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Abstract

Background Mobile phone-based messaging for maternal education has indicated promising outcomes in pro-
moting maternal and newborn care practices. However, most mobile phone-based messaging interventions are

not tested before their implementation, and the evidence on the message content development process and meth-
ods is limited and underreported. The aim of this study was to develop and test text messages for interventions
designed to improve maternal services utilization and newborn care practices.

Methods The development process has 4 phases: engaging pregnant mothers and experts in selected districts

of the Jimma Zone, Ethiopia. During phase 1, the draft messages were developed based on the message framing
concept, and the number of messages was reduced after review. In phase 2, 12 mothers participated in card sorting
and the messages were refined. In phase 3, 8 experts evaluated the messages using 10 items with a 5-point Likert
scale. In phase 4, a pilot study (n= 30) was conducted to evaluate the messages and their delivery when they were
sent to individuals’mobile telephones. In this phase, a system usability scale was also used to assess the usability

of the planned intervention.

Results An initial bank of 120 messages was developed, 42 of which were discarded during the development
process. Of these, 32 were discarded by the research team at phase 1, and 10 were discarded during the card sorting
at phase 2. Based on the experts’evaluations, 14 messages were reworded and refined in phase 3. During the pilot
testing phase, the majority (80%) of the participants mentioned that the time they had been receiving the message
was early, and 66.7% of the participants preferred the time to receive text messages about health. The mean SUS
score was 72.26, which is acceptable for the usability of the mobile phone-based messaging intervention.
Conclusion A final bank of 78 (39 for each framing type) messages was obtained after refinement according to feed-
back from participants. The SUS showed an acceptable score for the planned intervention. This message development
process confirms that the messages are acceptable, and important for improving maternal and newborn health care
practices.
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Key messages
- What uncertainties existed regarding the feasibility?

focused only on software development process.
- What are the key feasibility findings?

intervention.

Although it is recommended to document the development process of mobile phone messaging-based intervention,
this part of interventions is limited and underreported in literature. In addition to this, from published mobile phone
messaging-based intervention that described about development process, some lack detail information and other

In this message development process, end users (pregnant mothers) and experts were involved for their perspective
on the draft messages and a total of 78 final messages were obtained through refinement based on their feedback.
The usability test finding has confirmed acceptability of the intervention. End-users’ preference such as frequency,
timing and language for receiving text messages were identified.

- What are the implications of the feasibility findings for the design of the main study?

End-user and expert involvement in this development process believed to facilitate the feasibility, acceptability,

and engagement in the future intervention. Finding at in each phase of the development process has helped modi-
fying messages content and messaging system used for the main intervention. Finding on end-user time and fre-
quency preferences to receive text messages has also informed the revision of the message scheduling of main

Keywords Maternal health, Newborn care, Text message, Development process, User-centered design

Background
Every day, an estimated 800 women die due to prevent-
able causes related to pregnancy and childbirth, and 6500
newborns die mainly due to complication of premature
birth, birth asphyxia and infections. Additionally, 94%
of all maternal and neonatal deaths occur in low- and
middle-income countries [1-3]. Maternal and newborn
deaths occur mainly from preventable causes, such as
infectious diseases and complications during pregnancy,
labor, childbirth, and the postpartum period [4]. Despite
the government’s commitment to improving maternal
and newborn health [5], Ethiopia’s maternal mortality
ratio is 267 deaths per 100,000 live births and its neona-
tal mortality rate is 27 deaths per 1000 live births [2, 6].
These figures put Ethiopia among the top countries in
terms of maternal and neonatal mortality rates [3]. Pro-
viding education to mothers during the antenatal and
postnatal periods has effectively improved maternal and
neonatal health service utilization and newborn care
practices [7] and reduced overall neonatal mortality [8].
Introducing new strategies such as mHealth is accepted
as a suitable means for reducing high maternal and child
death rates in low-income nations [9, 10]. From mHealth
technology, short message service (SMS) is an acceptable
and widely used tool for educating mothers to promote
antenatal delivery, newborn care, and postnatal care
utilization [11, 12]. SMS-based intervention has been
successfully implemented and has indicated promising
outcomes in promoting maternal and child health care
services [13—-16] due to its greater readership and greater

engagement advantage over other means of communica-
tion [17], providing short, timely information for behav-
ior change [18]. Text message-based interventions should
incorporate how the message is developed on its theoret-
ical basis, cultural adaptation to the end user, and context
before it is implemented [19, 20] for utility [21, 22].

