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ABSTRACT

Pregnancy care is an important task in public health. Birth
health and rate ensure the sustainability of a nation and
therefore, many countries put highly attention to pregnant
woman. Scheduled medical assessment is a common way to
monitor the pregnancy risk. This task, however, need the role
of doctor or midwife to carry out several physical assessments.
Pregnant women have to come to the health service facilities
in certain period of time. It is therefore, lead to unmonitored
duration between medical check up periods. Currently,
smartphone has a number of sensors embedded in most
low-cost device. The geo positioning sensors (GPS),
accelerometer, camera and video recorder has become
standard gadget facilities. In this research we propose a
simple method to monitor pregnancy risk by using an
application in a smartphone. We provide an integrated
mapping to plot the member of the pregnant women under
surveillance on the map with their risk status and their real
time position. The mobile application automatically records
walking activities and position. Pregnant woman can
voluntary submit their weight and consumed food to the
system. We implement this system in a pilot study to 30
pregnant women and a public health facility in central Java
Indonesia. According to our user experience survey to the
respondent, the application working but still need
improvement in many user interface aspects. According to the
recorded data during the implementation, we found that the
main function of the mobile application and mapping
successfully record the necessary monitoring data.

Key words : Mobile application, Geographic Information System,
Mobile Health, activity detection, accelerometer

1. INTRODUCTION
Currently, communication technology takes important role in
many business processes. The user based of smart phone in
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Indonesia for example nearly reach half of the population.
The quality keeps improving while the price inherently
cheaper. At the same time the coverage of the internet
becomes wider. Those fact pave a way to provide technology
for many tasks including health related activity. Mobile
health has been rapidly developed in the last decade.

There are some health conditions receive attention from
research and industry such as diabetes, mental health, elderly
as well as pregnancy. Internet of things and the advancement
of the mobile device technology has provided an opportunity
for a researcher as well as industry to develop many health
wearable sensors [1]. Some initiatives utilize mobile device to
monitor patient health such as for the elderly [2], diabetics
[3], [4], mental health patients [5], [6] as well as pregnancy.
Some application aims to educate the patients with
knowledge, asking user entry to monitor and in more advance
the application utilize some installed sensors such as camera,
voice recorder, accelerometer, and geo-positioning system
(GPS). For example, [7] utilizes accelerometer sensors to
measure user activity such as walking and running. An
application uses a camera to record a user’s diet [8]. In [9]
researcher propose an online skin diseases prescription.
Pregnancy management aims to ensure all pregnant women
receive enough care from the public health provider in certain
regional area. Health pregnant woman lead to lower risk not
only for the subjects but also for the next generation child. It is
an important aspect of nation sustainability in general. In
many countries, the threat of population declining has
become a major concern. The woman fertility index under 2.1
lead to shortage of productive ages citizen in the future
generation. Therefore, promoting pregnancy for young
woman and keep their health is an important task. Common
pregnancy risk monitoring and treatment carried out by
medical assessment in regular basis. This method needs
sufficient medical doctor and midwife available as well as
health facility. Secondly, there are a blank spot where the
midwife does not have any data or contact to the patient
between health assessment schedule. Although this condition
normally assumed has similar condition from the latest
medical assessment, abnormal condition might happen. This
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research aims to propose a real time pregnancy risk
monitoring to alleviate those limitation.

Mobile application plays important role in health sector.
There have been several applications in the market to tackle
real time health monitoring. In the google play for example,
there are a number of pregnancy and birth related
application. Pregnancy related mobile health attracts
researchers in interdisciplinary field to work on it such as [10]
and [11].

Sport, and leisure activity has been observed positively related
to pregnancy health. According to [12], aerobic exercise
between 30-40 minutes 3 to 7 times a week will reduce the
risk of pre-term birth delivery (PTD). Supporting sports
activity and leisure time known as reducing factor of the
preterm birth risk [13]. Moreover, moderate exercise activity
does not cause a risk of preterm birth as reported by [14].
Unfortunately, according to [15] most pregnant women do not
achieve the suggested level of physical activity during
gestation and leads to risk pregnancy risk. Walking, in
particular, has proven correlated with reducing pregnancy
risk as reported in [16]-[18]. According to [18], walking
during pregnancy reduces the risk of pre-term delivery (PTD).
A comparison between stretching and walking for pregnant
women has been reported by [16] in measuring the possibility
of risk of pre-eclampsia on sedentary pregnant women. Both
activities have the same effect on the weight gain but
stretching more effective mitigating the risk of pre-eclampsia.
Less walking woman during pregnancy tend to have a
symptom of depression and a higher risk of preterm birth
[17]. According to the previous reported finding, this research
propose an automatic walking activity monitoring tools with a
mobile application.

