpretations or inaccurate
recommendations can lead to confusion, potentially putting
patientsat risk. Thisissueisfurther compounded when patients
feel that the system failsto provide adequate information about
their maternal health, which underminesthe system’s credibility
and trustworthiness. Carlisle et a [54] identified usability issues
with the app, including the misinterpretation of obstetric
definitions within the app’s fields, which aligns with our
findings. Furthermore, Lobach [55] reported that ensuring
effective nationwide implementation of clinical decision support
systems and knowledge management systems requires more
than simply delivering the correct information to the right
individual. Lobach [55] also found that a deeper understanding
of what constitutes the correct information, and when and how
it should be delivered, is necessary to expand the reach of
clinical decision support beyond isolated, well-established
institutions. This underscores theimportance of both the quality
and timing of recommendationsin maintaining system reliability
and patient trust.
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In some cases, HRS may not have access to all the necessary
data required to generate accurate recommendations, which
limits their ability to provide comprehensive and actionable
suggestions, ultimately affecting the quality of maternal care.
Ensuring that all relevant data are captured and integrated is
critical for the system’s effectiveness. The data sourcesfor these
systems can include user input or information directly obtained
from measurement devices [56]. However, even when the
suggested diagnoses are generally adeguate, the top
recommendation’s accuracy can be compromised by ineffective
information collection and the system’s inability to capture
subtle clinical clues recognized by health care professionals,
making the recommendations less useful and more
time-consuming [57]. Reengineering workflows to better
integrate eHealth solutions is crucial for enhancing efficiency,
optimizing task distribution, ensuring patient safety, and
improving the completeness and quality of data collected from
patients [58].

Third, our study showsthat a significant challenge with current
HRS is the lack of integration across various data sources.
Ideally, these systems should integrate data from multiple
platforms, such as medical records and government databases,
enabling both health care professionals and patients to access
all necessary information through asingle application. However,
current systems often only support data collection, lacking alerts,
reminders, or actionable recommendations due to limited
integration, which reducestheir overall effectiveness. A typical
HRS framework gathers information about a patient’s health
status from sources like el ectronic medical records or electronic
health records through secure network protocols to create
personal health records[59]. Cliniciansfound such systemsless
useful when they were not integrated with other systems, like
pharmaceutical databasesthat provideinformation on available
medications, leading to recommendati ons that were not hel pful
when the prescribed medications were unavailable [57].

Another related challenge identified in this preimplementation
study of HRS for maternal care is the incomplete information
provided by the system. Both patients and health care workers
have noted that the information offered is often insufficient to
meet their needs. While the system may simplify datarecording,
users are not receiving the full range of information required to
make informed decisions regarding maternal care. Uncertainty
in HRSisa so associated with potential risks, such asinaccurate
predictions due to user preferences not being fully captured, or
difficultiesinidentifying optimal patterns because of incomplete
data [32]. Enhancing the system’'s capacity to provide
comprehensive, detailed data will be essential for improving
maternal care outcomes.

Fourth, our study shows that the continuity of maternal careis
essential, and disruptions in the HRS can interrupt health care
workers' ability to provide consistent care. If the applicationis
unavailable or disrupted, it hinders the ability of health care
providers to follow up with patients and ensure continuous
service. To support uninterrupted care, the system needs to be
highly reliable and accessible at all times. Deloneand McLean
[60] identified reliability, completeness, and accuracy as key
metrics for assessing information quality in an information
system. Consequently, hospitals must ensure timely operation
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and delivery of promised services, implement automated
processes, and provide all necessary services to meet patients
needs, thereby offering excellent public service [41].

Timely servicedelivery iscrucial in maternal care, where delays
can have significant consequencesfor both the mother and child.
The system must ensure that health care services and
recommendations are delivered promptly to address any
immediate health concerns, thereby enhancing the overall quality
of care. Saha et al [50] found that clinicians faced difficulties
using the application offline when it required internet
connectivity to manage beneficiaries details. Shiferaw et al
[51] also found that while the system generally operated well,
disruptions may occur due to poor network connectivity or
power outages. Ensuring reliable connectivity was challenging
during implementation in low- and middle-income countries
[61].

Another benefit of improving the timeliness of the HRS is the
potential for greater time efficiency in patient handling. With
faster and more accurate data processing, health care providers
could manage more patients within the sametime frame, leading
to improved health care efficiency and the ability to serve a
larger population. These systems are designed to reduce the
time and effort involved in the health care decision-making
process, thereby lowering the overall costs[32].

Fifth, our study shows that the cost of developing and
implementing HRS in health care facilitiesis amajor concern.
Developing these systems requires specialized resources, and
many health facilities face budgetary limitations that prevent
them from implementing comprehensive and functiona
solutions. This financial barrier can slow the adoption of such
technologies, particularly in resource-constrained settings.

There is also a concern about the perceived cost-benefit ratio
of using the system. Some users, particularly patients, feel that
the financial burden of adopting the system does not justify the
benefits they receive fromit. If the system is seen as expensive
but ineffective or difficult to use, this perception will act as a
deterrent to widespread adoption. Ensuring that the benefits
clearly outweigh the costs will be essential for driving the
success of the system.

Sixth, our study shows that a lack of standardization in the
development of HRS poses a significant challenge. Without
standardized guidelines, it is difficult to ensure that these
applications are developed in a way that makes them
user-friendly, reliable, and compatible across different platforms.
Developing and enforcing standards will streamline the
development process, ensuring that applications meet the
necessary quality and usability benchmarks. For the long-term
viability of scaling up, it is vital to develop standards for the
mobile health ecosystem that account for service integration
and interoperability [51].

