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Abstract

Introduction Cesarean sections (c-sections) are one of the most common surgical procedures globally. Compared to
vaginal birth there is an increased risk of postpartum complications following c-section. Returning to health facilities
for postpartum monitoring can be challenging due to physical, logistic, and financial barriers, particularly for rural
communities. With 94% of Kirehe District’s population being rural, this district is an excellent proxy for Rwanda as

a whole. Community health workers (CHWs) provide a crucial link between communities and health services, but

in Rwanda they do not currently follow women after cesarean due to medical complexity. Our team developed a
mobile-health (mHealth) tool to enable CHW-led community-based post-cesarean care. In this study, we assessed the
usability and acceptability of the mHealth tool among CHWs in Kirehe District, Rwanda.

Methods The study took place from March-April 2023. We randomly selected 30 CHWs serving in Kirehe District,
Rwanda and trained them to use the mHealth-CHW tool, including symptom-based questionnaire administration

and image capture. We then administered three vignettes each replicating home visits and recorded CHWSs' ability

to use the tool. CHWs then completed a validated Community Health Worker mHealth Usability and Acceptability
Assessment Tool survey followed by a focus group discussion. We report the overall vignette scenario scores, and

the average score, percentage, and standard deviation of each category. We analyzed the proportion of CHWs who
"Agreed” or “Strongly agreed” with the survey questions, conducted a thematic analysis of the focus group discussions,
then convergently analyzed both quantitative and qualitative results.

Results The average evaluation scores from the vignette scenarios was 8.53 (+0.95) out of 10 possible points. All
CHWs "Agreed” or “Strongly agreed” with 80% or more of the usability statements presented, surpassing our pre-
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specified threshold for success. Similarly, focus group discussion results found that the mHealth-CHW tool was a
usable and acceptable tool to facilitate post-cesarean care.

Conclusions Given that the mHealth-CHW tool was quantitatively and qualitatively determined to be highly usable
and acceptable, we have advanced to a community validation of the clinical features of this tool. The mHealth tool
could be valuable for CHWs to provide post-cesarean follow-up in other settings.

Keywords Mobile-Health, C-section, Rural health, Postpartum care, Sub-Saharan africa, Community health

Introduction

Cesarean deliveries are one of the most common surgical
procedures performed around the world, with nearly 1
in 5 live births being delivered by cesarean [1]. Although
increased access to cesareans have contributed to
reduced maternal mortality, particularly in sub-Saharan
Africa (SSA) [1]there is a broad list of potential postop-
erative complications that may occur. Excluding hemor-
rhage, women who deliver via cesarean are overall more
likely to experience postpartum complications compared
to women who delivered vaginally [2]. Studies compar-
ing risk of complications between vaginal delivery and
cesarean delivery indicate increased risk of various com-
plications for women who have had cesarean delivery,
including embolism, eclampsia, postoperative bleeding,
and urinary tract infection [2—-4]. Among the potential
complications that may be faced, surgical site infection
(SSI) is the most common post-cesarean section (c-sec-
tion) complication in SSA, with studies identifying rates
of SSI ranging from 7.3-15.6% [5-7].

While post-cesarean monitoring is critical to ensure
timely identification and management of complications,
facility-based follow-up can be challenging for many
women. Women in rural araes face barriers not only
because they are still physically recovering from surgery
but also for logistic and financial reasons. Women in
SSA, where over half the population resides in rural com-
munities [8]are less likely to access postpartum health-
care compared to their urban counterparts [9]. Distance
to health facilities and the costs incurred to reach them
are two notable barriers to postpartum service accessibil-
ity in the setting [9, 10]. Lack of time, distance to health-
care providers, and lack of guardians to support childcare
are also barriers to accessing postpartum care [11].

Through providing care within the communities
women live in, in many low- and middle-income coun-
tries community health workers (CHWSs) are able to
bridge gaps in care accessibility and delivery, particularly
for maternal health care services [12]. In Rwanda, where
there are over 45,000 active CHWSs, one fourth of them
are specifically responsible for the support of maternal
and newborn health [13, 14]. In their current scope of
work, CHWss serve all pregnant women, newborns, and
women who have given birth vaginally. However, they
currently do not follow women delivered via cesarean due

to the complexity of care required. Instead, these women
are instructed to return to health centers for postpartum
care.

Most mobile health (mHealth) applications for mater-
nal health care delivery identified in a systemtic review
were found to focus on pregnant women and were devel-
oped in high-income countries [15]. However, across the
world mHealth tools have become recognized for their
potential to enhance healthcare service delivery, particu-
larly for CHWs in resource constrained settings [16, 17].
These interventions can empower frontline healthwork-
ers including CHWs to facilitate care both by improving
communication and facilitating decision support dur-
ing follow up [18, 19]. As such, mHealth tools present a
promising avenue to overcome the gap in accessability for
postpartum care and to support CHWs to provide high
quality post-cesarean care.

In Rwanda, 82.5% of major surgeries are conducted in
the country’s district hospitals; 60% of these surgeries
are cesarean deliveries [20]. In Kirehe District, 7.8% of all
babies are born via cesarean [21]. Kirehe District Hospi-
tal (KDH) serves over 460,000 district residents, provid-
ing tertiary care for patients referred from one of the
sixteen health centers within the district as well as two
health centers located in Mahama Refugee Camp [22, 23].
The majority (94%) of Kirehe’s population is rural, mak-
ing this district an excellent proxy for the 30 districts in
Rwanda where most individuals live in rural setting [24].
In previous studies in Kirehe, women who have delivered
via cesarean have reported that facility-based postpar-
tum follow-up is both physically and financially challeng-
ing [25]. To address this gap, our team has developed an
mHealth tool to support CHW-led, home-based follow-
up after cesarean delivery. The goal of this research is to
evaluate usability and acceptability of this mHealth tool
among CHWSs working in rural Rwanda and to explore
the factors contributing to their perceptions of the tool.

