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Abstract
Background. There is a small number of facts available to better understand how mobile health application technology on mother and child health (MCH) is
developed. This study is aimed: (a) to explore the process of developing the mobile app in MCH community-based services in the Indonesian setting/
Posyandu ( Pos Pelayanan Terpadu ), (b) to perform feasibility assessment among the community health workers (CHWs), and (c) to see the scalability of the
mobile app to the national level in Indonesia.

Methods. A hybrid method in which the action research principles and the mixed method, which comprise qualitative and quantitative methods, were
synergistically combined for the end-users. The study was conducted in Pasawahan sub-district, Purwakarta, Indonesia from 2017 to 2019. Content analysis,
coding, and categorizing were carried out using NVivo 12 Pro for the transcribed data. Wilcoxon Test (2018 and 2019) was conducted using STATA 15 Special
Edition.

Results. (1) The use of a CHW notebook for data entry in the Posyandu information system book delayed the data reporting process, resulting in the need to
develop a mobile app; (2) There are signi�cant differences in CHWs’ knowledge ( p =0.000) and skills ( p =0.0097) on training (2018) and Posyandu phases
(2019); (3) There have been 964 Posyandu registered to the Posyandu mobile app from almost all provinces in Indonesia.

Conclusions. The 3-year hybrid approach suggests the crucial phases to develop a mobile app in a more user-friendly manner to substitute the use of CHWs’
old-fashion book use, hence its implementation is promising for national use.

Background
Mobile health (mHealth) apps in the health sector have been practiced publicly and generate more effective development (1, 2). However, its implementation
may be complicated due to utility issues among community health workers (CHWs)/cadres of mother-child health (MCH) services in the Indonesian setting,
known as Posyandu (Pos Pelayanan Terpadu) or integrated service post (2). Action research with a qualitative approach can be implemented to explore the
feasibility of an Android-based health application (3, 4). Recent systematic reviews suggest little evidence to better understand how the mobile health
application tool is designed using qualitative approach to enable the performance of the CHWs in community-based mother and child health services (5-9). In
2019, some literature reviews pointed out a lack of baseline data prior to the evaluation and experimental studies regarding CHWs and mHealth (10).

A qualitative approach in action research is crucial to construct a shred of foundation evidence to design an Android-based application. It is conducted to
explore the information on how to adjust and prepare the acceptability rate of the CHWs and mothers to the practice of new intervention where technical
problems, such as mobile network overage, internet access, and gadget maintenance may be challenging (11). To adjust the CHWs’ work to a new
improvement, understanding the principal of the technical scope of ideas in current Posyandu activities is essential. The Posyandu activities consist of 5
categories: registration, height and weight measurement, documentation, education, and healthcare (family planning and immunization). Based on the
activities offered, Posyandu is divided into four levels named in order of size, namely: Pratama (�ve Posyandu activities performed by less than �ve CHWs in
an irregular recurring interval), Madya (activities in Pratama + more than eight activities per year), Purnama (activities in Madya + independent community-
funding with less than 50% participants), and Mandiri (activities in Purnama + more than 50% participants). During the registration, a national report form
called the Posyandu Information System (PIS) book provided by the Ministry of Home Affairs must be �lled by the CHWs and supervised by village midwives.
However, a long queue arises as another issue because the CHWs need to �nd and put the mothers and children’s names in the PIS book (12).

Due to time constraints, many CHWs temporarily write the mothers and children’s names and data in a book before rewriting them in the monthly and yearly
national report. Later, after the end of Posyandu activities, they would enter the recorded data in the PIS book. The time-consuming nature of these data entry
and reporting processes becomes a time-management challenge for the CHWs. Therefore, it is necessary to develop a new intervention to support the CHWs,
which can be done by exploring their point of view and habits in running the Posyandu. This intervention is essential because the CHWs have a central role in
connecting the community to the national-level through healthcare providers in the Public Health Centers (PHC) or Puskesmas (Pusat Kesehatan Masyarakat)
spread across the country (13). Here, the CHWs submit a monthly report to connect the community’s condition to the Puskesmas’ policy, and the report will
serve as a basis for budgeting the community health programs.

Many mobile health technologies (mHealth) are already available in low- and middle-income countries. The use of mHealth can support CHWs in health care
services delivery (8, 11, 14), community case management (2, 15), and health behavior interventions (7, 8). There is also a record of the use of mHealth by
midwives collaborating with CHWs (16). Some studies also identify mHealth use to help healthcare services for patients and families (6), including for
palliative care (17, 18), which also highlights its pivotal role (19). A recent literature review proposes that data collection is the main challenge in many
community programs and that it should be included in CHW’s training by using mHealth (8) so that they can provide more effective support (20). The World
Health Organization (WHO) and United Nations Children’s Fund (UNICEF) recommend countries to increase the quality of care, monitoring, and assessment
using innovative approaches, including maximizing the use of the handheld phone. A systematic manner of data collection, aggregation, analysis, and
reporting from the smallest level of administration area (sub-national) to the national one is crucial (21).

