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Background: Pregnant women at work often encounter barriers to participating in prenatal education or conducting appropriate self-
care practices due to their working conditions.
Purpose: We aimed at developing a mobile-based intervention application (SPWW) for Korean pregnant women at work and testing
its usability and preliminary effects to enhance their self-care practices.
Patients and Methods: The application was developed and tested with thirty-one pregnant women at work and thirteen women’s
healthcare providers. The instruments used in this study were a modified Health Practices in Pregnancy Questionnaire II and a System
Usability Scale. Descriptive analyses and t-tests were performed using SPSS 25.0. The participants’ open-ended answers were
analyzed using ATLAS. ti 8.
Results: We developed the application focusing on four self-care topics: healthy diet, physical activity, sufficient rest, and stress
management. After using the application for two weeks, participants’ levels of exercise (p = 0.006), adequate fluid intake (p = 0.002),
and limiting daily caffeine intake (p = 0.048) significantly improved. In addition to good usability scores, the suggestions for
improvement made by the participants included diversifying the educational materials and adding individually customizable functions
to the application.
Conclusion: The application developed in this study enhanced self-care practices of pregnant women at work and showed adequate
levels of usability. We expect the developmental process and details of the application provided in this study to serve as a sample guide
for future studies.
Keywords: pregnancy, prenatal care, telemedicine, internet-based intervention, Asian

Introduction
Pregnancy and delivery is one of the most important experiences in women’s lives, as well as an opportunity for
screening their health and reinforcing healthy behaviors.1 As pregnant women go through various physical, psycholo-
gical, and social changes, their need for information and seeking behavior often increase.2 While learning about healthy
pregnancy, pregnant women learn that their health practices directly affect fetal health and pregnancy results.3

Prenatal care and education are essential parts of care for maintaining maternal and fetal health during pregnancy.4

This provides an opportunity to monitor their health and deliver essential education to pregnant women and their
families.4 Pregnant women who acquire adequate knowledge and coping methods have been shown to improve health
practices, become confident in maternal roles, and enhance their maternal-child attachment.5 Moreover, prenatal educa-
tion lowers the physical, mental, and social risks during pregnancy, helps to build healthy relationships with family and
community, and reduces perinatal mortality and morbidity.6
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Prenatal education in South Korea is often provided by medical centers and private agencies (eg, pharmaceutical or
baby product companies).7 Many of the women, especially pregnant women at work (PWW), cannot attend to these on-
site sessions due to place and time restrictions.8,9 They often rely on pregnancy-related books, acquaintances, and the
internet.10 Some of this wealth of information is helpful; however, some sources offer incorrect or low-evidence
information leading to concerns about what is transmitted. Considering that the working pregnant women accounted
for 44.0% of total pregnant women in 2020,11 many women in South Korea may have limited access to on-site prenatal
education. Several studies on Korean pregnant women have described increased adverse pregnancy outcomes in working
pregnant women and have suggested that additional support is needed for these women.12,13

To address limitations of traditional prenatal education, more acceptable educational media are emerging.11 With an
increase in smartphone supply, health education utilizing smartphones is increasing in the medical field.14,15 Smartphone-
based education has advantages, including no temporal and spatial constraints, easy access, and convenience.16 In South
Korea, the rate of smartphone usage was 94% in 2018.17 The smartphone ownership was the highest among younger
adults (ie between the age of 18 and 36) compared to other age groups.17 Considering the average first-child birth age is
31.4 years in South Korea,18 the use of smartphones for prenatal education is feasible. Previous studies have used a web-
based pregnancy management program that showed an increase in pregnant healthcare knowledge, self-efficacy, healthy
behaviors, and better program satisfaction in the intervention group.10,19

The PWW have been reported to have many difficulties in receiving prenatal care and education. Their unmet
educational and information needs often lead to anxiety and poor pregnancy management. To address these needs, this
study aimed to 1) develop an smartphone application to deliver prenatal education and support self-care behavior for
South Korean PWW and 2) examine preliminary effects and usability of the program.