Methods

Study setting

This study was conducted from March-April 2023
in Kirehe District, located in the Eastern Province of
Rwanda. KDH operates under the Rwandan Ministry
of Health and is supported by the Partners In Health
Rwanda, known locally as Inshuti Mu Buzima (IMB).
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The mHealth-CHW tool for post-cesarean care

The mHealth-CHW tool was developed in partnership
with IMB, Harvard Medical School, Massachussets Insti-
tute of Technology and Insightiv, a Rwandan technology
startup leveraging artificial intelligence to address Rwan-
da’s health systems challenges. The app, developed by
Insightiv, has three primary modules: (1) Links to records
for the patients to be visited that day; (2) Prompts to
guide CHWSs through patient clinical assessments and,
if needed, referrals; and (3) Prompts to counsel women
through general post-cesarean recovery. All of the app
content was developed for Rwanda and east Africa using
a Delphi process [26].

The clinical assessment module has two parts. First,
there is a symptom and complication screening ques-
tionnaire, whereby women are asked to self-report pres-
ence of any of the following symptoms: pain in chest,
or racing or fluttering heartbeat; difficulty breathing or
shortness of breath; painful breasts (burning or extreme
tenderness) and fever; worsening or extreme abdominal
pain; worsening or exteme pain at wound site or inci-
sion; thick discharge (yellow, white, bloody) from the
wound, or redness, hardness, or separation of incision;
calf pain, or red or swollen leg that is painful or warm to
touch; excessive vaginal bleeding, or blood clots the size
of an egg or bigger; foul smelling or yellow-green vagi-
nal discharge; burning or pain with urination; four days
or more since passing stool or more than one day since
passing gas; fever with or without shivering; seizures;
constant headache, or headache with change in vision,
nausea, vomiting, abdominal pain, feeling faint, or con-
vulsions; persistent nausea or vomiting; dizziness; feel-
ing low in spirits or emotional; having difficulty caring
for themselves or their baby; having thoughts of harming
themselves or their baby; experiencing violence or feeling
unsafe at home. The symptoms are linked to complica-
tions women may face post-c-section, for instance, swell-
ing may indicate a deep vein thrombosis. The second
component of the mHealth tool is a mobile library that
facilitates standardized capture of a high-quality image of
the cesarean incision and processing of the images using
a machine learning algorithm, trained on women resid-
ing in rural Rwanda to predict presence of an SSI [27,
28]. All app content is viewable in both Kinyarwanda, the
local language in Rwanda, and English. The app is able
to function offline in order to be usable in communities
without cellular coverage. At the end of the visit, the app
then prompts the CHW to provide guidance to return
to a health facility for care, if need be, according to the
woman’s symptoms and the incision classification.

Overview of activities
At a selected health center, study activities took place
over the course of two days. On the first day, study team

Page 3 of 13

members led an introduction to the mHealth-CHW tool,
introducing the various functions and navigation of the
app. The CHWs were then given time to complete a series
of practice assessments; these assessments consisted of
tasks that allowed CHWs to practice navigating the tool,
such as login, viewing patient records, and initiating a
visit. There was also the opportunity to navigate the apps
using vignettes for further practice. Formal assessments
were completed on the second day, during which CHWs
undertook usability assessments with three vignettes
each. CHWs were then surveyed quantitatively on the
usability and acceptability of the tool, and participated
in a focus group discussion for a qualitative assessment
of usability and acceptability. We provide more details of
these formal assessments below.

CHW sample size and selection

To capture the geographic variation in CHW perspec-
tives of post-c-section follow-up, we randomly selected
three of the 16 health centers in Kirehe District. From
these health centers, we randomly sampled five CHWSs
located within two kilometers of the health center and
five CHWs located further than two kilometers from the
health center; we stratified by health center proximity
because we hypothesized that this could affect exposure
to smartphones and digital literacy. In total we recruited
30 CHWs — 15 CHWs residing within two kilometers
from their health center and 15 CHWs who resided fur-
ther than two kilometers from their health center. Our
sample size allowed us to complete rapid assessments
and compare performance to our usability and accept-
ability thresholds, described in more detail below. If we
failed to achieve these thresholds, we would continue to
update the mHealth tool and evaluate iteratively until
these thresholds were achieved.

CHW usability and acceptability assessments

Design and administration of vignettes

In order to test the usability of the mHealth-CHW tool
our team developed vignettes emulating CHWSs follow-
up of patients at their homes. Vignettes were made to
represent three different scenarios: follow-up of patients
with normal recovery (no complications), follow-up of
patients experiencing complications, and follow-up with
a forced user/app errors (e.g., needing to change patient
responses). Five vignettes were made for each scenario,
resulting in fifteen total vignettes. Three Obstetri-
cian/Gynecologists (AB, AO, KB) were asked to review
vignettes and provide feedback upon initial develop-
ment and again after feedback was implemented. The
vignettes were then pretested with three CHW's for addi-
tional feedback through semi-structured interviews and
face validation of the vignettes. The final vignettes are
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available in both Kinyarwada and English (see Additional
file 1 and Additional file 2, respectively).

