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Abstract

Background: Limited information is available on how mobile health (mHealth) application (app) technology on
mother and child health (MCH) is developed. This research aimed (a) to explore the process of developing mahbile
apps for MCH community-based services in the Indonesian setting of Pos Pelayanan Terpadu (Posyandu/integrated
Health Service Post), (b) to determine the feasibility of using the app by community health workers (CHWs), and (c)
to evaluate the scalability of the mobile app at the national level in Indonesia.

Methods: A hybrid method was used to synergistically combine the action research principles and mixed methods
comprising gualitative and guantitative methods. This study was conducted in the Pasawahan District, Purwakarta,
Indonesia, from 2017 to 2019. Content analysis, coding, and categorizing were performed using NVivo 12 Pro for
transcribed data. The Wilcoxon test (2018 and 2019) was conducted using STATA 15 Special Edition.

Results: (1) The use of a CHW notebook for data entry into the Posyandu Information System book delayed the
data reporting process, resulting in the need to develop a mobile app. (2) There were significant differences in
CHWs" knowledge (p= 0.000) and skills (p =0.0097) on training (2018) and Posyandu phases (2019). (3) A total of 964
Posyandu have been registered in the Posyandu mobile app from almost all provinces in Indonesia.
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Conclusions: The three-year hybrid approach includes the crucial phases that are necessary to develop a mobile
app that is more user-friendly and can act as a substitute for CHWs' book. Hence, its implementation is promising

for use at the national level.

Keywords: Action research, Android, Community health workers, Mother, Posyandu

Background

Mobile health (mHealth) applications (apps) in the health
sector have been publicly utilized and have effectively im-
proved community health services [1, 2]. However, their
implementation may be complicated by utility issues
among community health workers (CHW's) or cadres of
the mother—child health (MCH) services in the Indones-
ian setting, also known as Pos Pelayanan Terpadu
(Posyandu) or the Integrated Service Post [2, 3]. Action re-
search with a qualitative approach can be used to explore
the feasibility of an Android-based health app [4, 5]. How-
ever, recent systematic reviews provide little information
on how mHealth apps are designed using a qualitative ap-
proach to enhance CHWS performance in community-
based MCH services [6-10]. In 2019, some literature re-
views pointed out the lack of baseline data before evalu-
ation and experimental studies regarding CHWSs and
mHealth [11].

A qualitative approach in action research is crucial to
construct a foundation of evidence for designing an
Android-based app. This approach is used to explore the
degree of acceptability of the CHW's and mothers for the
new intervention which may include challenging technical
problems, such as mobile network coverage, internet ac-
cess, and device maintenance [12]. Understanding the
technical aspects of current Posyandu activities is essential
to improve CHWs’ work. These activities comprise five
categories: registration, height and weight measurements,
documentation, education, and healthcare (family plan-
ning and immunization). Based on the activities offered,
Posyandu is divided into four levels that are classified by
size: Pratama (five Posyandu activities performed by fewer
than five CHW's at irregularly recurring intervals), Madya
(activities in Pratama + more than eight activities per
vear), Purnama (activities in Madya + independent com-
munity funding with < 50% of the participants), and Man-
diri (activities in Purnama + >50% of the participants).
During registration, a national report, called the Posyandu
Information System (PIS) book, provided by the Ministry
of Home Affairs must be completed. The village midwives
provide information to CHWs, who then complete the
form under the midwives’ supervision. However, this leads
to delays because CHWs must find previous records and
add the new information for the mothers’ and children’s
in the PIS book [3].

Owing to time constraints, many CHWs temporarily
enter the mothers’ and children’s names and data in a

separate book before rewriting them in the monthly and
vearly national report. Then, after all Posyandu activities
are completed, they input the recorded data in the PIS
book. The time-consuming nature of these data entry
and reporting processes results in a time-management
challenge for CHWs. Therefore, a new intervention must
be developed to save CHW's' time. This can be achieved
by exploring their perspectives and habits in using the
Posyandu. This time-saving intervention is essential be-
cause CHW's play a central role in connecting the com-
munity and national levels through healthcare providers
in Pusat Kesehatan Masyarakat (Puskesmas) or Public
Health Centers spread across the country [13]. CHW'Ss
submit a monthly report that conveys the community’s
condition to the Puskesmas’, and this report serves as a
basis for creating a budget for community health
programs.

Many mHealth technologies are already available in
low- and middle-income countries. Using mHealth can
support CHWs in delivering health care services [9, 12,
14], community case management [2, 15], and health be-
havior interventions [8, 9]. A previous report described
the use of mHealth services by midwives collaborating
with CHWs [16]. Some studies have noted the use of
mHealth to help provide healthcare services for patients
and families [7], including for palliative care [17, 18],
which further highlights the pivotal role of mHealth
[19]. A recent literature review identified that data col-
lection may be the main challenge in many community
programs and that using mHealth should be included in
the training of CHWs [9] so they can provide more ef-
fective support [20]. The World Health Organization
(WHO) and United Nations Children’s Fund (UNICEF)
recommend that countries should foster the quality of
care, monitoring, and assessment using innovative ap-
proaches, including maximizing the use of the handheld
phone. Systematic data collection, aggregation, analysis,
and reporting from the smallest administration area
(subnational level) to the national level is crucial [21].

Building the capacity, ie, knowledge and skills, of
CHWs and supporting them in data monitoring and
reporting or evaluation within a flexible timeframe is the
primary factor in sustaining community health programs
[9, 13]. Thus, identifying the key obstacles in its imple-
mentation is an continuous process [22]. mHealth is
promising because CHWs can quickly learn to use this
technology provided that it is adjusted to the local
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context, such as the language and a user-friendly inter-
face [16]. The monthly report extracted from PIS is re-
quired for Puskesmas midwives in the implementation of
an mHealth app. This report includes nutrition data of
infants, toddlers, pregnant women, exclusive breastfeed-
ing mothers in the postpartum period, and couples of re-
productive age.