Materials and Methods
This study included two phases. In phase one, the Self-care for Pregnant Women at Work (SPWW) mobile application
was designed and developed by the research team. In phase two, usability testing of SPWW was performed by 31 PWW
and 13 healthcare providers who were familiar with pregnant women’s health. The study data was collected between
March and October 2019. This study complies with the Declaration of Helsinki and was performed according to the
Chung-Ang University Institutional Review Board’s approval (1041078–201905-HRSB-153-01).

Phase 1. Development of SPWW
The Orem’s Self-care Deficit Nursing Theory guided the development of SPWW.20 According to the theory, human have
an eager to care for oneself.21 Self-care deficit occurs when one’s self-care capacity and ability does not meet the self-
care demands.21,22 This is when nursing becomes necessary.21,22 We understood from the previous studies that the PWW
are experiencing self-care deficit due to various barriers from work that limit women from performing self-care.8,9 The
SPWW was designed to support nursing system that addresses the deficit.

The development process and brief technical flow of the SPWWare described in Figure 1. The SPWW was developed
in Google Play Console23 with Amazon Web Services backend support for storage.24 The Firebase Could Messaging was
used to send messages to the users.25 The contents and constructs of the SPWW were designed based on a previously-
conducted systematic review of technology-supported intervention for pregnant women.26 The health topics on which the
SPWW focused on were selected based on priority health practices described in a systematic review of the technology-
supported intervention for pregnant women.26 The components and functions of the SPWW were selected based on the
previous study, which explored key elements of mHealth interventions.27 The most frequently used behavioral change
techniques were setting behavioral goals, providing information, and promoting self-monitoring.27 The SPWW included
all of these components.

The research team members consisted of a primary investigator (nursing school professor) and three registered nurses
(one nurse with a Master of Science in Nursing, two with a Bachelor of Science in Nursing degrees). The technology
team members constituted two software experts with various experience in developing mobile applications and one
software designer. To develop an acceptable intervention program, the research team and technology team held multiple
meetings to finalize the prototype between March and July 2019. Several strategies for promoting adherence to the
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program were discussed and embedded in the program. The application was built for the Android platform as it allows
easy launch to application stores and easy updates.

Phase 2. Preliminary Effects and Usability Testing of SPWW
Participants and Settings
The usability of SPWW was tested between August and October 2019 from PWW and healthcare providers. Researchers
typically recommend a sample size of a pilot study to be between 10 and 40 participants or 10% of the final study size of
the pilot study.28 The sample size of the final study was calculated to be 74; however, to address possible drop-outs and
calculate reliability of the study instruments, we decided to have at least 30 PWW and 10 healthcare providers for
usability tests. To minimize the sampling bias only inclusion criteria of the PWW were being less than 36-week of
pregnancy (considering the study period) and women who can read and type through smartphone. The healthcare
providers with more than 5 years of working with this population were included in the study.

Data Collection
The PWW were recruited using a convenient sampling method. The study was advertised on three major online
communities where pregnant women often exchange information and had separate posting sections for pregnant
women and mothers who work. The study was delineated as a web post with a link to download the application through
Google Play. After installation, the women were asked to sign informed consent, generate a nickname, answer a list of
questions, and then submit. The project investigator reviewed the answers and approved their participation in the study.
Upon approval, the push message was sent to the participants and asked to review step-by-step instruction for using
application and answer a pre-intervention questionnaire. After completing the questionnaire, they were able to use the
application freely for two weeks. On the 14th day, the participants received a push message that guides to answer a post-
intervention questionnaire.

Figure 1 Development process and basic technical flow of Self-care for Pregnant Women at Work Mobile Application.
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Contrarily, the healthcare providers were recruited using the snowball sampling method. It is an effective way to
gather rich data based on reliable interpersonal relationships among healthcare providers.29 The project investigator
explained the study to two healthcare providers who worked in the obstetrics and gynecology unit and were invited to
pass on this study information to their colleagues. After signing the informed consent, the healthcare providers were able
to navigate the application freely for two weeks. On the 14th day, the link to the post-intervention questionnaire designed
through SurveyMonkey for the healthcare providers was sent through a multimedia messaging service. The participants
from both groups received $10 mobile gift card as compensation.