For the vignette administration, CHWs were randomly
assigned three vignettes representing one of each of
the follow-up scenario. The CHW would then conduct
a sample post-cesarean home visit using the tool with
the patient actor (a study team member). A facilitator
observed the interaction and completed the facilitator
evaluation guide based on completion of core steps.

Assessments

Completion of core steps

Study data collectors used an evaluation guide to score
the CHW use of the mHealth tool in each vignette sce-
narios across three scoring areas: (1) CHWs’ general ful-
fillment of visit steps (e.g., introducing themselves at the
start of the interaction); (2) if each question was asked as
indicated by the app; and (3) if the correct answer was
entered according to the patient response.

The community health worker mHealth usability and
acceptability assessment tool

Following the completion of vignettes, CHWSs completed
quantitative and qualitative assessments of the tool’s
usability and acceptability. We created a new tool for
this study’s quantitative assessment. Our team adapted
two existing tools — the mHealth App Usability Ques-
tionnaire and the Practitioner Opinion (Acceptability)
Scale — which are used to assess mHealth usability and
acceptability, respectively [29, 30]. We also included sev-
eral additional items for usability regarding our tools core
functions. The resulting questions were adapted to be
comprehensible at a sixth-grade reading level and under-
went a cross-language translation process, which con-
sisted of translation into Kinyarwanda, back translation,
and harmonization between a study team member and
independent translator. All items then underwent con-
tent evaluation to assess relevancy and clarity of the tool
by eight content experts and then face evaluation assess-
ing the clarity and comprehensibility by ten CHWs. Items
were dropped if the content-validity index was less than
0.78 or if face validation content-validity index was less
than 0.60. The development and validation of the full tool,
referred to as the Community Health Worker mHealth
Usability and Acceptability Assessment Tool (CHW-
MUAAT), is further described elsewhere [31]. Each item
in the tool were captured on a Likert-scale from 1 to 5,
with 1 being “Strongly disagree” and 5 being “Strongly
agree”. For the tool to be considered usable and accept-
able we predetermined thresholds that 80% of CHWs
should “Agree” or “Strongly Agree” with 80% of the state-
ments presented. The final tool contains 22 items, with
18 usability statements and four acceptability statements
(see Additional file 3); The Cronbach’s alpha value for the
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final items was 0.86 for the 12 MUAQ usability questions,
0.73 for the four POAS acceptability questions and 0.87
for questions added by the study team [31].

Focus group discussions

Following completion of the CHW-MUAAT, CHWSs par-
ticipated in focus group discussions. Groups included
the five CHWs at a health center from the same distance
strata (within or further than two kilometers away); in
total, six focus group discussions were conducted.

Our team developed a series of questions asking about
the CHWSs’ experiences following postpartum women,
their perception of the mHealth-CHW tool, and any sug-
gestions they might have for the intervention (see Addi-
tional file 4). CHW in the focus group took turns reading
questions from the focus group discussion guide aloud
for the discussion. We used a low moderator involvement
approach whereby the moderator ensured questions were
sufficiently addressed through probing brief responses
but did not engage in discussion. Study team members
MK and JN served as moderators for these focus group
discussions.

Within focus groups, the study team member con-
cluded the groups once no new topics were emerging
in the discussion. Focus group research literature states
that saturation can be achieved at three focus groups per
stratum [32]; the team members leading the focus groups
discussion did not observe new themes emerging in the
last groups as compared to the first and thus the focus
groups were concluded after the six.

Analysis

Because quantitative and qualitative data were collected
on the same day, we used a convergent mixed method
design for our analysis. We conducted the quantitative
and qualitative analysis separately and then compared
against each other to fully understand the usability and
acceptability of the mHealth-CHW tool.

Quantitative analysis

We described the overall vignette scenario scoring from
the facilitator evaluation as numbers and percentages
out of all vignettes administered (#=90). The scoring is
broken down by performance, ranging from evaluation
scores of 70 to 100%. We separately analyzed each item
within the scores (i.e., fulfillment of visit steps, asking
questions as indicated, and recording answers as indi-
cated) as the average score, percentage, and standard
deviation of each category. Vignette assessments were
entered directly into and analyzed in Google sheets.

We analyzed the proportion of CHWs who “Agreed”
or “Strongly agreed” with each CHW-MUAAT question
and presented them as numbers and percentages out of
all CHWs. We pre-specified that 80% or more of CHW'Ss
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Table 1 Demographic information of CHWs (n=30)
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Table 2 Vignette step completion and facilitator assessment

Demographic characteristic n % Facilitator evaluation of CHW usability testing

Age Number of scenarios performed with score of Number Percent

26-35 years 3 100 of CHW

36-45 years 16 533 scenarios

46+ Years 1 36.7 -~ (5'1 =90) 0o

Marital Status '

Married 29 967 0% >8 oa4

Divorced/widowed 1 33 >80% 80 88.9

Education >70% . 85 94.4

Completed primary school 25 833 Number of CHWs who scored 100% in Number Percent-
of CHWs age

Completed secondary school 5 16.7 (N=30)