Many strategies can be applied to motivate mothers to
come to the Posyandu. These strategies include monitor-
ing the nutrition status of infants and toddlers, providing
immunization status and pregnancy data, providing nu-
trition counseling to control MCH programs, and em-
phasizing the benefits of visiting the Posyandu (3, 23].
Data recording and reporting are essential because the
stored data can be used as a baseline to create evidence-
based strategies and evaluate their effectiveness for the
Posyandu. Further, such recording and reporting can
help the Puskesmas and village office allocate the neces-
sary budget for improving the existing preventive health-
care programs and generate feedback for each program'’s
outcomes. A recent literature review determined that
measuring the effectiveness of MCH preventive inter-
ventions by CHW's is critical for the MCH programs of
a country [20].

However, data recording and reporting by CHW's in
the Posyandu can be complicated in Indonesia. This is a
result of the overwhelming number of services provided
by CHWs. For example, CHWs must invite mothers and
their children to come to the Posyandu and approach
those who do not come. Additionally, CHW's must com-
municate with subvillage and religious leaders through
community engagement programs to encourage mothers
and children to come to the Posyandu. Further, in the
Posyandu, CHWs must manage the registration, meas-
ure the children’s weight and height, maintain a data
book, educate the mothers, and refer them and their
children to the village midwife for immunization ap-
pointments, etc. As a result, data recording and report-
ing workload must be simplified. Critical problem
identification should be conducted as evidence-based
initiation and development of solutions. The findings of
this study will contribute toward improving the use of
mHealth among CHWSs and mothers. Hence, this re-
search study aimed (a) to explore the process of develop-
ing a mobile app, (b) to perform the assessment of
adaptability and feasibility of using the app by CHWs,
and (c) to evaluate the potential scale of the Posyandu
mobile app to the national level in Indonesia.

Methods

Action research comprises step-by-step development be-
ginning with the identification of initial ideas, implemen-
tation, and feedback for improving these ideas. This
process is an iterative cycle that continuously supports
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better action or intervention. In this case, the assessment
outcomes should meet the community’s needs to create
the necessary implementation/intervention, which will
help the CHWs create a Posyandu data report. The
information is vital to develop a plan and design an
intervention starting from the initial blueprint. The
intervention design as well as further actions to deliver
the intervention should be presented to the community
to allow further improvement. The ideas and interven-
tion must be prepared and advocated to the relevant
stakeholders, e.g., government and private sectors.

In general, the combination of action research princi-
ples and mixed-method research (qualitative and quanti-
tative methods), henceforth referred to as a hybrid
approach, was synergistically applied for end users. The
core design comprises complex mixed-method designs,
which incorporate more designs into sequences [24].
This hybrid approach was deployed in the following
eight phases: (1) determining issues by analyzing and un-
derstanding users’ activities, which refers to the process
of exploring their activities at the Posyandu; (2) making
a design prototype blueprint; (3) evaluating the blueprint
with the users through presentations and discussions in
which steps 2 and 3 may be repeated in case of any feed-
back; (4) designing the prototype; (5) creating a dynamic
design prototype or a dynamic design that is pro-
grammed with planned features but still not in the exe-
cuted form; (6) evaluating the design with the users to
prevent any miscommunication; (7) testing the executed
prototype; and (8) implementing the final version of the
graphical user interface (GUI). GUI designing ensures
that a good user interface program is complemented by
good quality. It spots interactions between the user and
the mobile app using graphical information or visual
widgets, such as text boxes and clickable buttons. Such
an approach is necessary to bridge the quality and users’
needs so that it can be accessed easily by users [25].

The initial part of the action research was conducted
using a qualitative approach because community insight
must be evaluated after collecting information. Thus, the
GUI can fulfill the needs of the community. Based on
phases 1-2-3-2-4, a qualitative design made in 2017 was
used to create, evaluate, and improve a blueprint and
then design a prototype. In 2018, a sequential explora-
tory mixed-method design and an embedded qualitative
approach were performed using phases 4-3-2-4-5 to
evaluate and improve the blueprint and prototype. After
the qualitative approach, the knowledge and skills of the
CHWSs in using the mobile app were checked using a
quantitative approach during training. Their feedback
was also incorporated into this approach, which resulted
in a dynamic prototype in 2018. Then in 2019, using
phases 5-6-5-7-8, the next qualitative and embedded
quantitative—qualitative designs were tested to identify
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the end users’ knowledge and skills (quantitative), in-
cluding feedback from CHWs on the GUI of the mobile
app. Feedback from village midwives who supervised the
CHW's was also obtained (Fig. 1).

In practice, prototyping was performed using the spiral
model development process. The eight spiral or proto-
typing phases resulted in incremental refinement of the
app through each iteration. A user-centered design was
implemented when starting the development from low
to high fidelity persona. The stage cycle was iterative,
wherein the context was identified directly from the
users. This was explained in technical terms, and the
programmer used these as a reference for improvement.
The development of a low fidelity persona began with a
qualitative study to create a blueprint. A focus group
discussion (FGD) for the CHWs and mothers was orga-
nized to discuss their activities in the Posyandu, the im-
portance of mHealth, and the mobile app’s main
features (box 1 in Fig. 1). The first iterative cycle began
with the first version of the blueprint (box 2 in Fig. 1)
created on the basis of the FGD, and it was presented
again during the FGD using a projector and PowerPoint
slides as a paper prototype. The discussion produced
feedback (box 3 in Fig. 1) regarding the main features
such as registering and logging in, reports, data input
mechanism, and alerts (Supplemental Table 1), followed
by approval of the improved features of the second ver-
sion of the blueprint (box 2, iterative) before developing
the first high fidelity persona in the Android package
(APK) form (box 4, Fig. 1). The CHWSs accepted this
APK blueprint as it could help them monitor infants,
toddlers, and mothers. They pointed out, “With the
Posyandu mobile application, it is possible to check the
development of children, examine pregnant mothers,
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immunization.” The mothers also accepted it because
they could use it to monitor their toddler’s development.
They said, “(We) need to know our child development so
that we can monitor our child by ourselves” (Supplemen-
tal Table 1).