Building the CHWs’ capacity and supporting their data monitoring and reporting or evaluation within a �exible timeframe is a primary factor for sustaining the
community health programs (8, 13). Then, identifying the key obstacles in its implementation is a continuing process (22). It is promising to use mHealth
because CHWs can rapidly learn to use it as long as it is adjusted to the local context, such as in terms of the language and user interface (16). In the
implementation, the monthly report extracted from the Posyandu Information System (PIS) is required for Puskesmas midwives. The report includes nutrition
data of infants, toddlers, pregnant mothers, exclusive breastfeeding mothers in the post-partum period, and couples of reproductive age.
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Many strategies can be applied to motivate mothers to come to the Posyandu. For instance, providing data monitoring service for infants and toddlers'
nutrition status, providing immunization status and pregnancy data, providing nutrition counseling by the CHW to control MCH programs, and emphasizing
the bene�ts of attending the Posyandu (12, 23). Data records and reporting are essential to store the data, which can be a basis of the evidence-based
strategies and evaluation of their effectiveness for the Posyandu. It can help the Puskesmas and village o�ce to allocate the necessary budget to improve the
existing preventive programs, which will generate feedback for each program’s outcomes. In a recent literature review, measuring the effectiveness of MCH
preventive interventions by CHWs is a critical step for the MCH programs of a country (20).

Data record and reporting by CHWs in the Posyandu can be complicated in Indonesia. This is due to the overwhelming number of services provided by CHWs.
For instance, CHWs have to invite mothers and their children to come to the Posyandu and approach those who are not coming. Additionally, CHWs have to
communicate with sub-village and religious leaders as a form of community engagement to encourage mothers and children to come to the Posyandu. In the
Posyandu, CHWs have to manage the registration, measure the weight and height of the children, record the numbers in a data book, educate mothers and
refer them and their children to the village midwife for an immunization appointment, and so on. Because of this, data recording and reporting workload need
to be simpli�ed. Critical problem identi�cation should be conducted to be the basis of the initiation and development of solutions. This study is aimed: (a) to
explore the process of developing the mobile app, (b) to perform feasibility assessment among the CHWs, and (c) to see the potential scale of the Posyandu
mobile app to the national level in the country.

Methods
Action research consists of a step-by-step development that begins with an assessment to identify initial ideas, implementation, and feedback for improving
the ideas. The process is an iterative cycle to support better action or intervention continuously. In this case, the assessment outcomes should meet the needs
of the community to prepare the necessary implementation/intervention, which will help the CHWs in making a Posyandu data report. The information is vital
to develop a plan to design an intervention starting from the initial blueprint. The intervention design and further actions to deliver the intervention should also
be presented to the community for the sake of improvement. The ideas and intervention are also required to be prepared for the advocacy to relevant
stakeholders, e.g., government and/or private sectors.

In general, the combination of action research principles and a mixed method research (qualitative and quantitative methods), hereinafter referred to as ‘hybrid
approach’, and is synergistically applied for end-users. The core design comprises an exploratory mixed-method designs, which incorporate more designs into
sequences (24). This hybrid approach is deployed in 8 phases: (1) Determining issues by analyzing and understanding users’ activities, which refer to a
process of exploring their activities at the Posyandu, (2) Making a design prototype blueprint, (3) Evaluating the blueprint with the users through presentation
and discussion in which steps 2 and 3 may be repeated should there be any feedback, (4) Designing the prototype, (5) Creating a dynamic design prototype or
a dynamic design that is programmed with planned features but still not in the executed form, (6) Evaluating the design with the users to prevent any
miscommunication, (7) Testing the executed prototype, and (8) Implementing the �nal version of the graphical user interface (GUI). Graphical user interface
design is an activity to ensure that a good user interface program design is complemented with good quality. It spots interaction between the user and apps
using graphical information or visual widgets, such as text boxes and clickable buttons. An approach is needed to bridge the quality and users’ needs.
Therefore, it can be easier to be accessed by the user (25).

The initial part of the action research was conducted using a qualitative approach because the community insight must be developed after the collection of
information. Thus, the GUI can ful�ll the needs of the community. In phases 1-2-3-2-4, a qualitative design that was made in 2017 was used for creating,
evaluating, and improving a blueprint and then designing a prototype. In 2018, a sequential exploratory mixed-method design and an embedded qualitative
approach were performed in phases 4-3-2-4-5 to evaluate and improve the blueprint and the prototype. After the qualitative approach, the knowledge and skills
of CHWs in using the app were identi�ed using a quantitative approach during training and it was also embedded with their feedback in the qualitative
approach, resulting in a dynamic prototype in 2018. Then, in phases 5-6-5-7-8, the next qualitative and embedded quantitative-qualitative design was tested in
2019 to identify the end users’ knowledge and skills (quantitative), including feedback from CHWs on the GUI of the application used during Posyandu
activities. Feedback from village midwives who supervised them was also explored (Figure 1).