Other livelihood 3/3 scenarios 1 36.7

No other formal activities/cultivator 15 50.0 2/3 scenarios 8 26.7

Own business generating monthly income 15 50.0 1/3 scenarios 5 167

Distance from Health Center 0/3 scenarios 6 20.0

Within 2 km 15 500 Number of CHWs with at least one scenario 24 80.0

Greater than 2 km 15 500 scoring 100%

Own a smartphone as a personal device Component break-down of CHW usability Average Standard

Yes 2 6.7 testing scores score deviation

No 28 933 Facilitator evaluation score (Out of 10) 853 0.95

Number of years as CHW Questions asked as prompted by tool (Out 1846 1.02

1-2 years 4 133 of 19)

3-5 years 1 33 Patient responses input into application cor- 1872 0.63

6+years 25 833 recty =19

should have agreed with the statements with 14 out of
18 usability statements and 3 out of 4 acceptability state-
ments for the mHealth tool to be deemed usable and
acceptable. Data were collected using REDCap and ana-
lyzed using Stata version 16.

Qualitative analysis

We used thematic analysis to evaluate the results of the
focus group discussions. The team first did inductive par-
allel coding, with two team members developing codes in
Kinyarwanda using the original transcripts and one team
member developing codes using transcripts translated to
English. The team members then compared codes and
had discussions to resolve any disagreements in coding.
The two codebooks were then reconciled to develop the
master codebook. This process of parallel coding ensured
no themes were lost in translation of the focus group dis-
cussions and that meanings were being preserved in the
process. All qualitative analysis was done in MAXQDA
Analytics Pro 2020.

Results

Description of CHWs

Most recruited CHWSs were married (n=29, 96.7%), did
not use a personal smartphone (n=28, 93.3%), and had
served as CHWs for six or more years (n=25, 83.3%)
(Table 1). All had completed at least primary school, and
half of them (n=15) were cultivators or had no formal
profession.

Completion of critical vignette steps

Each of the 30 CHWs participated in three scenarios of
role-play with a validated vignette for a total of 90 sce-
narios performed for the study. Study facilitators scored
the interaction based on a 10-question evaluation of the
CHW. Of these 90 scenarios, 54 (60%) performed scored
a facilitator evaluation score of 100% (Table 2). Of the 30
CHWs, 24 (80%) CHW s had at least one scenario with a
facilitator score of 100%; 11 (36.7%) of them had scores
of 100% for all three scenarios they performed. The aver-
age facilitator evaluation score was 8.53 (+0.95) out of
10 possible points. Of the 19 questions that CHWs were
prompted to ask by the mHealth tool, CHWs asked an
average of 18.46 (+ 1.02) questions correctly, and input an
average of 18.72 (+ 0.63) of the responses provided during
the scenarios correctly.

CHW-MUAAT results

Across the 18 usability statements, between 27-30
CHWs (90-100%) “Agreed” or “Strongly agreed” with
the statements (Table 3). The lowest rating for any given
question was “Neutral” The lowest scoring usability state-
ments were “It is easy for me to learn to use the app’
“Whenever I make a mistake on the app, it is easy and
quick to correct it’; and “I can use the app even when the
Internet connection is poor or or not available’, with 28
(93.3%) stating “Agreed” or “Strongly agreed” All of the
30 CHWSs (100%) “Agreed” or “Strongly agreed” with the
80% or more of the 18 usability statements presented.
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Table 3 CHW responses to usability and acceptability survey (the community health worker mHealth usability and acceptability

assessment tool (CHW-MUAAT))

Statement Number of CHWs who Per-
‘Agreed’ or‘Strongly cent
agreed’ with the state-
ment (N=30)

Usability The app is easy for me to use. 30 100.0
It is easy for me to learn to use the app. 28 933
Whenever | make a mistake on the app, it is easy and quick to correct it. 28 933
I like the interface of the app. 30 100.0
The information in the app is well organized, so | can easily find the information | need. 30 100.0
The time it takes to use this app works well for me. 29 96.7
Overall, I am satisfied with this app. 30 100.0
The app improves my ability to deliver healthcare services. 30 100.0
The app helps me manage my patient’s health effectively. 30 100.0
This app has all the functions and capabilities | expected it to have. 30 100.0
| can use the app even when the Internet connection was poor or not available. 28 933
This app would be useful for my home visits to women after cesarean section. 30 100.0
It is easy for me to log into the app with my username and password. 29 96.7
It is easy for me to find the correct patient using the patient name ID. 30 100.0
It is easy for me to take or retake a picture of the wound using the app. 30 100.0
It is easy for me to read the recommendations given by the app. 30 100.0
It is easy for me to communicate with women when using the app. 30 100.0
| feel comfortable using the app during home visit for follow up of women who delivered by 30 100.0
cesarean section.

Number of CHWs who “"Agreed” or “Strongly agreed” with >80% of usability statements (n=20) 30 100.0

Acceptability It is easy for me to understand how to use the app. 29 96.7
The app is a good fit for the way | conduct visits to women after cesarean section. 30 100.0
The app will save me time during home visits to women who delivered by cesarean section. 30 100.0
I'think using this mHealth app will be more helpful than hurtful. 30 100.0
Number of CHWs who “Agreed” or “Strongly agreed” with >80% of acceptability statements 29 96.7
(n=4)

For the four acceptability questions, 29 (96.7%) of them
“Agreed” or “Strongly agreed” with 80% or more of the
statements. The lowest rating for any given question was
“Neutral” The lowest scoring acceptability statement
was “It is easy for me to understand how to use the app’
with 29 (96.7%) stating “Agreed” or “Strongly agreed”
With these scores, we surpassed our threshold of 80%
of CHWs positively scoring 80% or more of the usability
and acceptability statements.