Geographic information system, now days play an important
role in presenting data on the top of a map. For instance [19]
develop a framework of geodatabases to improve a spatial
data with richer information. In the healthcare management,
researchers use GIS to improve the quality of public health
such as in [20], [21]. The distribution of healthcare
professional is defined by considering spatial and nonspatial
factor in an integrated geographic information systems [21].
While in [20] researcher use GIS to asses the need of primary
heath care in certain area. In this paper we present the
pregnancy data on the top of GIS in order to help the
healthcare management monitor the patients.

Application development need an evaluation in order to
ensure the application meet the user need. There are some
methods available such as unified technology acceptance and
use of technology (UTAUT) and user experience
questionnaire (UEQ). Security assessment for mobile
payments apps in Indonesia has been reported in [22]. They
adopt unified technology acceptance and use of technology
(UTAUT) proposed by [23]. User experience questionnaire
(UEQ) on the other hand has been developed originally in
German language in 2005 [24], [25]. UEQ aims to reveal
user experience during the use of a particular application.
UEQ has been implemented to asses many application such as
[26]-[28]. [28] evaluate an android application using UEQ
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and SUS. In [27] an evaluation of UEQ reported for web based
online exam application. In this paper we adopt UEQ to
evaluate the web and mobile application towards user
experience in order to understand the weakness of the
application and improvement needed for the current version.
The contribution of this paper as follows :

Proposing an integrated application for walking activity
monitoring and mapping through thematic geographic
information system (GIS).

Provide user evaluation of the mobile application and web
based GIS.

The remaining of this paper is structured as follow, section 2
discuss the design of the application and evaluation methods.
Section 3 present the result which are the application, the
evaluation result and collected data from the application.
Section 4 present the discussion regarding to the result and
conclusion presented in section 5.

2. METHODS

This research is divided into some main tasks. First task is
defining the software user requirements, followed by an
implementation. Once the application ready, a black box
testing is carried out. Mobile apps installation is carried out
on user smartphone, 30 respondents involved in the pilot
project. The web-based application installed in a local health
facility (PUSKESMAS).  After six months using the
application, user ask to answer a user experience
questionnaire to assess the mobile application and web
application. We analyze the questionnaire to understand the
weakness and strength of the application. Figure 2 explain
the entire research framework.

Front end
ronten Back End
Mobile
Applicatio - — Web Server
n

User Interface
Web
Aapplication

Smart Birth
Database

Figure 1 : Application architecture
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Figure 2 : Research Design

The overall application architecture consists of mobile
application, web based GIS application and back end. Figure
2 presents the high level presentation of the architecture.
The mobile application responsible for monitoring the
pregnant woman walking activity and location. The mobile
application also has an optional feature to records the food
intake and the weight.

On the other side of the systems, Medical doctor, midwife and
public health facility staff interact with the system through a
web user interface. The system responsible for medical
assessment data entry. Displaying the position and the risk
category for each patient under surveillance is also the role of
web-based application. This user interface is installed in
health facility.

Thematic map responsible to plot the pregnant women under
surveillance on the geographic map. This map aims to help
the public health manager and medical doctor to locate and
identify the patient, their location and last risk known risk
status. The icon in the map can interactively provide an
interface for the medical staff to locate and browse the detail
of the patient such as their weight, statistic of walking activity
and medical assessment data.

Walking

-
_\_ Monitoring A

Weight
Monitoring

GISPloting ).

Medical e
Data Entry

Pregnant
Women

s -;’
s %
Diet 3 /)
Monitoring >l

Health
Practitioner

Figure 3 : Use Case
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Please assess the product now by ticking one circle per line.

1.2 3 4 5 86 7
annoying © O O O O O O enjoyable 1
notunderstandable © O O O O O O understandable 2
creaive O O O O O O O dul 3
Figure 4 : a piece of UEQ Questionnaire [25]

The software requirements presented in the use case. There
are two group of users in this application which are the
pregnant women, medical staff. Medical staff consists of
medical doctor, midwife and administrative staff. Figure 3
shows the complete use case of the integrated application.
The implementation of mobile application in the pilot project,
we select 30 pregnant women in the Temanggung Central
Java. We install the application in order to test the
functionalities of the application and also user satisfaction of
the user interfaces.

We adopt a user experience questionnaire to asses user
satisfaction in using the application. After six months of
using the mobile application, respondent answer use
experience questionnaire. To assess the web-based user
interface we ask the medical staff to answer UEQ.