In practice, the eight spiral phases are explained more as the prototyping stages of the app. We implemented a user-centered design when starting the
development from low to high �delity persona. The stage cycle was iterative, in which we identi�ed the context directly from the users. After that, we explained
it in technical terms and the programmer used these as a reference for improvement. When developing a low �delity persona, we started with a qualitative
study to prepare the paperwork to create a blueprint. A Focus Group Discussion (FGD) for the CHWs and mothers were organized to discuss their activities in
Posyandu, the importance of mHealth, and the app’s main features (box 1 in Figure 1). The �rst iterative cycle began with a blueprint (box 2 in Figure 1)
created based on the FGD, and then we went back to them to present it. They gave us some feedback (box 3 in Figure 1), followed by the approval on the
improved blueprint (box 2, iterative) before the development of the �rst high �delity persona in the Android package (APK) form (box 4, Figure 1).

The �rst APK was then sent to them and then they installed it as a trial version to use in training. Once they used it, we observed them and organized an FGD
regarding the use of the trial version in training (box 3, iterative). Then, the feedback we received was used to improve the trial version (boxes 2 to 4, iterative)
into a more dynamic solution prototype (box 5 Figure 1). The dynamic prototype was a start for the next iterative cycle. The evaluation was performed using
the FGD. This prototype was dynamic in its change and improvement, depending on the iterative cycle process based on the feedback from the users (box 5-6-
5). Then, once the users approved the dynamic prototype, it was then executed and launched in Google Play (GP) (box 7). A study published in 2016 pointed
out that internet mobile phone, including Android platform, is used by at least 78% of people in Indonesia. In 2019, the Indonesia National Broadband Plan
targeted a 100% mobile broadband penetration in urban areas and 52% in rural areas (26). As of now, the number of people who use Android platform keeps
increasing in the country, which is why we selected Android platform that has Google Play as a native app.
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The executed prototype was not the �nal version, even though we already launched it on GP. It was still an unreleased version and the number of downloads
from GP was limited to 6,000 downloads. Before con�rming the �nal GUI (box 8) to release the �nal version, the iterative cycle is crucial for better
development. We also conducted the observation and another FGD for CHWs on the use of the app’s unreleased version when running the Posyandu. We took
into consideration the received feedback as a basis to develop the �nal GUI of the app (box 8 of �gure 1).

For the qualitative research, we established FGDs of 10-14 participants (Table 1), which involved CHWs and mothers in 2017, CHWs in 2018, and CHWs and
Midwives from each village in 2019. This method was implemented because these populations engaged more at the Posyandu and were able to use mobile
apps. Midwives had a role as Posyandu supervisors in each village. The research was conducted in Pasawahan sub-district, Purwakarta district, West Java
province, Indonesia. We interviewed the FGD participants using open questions about the challenges in running the Posyandu to understand their concerns
and propose an adequate solution. Then, the input was considered and followed by the users’ feedback when the solution was implemented. The qualitative
sample was chosen by using a purposive sampling technique according to their activity and ability to use a smartphone. The illustration for this explanation is
provided in Figure 2.

To enable the cadres to operate the Posyandu mobile app, an instruction/user guide training was required. The qualitative data were acquired by
implementing the FGD with the Posyandu cadres to explore their opinions on the Posyandu mobile app instructions. The FGD was participated by 12
Posyandu cadres representing each village in the Pasawahan sub-district. The information acquired was used to establish a Posyandu mobile app guide
needed by the cadres. After the user guide creation process was completed, it was then delivered to the cadres as a reference during the training.

After that, the quantitative data were collected to assess the cadres’ knowledge and skills in using the Posyandu mobile app during the training. The
knowledge includes account registration management, bene�t of the app, pregnant mother identity and physical examination information, toddlers identity
and physical examination information, and the Posyandu information system. Meanwhile, the skills include account registration, application login, infants and
toddlers data entry, infants and toddlers data display, infants and toddler data search, infants and toddlers examination data entry, infants and toddlers
examination data display, pregnant women data entry, pregnant woman data display, pregnant women examination data search, and log out. These are listed
on Supplemental Table 5 and 6. The knowledge assessment was conducted using questionnaires, while the skill assessment was conducted through a
quantitative observation by using a checklist. During the observation process, the researchers were assisted by ten selected facilitators, who were the most
active and trained cadres.

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

The quantitative research sample size was counted based on the objective to test the signi�cance between groups and between two points of time (training
time and implementation at Posyandu time). We used per group sample equation from Hulley SB et al. (2007) using α of 0.05 (two-tailed hypothesis), β of
0.10, effect size from previous research of 0,56 (27, 28), resulting in a number of 72 to 86 respondents (29). The treatment group consists of the cadres who
meet the inclusion criteria (active cadre) and participated in the Posyandu mobile app training for one day with an instruction book and guided by a trained
cadre facilitator. The control group consists of the cadres who meet the inclusion criteria and only participated in the one-day training. The knowledge and
skill assessments were conducted one month after the training (2018) and during the implementation of Posyandu (2019).

To see the impact of the local use to scale up to the national level, we released the application on Google Play in December 2018. We analyzed the distribution
of registered Posyandu on the mobile app in the country. We used our admin website to download the Excel �le comprising all Posyandu that have registered
to the Posyandu mobile app and registered the data in one database server. First, we checked the data quality using STATA version 15.1 Special Edition
License. Then, to make a distribution map, we used QGIS version 2.6 (open source) shape�le of 34 provinces in Indonesia to map the registered Posyandu
until 31 December 2019. 