Although it is recommended to start documenting the
development of any mHealth-based intervention planned
to promote behavior changes during the early stages of
the protocol [23], evidence of the content development
process and testing methods are limited and underre-
ported in the literature [20, 24]. Among the published
text messaging interventions that describe development
and testing processes, some lack detailed information
about the process [20, 25], and others focus on the mes-
saging system development process, ignoring the mes-
sage content [26].

For a successful SMS-based intervention, the target
audience should provide feedback on the message con-
tent and learn the language preferences, timing, and
number of text messages they receive [13, 27]. End-
user involvement in the mHealth intervention develop-
ment process facilitates the feasibility, acceptability, and
engagement of the intervention [28]. In addition, health
workers’ expectations and readiness to implement the
suggested interventions when developing digital inter-
ventions are needed [29]. The perspectives of these end
users and implementers can be addressed by applying a
user-centered design approach [30]. User-centered design
is a multidisciplinary and iterative design approach based
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on the active involvement of users in each phase of the
design process to improve the understanding of users
and requirements [31]. This approach uses methods such
as focus group discussion, survey, interview, usability
testing, card sorting, and participatory design. However,
there is inconsistency in the utilization of these methods;
for example, some researchers have used card sorting
with end users [30, 32, 33], others have used expert eval-
uation [24, 30, 34—36], while focus group discussion [24,
36, 37] and pilot with members of the end user [30, 38,
39] have been used by some of the researchers. Moreo-
ver, to our knowledge, none of the mHealth interventions
conducted in Ethiopia reported the development and
testing of message content tailored to the local context.
Considering the variation in the methods used and
the limited literature on the design and development
of mobile phone-based messaging interventions for
improving maternal and newborn health in rural areas
of Ethiopia, this study presents the development and
testing process by integrating different methods previ-
ously used. The message content was drafted based on
the concept of framing. Framing is the way information
is presented to individuals by emphasizing the ben-
efits of taking action (i.e., a gain-framed) or the costs
of failing to take action (i.e., a loss-framed message)
to influence subsequent decisions of individuals [40].
However, to the best of our knowledge, mHealth inter-
ventions that are implemented in Ethiopia has not used
and evaluated the effect of message framing approach
on promote maternal and newborn health. Hence, the
current development process was carried out by inte-
grating user-centered design approach methods: card
sorting, interviews, pilot testing, system usability test-
ing and expert review. In addition to adding the mobile
phone-based messaging intervention development pro-
cess to the body of knowledge, this study provides rec-
ommendations and lessons learned from the process
for similar interventions targeting pregnant mothers.

Method

Overview

This text message development and testing is part of
a cluster randomized control trial (the trial identi-
fier is PACTR202201753436676). This trial examines
the effectiveness of a mobile phone messaging-based
message framing intervention designed for improv-
ing maternal and newborn health in the Jimma Zone,
Oromia, Ethiopia. This paper explains the development
process of text messages targeting pregnant mothers
for improving maternal and newborn health outcomes.
The development of the messages involved four phases:
research team feedback, user center design techniques
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(card sorting, interviews, and survey), expert review,
and pilot testing(Fig. 1).

Phase I: message drafting

The initial messages concerning different issues were
drafted based on what pregnant women should be coun-
seled during pregnancy and childbirth and after accord-
ing to the Ethiopian Ministry of Health guidelines for
antenatal care [41] and the World Health Organization
(WHO) antenatal and postnatal care guidelines [42].
These messages were developed based on the concept
of message framing, where half of them developed in
the form of a gain frame—emphasizing the benefit of
maternal and newborn health care practices—and the
other half developed as a loss frame—emphasizing loss
as a result of not utilizing maternal health services and
practicing newborn care. Since the maximum number
of characters allowed for text messages is limited to 160,
including spaces, the content of the messages was devel-
oped within that character count. The draft messages
were reviewed by other research teams, and the number
of messages was reduced. Once a decision was made on
the number and which messages should be included in
the next phase, the messages were translated from Eng-
lish into the local language Afan Oromoo by maternal
and child health experts and back-translated to English
by a language expert who is fluent both in English and
Afan Oromoo.