The first APK was developed and then shared with the
CHWs and mothers via the SHAREit app. They then in-
stalled it as a trial version and used it in training. An
FGD was organized to discuss the trial version in train-
ing (box 3, iterative). Feedback on the toddler data input
and display, the app menu, and the online report was
used to improve the trial version (boxes 2 to 4, iterative)
to create a more dynamic solution prototype (box 5, Fig.
1). Additionally, the CHWs and mothers provided feed-
back about the learning process and the app guidebook
(Supplemental Table 2). The dynamic prototype could
store its data into a server and help the CHWSs® in the
Posyandu. This prototype served as the starting point for
the next iterative cycle.

The prototype was then re-evaluated in a FGD. This
prototype was dynamic in its changes and improve-
ments, depending on the iterative cycle process that was
based on the users’ feedback (box 5-6-5). This feedback
included improvements in identity, account, and web
creation in the future (Supplemental Table 3). For ex-
ample, if users forgot their password, they can contact
the admin via WhatsApp to reset their password and ob-
tain an alternative password. This feedback was provided
by a midwife who stated “Oh, I forgot the password. It is
not possible to login. It would be great if an alternative
password exists.” Then, once the users approved the dy-
namic prototype, it was then executed and launched in
Google Play (GP) (box 7). The dynamic prototype was
tested by end users mainly in the research area. A

¥
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research published in 2016 pointed out that internet mo-
bile phones, including phones using the Android plat-
form, are used by at least 78% of the Indonesian people.
In 2019, the Indonesia National Broadband Plan
(Rencana Pitalebar Indonesia) targeted a mobile broad-
band penetration of 100% in urban areas and 52% in
rural areas [26]. The increasing number of people in the
country using the Android platform is why this platform
with GP was selected as the native mobile app.

The executed prototype was not the final version, even
though it had already been launched on GP. It was an
unreleased version and was limited to 6000 downloads
on GP. Before confirming the final GUI (box 8) to re-
lease the final version, the iterative cycle was carefully
applied for further development. During iterative soft-
ware development process, feedback was taken from
comments on GP that was then used to refine the mo-
bile app. Additionally, we received information about
crash events and device compatibility, which was used to
support development. We also conducted observations
and another FGD for CHWs using the app’s unreleased
version when running the Posyandu. We considered the
feedback from this FGD as a basis to develop the final
GUI of the app (box 8 of Fig. 1). However, the mobile
app still requires development to accommodate the
users’ needs in the future.

The qualitative portion of the research was conducted
by FGDs consisting of 10-14 participants (Table 1),
which included CHWSs and mothers in 2017, CHW's in
2018, and CHWs and midwives from every village in the
Pasawahan District in 2019. FGDs were conducted be-
cause these people were engaged more at the Posyandu
and were able to use the mobile apps. Midwives play a
role as Posyandu supervisors in each village and were
thus included in these FGDs. The research was con-
ducted in Pasawahan District, Purwakarta Regency, West
Java, Indonesia. FGD participants were interviewed with
open questions about the challenges in running the
Posyandu to understand their concerns and propose ad-
equate solutions. Then, the input was considered and
the users’ feedback was reviewed after solution imple-
mentation. A qualitative sample was chosen using a pur-
posive sampling technique according to the participants’

Table 1 Number of Participants in Each Phase of the Study
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activity and ability to use a smartphone. The illustration
for this explanation is provided in Fig. 2.

An instruction/user training guide was required to en-
able the cadres to operate the Posyandu mobile app.
Qualitative data were acquired through FGDs with the
Posyandu cadres to obtain their opinions on the app
usage instructions. Twelve Posyandu cadres attended the
FGD representing each village in the Pasawahan District.
The information acquired was used to establish a user
guide, which was then delivered to the cadres to use as a
reference during training.

Then, quantitative data were collected to assess the
cadres’ knowledge and skills in using the Posyandu mo-
bile app during training. The knowledge tested included
account registration management, benefit of the app, re-
cords of pregnant women and toddlers and their phys-
ical examination results, and PIS. The skills tested
included account registration; app login; data entry, data
display, data search, examination data entry, examination
data display for infants and toddlers; data entry, data dis-
play, examination data search for pregnant women; and
logging out. Knowledge was assessed using question-
naires whereas skills were assessed through quantitative
observation using a checklist (Supplemental Tables 5
and 6). During the observation process, the researchers
were assisted by 10 selected facilitators who were the
most active and trained cadres.

The facilitators were trained to use the Posyandu mobile
app according to the instruction book. Each facilitator was
able to operate the Posyandu mobile app and guide other
cadres on how to use the app. Each facilitator was pro-
vided with an Android mobile phone/tablet and was in
charge of 8-10 cadres. The facilitators organized a visit
schedule for the cadres they were guiding. For a month,
the Posyandu cadres were guided by the app trainer by
using the provided mobile phone/tablet in turns.

The quantitative research sample size was calculated
with the objective of assessing the significance between
two time points (training time and implementation
time). We used the per group sample equation from
Hulley SB et al. (2007) with an a of 0.05 (two-tailed hy-
pothesis), a ( of 0.10, and an effect size from previous
research of 056 [27, 28], resulting in 72-86 required

Participants Number of participants in each phase year
2017 2018 2019
Qualitative Qualitative Quantitative Qualitative Quantitative
CHWs 13 12 (Kl 10 156
Mothers 14
Michwives 11

CHW community health worker
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Fig. 2 The focus group discussion process for a dynamic evaluation
and execution of the Posyandu application. This figure was created

by the authors
e -

respondents [29]. The treatment group comprised cadres
who met the inclusion criteria (active cadres) and who
participated in the 1-day training with an instruction
book and were guided by a trained cadre facilitator. The
control group comprised cadres who met the inclusion
criteria and only participated in the 1-day training.
Knowledge and skills were assessed 1 month after train-
ing (2018) and during the implementation of the
Posyandu (2019).