Instruments
The PWW received total of 22 items on sociodemographic, pregnancy-related, and work pattern-related questions. The
healthcare providers received three questions regarding their age, occupation, and years of working. The PWW received
questions on health practices for healthy pregnancy and system usability. The healthcare providers only received
questions on system usability. The application usage information was collected among PWW, including the amount of
time spent on each application component, how they set their application alarm preferences, and performance on health
logs. The primary outcomes of the study were health practices of pregnant women and application usability.

The participants’ health practices related to pregnancy were assessed using the Health Practices in Pregnancy
Questionnaire-II (HPQ-II),3 a 34-item questionnaire. A higher summed score indicated a person performing more
health-promoting practices in pregnancy.3 Cronbach’s alpha of the scale was 0.813 and 0.90.30 Since a Korean-language
version of the scale was unavailable, the research team translated the scale into Korean using forward-and-back
translation.31 During the translation process, four items from the scale were removed as they were relatively irrelevant
to South Korean culture (eg, use of marijuana). A modified 30-item Korean version of the HPQ-II showed a Cronbach’s
alpha of 0.86 in this study.

The usability of the SPWW mobile application was evaluated using the System Usability Scale (SUS),32 a 10-item
scale. According to the scoring rubric, 1 was subtracted from odd-numbered items and scores of even-numbered items
were subtracted from 5. The summed score was multiplied by 2.5. This final score ranged between 0 and 100. A score
over 68 is considered to be a system with “good” usability.33 The Cronbach’s alpha was 0.81 in our study. In addition to
the SUS, we added four open-ended questions to listen to the actual voices of the participants on suggestions to improve
the application.

Data Analysis
The SPSS 25.0 statistical software package was used to analyze the quantitative data of each group. To maintain the
validity of the study, participants who missed over 10% of the total questions were excluded from the study.34 The
missing data from the remaining participants’ was assessed for missing at randomness and all analyses were conducted
without data imputation.35 The sociodemographic data were analyzed using descriptive analysis. The preliminary effects
of the SPWW on the study variables were analyzed through paired t-tests. The usability of the SPWW applications was
analyzed through calculation of the SUS score and performing a content analysis of the qualitative data retrieved from
four additional open-ended questions. The ATLAS.ti 8 software package was used for qualitative analysis.

Results
Phase 1. Development of SPWW
The four health practices addressed through SPWW were: (1) getting enough sleep and rest; (2) healthy eating; (3)
enhancing physical activity; and (4) stress management. Each topic was addressed through the four components of
SPWW (Figure 2): (1) Education Sessions; (2) the Health Log; (3) the Diary; and (4) the Discussion Board. The users
could freely navigate these four components by tapping on each icon fixed at the bottom of the application.

In the “Education Sessions,” eight educational reading materials were available from the eight different topics. The
reading materials targeted a below-fifth-grade reading level and developed by the research team members. The materials’
contents were proofread and revised by two other nursing professors in women’s health. The length of each reading
materials was 12 to 17 PowerPoint slides, with an estimated reading time of 15 minutes. The first four sessions were on
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the study’s targeted four health practices: sleep and rest, eating, physical activity, and stress management. Each session
explained why this health practice is important for pregnant women and provided several specific activities that could be
done in a work setting. The other four sessions were health information regarding the signs and symptoms of labor onset,

Figure 2 Four components of SPWW mobile application (English translated version).
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tips on hospital admission for delivery, the four stages of labor, and labor pain management. To keep the participants’
adherence to the program, the first four educational materials were available from the beginning of their participation in
the study, but the latter four materials were available from day 8 of participation.

The “Health Log” was designed to help participants set individualized goals to perform health practices on the study’s
four targeted topics. They were asked to type in what kinds of specific activities they would like to do for each of the four
topics and how often they would like to do them (eg, stretching for enhanced physical activity (topic 3) every 2 hours).
The goal setting page guided the participants to refer to “Education Sessions” to help them set goals. Once they set the
goal, they began receiving push alarms from the applications saying, “It is time to do health practices,” according to their
alarm regularity settings. The users were free to change activities and the regularity of the alarm at any time. Also, they
were able to provide their sleeping times (eg between 9 p.m. and 7 a.m.) and snooze the application’s push alarms. Upon
receiving push alarms from the application, the users were guided to choose “performed” or “not performed” on each of
their pre-set activities. Their performance was calculated in percentage and colors (blue for meeting over 70% of
performance, yellow for meeting over 30% of performance, red for meeting less than 30% of performance). This
visualization of daily performance was another strategy for the participants to enhance adherence and compliance to the
study program (ie, get more green days).