Qualitative results

Across the six focus group discussions, the median time
of the interviews was 52.5 min (range: 28 min to 1 h and
seven minutes).

We identified the following themes regarding usabil-
ity and acceptability of the mHealth-CHW tool from
the focus group discussions: (1) Factors contributing to
usability and acceptability of the mHealth-CHW tool; (2)
Potential concerns affecting usability and acceptability of
the mHealth-CHW tool; and (3) Recommendations to
increase usability and acceptability of the mHealth-CHW
tool.

Factors contributing to usability and acceptability of the
mHealth-CHW tool

The usability of the tool was attributable to CHWS’ posi-
tive experience using the app, along with the general
benefit of using a smartphone in the field. CHWs noted
that the content was clear and understandable to them
because it was in Kinyarwanda, and their overall impres-
sion of the tool was that it is well-designed and is an effec-
tive resource (Focus group discussion, Quote 1 (FGD,
Q1)). The fact that the app could be used without cellular
connection was also identified as a feature contributing
to usability in the field; if the tool were not designed to
be used offline CHWSs would need to purchase data each
time they went to visit women (FGD, Q2). Additionally,
the mHealth-CHW tool was said to be an improvement
from the current practice of carrying registers because
all information needed to carry out home visits would be
available in one smartphone app. This would lighten their
workload physically and mentally (FGD, Q3).

EGD, Q1: “In fact, this application is well-designed, it
is clear enough, it guides us on what to do. It is good
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to use it. We liked it. Therefore, we have warmly
welcomed it” — CHW #1, Group 2 A.

EGD, Q2: “Regarding what I liked about this
application; first, it is different from other
applications we knew. How? Usually, for other
applications, in order to use their service, you need
to have internet, you need to first buy megabytes.
Contrary, for our application we don'’t need that. We
just log into the application. Then, this is something
we should appreciate” — CHW #3, Group 3 A.

EGD, Q3: “I am happy with the application. We will
use it because we have been trained on how to use it.
Before the introduction of this technology, we used
to carry books and a pen and taught people. With
this technology, we will press on the button of the
cell phone and know which direction to take. We will
follow that direction and arrive at a woman'’s home.
When we get there, we will do what we have to do
and take pictures. This technology will make our work
easier” — CHW #5, Group 3B.

CHWs highlighted numerous factors contributing to the
acceptability of the mHealth-CHW tool. Generally, fol-
low-up using the tool was seen as an additional opportu-
nity support women’s health regardless of their delivery
method (FGD, Q4). The experience training to follow up
with women after c-section using the tool contributed
greatly to acceptability, with many CHWs stating that the
increased knowledge and skills would benefit both them
and the communities they serve (FGD, Q5). The setup of
the mHealth-CHW tool would ensure that all steps for
follow up are carried out at each home visit, making vis-
its consistent and efficient (FGD, Q6). By allowing them
to screen for complications and identify when women
should be referred to a health facility, the tool was viewed
as something that would help reduce maternal morbid-
ity and mortality by ensuring timely care seeking (FGD,
Q7). This also addresses financial and logistic challenges
related to seeking follow-up care since, for this interven-
tion, women would only need to return to the health cen-

ter if the tool identifies an issue requiring them to seek
help.

EGD, Q4: “I personally am very happy of the fact that
CHW-led home-based follow-up of women after
c-section is integrated in my activities. Usually, we
were visiting those who had vaginal delivery. For those
who had c-section, they would come from the hospital,
stay at home alone, and the c-section wound might
be deteriorated and have pus discharge for instance.
Now that this responsibility is included in our duties,
I am very delighted as I will be visiting them right
after their hospital discharge, before five days. I will
ask them about their health status, challenges they
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will be facing, and advise them. Brief, [ am happy
of the fact this responsibility is now included in our
duties” — CHW #5, Group 1A.

EGD, Q5: “There is no single reason that would lead me
not be willing to follow up women who had c-section
in their homes through the use of the application, as it
will increase their knowledge thanks to the knowledge
I will have acquired with regard to the follow-up of
post-partum women. I will increase my knowledge
in both the follow-up of women who had vaginal
delivery and c-section delivery” — CHW #5, Group
2 A.

EGD, Q6: “We used to go to visit women having a list
of things we would do memorized in our mind, and
when we got there, we could find that a woman had
some other things to ask you. We could answer them
according to their questions, and skip what we had
planned as we had forgotten them, while they were
essential. I appreciate this application as it is an
additional support I will be using as a reminder as
I will have it with me. I will be asking them what I
know and using the application at the same time.

The application will remind me, and show me what
to tell women, and they will be asking me questions
in accordance with what I will have told them. And
I will be improving my skills in using the application.
1t is good to have known the application, it will help
women.” — CHW #3, Group 1B.

EGD, Q7: ... it will reduce the problems they were
facing. For instance, after c-section, they could have
a problem, such as feeling abdominal pain, and they
could think that it was due to c-section, whereas there
was another problem, we could hear that they had
infection. In fact, they did not know anything about
it. ... Later on, they may go to health center when
the c-section wound has already been decomposed.
However, thanks to this application, we will be able
to identify the problems women who had c-section
have, and then take them to health center so that they
take care of them before the situation gets worse to the
extent that they are referred to hospital, as when they
stay in hospital for long, their family becomes poor
since they spend too much money. When we get to
know about their problem in time, we will help them
at a low level as the situation will not have gotten
worse” — CHW #3, Group 3 A.