UEQ measure six variables which are Attractiveness,
Perspicuity, Efficiency, Dependability, Stimulation, and
Novelty. Each variable indicated by negative and positive
words. For instance, the Attractiveness indicated by
Annoying for negatives and Enjoyable for positive score.
Between negative and positive words, respondents ask to
choose their answer in 7 level scored -3 to 3. An example of a
item in the questionnaire demonstrated below.

The structure of UEQ is divided into three groups of
indicators which are attractiveness, pragmatic quality and
hedonic quality. Pragmatics quality consists of Perspicuity,
Efficiency, and Dependability. Hedonics Quality consists of
Stimulation and Originality.

3. RESULT

Mobile application is designed as far as possible can be used
without any training. It start from user registration where user
need to entry their data personal data and more importantly
locate their home location with the help of geo positioning
system (GPS). Inside the application, three main menus
provided which are statistic of user walking activity, weight
entry and food intake entry. The mobile application
automatically record the user walking activity using the
accelerometer. Figure 5 shows the user interface of the maobile
application.
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FORM PENDAFTARAN
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username

1926 8 D4
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2585 Langkah 18 Dec 2019 68

17 Dec 2019 TIDAK BENAR

3501 Langkah

1928 & 4

Monitoring Makanan

Rice box with cracker and tulu\ (o]

(e)

(f)

Figure 5 : Mobile Application Interface

The mobile application interface in figure 5. The login and
user registration presented in 5.a and b. The mobile apps
enable the user to monitor their daily activity and provide the
graphics, it is shown in 5c. The application is also capable to
capture the weight from digital scale, it shown in 5d. The diet
monitoring interface shown in 5e and 5f.

The main feature in web based interface consists thematic
geographic information system and entry of medical
check-up. Figure 6 shows the GIS where the pregnant women
under surveillance plot on the map with their status. The color
of the icon identifies their risk status.
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Figure 6 : Pregnancy monitoring in Geographic Information
system

The UEQ for mobile application indicate the user use the
application but some part of the mobile user interface needs
an improvements. Figure 7 shows the overall result of the
UEQ assessment to the mobile application.

@ Vean
M Excellent
W Good

Above Average
W Below Average
W Bad
B Lower Border

Figure 7 : : UEQ Result for “Smartbirth” Mobile Application

According to figure 7 the novelty scored the lowest. It is below
average compare to the benchmark. The efficiency achieved
second lowest of above average.
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The mobile apps and web based user interface collect the data
during their operation. The main function of the mobile
application is collecting the daily walking activity
automatically. Table 1 shows the piece of data collected by the
mobile apps. Table 2 shows the data collected by web based
user interface.

Table 1 : Health Center Check-ups Data

Preg . .
TQ’Ub nancy Sys | Dias | Li | Tf Djj | Status
ject tole | tole | la | u
Age
A | 182 110 80 |28 24| 130 ”Orlma
B | 84 |100] 70 |21 2 | 120 ”Orlma
C | 224 |110| 80 | 30|29 123 ”Orlma

Table 2 : Mobile Application Monitoring Data

Date $ub Pregnanc | Mobility | Record
ject y Age Steps Length
01-Nov-18 | A 182 1001 92
04-Jan-18 B 84 992 159
29-Nov-18 | C 224 1056 57

The result of UEQ for the web-based user interface presented
in figure 8.

1
3
& & & & & &
. (.é\ '\é 2 &‘b @0
W)
-@é QQ‘\ ‘3\ Qe’& ‘-:9@
¥ <*

Figure 8 : UEQ Result for Web_based User Interface
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As can be seen, user suggest that web user interface need
massive improvement in most of the dimension,
attractiveness scored the lowest among all parameters.

4. DISCUSION

The mobile application and web application has been tested.
The main functionality of web application to monitor the user
walking activity successfully collect the daily data. The
accelerometer as movement sensors has been successfully
exploited in the mobile application to record the user
movements. It is therefore, require the user to bring their
smartphone in the walking activity. It is mean that when the
respondent walking without their smartphone, the activity
would not be recorded. Table 1 proof the scenario of recording
the activity work. In fact, we collect more than 2900 records
during our pilot project from 30 respondents.

The web-based user interface responsible to capture the
medical assessment data. Table 2 proof the result of this
function. During the pilot project, we collected 150 medical
assessment record from 30 patients.