The app was released on GP in December 2018 to
scale up the local users’ impact at the national level. The
distribution of registered Posyandu on the mobile app in
Indonesia was analyzed. An Excel file comprising all
Posyandu that had registered with the mobile app was
downloaded from the app administrator website, and the
data were registered in a database server. The data qual-
ity was checked using STATA version 15.1 Special Edi-
tion License (StataCorp LLC, Texas, USA). Then, a
distribution map of the registered Posyandu up to De-
cember 31, 2019 was created using the QGIS version 2.6
(open source) shapefile of the 34 provinces in Indonesia.

Analysis

In the qualitative analysis, the responses of the mothers,
CHW's, and midwives were coded and categorized for
end-user activities, needs of the mobile app, main fea-
tures of the app (2017), toddler data input, display,
Posyandu mobile app components, benefits of the
Posyandu, obstacles in using the Posyandu mobile app,
learning process, guidebook, its information, cadres ex-
pectations and worries (2018), the app development on
identity, account, the needs of the website, new menu,
and the advantages and disadvantages of the app (2019).
Similar answers were categorized into nodes/codes, and
grouping’s insights were used to name the node. This
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step was intended to build and understand the critical
connection between the needs and recommendations,
which were to be used as feedback for designing the
mHealth app. The content analysis nodes in NVivo 12
Pro License were used in the analysis, and the context of
the diagram and entity relationship diagram were ex-
tracted from the program. Subsequently, the results were
exported and could be displayed as a report.

Quantitative data analysis conducted using STATA
version 15.1 Special Edition License was used to observe
the characteristics of treatment and control respondents.
Their knowledge and skill scores in 2018 (training) and
2019 (Posyandu activities) were compared using the Wil-
coxon signed-rank test because the data were not nor-
mally distributed (Shapiro-Wilk normality test <0.05).
The effect was also analyzed by observing the Z-score
(standardized test statistic, produced by STATA) divided
by VN (N = number of all respondents) and time differ-
ence (training time, 2018 and implementation time,
2019) [30].

Results

Data flow diagram result in the database

Scope of the system

PIS was developed to support Posyandu data manage-
ment and analysis. The collected data were recorded by
CHWs, including usernames and passwords, mothers’
records, pregnant women’s records, pregnant women'’s
physical examination results, toddlers’ records, and tod-
dlers’ physical examination results. CHWs can also ac-
cess this information in the monthly report section of
the app. The form was already categorized into a
monthly and yearly national form. Parents could view
the information about their toddlers by performing the
following steps: registering using their username and
password, logging in with the registered credentials, and
selecting their children’s records that were already listed
by the CHWSs. Parents can access information on their
records, physical examination results (of a pregnant
woman), their children’s records and physical examin-
ation results, and the MCH book. This information is
depicted in Fig. 3.

Initial phase qualitative research results (2017)

The first result comprised the qualitative part of the re-
search. Input collected from the CHWSs and mothers
were combined in one table and divided into themes,
key insights, and quotes. Table 2 and Supplemental
Table 1 show the main problems faced by the CHW's, a
disorganized yearly data record and report. They stated
that the data were hand-written in their notebooks and
this was easier for them than to write it immediately in
the big book report or the PIS book. One CHW con-
firmed that “the paper wnotebook can be used
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1. Mother of under-five identity information

2 Pregnant mother identity information

3 Pregnant mother physical examnaton information
4. Under-five sdentity information
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& Report form to Primary healthcare centre

7. Mother and child health book

1. Mother of under-five identity informaton

2. Pregnant mother identity information

3. Pregnant mother physical examnation information
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6. Mother and child health book

6. Under-five physical examination data
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Fig. 3 Data flow diagram of the mobile health application design in the Posyandu Information System

immediately.” Another CHW ascertained that “if the
data is written directly to the PIS as the mothers come, it
will blow my head (since it is) confusing.” The CHWs did
not have time to put the children’s names in an orderly
manner, as pointed out by one of the CHWSs. Then,
there was also the issue of delay in reporting to the Pus-
kesmas. This delay was a result of the double work of
data entry to their personal book and report entry to the
big book. The CHW'Ss felt that this work was redundant.
A CHW stated in the FGD that “.. we have to write the
names to the Posyandu Information System book in an
orderly manner.” They indicated that they required a so-
lution such as mHealth to facilitate the data recording
and reporting process. The CHWs described it as
“(something) like a tool, but it can be reaccessed, like an
archive. Because we need it when Puskesmas requests (a
report), sometimes it can be reaccessed.”

As Supplemental Table 1 presents, the app would help
mothers supervise their toddlers’ growth and develop-
ment. The mothers stated that “(We) need to know our

child'’s development so that we can monitor them by our-
selves.” Moreover, working mothers need a way to moni-
tor their children’s growth when their family members
or neighbors are in charge of taking them to the
Posyandu. One mother said, “For example, this (child),
the child is taken care of by another person (because) the
mother is working.” They hoped for a way to avoid re-
peatedly asking the CHW's about their children’s growth
because “(it was) just not practical.” It was revealed in
the FGDs that mothers need the Posyandu mHealth app
“so that (they) can access it privately (and immediately).
Thus, (they) do not have to ask the CHWSs continuously.”
The activities, including the quoted difficulties above,
served as input to extend the context in the app’s blue-
print. Moreover, other inputs, such as the registration,
the connection between mothers’ and children’s data,
and data entry, can also have automatically reported out-
puts such as governmental forms, child growth graphs,
and automatic alerts on the child’s growth status. These
main features are depicted in Supplemental Table 1.

Table 2 End-User Activities, the Needs of Mobile App, and Main Features

No Theme

Key insight

1 End-user activities

a, CHWSs' activities

b. Mothers activities

i. The direct use of the CHWs' notebooks for MCH service
i. Delay in transcribing the information into the Posyandu information system (PIS) book
iii. The PIS book is extremely difficult to implement

i. Mothers who work will ask others to bring their children to the Posyandu:

babysitter
grandmaother
neighbor
2 The needs of the mobile app
a CHW i. Monitaring infants, toddlers, and mothers
ii. CHWs need a mobile app to report to Puskesmas
b. Maother i. Mothers need a mobile app to monitor their toddlers
3 Main features i. Login

ii. 12-Month Reporting Format

jii. Similar to the reporting form used in the Puskesmas

iv. Autormation of infant data input when the app is re-opened
v. Child growth graph

wi. Automatic alert of child growth

CHW community health worker, MCH mather and child health
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Figure 4 illustrates the app’s initial phase for the
CHWs/cadres and mothers using touchscreen smart-
phones. Initially, the registration menu in the app was
different for CHWs and mothers. As one of the respon-
dents stated, “First, we click on the Posyandu app, then
we register in it, after that we click it once more, then we
are connected to our children’s data.” Mainly, personal
data and the name of the nearest Posyandu were neces-
sary when registering before they could log in according
to their role as a cadre or mother.