A major point making the tool acceptable was that using
it would address key challenges to women’s recovery.
Many CHWs identified that lack of knowledge regard-
ing proper self-care behaviors after c-section may slow
women’s recovery or cause other complications (FGD,
Q8). Because the tool houses instructions for safe recov-
ery, it would help CHWs tackle this issue by providing
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information on adequate wound care, proper diet, and
other behaviors women should adopt to help them
recover (FGD, Q9). The fact that information would come
from the mHealth-CHW tool would also help estab-
lish credibility of the instructions, making the guidance
acceptable to both the CHW and the patient being vis-
ited (FGD, Q10). Similarly, CHWSs thought they could use
the tool as a reference to facilitate discussions with fam-
ily members and potentially the community to encourage
their support for the recovering woman (FGD, Q11).

EGD, Q8: “They might also have limited knowledge
about that sickness. They might not know the behavior
they need to adopt for their quick recovery. Therefore,
they might need support or someone to help them.
Not having someone to help them might lead to the
deterioration of their health status” — CHW #3,
Group 2 A.

EGD, Q9: “This application will mitigate these
challenges we have identified, as Community Health
Workers will be visiting them, get to know their
problems, and then use the application to show them
how they will take care of themselves and behave
themselves” — CHW #6, Group 2B.

EGD, Q10: “As far as I am concerned, [ think technology
will be instrumental in [home visits]. We will visit
these women and examine their wounds. Technology
has made life easier. If a Community Health Worker
reads out information from the application, both the
patient and carer will take it as reliable information
from a healthcare institution and will therefore see
the need to seek medical attention” — CHW #3,
Group 3B.

EGD, Q11: “Most of the time, those women’s husbands
do not understand why it is necessary for their wives
to go back to the hospital, especially those living in
rural areas. They are only worried about expenses. If
a Community Health Worker reaches out to a family
with such a problem and talk to family members,
preferably in the presence of the husband, they reach
an agreement. [ believe that technology would yield a
sustainable solution” — CHW #4, Group 3B.

Potential concerns affecting usability and acceptability of the
mHealth-CHW tool

Potential concerns affecting acceptability to using this
tool in the field were identified. Some women may be
reluctant to answer screening questions or have their
wound image taken due to misperception around these
steps, thus building trusting relationships with the
women being visited was emphasized for acceptance
(FGD, Q12). Maintaining privacy of the image and infor-
mation being captured was also a point of concern (FGD,
Q13). CHWs iterated that women should be approached
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in a respectful and non-judgmental manner during the
home visits, otherwise they may feel scared or discour-
aged (FGD, Q14). Other concerns were generally about
conducting home visits, including the need to train
more CHWs to follow-up with women, time and cost of
reaching women living in more remote areas, and loss
of income from spending time volunteering as a CHW
(FGD, Q15).

FGD, Q12: “Regarding CHW-led home-based follow-up
of women after c-section, with regard to taking a
picture of the c-section [wound], I think we need
to think about this challenge ... We may ask them
to let us look at the picture of the c-section wound
or take a picture of the wound, depending on their
understanding, they may think that the wound would
be deteriorated if we looked at it. However, depending
on how open they felt to you, they may agree, but they
may also refuse in some instances. I think we need
to predict such possibility. It will depend on their
level of understanding. However, I think, depending
on the relationship we will build with them, and the
changes we will make, they will accept us without any
problems” — CHW #2, Group 1 A.

FGD, Q13: “The challenges I think we might face, it
might happen that when taking a picture of the
c-section, you don’t take it appropriately. It might
happen that you put the phone somewhere without
having saved the pictures, without having saved them
confidentially. In case someone happens to get in
contact with it, they might get the information they
were not supposed to access. They might start saying,
“I saw this and that” If the patient gets to know that
her information was leaked, they will get embarrassed
of course. We cannot ignore that challenge” — CHW
#3, Group 1 A.

FGD, Q14: “Your conduct during the visit to women
who had C-section, the way you receive her, and the
way she receives you, will count a lot. For instance,
when you act like you are a high ranked official,
that woman will be scared when she sees you. In
that case, whatever you tell her, she will hear it
being traumatized. When visiting women who had
c-section, Community Health Workers should not
go there as authorities, they should be humble. They
should greet them, introduce themselves, see how they
are received, and then start the conversation when
the woman is at ease. Otherwise, when you go there
behaving as an authority, you may scare the woman,
and she might have changes in the wound” — CHW
#5, Group 3 A.

FGD, Q15: “In addition to our work as Community
Health Workers, we also need to eat and sustain our
families. If I spend most of the time doing my work as
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a Community Health Worker, I may fail to develop
myself and my family. If the government values

what we do, they should think about the way they
could support us so that we may not face challenges
that can prevent us from fulfilling our duties as
Community Health Workers. That is how I think they
can solve this problem” — CHW #2, Group 3B.