The user evaluation to the application indicated that we still
have to put attention to some user interface aspects. In mobile
application assessment no dimension achieved good category.
The highest score is achieved in perspicuity at 1.40 and
consider as above average. The worst score recorded on
novelty at 0.675. According to the result a major
improvement still need to be done in all dimension of the
application. The second lowest is the efficiency at 1.100, the
score is just slightly above the lowest border of above average.
Therefore, efficiency is also need attention to be improved.
The assessment of the web user interface shows the same
results. Most of dimension are bellow average, and only two
parameters yields a good compare to the benchmark. The web
user interface needs a big improvement to achieve better user
experiences.

5. CONCLUSION

In this paper we demonstrate our pilot project of an integrated
application for pregnancy monitoring application. According
to the collected data by the application, the main functionality
of the application is working properly. However, the quality of
user interface still needs major improvement. Both mobile
based application and web-based application still need
improvement in attractiveness quality. This research however
still in an early stage, therefore, massive improvement of the
application needs to be done to ensure it meet user
expectation. An automatic prediction of the pregnancy risk
can be done with machine learning algorithm. The algorithm
can learn with medical check-up data and the monitoring
data.

ACKNOWLEDGEMENT
This research is possible under the research technology and

higher  education ministry  grant, number
B/1435.19/L5/RA.00/2019. We express our gratitude to the



Arief Setyanto et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(6), November - December 2019, 3362 — 3368

Research Department, Universitas AMIKOM Y ogyakarta for
the support. We also express our gratitude to the Puskesmas
Kedu, midwifes, medical doctor and staff for their support

REFERENCES

1.

10.

11.

12.

S. Durga, R. Nag, and E. Daniel, “Survey on Machine
Learning and Deep Learning Algorithms used in
Internet of Things (loT) Healthcare,” 2019, pp.
1018-1022.
https://doi.org/10.1109/ICCMC.2019.8819806

A. Lorenz and R. Oppermann, “Maobile health
monitoring for the elderly: Designing for diversity,”
Pervasive Mob. Comput., vol. 5, no. 5, pp. 478-495,
Oct. 20009.

P. P. Brzan, E. Rotman, M. Pajnkihar, and P.
Klanjsek, “Mobile Applications for Control and Self
Management of Diabetes: A Systematic Review.”

X. Wang et al., “Mobile health in the management of
type 1 diabetes: A systematic review and
meta-analysis,” BMC Endocr. Disord., vol. 19, no. 1,
2019.

T.J.and P. A.C., “Current research and trends in the
use of smartphone applications for mood disorders,”
Internet Interv., vol. 2, no. 2, pp. 169-173, 2015.
https://doi.org/10.1016/j.invent.2015.03.002

L. E.G. et al., “Uptake and usage of IntelliCare: A
publicly available suite of mental health and
well-being apps,” Internet Interv., vol. 4, pp.
152-158, 2016.

L. R. S. Phillips, G. Parfitt, and A. V. Rowlands,
“Calibration of the GENEA accelerometer for
assessment of physical activity intensity in children,”
J. Sci. Med. Sport, vol. 16, no. 2, pp. 124-128, Mar.
2013.

F. Zhu et al., “The use of mabile devices in aiding
dietary assessment and evaluation,” IEEE J. Sel. Top.
Signal Process., vol. 4, no. 4, pp. 756-766, Aug.
2010.

https://doi.org/10.1109/JSTSP.2010.2051471

S. M. Sonal Rajurkar , Urvashi Kodwani, Ankita
Singh, “Online Prescription for Skin Diseases,” Int.
J. Adv. Trends Comput. Sci. Eng., vol. 8, no. 3, pp.
959-962, 2019.
https://doi.org/10.30534/ijatcse/2019/11822019

M. W. L. Moreira, J. J. P. C. Rodrigues, G. A. B.
Marcondes, A. J. V. Neto, N. Kumar, and I. D. L. T.
Diez, “A Preterm Birth Risk Prediction System for
Mobile Health Applications Based on the Support

Vector Machine Algorithm,” IEEE Int. Conf.
Commun., vol. 2018-May, pp. 0-4, 2018.
S. Jiménez-Serrano, S. Tortajada, and J. M.

Garcia-Gomez, “A mobile health application to
predict postpartum depression based on machine
learning,” Telemed. e-Health, vol. 21, no. 7, pp.
567-574, Jul. 2015.

E. R. Magro-Malosso, G. Saccone, D. Di Mascio, M.
Di Tommaso, and V. Berghella, “Exercise During

3367

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Pregnancy and Risk of Preterm Birth in Overweight
and Obese Women,” Obstet. Gynecol. Surv., vol. 72,
no. 8, pp. 457-458, Aug. 2017.