Middle phase qualitative and quantitative research results
(2018)

Table 3 and Supplemental Table 2 illustrate the qualita-
tive theme and key insights that emerged during the
CHWSs' training for using the Posyandu mHealth app in
2018. The cadres recommended that the notification fea-
ture for monthly weight data should be automated.
Height was measured according to government and
WHO guidelines. However, they confirmed that “We do
not measure the height monthly but only once every sev-
eral months.” After the cadres input the required data,
they wanted to check whether the toddler growth chart
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was updating automatically. Additionally, they expected
the information to be available anytime. To quote, “We
want it to be like ... online reporting so we do not need
to measure the number of decreases” (Supplemental
Table 2). By this, they expected the app to ease their du-
ties in the Posyandu by recording the data and simultan-
eously submitting the report directly to the Puskesmas.
Nonetheless, when it came to using the app in the
Posyandu, they still felt that some obstacles remained.
For example, “A while ago, some data was successfully
stored, but some were unsuccessful.” They believed that
the mHealth app would not be supportive when the
Posyandu was crowded: “During the Posyandu working
day, it will remain crowded so that the data entry will be
done after the end.” They were also worried about inter-
net availability when they ran out of funds.

The cadres still believed that the app could be of great
assistance to them after considering the advantage and
disadvantages. The learning process played a central role
in this belief. During the training, they stated, “We think
we can use it because we are used to using and playing
with a mobile phone. However, before that, the applica-
tion should be made available first (on GP).” The app

«  PENDAFTARAN AKUN

DUATA POSYANDU

FILIM POEYANDL

DUATA PRIBADS

Fig. 4 Log in page and registration page of the Posyandu mobile health application

MENDATTAR SERAGAI DRANG TUA
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Table 3 The use of Posyandu mHealth Application by CHW
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No Theme

Key Insight

1 Toddler data input

a. Toddler body weight measurement

b Toddler body height measurement time

c. Toddler body height measurement according to the WHO

2 Toddler data display a. Toddler data can be accessed anytime

b. Toddler measurement result display

c. Parents can access toddler data

3 Posyandu mobile app components

4 Benefits of Posyandu mobile app

=

w

5 Obstacles in using the Posyandu mobile app

o

w

[ Learning process

o

a. Posyandu mobile app menu

b. Online report

Posyandu reporting and recording is easier than using the big book for reporting
. Facilitate cadres’ duties in the Posyandu

Confused/need to adapt

Unsupportive Posyandu situation

Cadres' knowledge of the Posyandu maobile app

. Cadres' skills for using the Posyandu mobhile app

c. Cadres need more training with the app

7 Posyandu mobile app guidebook

o n oW

m

Significance of the Poswandu maobile app guidebook
. Guidebook format

Guidebook size

. Guidebook writing style

.Images in the guidebock

8 Information in the guidebook a. Instruction

b. How to register an account/log in

. How to input toddler data

d. How to input pregnant mother data

9 Cadres’ expectations a. Tablet/mobile phore provision

b. Use of the app in the Posyandu

10 Cadres’ waorries a. Internet quata availability

was available in the APK form during the training, and it
had not been published on GP at the time. In late 2018,
it was released on GP to make it more widely available
and accessible.

During the training process, they required more writ-
ten information in the form of a guidebook. The cadres
also coordinated with village officers regarding any app-
related issues. One such issue was internet usage: “.. the
Posyandu does not have any budget (to cover it). I asked
the villagers about the internet quota fee, and they shook
their heads.” Regardless, it was expected that the cadres
could use the app and put it into practice at the
Posyandu after the training was completed. They also
expressed their interest in using the app. “If using the
application if possible, then so be it, (I) cannot wait to
use it." More information regarding their feedback is
shown in Supplemental Table 2.

Final phase qualitative and quantitative research results
(2019)

Tables 4 and 5 and Supplemental Tables 3 and 4 present
the conclusion of the FGD with cadres and village mid-
wives for the app development and the advantages and
disadvantages of the Posyandu mHealth app, which in-
corporated the ideas from other FGDs of cadres and

Table 4 Cadres' and Village Midwives' FGD Results on Posyandu
Mobile App Development

No. Theme Key Insight
1. ldentity Village name correction in the editing menu
2. Account Account owner photo
Alternative password
Individual account for village midwife
3 Website Web creation
4. Mew menu Pregnancy age automatic calculation
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Table 5 Advantages and Disadvantages of the Posyandu Mobile Health Application

Disadvantages

No Analysis Result Advantages
1 User
a. Receipt Cadres' approval of the application
b. Problem Solving  Problem solution by the cadres when facing
difficulties
<. Skill Cadres’ skills in operating the Posyandu mobile
app
d. Resistance

2 Organization

a. Policy Leadership of a village midwife as the direct

supervisor of Posyandu activities

b. Organizational

support

. Standard Positive response in the advocacy of the

operating gaovernment

procedure (50P)

3 Technology

a. Application/

Software

i. Accuracy Appropriate and correct use of the application

ii. Facility User-friendliness of the application when being
operated by the cadres

iii. Availability Availability of the application in Google Play to
be used or operated

iv. Relevance Conformity of the application menu with the
needs of the cadres or as planned by the
government

v, Punctuality Real-time condition of the application to display
the information or examination result

vi. Challenge

b. Hardware

i. Network

ii. Mabile Phone
iii. Quota

4. Environment

Time-consuming because there is a reluctance on the part of some
cadres to change to digital system-based services