Phase II: end-user content testing

In this phase, a closed-card sorting activity was carried
out to determine the level at which the pregnant moth-
ers understood each message. The card sorting activity
was conducted with pregnant mothers who had been
residents of the study area for at least 6 months and who
could speak and read the Afan Oromoo. Twelve (6 for
each message type) pregnant mothers who were selected
using a convenient sampling technique participated in
this activity. Participants were provided with cards that
had Afan Oromoo version messages selected in phase
one and then asked to sort the messages into predefined
piles named with different topic areas related to maternal
and newborn health. The participants were also provided
with a blank card if they had any suggestions to add more
messages.

The card sorting data were entered into an adapted
Excel spreadsheet template that was developed for ana-
lyzing the cards [43]. The analysis was performed to eval-
uate the card-level agreement of the original thematic
area. The messages on the cards were considered for the
next phase if >50% of participants had sorted the card
into the intended thematic area.
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Phase IT
Message content

testing
(n=12)

m=88

o Card sorting activity

Having <50% popular agreement

n=number of participants

m= number of messages
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Phase IV
Pilot testing
(n=30)

m=78

o Pilot testing for a month
o Interview
e SUS

Fig. 1 Phases and methods of the message development process for Mobile phone messaging-based intervention for improving maternal

and newborn health in Jimma Zone, Ethiopia

Phase lll: expert evaluation

Health communication experts and health workers who
are providing maternal and newborn health services eval-
uated the message content for clarity, ease, tone, believ-
ability, benefit, receiving attention, appropriate language
and offensiveness. A total of 8 (4 for each message form)
experts who were working in the study area for at least
6 months before this evaluation and who could speak
and read the Afan Oromoo were purposively selected
and took part in this evaluation. The evaluation was per-
formed online using a Google form link shared with the
participants through their email. The participants were
provided with all the messages selected in phase II and
asked to rate each message using 10 five-point Likert
scale items that were developed based on the criteria
for reviewing health communication messages [38]. The
response of each expert to the messages was entered into
SPSS 25. A total sum score was created for each message
by combining scores for all 10 questions, ranging from
10 to 50. Messages with an average sum score >33.3 and
suggested to be selected with original content or modifi-
cation were considered in the next phase. Messages with
an average sum score lower than 33.3 were considered
for discarding with the option for revisions based on par-
ticipant feedback. Following this rating, the experts were
asked for their recommendation on whether to use, dis-
card, or modify the message and why they recommend
removing it or modifying it. Then, they were asked to

suggest how to improve the message that was recom-
mended to be removed or modified. The messages evalu-
ated in this phase were refined and incorporated into the
developed message dispatching platform for the next
phase of testing.

Phase IV: pilot testing

In this phase, the messages and their delivery were evalu-
ated when the messages were sent to individual mobile
telephone devices. The messages were dispatched using
software that was locally developed by software pro-
grammers based on input from the research team. This
software works in combination with the internet, a com-
puter, and a phone to send messages to multiple phone
numbers. A domain and short code were purchased from
Ethiotelcom Company, and the short code was named
“Ulfa Mijuu”. The software program has an interface to
enter the participant’s name, gestational week, mobile
phone number, message type (loss or gain frame), mes-
sage category, language option, report generation and
feedback options. Before carrying out the pilot study, the
software underwent unit testing in eight key dimensions:
message functionality, contact management, security,
user interface, connectivity, performance, integration,
and compatibility. The testing confirmed the software’s
reliability, effectiveness, versatility, and dependable mes-
saging capabilities under various network conditions.
However, multiple mobile management, language, report
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generation, and feedback options were incorporated fol-
lowing the testing.