H. K. Hegaard, M. Hedegaard, P. Damm, B. Ottesen,
K. Petersson, and T. B. Henriksen, “Leisure time
physical activity is associated with a reduced risk of
preterm delivery,” Am. J. Obstet. Gynecol., vol. 198,
no. 2, pp. 180.e1-180.e5, Feb. 2008.

R. Barakat, M. Pelaez, R. Montejo, I. Refoyo, and J.
Coteron, “Exercise throughout pregnancy does not
cause preterm delivery: A randomized, controlled
trial,” J. Phys. Act. Heal., vol. 11, no. 5, pp.
1012-1017, 2014.
https://doi.org/10.1123/jpah.2012-0344

K. M. BORODULIN, K. R. EVENSON, F. WEN, A.
H. HERRING, and A. M. BENSON, “Physical
Activity Patterns during Pregnancy,” Med. Sci. Sport.
Exerc., vol. 40, no. 11, pp. 1901-1908, Nov. 2008.
S. A. Yeo, “Adherence to walking or stretching, and
risk of preeclampsia in sedentary pregnant women,”
Res. Nurs. Heal., vol. 32, no. 4, pp. 379-390, Aug.
2009.

C. Giurgescu, J. C. Slaughter-Acey, T. N. Templin,
and D. P. Misra, “The Impact of Symptoms of
Depression and Walking on Gestational Age at Birth
in African American Women,” Women’s Heal.
Issues, vol. 27, no. 2, pp. 181-187, 2017.

S. Sealy-Jefferson, K. Hegner, and D. P. Misra,
“Linking nontraditional physical activity and preterm
delivery in urban african-american women,”
Women’s Heal. Issues, vol. 24, no. 4, pp. 389-395,
2014.

W. L. Hussin, Norriza, “Examining the Use of
Geographical Information System (GIS) on the
Cadastral Data Study,” Int. J. Adv. Trends Comput.
Sci. Eng., vol. 8, no. 3, pp. 959-962, 2019.
https://doi.org/10.30534/ijatcse/2019/11832019

M. F. Dulin et al., “Using geographic information
systems (GIS) to understand a community’s primary
care needs,” J. Am. Board Fam. Med., vol. 23, no. 1,
pp. 13-21, 2010.

F. Wang and W. Luo, *“Assessing spatial and
nonspatial factors for healthcare access: Towards an
integrated approach to defining health professional
shortage areas,” Heal. Place, vol. 11, no. 2, pp.
131-146, 2005.
https://doi.org/10.1016/j.healthplace.2004.02.003

G. W. Azelika Rulyfayrizgi, Risma Nurdyani,
Suryatining Wahyu Pamenang, “Assessing the
Security Factors in QR-based Mobile Payment in
Indonesia,” Int. J. Adv. Trends Comput. Sci. Eng.,
vol. 8, no. 4, pp. 63-67, 2019.
https://doi.org/10.30534/ijatcse/2019/97842019
Venkatesh, Morris, Davis, and Davis, “User
Acceptance of Information Technology: Toward a
Unified View,” MIS Q., vol. 27, no. 3, p. 425, 2003.
B. Laugwitz, T. Held, and M. Schrepp, “Construction



Arief Setyanto et al., International Journal of Advanced Trends in Computer Science and Engineering, 8(6), November - December 2019, 3362 — 3368

and evaluation of a user experience questionnaire,”
Lect. Notes Comput. Sci. (including Subser. Lect.
Notes Artif. Intell. Lect. Notes Bioinformatics), vol.
5298 LNCS, pp. 63-76, 2008.

25. Dr. Martin Schrepp, user experience Questionare
Handbook. 2017.

26. H. B. Santoso, R. Y. K. Isal, T. Basaruddin, L. Sadita,
and M. Schrepp, “Research-in-progress: User
Experience Evaluation of Student Centered
E-Learning Environment for Computer Science
Program,” 2014 3rd Int. Conf. User Sci. Eng., pp.
52-55, 2014.

217. Krisnawati, M. Hayaty, B. Setiaji, and S. Arief, “First
Time User Experience Assessment on Web based
Online Examination,” International Conference on
Information and Communications Technology
(ICOIACT), 2019. [Online]. Available:
https://ieeexplore.ieee.org/document/8938550.
[Accessed: 26-Dec-2019].

28. M. Pratama, N. A. Setiawan, and S. Wibirama, “User
interface design for android-based family genealogy

social media,” in Proceedings - 2017 7th
International Annual Engineering Seminar, INAES
2017, 2017.

https://doi.org/10.1109/INAES.2017.8068557

3368