The “Diary” was designed to keep a daily message for the participants’ unborn baby. On top of the diary screen, the
day’s health practice performance information was shown. This guided the participants to reflect on their day and to plan
better for the subsequent day.

The “Discussion Board” was divided into two. The first board was designed for participants to anonymously post
their stories and write comments to each other. The second board was a one-to-one board where participants could ask
questions to research team and get answers.

Phase 2. Preliminary Effects and Usability Testing of SPWW
The PWW
Among 37 PWW recruited for the study, six participants who missed over 10% of the total questions at the initial survey
were excluded from the study. The sociodemographic information is summarized in Table 1. The participants’ mean
length of working was 53.32 months (almost 4.44 years). They worked 8.26 hours a day and worked 4.71 days per week;
thus, they worked 38.90 hours per week. Over half of the participants reported they did office jobs (67.7%), 12.9%
reported they were educators, and the others said they work for the government or do service jobs.

The average number of views on each of the eight educational sessions ranged between 1.90 and 2.16 times per
participant. The most viewed session topics were signs and symptoms of labor onset and tips on hospital admission for
delivery. The participants set their alarm to do self-care practices every 4.03 hours on average. The most successful area
of their self-care performance was taking prenatal vitamins, while the average performance of each participant was
34.13%.

The effects of the intervention on the PWW is summarized in Table 2. Statistically significant differences before and
after the intervention were: “Exercises more than three times a week,” “Drinks adequate fluid (including water),” and
“Drinks more than two caffeinated beverages a day.” The participants reported doing more exercise (t = −2.971,
p = 0.006), drinking more fluid (t = −3.407, p = 0.002), and drinking less caffeinated beverages (t = 2.065,
p = 0.048). The participants’ changes in overall health practices were not statistically significant; however, increased
from 3.65 at pre-test to 3.76 at post-test (t = −1.196, p = 0.241).

The results of the usability assessment of the SPWW mobile application are shown in Table 3. The highest score was
scored on the item: “I would imagine that most people would learn to use this system very quickly.” The lowest score
was scored on the item: “I needed to learn a lot of things before I could get going with this system.” The calculated score
of the scale was 67.82 ± 14.28.

Of the participants, 64.5% provided specific answers to open-ended questions on usability, and 54.8% commented on
the “Education Sessions” component. They reported using the application almost every day and thought the information
was easy to understand and helpful. Some asked for a printout option for “Education Sessions” so that they could post on
their desks. However, the participants suggested providing more diverse prenatal information with animation and sounds.
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I liked the brief in-office stretching guide and diet suggestions. Instead of the weekly educational contents, I would
like to have daily educational updates with more fun-to-read pregnancy information (PWW #15).

A majority of participants provided answers about the “Health Log” component (61.3%), with many indicating that
they liked this component the most. Some participants suggested having an easy alarm-off function to use during work
meetings.

Table 1 General Characteristics of Participants (Pregnant Women at Work; N=31)

Variables Mean ± SD or N (%)

Age (years) 32.94 ± 3.20

Gestational weeks 23.1 ± 7.8

Pregnancy type Natural pregnancy 27 (87.1)

Pregnancy after induction of hyperovulation 1 (3.2)

Artificial insemination 0 (0)

In vitro fertilization 3 (9.7)

Obstetric history Living baby 0 25 (80.6)

1 5 (16.1)

2 1 (3.2)

Preterm delivery 0 31 (100)

Spontaneous abortion 0 26 (83.9)

1 4 (12.9)

2 1 (3.2)

Artificial abortion 0 31 (100)