Recommendations to increase usability and acceptability of
the mHealth-CHW tool

CHWs provided several recommendations to improve
the intervention. They recommended having a place to
show information from any health facility visits, namely
those that occurred as referrals from home visits, as a
part of the continuum of care (FGD, Q16). Although
most CHWSs said that the app is structured well one
CHW expressed concern about the number of questions
women are asked during the visit (FGD, Q17). During
the screening, a question prompting CHWs to ask about
and record issues not covered by the questionnaire was
requested. They also recommended expanding the popu-
lation the tool could be used to follow up with to include
pregnant women and newborn children (FGD, Q18). A
platform or other space collecting feedback about the
mHealth-CHW tool and home visits should also be made
available to CHWS, especially as experiences may vary
on the field (FGD, Q19). Finally, CHWs should receive
continuous training and have phones with the mHealth-
CHW tool be available for them to practice conducting
home visits (FGD, Q20).

EGD, Q16: “I think that, after visiting a woman,
giving her some assistance, helping her to get to
the healthcare institution, and after her complete
recovery and return home, there should be some
kind of follow-up. What will be the link between her
previous medical condition and the second time I
visit her after recovery? I did not see any possibility
to record this kind of information and send it
via the application. In my opinion, this option of
reporting the recovery process should be added in the
application. We need to know what happened after
the treatment” — CHW #4, Group 3B.

EGD, Q17: “I think that we ask women too many
questions. Nineteen to twenty questions! We may
keep on asking her questions and end up losing
her. We may ask her all these questions while she
is experiencing serious health problems such as an
infected c-section wound with a lot of pus. My concern
is that she may take this question-answer session as
a waste of time and decide to go away. There are too
many questions. That is my opinion” — CHW #2,
Group 3B.
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FGD, Q18: “They should include visiting pregnant
women and visiting new born in the application, so
that we can use it when visiting pregnant women and
when visiting newborn, in the same way we will be
using it for women who had c-section” — CHW #5,
Group 2B.

EGD, Q19: “When we start working and practice what
we have learnt, we will note any challenge that will
arise. If there is a platform where we can share ideas,
we will use it to report any challenges we will have
encountered, changes or improvements to be made.
We cannot suggest anything at the moment because
we have not gone to the field to know what works and
what doesn’t” — CHW #1, Group 3B.

EGD, Q20: “What I think can be added is frequent
refresher training opportunities and follow-up. We
should be allowed to practice what we have learnt

from the training as soon as possible because we may
forget it” — CHW #2, Group 3B.

Convergent analysis

Both the quantitative and qualitative results support that
the app was highly usable and acceptable to CHWs. For
quantitative assessments, the predetermined thresholds
for both usability and acceptability were met (Table 3),
which was consistent with the strong perceptions of
usability and acceptability of the mHealth-CHW tool
reported in the focus group discussions. The lowest scor-
ing usability statements (rated “Neutral”) were “It is easy
for me to learn to use the app’, “Whenever I make a mis-
take on the app, it is easy and quick to correct it and “I
can use the app even when the Internet connection is
poor or or not available” These points were not brought
up in the focus group discussion as barriers to usability.
The “Neutral” ratings to the CHW-MUAAT statements
contrasted with CHW statements which described the
tool as easy to use (FGD, Q1) and appreciated the abil-
ity for offline usability (FGD, Q2). The positive feedback
from the focus group discussions also differ from the
lowest rated acceptability statement (rated “Neutral”), “It
is easy for me to understand how to use the app”

In the focus group discussions, CHWs stated that
strong relationships between the CHWSs and patients
were needed for the mHealth-CHW intervention to
be successful. In these discussions, they noted that for
homebased follow-up to be acceptable, it would be
important to build trust between patients and CHWSs
through respectful conduct and maintaining patient
privacy (FGD, Q12-14). The need for strong relations
was not directly assessed by the CHW-MUAAT; how-
ever, despite these concerns, all 30 CHWs “Agreed” or
“Strongly agreed” that using the tool would be more help-
ful than hurtful (Table 3).
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Discussion

Our team has designed an innovative mHealth tool to
enable CHWs to conduct home visits and follow up with
women who have undergone cesarean deliveries in rural
Rwanda. In this study we assessed CHWSs’ performance
when using the mHealth-CHW tool in vignette scenar-
ios, then asked CHWSs to quantitatively and qualitatively
assess the usability and acceptability of the tool. Overall,
CHWs performed well in the vignette scenarios as scored
by facilitators, and on average asked and input almost
all visit questions correctly in the app. CHWs expressed
that they perceived the mHealth-CHW tool to be highly
usable and acceptable in both the quantitative and quali-
tative evaluation.

We found that all 30 CHWs positively agreed with 80%
or more of the usability statements presented and all but
one positively agreed with 80% or more of the acceptabil-
ity statements, surpassing our thresholds for the study.
The high usability and acceptability found through the
CHW-MUAAT was also seen in the focus group discus-
sion, where CHWs expressed that the tool was easy to
use and would fulfill the needs of a home-visit. End-user
perception of usability and acceptability of a tool are cru-
cial to the success of mHealth applications. A systematic
review on the success of mHealth in sub-Saharan Africa
identified that acceptance by end users is a key factor in
the success of the interventions [33]. Perceived utility,
meeting staff demands and needs, and providing ade-
quate training were some factors contributing to accep-
tance [33]. These factors were also positively identified
in our quantitative and qualitative investigation of the
intervention’s perceived usability and acceptability. While
our study results indicated that the tool was usable and
acceptable, being mindful of these factors will be vital to
the success of the intervention moving forward.