Analysis

In the qualitative analysis, we coded and categorized the answers of mothers, CHWs, and midwives on end-users activities, the needs of the mobile app, main
features of the app (2017); toddlers data input, display, Posyandu mobile app components, bene�ts of Posyandu, obstacles in using the Posyandu mobile
app, learning process, guidebook, its information, cadres expectations 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). We categorized similar answers to a node/code and used the grouping’s insight to
name the node. We intended to build and understand the critical connection between the needs and recommendations to be used as feedback to the mobile
health application design. The analysis used content analysis nodes in NVivo 12 Pro License. The context of the diagram and entity relationship diagram were
extracted from the application program maker software. Subsequently, the results were exported and, therefore, could be displayed as a report.

As for the quantitative data analysis, we used STATA version 15.1 Special Edition License to observe the description of respondents’ characteristics and to
identify the same respondents’ knowledge and skills score in 2018 (training) and 2019 (Posyandu activities) using Wilcoxon Test because the data were not
normally distributed. We also analyzed the effect by looking at the Z score (standardized test statistic, produced by STATA) divided by √N (N = number of all
respondents) and time difference (training time, 2018 and implementation time, 2019)(30).

Results
Data Flow Diagram Result in the Database
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Scope of the System

Posyandu information system is a system developed to support Posyandu data management and analysis. The collected data were recorded by CHWs, which
includes usernames and passwords, mother identities, pregnant mother identities, pregnant mother physical examination results, toddler identity, and toddler
physical examination results. This information can also be accessed by CHWs in the monthly report section of the application. The form was already
categorized into a monthly and yearly national form. Meanwhile, parents could see the information about their toddlers by performing the following steps:
registering using username and password, logging in with the registered credentials, and selecting their children’s data that were already recorded by the
CHWs. Information that can be accessed by the parents also includes their identity, physical examination results (of a pregnant mother), their children’s
identity and physical examination results, and mother and child health book. The information is depicted in Figure 3.

Initial Phase Qualitative Research Results (2017)

The �rst result consists of the qualitative part of the study, where the input collected from the CHWs and mothers are combined in one table and divided into
themes, key insights, and quotes. Table 2 and the details in Supplemental Table 1 show the main problems faced by the CHWs, which is an unorganized yearly
data record and report. They stated that the data was hand-written in their notebook. It was easier for them than to write immediately to the big book report, or
the Posyandu information system (PIS) book, where one of them con�rmed that “the paper notebook can be used immediately.” Another CHW also
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 also did not have time to
put children’s names in an orderly manner, as suggested by one of the CHW. Then, there was also an issue of delay to report to the Puskesmas. This was due
to the double burden: data entry to their personal book and report entry to the big book. The CHWs felt that their works were redundant. A worker 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 solution such
as mHealth application to facilitate the data recording and reporting process. The CHWs described it as, “(something) like a tool, but it can be re-accessed, like
an archive. Because we need it when Puskesmas requests (a report), sometimes it can be accessed again.”

As for the mothers in Supplemental Table 1, the app would help them supervise their toddlers’ growth and development. The mothers stated that “(We) need to
know our child’s development so that we can monitor by ourselves for our child.” Moreover, working mothers need to monitor their children’s growth while their
family members or neighbors were 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 expected not to have to ask the CHWs for a few times to know about their children’s growth, because “(it was)
just not practical.” It was suggested that mothers need Posyandu mHealth application “so that (they) can access it privately (and immediately). Thus, (they)
do not have to ask the CHWs continuously.”

 The activities, including the quoted di�culties above, serve as the input to extend the context in the blueprint of the app. Besides, other inputs such as the
registration, connection with children’s data, data entry that can also have automatic report output in governmental form, child growth graph, and automatic
alert of child growth were also recorded. The main features are depicted in Supplemental Table 1.

Figure 4 illustrates the initial phase of the mobile app for CHWs/cadres and mothers using touch screen smartphones. In the beginning, the application for the
CHWs and mothers differs in the registration menu. Quoted from one of the informants, “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 needed in the
registration before they can log in according to their role as a cadre or a mother.

Middle Phase Qualitative and Quantitative Research Results (2018)

Table 3 and Supplemental Table 2 illustrate the qualitative theme and key insights that emerged during the training about the use of the Posyandu mHealth
application by CHWs in 2018. The cadres recommended that the noti�cation feature on the monthly weight data should be automated. Height was measured
according to government and WHO guidelines. However, they con�rmed that “We do not measure the height monthly but only once every several months.”
After the cadres enter the required data, they wanted to see the online information on whether the toddler growth chart was increasing or decreasing
automatically. Also, 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 doing so, they expected the app to ease their duties in Posyandu by recording the data and, at the same
time, submitting the report to the Puskesmas directly. Nonetheless, when imagining if the app being used in Posyandu, sometimes they still felt confused
about some obstacles, “A while ago, some data was successfully stored, but some were unsuccessful.” They estimated that the Posyandu situation would be
unsupportive when it was crowded, “During the Posyandu working day, it will remain crowded so that the data entry will be done after the end.” They also
worried about the internet quota availability when they ran out of money.