Menstrual health Menarche age 13.87 ± 1.50

Menstruation days 6.29 ± 4.95

Menstruation cycle 30.71 ± 14.95

Menstruation regularity (Regular) 23 (64.2)

Menstruation amount (Average) 26 (83.9)

Persons living together Husband 30 (96.8)

Husband and Birth parent 1 (3.2)

Religion (Yes) 12 (38.7)

Social economic status Good 0 (0)

Fair 28 (90.3)

Poor 3 (9.7)

Working condition Working experience (Months) 53.32 ± 35.74

Average working hours a day 8.26 ± 0.82

Average working days a week 4.71 ± 1.00
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Table 2 Preliminary Effects on Health Practices (Pregnant Women at Work; N=31)

Questions Pre-Test (Mean ±
SD)

Post-Test (Mean ±
SD)

t p

1 Practices healthy lifestyle 3.42 ± 0.96 3.55 ± 0.81 −1.000 0.325

2 Exercises (ex. Kegel exercise) ≥ 3times/week 2.35 ± 1.05 2.90 ± 1.14 −2.971 0.006

3 Increased daily physical activity 3.23 ± 0.92 3.39 ± 0.95 −1.095 0.282

4 Sleeps ≥8hrs/night 2.97 ± 1.22 2.94 ± 1.41 0.154 0.879

5 Engages in relaxing activities

(ex. listening music, deep breathing)

3.29 ± 1.07 3.39 ± 0.88 −0.594 0.557

6 Avoids excessively hot baths 3.52 ± 1.15 3.81 ± 1.08 −1.103 0.279

7 Appropriate weight gain 3.48 ± 0.89 3.68 ± 0.79 −1.293 0.206

8 Drinks adequate fluid(including water) 3.55 ± 0.89 4.23 ± 0.84 −3.407 0.002

9 Uses seat belts 3.84 ± 1.10 4.03 ± 1.02 −1.030 0.311

10 Practices risky sex 4.58 ± 0.76 4.48 ± 0.96 0.516 0.610

11 Douches 4.16 ± 0.97 4.13 ± 0.92 0.171 0.865

12 Drinks ≥2caffeinated beverages/day 4.39 ± 0.80 4.10 ± 1.04 2.065 0.048

13 Takes recommended vitamins 3.55 ± 1.09 3.71 ± 0.94 −0.740 0.465

14 Adequate calcium intake 3.55 ± 1.15 3.55 ± 1.03 0.000 1.000

15 ≥5 servings fruit/vegetables daily 2.84 ± 0.97 2.81 ± 1.05 0.158 0.876

16 Adequate fiber intake 3.13 ± 0.72 3.19 ± 0.75 −0.387 0.702

17 Reads food labels 2.94 ± 1.00 3.26 ± 0.96 −1.580 0.125

18 Uses non-recommended herbs 4.29 ± 1.22 4.32 ± 1.19 −0.158 0.876

19 Avoids exposure to dangerous substances 3.74 ± 1.41 3.81 ± 1.28 −0.201 0.842

20 Smokes cigarettes 4.71 ± 0.86 4.90 ± 0.40 −1.438 0.161

21 Alcohol use (frequency) 4.68 ± 0.94 4.87 ± 0.50 −1.438 0.161

22 Alcohol use (quantity) 4.71 ± 0.86 4.87 ± 0.50 −1.222 0.231

23 Risk of toxoplasmosis (ex. Living with infected cat) 4.71 ± 0.82 4.87 ± 0.56 −1.044 0.305

24 Reports concerns about pregnancy/birth 2.94 ± 0.85 2.87 ± 1.02 0.338 0.738

25 Asks questions about pregnancy/birth 3.48 ± 0.81 3.55 ± 0.96 −0.441 0.662

26 Misses prenatal visits 4.10 ± 0.98 4.03 ± 0.84 0.349 0.730

27 Receives regular dental care 2.81 ± 1.33 2.71 ± 1.01 0.533 0.598

28 Activities to learn about pregnancy/birth (ex. Attending childbirth

class)

2.97 ± 1.22 3.19 ± 1.14 −1.097 0.281

29 Discusses pregnancy/birth with others 3.81 ± 0.79 3.81 ± 0.79 0.000 1.000

30 Discusses medication/supplement use 3.90 ± 0.75 3.87 ± 0.76 0.205 0.839

Total 3.65 ± 0.48 3.76 ± 0.48 −1.196 0.241
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I am experiencing increased forgetfulness during pregnancy. The alarm function was very easy to set and helpful. I
hardly forgot about taking prenatals while using this app. However, an alarm-off function could be helpful when I am in
the meeting or need to focus on my work (PWW #4).