Cadres' facility in implementing the Posyandu mobile app is still
necessary

Double work burden of manual and digital tasks because no SOP
regulates the implementation of the Posyandu mobile app

In regions with low network coverage, an offline version of the
application is necessary for data entry, which will be submitted after
the network appears

Application bugs must be fixed

Unstable network for some providers/carriers
Some versions of Android are not compatible with the application
Some cadres do not have an internet quata

The situation that is not conducive (queueing issue) during the
Posyandu's business time

midwives. When using the app during Posyandu activ-
ities, some corrections were required, as noted by one of
the informants: “Here, the name of my village in this ap-
plication is wrong” Other feedback recommended
inserting a photo in the account information and an al-
ternative password. As a cadre supervisor in several
Posyandus, one of the midwives suggested that “.. in the
future, it would be great if there is an access for the vil-
lage midwife and not only for the cadres,” which would
positively affect future app development. The creation of
a website was also discussed for reporting purposes. The
midwives perceived that reporting using a laptop would
be easier than with a mobile phone. More feedback is
presented in Table 4/Supplemental Table 3.

As indicated in Table 5 and Supplemental Table 4, the
advantages and disadvantages of implementing this app
were analyzed from the perspectives of the user,
organization, technology, and environment.

Table 5 and Supplemental Table 4 illustrate some
cadres’ resistance in changing their habits from using
paper-based services to digital services. In practice, vil-
lage midwives assisted in supervising and encouraging
the app’s implementation during Posyandu activities.
Continuous organizational support from the village was
vital in 2019, which was also applicable in the previous
vear. A standard operating procedure (SOP) issued by
the government is essential. This statement should ad-
dress the village office’s leadership, district, Puskesmas,
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and district health office (DHO). The SOP would
strengthen the app’s implementation despite the burden
of double work burden initially; this burden would dis-
appear once the users get accustomed to it.

Technology is at the core of this implementation; thus,
software and hardware analyses are crucial. In 2018, the
app was launched on GP, and in 2019, it was available
for downloading and operating on Android mobile
phones. The app answered the users’ needs that were
identified in the previous years of action research, such
as real-time data entry and reporting. However, in re-
gions with low network coverage, an oftline version was
still necessary for app development. Thus, data could be
submitted when network was available. While the issue
of unstable network was noted in the areas of low net-
work coverage, some mobile phones were not compat-
ible with the app version. The app version must be
continuously improved to make it more compatible with
all mobile phones.

The cadres’ knowledge and skills in implementing the
Posyandu mobile app during the training (2018) and
Posyandu activities (2019) were evaluated as ongoing re-
search. The respondent characteristics are presented in
Table 6. Most of the respondents were aged > 35 years,
and most of them had received secondary education or
attended junior high school. In 2018, the respondents
comprised 171 Posyandu cadres. In 2019, 8.77% of the
respondents were no longer reachable or could not be
followed up (1 =15). The remainder of the respondents
included 79 and 77 people in the treatment and control
groups, respectively. Hence, a total of 156 respondents
were assessed.

The comparison between the participants’ knowledge
during the training (2018) and during app implementa-
tion (2019) is shown in Table 7.

Based on Table 7, the cadres’ average knowledge and
skill scores during training and Posyandu activities dif-
fered significantly (p <0.05). Knowledge and skills had
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effect sizes of 0.34 and 0.21, which are considered small
and medium, respectively, according to Cohen [30, 31].

Figure 5 illustrates distribution across the 34 provinces
of Indonesia until December 31, 2019. As many as 964
Posyandus were registered on the mobile app from al-
most all provinces of Indonesia. The highest proportion
of Posyandus (34.54%) was recorded in the research area
of West Java. Other provinces also showed interest in
registering their Posyandus. Belitung had the second
highest number of registrations, followed by Jakarta,
Central Java, and Yogyakarta. There were no registra-
tions from North Kalimantan or Maluku.

Discussion

Qualitative research is a critical part of action research
that is necessary to create a foundation of knowledge.
From this foundation, interventions can be developed
that solve community problems and adjusts to their
knowledge and skills [32]. Some research begins by for-
mulating a direct intervention based on their initiative
without first determining the targeted community’s
mindset [33]. This practice could prove to be a potential
bias when performing the intervention. This can be in
the form of a knowledge bias in terms of a gap between
the intervention maker or expert-driven method and the
end-user of the intervention [33, 34]. Creating mHealth
interventions should begin with a theory-driven process
followed by taking feedback from the end-user or tar-
geted community [35]. The intervention designer should
then determine the details of the design and intervention
based on the end users’ feedback [36]. Previous studies
have compared different apps that use the top-down and
bottom-up approaches and revealed that a bottom-up
app was more effective for the community [33]. The hy-
brid approach (Fig. 1) comprises a complex mixed-
method design that begins with qualitative research and
is followed by sequential and embedded qualitative to

Table 6 Respondent Characteristics in Pasawahan Sub-District, Purwakarta District in 2018 and 2019

Characteristics 2018

2019

Treatment (n= 86)

Control (n = 85)

Treatment (n=79) Control (n=77)

Age (years)
26-35 18 22
36-45 32 33
46-55 36 30
Education
Elementary School 24 31
Junior High School 32 33
Senior High School 30 21

16 19
31 33
32 25
21 26
30 30
28 21
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Table 7 Comparison of Knowledge and Skills during Training
and Posyandu Activities

Variable Occasion Value Effect
Min  Max Mean P-Value
Knowledge Training 84 100 9469 00000 034
Posyandu Activity 76 100 919
Skill Trairing 769 100 8563 0.0097 021
Posyandu Activity 2763 100 9305

“Wilcoxon signed-rank test

quantitative designs. Incorporating action research into
the complex mixed-method design is in a sense a cyc-
lical improvement. For each cycle of action research, the
qualitative results are followed by quantitative design;
for example, quantifying the significance of the imple-
mentation effect will render it more efficient and useful
for the next improvement (action research). This effect
can be accompanied by qualitative research embedded
with quantitative research to clarify the reasons under-
lying the quantitative research results, which can provide
further data and context to the research. The next cycle
can thus be more complex as per the problem [37]. This
method of a continuous cycle can lead to continual
improvement.