Thirty pregnant mothers who voluntarily provided
their mobile phone numbers to take part and give feed-
back in the pilot test were selected. Fifteen participants
were randomly assigned to the gain frame messages, and
the other 15 were assigned to the loss frame messages.
Twenty messages were sent sequentially in the morning
every day during the weekday for a month. The research
team had been calling the participants every other day
to ask them what they were experiencing with receiv-
ing messages, give feedback on the message content, and
encourage them to engage and minimize dropout dur-
ing the pilot testing. At the end of the pilot test, all of
the participants were interviewed using a questionnaire
that addressed the timing, preferred language and tim-
ing of receiving messages; clarity, and understandability;
and length of the message. Participants were also asked
to rate the usability of the planned mobile phone-based
messaging intervention using the adapted System Usabil-
ity Scale (SUS). The SUS tool consists of 10 statements
that are scored on a 5-point Likert scale (1 =strongly
disagree and 5= strongly agree) [44]. SPSS 25 was used
for entering, and descriptive analyses, such as frequency,
mean, standard deviation, and percent analysis, were per-
formed. The participants’ scores for each statement of
the SUS were added together and then multiplied by 2 to
convert the original scores from 5-50 to 10—100. Scores
for the SUS range from 10 to 100.

Results

Phase I: message drafting

HG and GB wrote the initial 120 messages to provide
one-way information about maternal and newborn care
during pregnancy to the postnatal period based on the
topic area that pregnant women should be counseled
according to the Ethiopian Ministry of Health guidelines
for antenatal care [41] and World Health Organization
(WHO) antenatal and postnatal care guidelines [42].
The messages were developed under 10 thematic areas,
namely, nutrition, lifestyle modification, danger signs,
birth preparedness and complication readiness, breast-
feeding practice, labor, newborn care, immunization, and
antenatal and postnatal care utilization. Following the
initial development, the research team reviewed the mes-
sages, discussed the negative effect of dispatching 120
messages during the pregnancy period and reduced the
number of messages to 88 (44 for each message type) by
removing a minimum of one message from each thematic
area and merging the content of some messages. Example
draft messages under each thematic area are presented in
Table 1.
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Phase II: end-user content testing

Based on the predetermined criteria for card sorting
activity, 39/44 (88.6%) of the cards of gain-framed mes-
sages had >50% placement in the corresponding cat-
egory. Of these cards, except for card number 44 (content
is about nutrition during postnatal care), which was
placed in the breastfeeding category, all of them were
placed in the originally set corresponding thematic area.
Card numbers 6, 11, 15, 21, and 32 were not categorized
by the majority of participants and were placed in many
categories. Hence, those 39 messages with >50% card-
level agreement with the original category were consid-
ered in the next phase (Table 2).

In addition, 39/44 (88.6%) of the cards in the loss-
framed messages had >50% placement in the original
corresponding category. Except for cards numbers 7 and
9, which were placed under nutrition while supposed to
be placed under the lifestyle modification category, all
of these cards were placed in the original corresponding
category. Similarly, in the gain-framed message type, card
numbers 6, 11, 15, 21, and 32 of the loss-framed mes-
sages were not categorized in any preset categories by
the majority of participants. Hence, those 39 loss-framed
messages with a card-level agreement >50% in the cor-
responding category were considered to be in the next
phase for expert review (Table 3).

Phase lll: expert evaluation

According to our expert review, 39 (100%) gain-framed
messages received an average sum score >33.3. None of
the participants suggested discarding these messages,
and only one message about personal hygiene was sug-
gested to be modified; 38/39 messages were suggested
to be used with the original content by all of the partici-
pants. Regarding the loss-framed message type, 37/39
(94.8%) of the messages received an average sum score
>33.3. Messages about coffee consumption and extra
meals during pregnancy had average summed scores of
27.4 and 29.4, respectively. From all loss-framed mes-
sages, it was suggested that three messages be discarded
by only one participant, while 11 of them were suggested
for modification. All of the loss-framed messages were
suggested to be used with original content by at least 50%
of the participants, while 26/39 (66.6%) of the messages
were suggested to be used with the original concept by
four of the participants. Comparing the evaluations of the
experts among the message types, gain-framed messages
have a higher average sum than loss-framed messages
with equivalent meanings. One-third of the loss-framed
messages were suggested to be modified, three were sug-
gested for discarding, one was suggested for modifica-
tion, and no message was suggested for discarding from
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the gain-framed message type. An additional file shows
the findings of expert reviews in more detail [see Addi-
tional file 1].