Considering the pros and cons, the cadres still believed that the app could be a great assistance for them. The learning process played a central role. During
the training, they stated that, “We think we can use it because we are used to using and playing with a mobile phone. However, before that, the application
should be made available �rst (on Google Play).” The app was available in the APK form during the training and we had not published it yet on Google Play
(GP) at the time. In late 2018, we launched it on GP to make it more widely available and accessible.

 During the learning process, they needed more written information in the form of a guidebook. The cadres also coordinated with village o�cers regarding the
solution of any app-related issue. One of the issues was the internet quota, where it was stated that “(…) 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 them into
practice at the Posyandu after the training was ended. 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 the feedback can be seen in Supplemental Table 2.

Final Phase Qualitative and Quantitative Research Result (2019)
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Tables 4 and 5 and the detail on supplemental Tables 3 and 4 present the cadres and village midwives FGD results on the Posyandu mobile app development,
and advantages and disadvantages analysis of the Posyandu mobile health application, which incorporate the ideas from the cadres and midwives in
separate FGDs. When using the app during the Posyandu activities, some corrections would be required, as quoted from one of the informants “Here, the name
of my village in this application is wrong.” Other feedback recommended inserting a photo in the account information and an alternative password. As a
supervisor of cadres in several Posyandus, one of the midwives suggested that “(…) in the future, it would be great if there is an access for the Village Midwife
and not only for the cadres,” which would bring a positive impact for the next app development. The creation of a website was also discussed for the reporting
purpose. The midwives perceived that reporting with a laptop would be easier than with a mobile phone. More feedback is depicted in Table 4/Supplemental
Table 3.

We analyze the advantages and disadvantages of the implementation of this application, as indicated in Table 5 and Supplemental Table 4, from the side of
the user, organization, technology, and environment.

Table 5 and Supplemental Table 4 illustrate the resistance of some cadres to change their behavior from paper-based to digital services. In practice, village
midwives assisted in supervising and motivating the implementation of the app during the Posyandu activities. Continuous organizational support from the
village was vital in 2019 as shown by the research results depicted in these tables, which was also applicable in the previous year. A Standard Operating
Procedure (SOP) was essential to be issued by the government, which should address the leadership of the village o�ce, sub-district, Puskesmas, and district
health o�ce (DHO). The SOP would strengthen the implementation of the app even though there would be a double work burden at the beginning, which
would disappear once they are accustomed to it.

Also, technology is the core part of this implementation. Software and hardware analysis are crucial. In 2018, the app was submitted and launched on Google
Play (GP). In 2019, it was available in the GP to be downloaded and operated on an Android mobile phone. The app answered the users’ needs as identi�ed in
the previous years of action research, such as real-time data entry and report. However, in the region with low network coverage, an o�ine version was still
needed for the next app development. Thus, data submission could be made after the network was available. Some mobile phones found that the unstable
network issue persisted, and other mobile phones were not compatible with the app version. It was crucial to continuously improve the version to make it more
compatible with all mobile phones.

Evaluation of the cadres’ knowledge and skills in the implementation of the Posyandu mobile app during the training (2018) and Posyandu activities (2019)
were conducted as ongoing research.

The respondent characteristics are presented in Table 6. The majority of the respondents were older than 35 years old and most of them received a secondary
level of education or Junior High School. In 2018, the respondents consisted of 171 Posyandu cadres. We found a decline of 8.77% in 2019. The reason for
this was because some respondents were no longer reachable and could not be followed up. Both groups consisted of 15 people. The rest of the respondents
could be evaluated up to 79 people in the treatment group and 77 in the control group. Hence, the total number of respondents that could be assessed was
156 people.

The comparison between the knowledge during the training (2018) and the implementation of the Posyandu application (2019) is shown in Table 7.

 Based on Table 7, the knowledge and skills of the cadres during the training and Posyandu activities have a signi�cant average score difference equals to the
value of p<0.05. This score shows that there is a difference in knowledge and skills between the training period and the Posyandu activities period. The effect
of knowledge and skills were 0.34 and 0.21, which is respectively considered small and medium according to Cohen (30, 31).

Figure 5 illustrates provincial distribution across 34 provinces in Indonesia until 31 December 2019. As many as 964 Posyandus were registered to the
Posyandu mobile app from almost all provinces in Indonesia. The highest number (34.54%) recorded was in the study area, which was West Java. The rest
was in other provinces that shown their interest in registering their Posyandu. After West Java, we identi�ed Belitung, Jakarta, Central Java, and Yogyakarta;
sorted from highest to lowest number of registrations. There was no registration from North Kalimantan and Maluku at the time.