There are two types of principal process models in
software development. Firstly, there is the traditional
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linear sequential model of one phase that comprises
analysis, design, construction, and implementation.
Discussions between software developers and end
users only happen at the beginning and end of the
process (analysis and implementation). Second, there
is the iterative process model, which splits the phase-
development process into small iterations [38]. These
small iterations comprise more detailed improvements
for the app, and the iterations can be combined with
qualitative and quantitative research cycle to identify
the users’ needs [36]. The second model is slower
than the first but fits with developing communities
that are also slower in adapting to technology. Our 3-
vear research study was slower than some studies that
also deploy users’ role as an essential factor in soft-
ware application [39]. One year is insufficient to iden-
tify more profound evidence that can help build a
bridge to connect users with technology in this hybrid
approach research. The present research also seeks
potential use on the national scale by preparing tech-
nology that already includes this bridge. Technology
that is fast but does not have this bridge is essentially
ineffective [40]. A lesson from this study is that soft-
ware developers should provide a bridge for slower
communities rather than providing quicker advanced
technologies because such communities can barely
keep up with those changes. This gives them more
time to grow with the development speed of the
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Fig. 5 Distribution of registered Posyandu in the mobile app in Indonesia until December 31, 2019. This figure was created by FRR using QGIS
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slower technology. This concept corroborates psycho-
social intervention development and implementation,
wherein the design process is based on users’ infor-
mation [40]. This design can provide the connection to
fill the gaps between technology and user in accepting that
technology. These gaps, including poor internet connec-
tion, have been recently discussed [10].

Currently, in Indonesia, the use of Android phones is
growing rapidly. A total of 78% of the population used
Android phones in 2016, and this rate is predicted to in-
clude 100% of the population in urban areas and 52% in
rural areas in 2019 [26]. The trend of using short messa-
ging service (SMS) has shifted to the use of internet-
based apps for messaging, such as WhatsApp, Line, and
Telegram [41]. More apps with higher functionality are
also being developed for particular purposes [42], such
as data documenting and reporting. One such example
is the Posyandu app. For certain regions with additional
gaps such as low connectivity, it can be very difficult to
access the app’s updates and synchronize it to the server.
Instead of developing an SMS version, an offline version
was developed to overcome the shortcoming of low con-
nectivity in some areas while the online version for doc-
umenting more detailed and complex Posyandu data
was underway. The integration of apps for people in
areas with available networks is easier than in areas with
no network. The offline version was planned to have the
capacity to store data in the Android device and then to
synchronize with the server when connectivity is avail-
able. For example, when CHWs go to the village office
in their area, there is a greater possibility of connecting
with the internet using Wi-Fi from the office. Further-
more, internet payment is allocated in the village office
budget and is not self-funded by the CHW. A literature
review discussed the lack of attention to technological
integration and the smaller number of action research
studies compared with other software development stud-
ies [43]. The use of action research in software develop-
ment is encouraged. The results of this research may
enrich previous studies that employ action research in
connecting technology to people.

Mobile app development was chosen as it covers more
functions than SMS, which has limited functionality [44,
45]. SMS can be used and is feasible for documenting
aggregate data, e.g., clinical case numbers and treatment
numbers at a village level aggregate [44], including com-
munication with limited SMS characters [8, 10]. How-
ever, sending complex data such as the Posyandu data in
individual SMS messages would be more expensive and
complicated. Furthermore, the effectiveness of using
SMS is debatable according to a previous literature re-
view [46].

The application interface in 2017 was considered satis-
factory because it was established and displayed based
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on the community feedback, and culturally embedded
factors were explored [47]. In the context of this re-
search, the Posyandu cadres and mothers are related in
the data flow diagram (DFD), which is the “kitchen” or
the back-end of this app. The DFD describes what the
cadres and mothers do and what they receive from this
app. According to previous research, building an app
based on its candidate users’ feedback will juxtapose the
user’s local context usage perception gap to the designer
to support the community’s adaptation and acceptance
[48]. The mobile app technology design can provide
more benefits in establishing strong partnerships be-
tween stakeholders to leverage the community capacity
and empowerment, e.g., the CHWSs and mothers [49,
50]. Awareness of the community in terms of preventive
healthcare interventions requires capacity building to
maintain the CHWs' and mothers’ knowledge and skills
to perform community screening [51]. Previous research
in 2018 also stated the needs of a learning process
(Table 2). Touchscreen smartphones were used in this
research as they support the learning process. These
findings corroborate previous recent literature reviews
that state that it is better to use touchscreen mobile
phones because of their ease of use and minimal need
for technical support [12]. However, after training,
follow-up showed a medium effect on knowledge and a
small effect on skills. This result differs from another
study that employed training interventions for CHWSs
using a module in reproductive health and tuberculosis
fields, which demonstrated a larger effect. Although the
fields are different, the idea of emphasizing the confi-
dence and satisfaction of CHWSs proposed by the re-
search remains essential and relevant [52]. Training
should be improved by emphasizing such insights and
considering different measures to reach a larger effect in
6-12 months [53]. An excellent impact would be dem-
onstrated by the CHWs engaging more in the interven-
tion and benefiting society and the government [54].

Although the cadres’ knowledge and skills in the
Posyandu mobile app implementation generally met ex-
pectations, the implementation of a new information
system is not easy due to the many influencing factors
that must be considered. The first factor is the user.
Implementing a new information system will be success-
ful if each user has a similar performance expectation
that the Posyandu mobile app can ease their workload.
Performance expectation is a strong predictor of infor-
mation system utilization interest [55-57]. Another fac-
tor is the usage facility, which is defined as when an
individual is certain that using the system does not re-
quire extra effort [58, 59].