For messages that were suggested for modification,
the experts were asked to recommend what should be
changed and how it should be improved. The main rec-
ommendations they provided for improving these mes-
sages were to shorten the length of the messages (for
which the translated version of the message is a little bit
longer than the English version) and rewrite the mes-
sages using the dialects of the local community to make
them more accepted. Considering the economic situa-
tion of the community while providing information about
nutrition was also suggested. For instance, it was sug-
gested that personal hygiene messages from both mes-
sage types be modified by adding a phrase about what
to use for hand washing when there is no soap in the
household. One of the experts also suggested not using
loss frame messages because they indicate bad outcomes
that may annoy the mothers. Some terms that can be dif-
ficult for mothers to understand were also suggested to
be replaced by other words with the same meaning. For
instance, the Afan Oromoo version of the word “compli-
cation” was suggested to be replaced with another word
because a mother cannot understand its meaning, and it
was modified based on the given suggestion. All (13 loss-
framed and 1 gain-framed) messages that were suggested
for modification were modified and refined based on the
experts’ recommendations. Based on the preset criteria,
all 78 messages (39 from each message type) were refined
and considered for the next phase of development, which
was pilot testing. Although they had a lower average sum
score, messages about coffee consumption and extra
meals during pregnancy from the loss frame type were
also considered for the next phase after modification
based on the participants’ suggestions.

Phase IV: pilot testing

The findings of the pilot test are presented in Table 4. The
mean age of the participants was 25.4 years, and their
average gestational age was 24.3 weeks. All of the par-
ticipants had never previously taken part in any mobile
phone-based messaging intervention. A majority (80%)
of the participants mentioned that the time they had
been receiving the message was early, and 66.7% of the
participants preferred the afternoon to receive text mes-
sages about health. For 46.7% of the participants, 2 mes-
sages per week was the preferred frequency of receiving
the messages, and the Afan Oromoo was the preferred
language for 29 (96.7%) of them. On average, 17 out of
the 20 messages were read by the participants. A major-
ity (60%) of the participants stated that the message they
received was of the right length. Fourteen (46.7%) of the
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participants said the message they received was very
clear, while only one of them said it was unclear. A large
number (86.7%) of the participants stated that the con-
tent and meaning of the messages were easy to under-
stand. The mean SUS score was 72.26, with a SD of 7.2
and a range of 58—88; this mean score was above 68 for
27/30 (90%) of the participants. In the pilot test, all 20
text messages were automatically dispatched from the
application software to the participants.

Discussion

Message development, testing and refinement process
in this study involved card sorting, interviews, expert
review, pilot testing, and system usability testing. Previ-
ous studies that presented text message development
for health intervention have also used methods such as
applying behavior change theory [24, 45], card sorting
with end users [32, 33], expert evaluation, focus group
discussion [24, 36, 37] and pilot study with the end user
[30, 38, 39]. However, the current development process
integrates different methods. Using the system usability
scale during the pilot phase also helped to identify the
acceptability of the message content and the messaging
software program. Integrating various methods in the
message development process is achievable and leads
to important feedback that improves the usability of
messages.