Discussion
Starting qualitative research as a part of the action research is a crucial step to create a basis. Thus, it can develop an intervention that �ts with the
community problems and adjust their knowledge and skills (32). Some research started formulating an intervention directly based on their initiative without
involving the mindset of the targeted community (33). This practice will engender a potential bias when performing the intervention. It can be in the form of a
knowledge bias in the sense of a gap between the intervention maker or expert-driven method (which is a top-down maker) and the end user of the intervention
(33, 34). Creativity in creating mobile health intervention should begin not only through a theory-driven process but also by exploring information from the end
user in terms of the targeted community (35). Then, the intervention designer should build details of the intervention design based on the explored information
from the users (36). The previous researches compared different top-down and bottom-up applications, where it was revealed that a bottom-up application
was more effective in the community (33). Generally, the hybrid approach (Figure 1) consists of a complex mixed-method design that begins with qualitative
research, then followed by the combination of sequential and embedded qualitative quantitative designs. The incorporation of the action research into the
complex mixed method is in the sense of a cyclical improvement. In one cycle of action research, the results from the qualitative are continued with
quantitative design, for example, by quantifying the signi�cance of the implementation effect, which will render it more e�cient and useful for the next
improvement (action research). This effect can be accompanied by the qualitative research that is embedded with the quantitative research in the view to
extend the context of the reasons underlying the quantitative research results. The next cycle can be more complex based on the problem (37). It can be a
never-ending cycle for more ultimate improvement.
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The application procedure in 2017 is considered satisfactory if it is established and displayed based on the community feedback because the culturally
embedded factors are essential to be explored (38). In the context of this research, the Posyandu cadres and mothers are related in the data �ow diagram
(DFD), which is the ‘kitchen’ or back-end of this application. DFD consists of what the cadres and mothers do and what they get from this application. From
the previous researches, it is understood that building an application based on the feedback of the application user candidate will juxtapose the user’s local
context usage perception gap to the designer to support the community’s adaptation and acceptance (39). The mobile app technology design can support
more bene�ts in the establishment of strong partnerships between stakeholders to leverage the community capacity and empowerment, e.g., CHWs and
mothers (40, 41). Empowerment needs a capacity building to maintain the CHWs' and mothers’ knowledge and skills to perform screening in the community
(42). It is also stated in our research in 2018 about the needs in the learning process (Table 2). The smartphone we used was a touch screen smartphone
because it can support the learning process. It corroborates with previous recent literature reviews which point out that it is better to use touch screen mobile
phones due to its comfortable use and minimal need for technical support (11). However, our follow-up after the training showed that there was a medium
effect on knowledge and a small effect on skills. It differs from the result of another study that employed training intervention to CHWs by using a module in
reproductive health and Tuberculosis �elds, which demonstrated that there was a large effect. Even though the �elds are different, the idea of emphasizing the
con�dence and satisfaction of CHWs proposed by the study remains essential and relevant (43). In the future, it is suggested to improve the training by
emphasizing such insight as well as considering different measures to reach a larger effect in 6 to 12 months (44). The good impact is that the CHWs will
engage more in the intervention and bene�t the society and the government (45)

Although, in general, the cadres’ knowledge and skills in the Posyandu mobile app implementation have reached expectations, the implementation of a new
information system is not easy because there are many in�uencing factors to be considered. The �rst factor is the user, where the implementation of a new
information system will be successful if each user has a similar performance expectation that the Posyandu mobile app can ease their work burden.
Performance expectation is a strong predictor of information system utilization interest (46-48). Another factor is the usage facility, which is de�ned as when
an individual feels certain that using the system does not require any extra effort (49, 50).

By using a personal mobile phone, the cadres get more freedom to learn the Posyandu mobile app; thus, there is more time for the cadres to learn to operate it.
There is a big opportunity for Indonesian people, including cadres, to learn using their personal mobile phone because from the study published in 2016, at
least 78% of them were using it. The increase in the cadres’ skills is possible because the cadres perform independent learning. Although the cadres only
received some information at the beginning and had to learn to operate the application independently, they had similar knowledge and skills with the group of
cadres that received speci�c training. This independent learning is in line with the previous South African research in 2018 where the explorative study
demonstrated that the respondent assessment value dramatically increased. However, no intervention was given in the research. The interview result showed
that the cadres often gathered and created bigger study groups to learn together (43). In further action research, quantitative research can be performed to
objectively evaluate video education that is embedded as part of the mobile app. This research can also be continued by monitoring the steps to identify the
development of the cost-effectiveness to strengthen a strong partnership when we do advocacy programs to different stakeholders (51).