Regulatory compliance is another important challenge. HRS
must adhere to government regulations and medical practice
standards, ensuring that they align with the legal requirements
for health care applications. Health facilities and application
developersare abligated to follow these regul ations, and failure
to comply could result inlegal issues, reduced system credibility,
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and potential harm to patients. Therefore, compliance with
regulatory standards is a critical consideration for successful
implementation. Adhering to standards ensuresthat health care
services are delivered consistently and meet patients’ needsand
expectations [62]. Among various dimensions, the policy
dimensionisthemost crucial and should be clearly defined first
to ensure that all hospital activities comply with standards
related to personnel, processes, and infrastructure. Without a
well-defined and standardized policy, the dimensions of human
resources and processes cannot function effectively. To enhance
patient trust and offer affordable services, the policy dimension
should also include guarantees aligned with fairness principles,
aswell as compensation or warrantiesfor patientswho encounter
issues.

The findings of this formative, preimplementation study have
significant implications for the implementation of HRS in
maternal care. Practically, improving the user interface is
essential, as some users struggle to navigate and update
information; a simpler, more intuitive design will help both
patients and health care providers access and input data more
easily. Ensuring that devices used for data input are properly
calibrated is also crucial for collecting accurate health data,
which is vita for generating reliable, actionable
recommendations. Additionally, the system should be reliable
and accessible at all timesto support continuous care, enabling
health care providers to respond to real-time health needs and
manage more patients efficiently. At the implementation level,
the study underscores the importance of evaluating usability,
feasibility, and cost implications, especidly in
resource-constrained settings, to inform adoption. Furthermore,
adherence to regulatory standards and the establishment of
standardized guidelines are key to ensuring system quality,
safety, and trustworthiness across diverse health care
environments.

Consistent with the WHO Global Strategy on Digital Health
2020-2025, these findings highlight the need for interoperable,
sustainable, and people-centered digital health systems that
strengthen public health surveillance and data-driven maternal
care [63]. Similarly, the WHO Classification of Digital
Interventions, Services, and Applications in Health (second
edition) identifies core digital functions such as client’s health
tracking, health care provider decision support, and data
collection management that align closely with the capabilities
of the maternal HRS examined in this study [64].

Although infrastructure challenges were not among the most
frequently cited issuesin thisformative study, participants noted
that reliable connectivity, compatible devices, and system
interoperability are essential prerequisitesfor sustained system
performance and adoption. These considerations also align with
the WHO Global Strategy on Digital Health 2020-2025, where
accessibility and interoperability are identified as strategic
objectives for developing scalable and equitable digital
technologies for global health [63]. Aligning the design and
implementation of the maternal HRS with these global
frameworks can therefore enhance scalability, interoperability,
and equitable integration into national health information
systems, ultimately contributing to improved maternal health
outcomes.
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Limitations

This study has several limitations that should be considered
when interpreting the findings. First, the sample sizedistribution
among stakeholder roles was uneven, with some groups being
more represented than others, potentialy limiting the diversity
of perspectives captured. Additionally, most patientsinterviewed
werefrom private clinics, with only afew from government-run
community health centers, which may lead to findings that
primarily reflect experiences typical of private heath care
settings. Furthermore, all participants lived or worked in the
Greater Jakartaarea, where | T infrastructureis sufficient, health
care facilities are accessible, and quality medical care is
affordable. Thisurban-centric sampling approach may limit the
transferability of our findings to rural or resource-limited
settings, where differences in hedth care access and
infrastructure could affect how HRS are implemented. We did
not design or evaluate aggregation or data feeds for facility- or
population-level surveillance; these implications remain
conceptual and require future development and testing. Future
research should aim for a more balanced sample and include
perspectivesfromrural or underserved areasto provide abroader
understanding of these challenges.

Additionally, usability, feasibility, and pilot studies are needed
prior to any effectiveness eval uation. Devel oping an architecture
for maternal HRS based on user needs would be valuable for
enhancing system relevance and usability. Beyond
cross-stakeholder triangulation, future studies should also
integrate regulatory documents and cost data to strengthen
confirmability and economic interpretation. In this study, we
conducted alimited document review (program guidelines and
internal standard operating procedure excerpts) to contextualize
perceived barriers.

Conclusions

Thisformative, preimplementation qualitative study highlights
6 major, stakeholder-perceived challenges to implementing an
HRS for maternal carein Indonesia: skills, data accuracy, data
completeness, data timeliness, cost/sustainability, and
standardization/interoperability. These challenges, primarily
within the people and process dimensions, present significant
barriers to the successful implementation of the system.
Addressing these issues will require a multifaceted approach,
including enhancing user training and system usability, ensuring
data accuracy and integration, improving the reliability and
timeliness of services, managing costs effectively, and
establishing clear regulatory standards.

The findings of this research underline the importance of user
involvement throughout the system’s design and implementation
process to ensure that it meets the needs of both health care
professionals and patients. Moreover, technical improvements,
such as reducing manual input errors and enhancing system
reliability, will be critical for building trust and ensuring that
the system supports effective decision-making. Finally, ensuring
regulatory compliance and devel oping standardized guidelines
will be essential for facilitating broader implementation and
ensuring the system’slong-term successin improving maternal
care outcomesin Indonesia.
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