Of the participants, 51.6% commented on the “Diary” component, stating that it was easy to use and helpful in
reflecting on pregnancy self-care activities. Some suggested having individually customizable functions, such as diverse
text font and color options or ways to insert images and photos.

The diary in this app was different from other diary apps as my daily self-care performance was shown in the scene so
that I could reflect on my day more “health-wise.” I wished to decorate this diary page with stickers (PWW #21).

The lowest number of participants (38.7%) commented on the “Discussion Board” component. They answered that
the one-to-one board that allowed them to ask questions to the research members was helpful. However, they were
somewhat reluctant to use the anonymous discussion board.

There were not many postings on the anonymous discussion board. I felt that everyone using this app might be busy at
her work and do not have time to chat through the app. Also the sense of “being in a study” made me feel reluctant to
share my stories (PWW #26).

Women’s Healthcare Providers
The 13 healthcare providers with over five years of clinical experience and were familiar with pregnant women’s health
issues were recruited from the medical institutions. The mean age of the participants was 33.62 years old. Four
participants were physicians and the others were registered nurses. Their average work years were 8.84. The highest
and the lowest scored items from the usability assessment of the SPWW mobile application was the same as the PWW
group. However, the calculated score on the scale was 51.25 ± 7.85, which was lower than the scores from the PWW
group.

All 13 participants provided answers to open-ended questions on usability. The experts’ suggestions were similar to
the PWW groups’ (ie, having an alarm-off function, developing diverse educational contents, developing animated
education). New suggestions from the experts were developing quiz after education sessions, providing meditation music
for stress management, and having sections to keep the users’ physical traits including weights.

Table 3 Usability Assessment of the SPWW Mobile Application

Items PWW (N = 31) Experts (N = 13)

Mean ± SD Mean ± SD

1 I think that I would like to use this system frequently. 3.32 ± 0.87 3.75 ± 0.86

2 I found the system unnecessarily complex. 2.10 ± 0.94 2.00 ± 0.73

3 I thought the system was easy to use. 3.74 ± 1.03 4.06 ± 0.68

4 I think that I would need the support of a technical person to be able to use this system. 2.03 ± 0.95 2.38 ± 1.41

5 I found the various functions in this system were well integrated. 3.26 ± 0.96 3.69 ± 0.79

6 I thought there was too much inconsistency in this system. 2.00 ± 0.93 1.81 ± 0.75

7 I would imagine that most people would learn to use this system very quickly. 3.87 ± 1.06 4.38 ± 0.89

8 I found the system very cumbersome to use. 2.48 ± 0.96 2.44 ± 1.09

9 I felt very confident using the system. 3.45 ± 0.81 4.25 ± 0.68

10 I needed to learn a lot of things before I could get going with this system. 1.90 ± 0.91 1.75 ± 0.93

Calculated Score 67.82 ± 14.28 51.25 ± 7.85

Notes: PWW, Pregnant Women at Work; Experts, Women’s healthcare providers.
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Discussion
To our knowledge, this was the first study that has developed amobile application for PWWand tested its preliminary effects and
usability. Our application targeted four self-care practices, sleep and rest, eating, physical activities, and stress management.
Similarly, other studies that developed mobile applications for pregnant women targeted healthy eating and exercise advice.36,37

To support the mobile-based intervention, a study provided Fitbit to enhance the level of physical activity38 or dietary recipes to
support their dietary choices.39 The preliminary effects and testing of usability was performed with two groups: PWW and
women’s healthcare providers. Other studies pilot tested the application with research staff36 or with a targeted user population.38

The mean age of the PWW participants was 32.49 years old. Advanced age in pregnancy is related to a higher
susceptibility to health problems.40 Moreover, over 80% of the women were having their first child; thus, may have
relatively less knowledge and experience about pregnancy and child birth.41 Considering their mean working hours were
38.90 hours a week, we could infer that they may need to spare extra time and effort to complete their self-care practices
or search for health information related to their pregnancy.