In the Indonesian health system, access to screening in Posyandu, which is performed and documented using the Posyandu mobile health application by
trained CHWs, can powerfully help the government to improve the data management and, thus, 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 to validate the data of the Posyandu before reporting
it to the Puskesmas (52). For example, the integration with government programs in the conceptual framework of stunting reduction interventions. There are
�ve pillars of intervention, namely: (1) commitment and vision of leadership; (2) national campaigns and behavior change; (3) convergence of central,
regional, and village programs; (4) food and nutrition security; and (5) monitoring and evaluation. In the �fth pillar, the stunting reduction intervention data
management system requires an effort to bridge the data management at the village to the district/city level, up to the national level (53). An example of an
application available at the national level is the integrated nutrition information system (Integrated Nutrition). The Integrated Nutrition data collection starts
from the weighing and measurement data carried out every month at the Posyandu and recorded in the register book. Data entry to the information system
falls under the responsibility of the Puskesmas, which can be done at the Posyandu level as a source of growth monitoring data (54). However, we found that
the implementation of data entry on the Integrated Nutrition application in the study area is still carried out by Puskesmas staff based on the results of
measurements made by health cadres in the Posyandu. This can cause problems, such as delay, in inputting data due to the high workload of the Puskesmas
staff. Therefore, an application is needed to solve such issue (9). Our application can bridge the above-mentioned problems through a data input process that
is directly carried out by health cadres during the Posyandu’s working days. Then, the data can be directly downloaded, veri�ed, and uploaded by the
Puskesmas following the Integrated Nutrition application format. This way, the reporting process can run in a timely manner and can be used as a material for
the decision-making process related to the efforts to reduce stunting.

The advantages of using mobile health for cadres are supported by our study and recent literature reviews (6, 9-11, 51, 55, 56). Studies that have evaluated the
program results �nd some evidence that mobile health application (mHealth) assisted CHWs in enhancing the provided treatment quality, services e�ciency,
and program monitoring capacity (5). Besides, similar research also reveals that mHealth application is considered as bene�cial for CHWs because it can help
them with their duties, support clinical decisions, and send instant data and feedback on the performance (57). Another �nding indicates that mobile-based
data collection increased the data collection punctuality, decrease the error level, and enhance the data completeness (8).

Nevertheless, our study also found disadvantages, such as user resistance, low organizational support, lack of standard operating procedure, low network
coverage punctuality, bugs, hardware challenges, and a non-conducive environment (Table 5). Both advantages and disadvantages can help health promoters
to plan continuous improvements in mHealth interventions (58). In general, the CHWs’ role in the use of mobile technology is to collect �eld-based health data,
give warnings and reminders on routine Posyandu activities, facilitate health education sessions, and conduct a person-to-person communication with
parents. A programmed effort from the cadres can strengthen health services performance (45), which focuses on community-based mother and child health
management for primary and secondary health prevention. The sense of doing is in line with another study about community case management on children’s
illness (15) but different in some settings of the task. The Posyandu’s CHWs in our study mainly educate healthy people and refer immunization to the village
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midwives (primary preventions). They also educate at-risk people and perform screening through physical examination (e.g., measuring the weight and height
of toddlers), which are recorded in the Posyandu app (secondary preventions). If the cadres found an individual with a suspected illness, such as malnutrition
or fever, they will contact the village midwife and then refer the case to the Puskesmas. A leadership and management practice should be emphasized by the
local government to support and motivate them to perform these tasks (59) to support a good start of the Posyandu information system through the app and
its integration to the national information system. Good leadership, communication, and coordination will engender a robust health information system in
Indonesia (60).

Conclusions
A hybrid approach is an essential and meaningful step in providing the basis of an intervention to �t with the community needs concerning the Posyandu
services on data record 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 application can be created in a more user-friendly manner, replace the CHWs’ old-fashion book use, and build “a bridge” between the
community and the national level. In practice, the Posyandu application that we developed is promising to answer the problem of delay in the existing national
reporting system. The cadres can contribute to the Posyandu information system by immediately entering the data in real-time. Thus, it can automatically
send reports faster to the Puskesmas and district health o�ce.

This research also found that the cadres’ knowledge and skills demonstrated a moderate and small improvement, respectively. Yet, both are necessary for the
cadres during the performance of Posyandu services in the �eld. Short dissemination of information followed by continuous monitoring, independent learning,
and user-friendly application will result in a satisfactory increase in the cadres’ knowledge and skills. The result may be equally satisfying for both the group
of cadres that receive training and the one that performs independent learning by using the Posyandu mobile app. For further development, a new educational
video in the application on how to use the application is recommended to replace the role of direct or face-to-face dissemination of information.

As the limitation of this study, it did not involve the emphasis on the need to increase the con�dence and satisfaction of CHWs when using the Posyandu app.
If both aspects are taken into consideration in the future, it may extend the cadres’ knowledge and skills more effectively than the result of the current study.
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Tables
Table 1. Number of Participants in Each Phase of the Study

Participants

 

Number of participants in each phase year

2017 2018 2019

Qualitative Qualitative Quantitative Qualitative Quantitative

CHWs 13 12 171 10 156

Mothers 14        

Midwives       11  

 
Table 2. End-User Activities, the Needs of Mobile App, and Main Features
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No Theme Key insight
1 End-user activities
 

a. CHWs’ activities 
 

i. The direct use of CHWs’ notebooks for MCH service 

ii. Delay in rewriting to the Posyandu information system (PIS) book

iii. PIS book is extremely hard to implement
 

a. Mothers’ activities
 

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

1. ii. babysitter

2. grandmother

3. neighbor
2 The needs of mobile app
 

a. CHW
 

i. Monitoring infants, toddlers, and mothers

ii. CHWs need a mobile app to report to Puskesmas
 

 
b. Mother i. Mothers need a mobile app to monitor their toddlers

3 Main features i. Login

ii. 12-Month Reporting Format

iii. Similar to the reporting form used in Puskesmas

iv. Infant data input to be automatic data when the app is re-opened

v. Child growth graph

vi. Automatic alert of child growth
 

 
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 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
a. Posyandu mobile app menu