The cadres had more freedom in learning how to use
the Posyandu app because they utilized it through a per-
sonal smartphone, which gave them more time to learn
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how to operate it. There is ample opportunity for Indo-
nesian citizens, including cadres, to learn using their
smartphones because as per research published in 2016,
at least 78% of Indonesians had smartphones. The in-
crease in the cadres’ skills was probably because the
cadres could learn independently. Although the cadres
initially received only some information and had to learn
to operate the app independently, they had similar
knowledge and skills with the cadres group that received
specific training. This independent learning is in line
with a previous South African research in 2018, wherein
an explorative study demonstrated that the respondent
assessment value dramatically increased. However, no
intervention was given in that study. The interview re-
sults showed that the cadres often gathered and created
larger study groups to learn together [52]. In future ac-
tion research, quantitative research can objectively evalu-
ate video education that can be embedded as part of the
mobile app. This research can also be continued by
monitoring the steps to identify cost-effectiveness devel-
opment to strengthen a strong partnership in advocacy
programs to different stakeholders [60].

In the Indonesian health system, access to screening in
Posyandu, which is performed and documented using
the Posyandu mHealth app by trained CHW's, can sub-
stantially help the government improve data manage-
ment and consequently, the quality of information. The
village midwife, nutrition, and health promotion staffs of
Puskesmas have a role in assisting with the activities of
the cadres, including validating the Posyandu data before
reporting it to the Puskesmas [61]; for example, in the
integration with government programs for establishing
the conceptual framework of stunting reduction inter-
ventions. There are five pillars of interventions: (1) com-
mitment and vision of leadership; (2) national campaigns
and behavior change; (3) convergence of central, re-
gional, and village programs; (4) food and nutrition se-
curity; and (5) monitoring and evaluation. In the fifth
pillar, the stunting reduction intervention using the data
management system requires effort to bridge the data
management at the village to the regency/city level and
up to the national level [62]. An example of an app avail-
able at the national level is the Integrated Nutrition in-
formation system (Integrated Nutrition). The Integrated
Nutrition data collection starts with the weight and
height data that is obtained every month at the
Posyandu and is recorded in the register book. Data
entry to the information system falls under the responsi-
bility of the Puskesmas, which can be performed at the
Posyandu level as a source of growth monitoring data
[63]. However, the implementation of data entry in the
Integrated Nutrition app in the research area was still
conducted by Puskesmas staff based on the results of the
measurements reported by the health cadres in
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Posyandu. The cadres’ manual work can create prob-
lems, such as delay in inputting data due to the high
workload of the Puskesmas staff. Therefore, an app can
solve this problem [9]. The Posyandu app can bridge the
problems mentioned above through a data input process
performed directly by the health cadres during the
Posyandu’s working hours. The data can then be directly
downloaded, verified, and uploaded by the Puskesmas
following the format for the Integrated Nutrition app. In
this manner, the reporting process can run promptly
and can be used as a material for the decision-making
process related to reducing stunting.

The advantages of using mHealth for cadres are sup-
ported by this research and recent literature reviews (7,
9-12, 46, 60]. Studies that have evaluated the program
results found evidence that mHealth assisted CHWs in
enhancing the provided treatment quality, services effi-
ciency, and program monitoring capacity [6]. Similar re-
search also revealed that mHealth is considered
beneficial for CHWs because it can help them with their
duties, support clinical decisions, and send instant data
and feedback on performance [2]. Another finding indi-
cates that mobile-based data collection increased the
data collection punctuality, decreased error level, and
enhanced data completeness [9].

Nevertheless, this research also had disadvantages,
such as user resistance, low organizational support, lack
of standard operating procedures, low network coverage
punctuality, bugs, hardware challenges, and a non-
conducive environment (Table 5). Both the advantages
and disadvantages can help health promoters plan con-
tinuous improvements in mHealth interventions [64]. In
general, the CHW's' role in mobile technology is to col-
lect field-based health data, give warnings and reminders
on routine Posyandu activities, facilitate health education
sessions, and conduct person-to-person communication
with parents. A programmed effort from the cadres can
strengthen health services performance [54], which fo-
cuses on community-based MCH management for pri-
mary and secondary health prevention. This research is
similar to another study about community case manage-
ment for children’s illnesses [15] but differs in some task
settings. The Posyandu CHWSs in this research mainly
educate healthy people and refer them to the village
midwives for immunizations (primary preventions). They
also educate at-risk people and perform screening
through physical examinations, eg. measuring the
weight and height of toddlers, recorded in the Posyandu
app (secondary preventions). If the cadres found an indi-
vidual with a suspected illness, such as malnutrition or
fever, they will contact the village midwife and then refer
the case to the Puskesmas. The local government should
emphasize a leadership and management practice to
support and motivate the cadres to perform these tasks
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[65] to support the successful initiation of the PIS
through the app and its integration with the national in-
formation system. Good leadership, communication, and
coordination will engender a robust health information
system in Indonesia [66].

Concdlusions

A hybrid approach is an essential and meaningful step in
providing an intervention to fit the community’s needs
with respect to the Posyandu services on data records
and reporting. This 3-year hybrid approach with a user-
centered design suggests the ideal phases in providing
the basis to build a mobile app. The app can be created
in a more user-friendly manner, can replace the CHW's'
old-fashioned book use, and can build “a bridge” be-
tween the community and national levels. The Posyandu
app developed in this research promises to answer the
existing national reporting system’s delay in practice.
The cadres can contribute to the PIS by immediately in-
putting the data in real-time. Thus, it can automatically
send reports faster to the Puskesmas and DHO.

This research also found that the cadres’ knowledge
and skills displayed moderate and small improvements,
respectively. Both are necessary for the cadres while per-
forming Posyandu services in the field. Short dissemin-
ation of information followed by continuous monitoring,
independent learning, and a user-friendly app will result
in a satisfactory increase in the cadres’ knowledge and
skills. The result may be equally satisfying for both the
cadres who receive training and those who perform in-
dependent learning using the Posyandu mobile app. For
further development, a new educational video that ex-
plains how to apply the app is recommended to replace
direct or face-to-face disseminating information.

A limitation of this research is that it did not
emphasize the need to increase the confidence and satis-
faction of the CHWs when using the Posyandu app. If
both aspects are considered in the future, it may extend
the cadres’ knowledge and skills more effectively than
the current research results.
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