Major points contributing to usability and acceptance
of the tool could be connected to how its functions would
address challenges to post-c-section recovery the had
CHWs identified. Notably, CHWs identified that lack of
knowledge about recovering from c-section could lead
to poor wound healing or misunderstanding between
women and their family members; lack of knowledge
around self-care practices after c-section has also been
observed in other studies [34—37]. By having guidelines
for post-c-section recovery into the mHealth-CHW tool,
CHWs can readily provide consistent and reliable rec-
ommendations to women who may otherwise not have
access to this critical information. This can help ensure
that women understand the behaviors and practices that
promote healing and recovery, as well as those that may
hamper it. Our team developed and integrated context
specific instructions to ensure that any cultural practices
which may affect recovery are addressed [26].
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Continued training for post-cesarean specific follow-up
and refresher training for the mHealth tool were iden-
tified as part of the support necessary intervention. A
separate review identified that acceptance and familiarity
with use of phones contribute to positive perception of
mHealth projects [38]. In our study, many of our CHWSs
said that they did not use a personal smartphone, and
some CHWs identified that this experience was the first
time they had used a smartphone at all. However, diffi-
culty using the smartphone and tool in general was not
identified as a barrier to mHealth facilitated follow-up
in the quantitative nor the qualitative assessment. This is
likely due to the support provided by our team in training
CHWs to use the mHealth-CHW tool — team members
involved in the training not only introduced the applica-
tion, but also supported CHWs in learning how to oper-
ate the smartphones for the study. The success of this
initial training and the request for continued trainings
further demonstrate that investing appropriate time and
resources for the primary users in mHealth is key to suc-
cess in interventions of this nature.

In the focus group discussions CHWs identified that
ensuring women feel comfortable with the home visits
will be vital to acceptance of mHealth tool-facilitated
follow-up in the community. Similar studies have found
that building rapport and taking a friendly, respectful
approach to visits helps with the acceptance of home fol-
low-up, and helps both the patient and HCP feel at ease
with the interaction [39-41]. Trainings for home follow-
up should take time to discuss the attitude and approach
that can be taken to promote a positive relationship
between the patient and HCP. It should be emphasized
that patients may not completely feel comfortable with
home-based healthcare visits initially, and that it is
important to take time to ensure they have established
a fair and trusting relationship when carrying out these
activities. Having a trusting relationship with their HCP
can also improve patients’ perceived privacy and enable
honest communication of any health concerns they may
have [42].

Ultimately, CHWs showed a strong willingness to inte-
grate follow-up of women who have cesarean deliveries
in their responsibilities and expressed through both the
CHW-MUAAT and focus group discussions that the
mHealth-CHW tool was a usable and acceptable facilita-
tor for this. This enthusiasm for incorporating mHealth
into their work aligns with findings from other studies,
which demonstrated that CHWs are welcoming to the
use of digital health tools, provided they receive adequate
training and programmatic support [43—47]. In the scope
of maternal child health, many mHealth interventions
are focused on health during pregnancy, antenatal care
visits, and postnatal care for the child [15, 48]. Given
the positive feedback from the CHWs and the potential
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of mHealth interventions to enhance delivery of health
services, tools to support the woman through the mater-
nal health continuum of care, notably in the postpar-
tum period, should be considered and explored in other
contexts.

The introduction of a mHealth tool to support CHW-
led home-based follow-up for women who delivered via
cesarean Rwanda aligns well with the country’s evolving
technological landscape and community health strategy.
While smartphones are required for this mHealth tool
and smartphone ownership is still relatively low com-
pared in the country [49]the government aims to equip
all CHWs with smartphones as part of the national digi-
talization process. Further, CHWSs already use basic cell-
phones as part of the RapidSMS program to monitor
home visits and send follow-up care reminders [50]. The
RapidSMS system currently does not include the detailed
instruction and symptom-based follow-up guidance to
allow CHWs to support women who have had c-section.
Our work expands the capabilities of mHealth-supported
CHW follow-up in Rwanda and the tool evaluated in this
paper could be expanded to include postpartum support
for women who deliver vaginally.

This study has limitations for consideration. This evalu-
ation was conducted with a small number of CHWs and
thus must be interpreted with caution. Because we ran-
domly chose health centers and stratified by proximity
to health centers, we are confident in the representation
of these CHW's relative to other CHWs in Kirehe Dis-
trict and other rural sites. Usability and acceptability in a
simulated setting compared with use in real-life scenarios
may also yield different results, therefore testing in the
field will also need to be done to fully establish usability.
Some of the contents of the tool, such as the recovery
instructions are designed specifically for home CHW-led
follow-up in Rwanda; however, the tool’s prompts could
be adapted for other settings with, we anticipate, little
impact on the CHWSs’ usablity and acceptability. Others
seeking to utilize a similar intervention should review
and adapt the design and content of the mHealth tool
with the guidance of country-specific experts and CHWs.

Conclusion

In both the quantitative and qualitative evaluations, we
found the mHealth-CHW tool to be highly usable and
acceptable among CHWSs. CHWs endorsed the tool as a
facilitator for supporting women recovering after c-sec-
tion in rural Rwanda and expressed willingness to inte-
grate follow-up as part of their responsibilities. Because
we exceeded our predetermined thresholds for usability
and acceptability, our team will proceed with valida-
tion of the mHealth-CHW tool home follow-up findings
against HCP assessments at a study clinic.
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This intervention to support post c-section recov-
ery should be pursued in other contexts, particularly
where CHWSs are responsible for postpartum follow-up
and where there is a substantial rural population. The
method of delivering care here should also be considered
for other aspects of CHW-led care, such as home visits
for child health and patients with non-communicable
diseases.
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