In phase 1, the research team discussed and reduced
the draft 120 messages to 88 (44 for each message type),
considering the negative effect of sending too many mes-
sages that may lead to burdensome, boring, and tiresome
[39]. Based on the card sorting activity in phase 2, 78/88
(88.6%) were considered the next phase. Except one card
from nutrition category but placed in the breastfeeding
category, all of gain-framed messages were placed in the
preset thematic category. The difference observed with
this specific message might be due to the presence of the
phrase “breastfeeding” in the content of this message,
which elaborates on the importance of extra meals dur-
ing breastfeeding. Two cards with loss-framed messages
were misplaced under nutrition category while they were
supposed to be under the lifestyle modification category.
The content of the message on these cards includes infor-
mation about food preparation and eating raw meat, and
we beilive this misled the participants to place it under
nutrition category. Ten messages were removed because
they had low average placement scores and were not
placed in any preset category. Although the analysis took
a long time, the card-sorting activity technique was quick
and produced clear and consistent findings. Thus, card
sorting is an important technique when engaging end
users and providing feedback for the text message devel-
opment process are needed.
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Table 4 Descriptive results for pilot testing of messages developed for improving maternal and newborn care practices in the Jimma

Zone, Ethiopia (n=30)

Variables Frequency Percent
Age 25.4,SD 3.2
Gestational age in weeks 24.3,SD 4.2
Previous experience of receiving health message through SMS
Yes 0 0
No 30 100
Number of “Ulfa mijuu” messages read 17.03,SD 15
Message length
Long 12 40
Just right 28 60
Short 0 0
The timing of received messages appropriate
Early 25 83.3
Ontime 2 6.7
Late 3 10
How clear is the messages
Somewhat unclear 1 33
Neutral 7 233
Somewhat clear 8 26.7
Very clear 14 46.7
How well understood the content and meaning of the messages
Difficult to understand 1 33
Neutral 3 10
Easy to understand 26 86.7
Preferred time of day to receive the text messages
Morning 6 20
Afternoon 20 66.7
Evening 4 13.3
Preferred frequency of the text messages
Daily 4 133
Every other day 9 30
Two per week 14 46.7
Once per week 3 10
Preferred language for receiving text messages
Afan Oromoo 29 96.7
Ambharic 1 33
SUS score 72.26,5D43

All the experts who participated in the message evalua-
tion in phase 3 provided positive feedback on both types
of messages. All the messages used at this phase were
considered for next phase after refining the message that
experts suggested for modification.. Although previous
studies used expert review, some used only 3 questions to
address clarity, usefulness, and relevance [34, 35], while
others evaluated the quality of the message using only 1
question [30]. Using 10 items that are recommended for
evaluating health messages [46] for expert evaluation has

helped to obtain persuasive text messages in the current
message development process. We have learned engaging
experts who know the local context is crucial to identi-
fying potential issues with message content. Considering
experts suggestions and inputs are also important for
quick refinement of the messages.

Based on findings from pilot testing in phase 4, the
developed message is acceptable to pregnant moth-
ers. The findings from the SUS score indicated a mean
score of 72.26, which was above the minimal acceptable
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score. This finding is also comparable with a previ-
ous study that revealed a mean SUS score of 71.06 for
health information [47]. Taking time in the pilot testing
of the development process helps individuals under-
stand and modify messages and messaging system
based on end-user preferences (such as timing, fre-
quency, and language) for better adherence. Incorpo-
rating SUS measurements in the pilot testing phase of
the message development process is important because
it is quick and helps to identify the usability of the mes-
saging system and the acceptability of the developed
text messages.

As a limitation, the current study included a small
sample for card sorting activity. Although the total sam-
ple was sufficient for the activity, it was too small when
it was shared for each message type. Pilot-testing par-
ticipants were asked how many messages they had read,
but they were not asked which message they read. Fur-
thermore, the effects of message framing on improving
maternal health utilization and newborn care practices
were not assessed in the pilot phase of this study.

Conclusion

A final bank of 78 (39 for each gain and loss-framed)
messages was obtained through refinement based on
participants’feedback at each phase of the development
process. The messages were developed using national
and international guidelines, theory, expert reviews,
card sorting activities, interviews, the SUS and pilot
testing. Although future studies are needed to test the
effectiveness of loss- and gain-framed text messages,
the message development process of the current study
confirms that the messages are acceptable, evidence,
and useful. The next step is to examine the effects of
framed messages on improving maternal health service
utilization and newborn care practice in a cluster ran-
domized control trial using the final message content,
information on end-user preference, and the developed
software in the current study.
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