The findings of preliminary effects showed improvement in enhancing exercise, drinking adequate fluid, and limiting
daily caffeine intake. The SPWW was developed to target four health practices: getting enough sleep and rest, healthy
eating, enhancing physical activities, and stress management. All the improvements noted in this study were stressed in
in-application education sessions and health logs. Therefore, we could infer that the application contributed to improving
PWW’s self-care practices. More emphasis is needed on other health practices. The benefits of exercise in pregnant
women have been stressed in multiple studies. The benefits for pregnant women include improvement in cardiovascular
function, musculoskeletal discomfort, and glucose tolerance.42 In addition to these physical benefits, regular exercise is
helpful in reducing depressive symptoms and improving overall health-related quality of life.43 During pregnancy, fluid
needs increase to maintain circulation to the fetus, to form amniotic fluid, and to support maternal blood volume.44

However, pregnant women often experience dehydration without knowing their need for fluid increases or have
awareness of their actual fluid intake.44 Drinking 8–10 glasses of water per day is recommended for healthy pregnant
women.44 Caffeine consumption during pregnancy is not recommended to exceed 200 mg per day.45 Excessive caffeine
intake is related to increased risks of spontaneous abortion and still birth.46

The usability of SPWW was tested using the SUS. Other studies have used different instruments and methods to test the
usability, including the Mobile Application Rating Scale (MARS)47 and the alpha test.48 Although, the expert group rated more
positively on the overall items than the PWWdid, both groups reported that the applicationwas acceptable and very easy to learn.
Difficult to use applications often become underused, misused, or deleted from users’ phones.49 Moreover, to minimize the
barriers to using mobile-based intervention, the development of detailed explanations and user-friendly applications is
important.50

Both the PWW and women’s healthcare providers made several suggestions to improve the SPWW. Research team
members addressed the improvements prior to the following randomized controlled study after the pilot study. The
improvements made to “Education Sessions” were diversified educational contents and the inclusion of colorful images,
as well as an alarm-off function for the “Health Log” component and font change functions for the “Diary” and
“Discussion Board.”

Limitations of the Study
The study poses several limitations. First, the study was limited to using online recruitment. Sampling bias often exists in web-
based studies.51 However, considering the participants were relatively young adults and the ubiquity of the internet and
smartphones in South Korea, we expect the sampling bias to be minimal. Moreover, authenticity of the participants can be
another limitation to web-based studies.52 Therefore, careful consideration is necessary when interpreting the study’s findings.
Second, the study holds a limitation of response shift bias.53 The PWW group’s pre-test and post-test responses were collected
two weeks apart. The participants’ post-test response could have changed due to the changes in their internal standards of
questionnaires or efforts to meet the target goals addressed in the study intervention. To minimize this risk, their pre-test
answers were hidden by the application before initiating the actual use of the mobile application.
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Conclusion
Pregnant women who work often find it difficult to participate in regular prenatal care or perform daily self-care related
to their pregnancy because of inflexible working conditions. This study developed a mobile-based intervention program
for South Korean PWW to enhance their self-care practices, which can contribute to a healthy pregnancy. The SPWW
was effective in enhancing exercise, drinking adequate fluid, and limiting daily caffeine intake. For the use of the
application, both PWW and expert groups reported good usability of the mobile application. The results from this study
suggest that SPWW can be an acceptable, engaging, manageable, and effective intervention for PWW. Still, there is a
need for future research to test the long-term effects of this application on larger sample sizes. Nevertheless, the
application developed in this study is promising, in that it can help PWW enhance their self-care practices and maintain
healthy lives during their pregnancy in a user-friendly way. Additionally, developmental process and the details of the
application are explained in this manuscript. We expect this manuscript to provide a guide for researchers who plan to
develop user-friendly mobile applications involving the target population and utilize it in the intervention study.
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