b. Online report

4 Benefits of Posyandu Mobile app
a. Posyandu reporting and recording is easier than the big book report

b. Facilitate cadres’ duties in Posyandu

5 Obstacles in using Posyandu mobile app
a. Confused/need to adapt

b. Unsupportive Posyandu situation

6 Learning process 
a. Cadres’ knowledge of the Posyandu mobile app

b. Cadres’ skills on the use of the Posyandu mobile app

c. Cadres need more training about the app

7 Posyandu mobile app guidebook
a. Significance of Posyandu mobile app guidebook

b. Guidebook format

c. Guidebook size

d. Guidebook writing style

e. Images in the guidebook

8 Information in the guidebook
a. Instruction

b. How to register an account/log in

c. How to input toddler data

d. How to input pregnant mother data

9 Cadres’ expectation
a. Tablet/mobile phone provision

b. Use of application in Posyandu

10 Cadres’ worries
a. Internet quota availability

 
Table 4. Cadres and Village Midwives FGD Result on Posyandu Mobile App Development

No. Theme Key Insight

1. Identity Village name correction in the editing menu

2. Account Account owner photo

    Alternative password

    Individual account for village midwife

3. Website Web creation

4. New menu Pregnancy age automatic calculation

 
Table 5. Advantages and Disadvantages Analysis of Posyandu Mobile Health Application
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No Analysis Result Advantages Disadvantages

1 User    

 
a. Receipt

Cadres’ approval of the application  

 
b. Problem Solving

Problem solution by the cadre when facing a

difficulty

 

 
c. Skill

Cadre’s skill in operating the Posyandu Mobile

app

 

 
d. Resistance

  Time-consuming because there is a reluctance on the part of some cadres

to change into digital system-based services

2 Organization    

 
a. Policy

Presence of a village midwife leadership as

the direct supervisor of Posyandu activities 

 

 
b. Organizational

Support

  Cadres’ facility in the implementation of the Posyandu mobile app is still

necessary 

 
c. Standard Operating

Procedure (SOP)

Positive response in the advocacy of the

government

Double work burden of manual and digital tasks because there is no SOP

that regulates the implementation of Posyandu mobile app

3 Technology    

 
a. Application/Software

   

 
i. Accuracy

Appropriate and correct use of the application  

 
1. Facility

User-friendliness of the application when

being operated the cadre

 

 
1. Availability

Availability of the application in Google Play to

be used or operated 

 

 
1. Relevance

Conformity of the application menu with the

needs of the cadres or as planned by the

government

 

 
1. Punctuality

Real-time condition of the application to

display the information or examination result

In the region with low network coverage, an offline version of the

application is needed for data entry, which will be submitted after the

network appears

 
1. Challenge

 Application bugs need to be fixed

 
b. Hardware

   

 
i. Network

  Unstable network for some providers/carriers

 
1. Mobile Phone

  Some versions of Android are not compatible with the application

 
1. Quota

  Some cadres do not have internet quota

4.  Environment   The situation that is not conducive (queueing issue) during Posyandu’s

business time

 
Table 6. Respondent Characteristics in Pasawahan Sub-District, Purwakarta District in 2018 and 2019
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Variable Occasion Value  

Min Max Mean P-Value Effect 

Knowledge Training 84 100 94.69 *0.0000 0.34

Posyandu Activity 76 100 91.91

Skill Training 7.69 100 85.63 *0.0097 0.21

Posyandu Activity 27.63 100 93.05

Characteristics 2018 2019

Treatment

(n=86)

Control

(n=85)

Treatment

(n=79)

Control

(n=77)

Age (year old)

26-35

36-45

46-55

Education

Elementary School

Junior High School

Senior High School

 

18

32

36

 

24

32

30

 

22

33

30

 

31

33

21

 

16

31

32

 

21

30

28

 

19

33

25

 

26

30

21

Table 7. Comparison of Knowledge and Skills during Training and Posyandu Activities

*Wilcoxon signed-rank test

Figures

Figure 1

Hybrid approach (action research principal and mixed-method research design) to develop the Posyandu application
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Figure 1

Hybrid approach (action research principal and mixed-method research design) to develop the Posyandu application
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Figure 2

The process of Focus Group Discussion for a dynamic evaluation and execution of the Posyandu application
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Figure 2

The process of Focus Group Discussion for a dynamic evaluation and execution of the Posyandu application

Figure 3

Data �ow diagram of mobile health application design in the Posyandu Information System
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Figure 3

Data �ow diagram of mobile health application design in the Posyandu Information System

Figure 4

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

Log in page and registration page of the Posyandu mobile health application
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Figure 5

Distribution of registered Posyandu in the mobile app in Indonesia until 31 December 2019

Figure 5

Distribution of registered Posyandu in the mobile app in Indonesia until 31 December 2019
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