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Abstract— Maternal Mortality Rates (MMR) in Indonesia are still relatively high and not yet to reach the Sustainable Development

Goals (SDGs) target of MMR in 2014 of 133/100,000 live births. One of MMR's causes is due to 3 delays, namely the delay in the 

introduction of danger signs and decisions, new arrivals at health facilities, and delays in service at health facilities. For prevention 

purpose, a Birth Preparedness and Complication Readiness (BPCR) screening application are needed. This application aims to do labor 

planning and determine the risk of pregnancy so that the mother is ready to face the risk of complications at delivery. This research 

method uses a prototype method of designing and building applications. For testing this application, researchers conducted a BPCR 

screening test on 30 pregnant women. Then the data is tested for validity and reliability using sensitivity and specificity tests. This 

study's results can display the main page application, Birth Preparedness of the Application, Complication Readiness of the Application. 

The Result of BPCR of the Application. This application has been tested for validity and reliability by using a sensitivity test of 83% to 

determine the high/moderate risk of pregnancy that experiences complications during labor. At the same time, the specificity test was 

77.78% to determine the low risk of pregnancy that did not experience difficulties during labor. 
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I. INTRODUCTION

Maternal mortality rates (MMR) since 2010, 2012 and 

2014, Indonesia has the highest MMR of the five countries in 

Southeast Asia (Indonesia, Malaysia, Brunei, Thailand, 

Singapore). Where the MMR of Indonesia since 2014 was 133 

/ 100,000, in 2012, 148 / 100,000, and in 2010 it was 165 / 
100,000. Although MMR has declined since 2010, MMR is 

still far from the target sustainable Development Goals 

(SDGs), namely the number of MMR of 70 / 100,000 live 

births [1]. 

Based on the 2012 Indonesian Demographic and Health 

Survey, MMR (related to pregnancy, childbirth, and 

postpartum) was 359 per 100,000 live births, while neonatal 

deaths were 32/1000 live births. The average mortality rate is 

much higher than the Indonesian Demographic and Health 

Survey results in 2007, which reached a Maternal Mortality 

Rate of 228/100,000 live births and a neonatal mortality rate 

of 19/1000 live births [2]. 

Three delays cause high maternal and newborn mortality 

rates: delays in introducing warning signs and decisions, new 

arrivals at health facilities, and delays in service at health 

facilities [3]. To prevent maternal and newborn deaths, it is 

necessary to make a model of delivery planning and 

prevention of complications [4]. 

This model is based on the assumption that knowledge of 

danger signs and readiness to handle obstetric complications 

ensures that predictable elements of three delays can be 

anticipated, identified in time, and handled immediately 
during delivery planning [5]. Delays in seeking care are 

caused by failure to recognize signs of complications or 

perception of disease severity, consideration of prior costs, 

and previous negative experiences with the health care system 

[6]. Delays in achieving care may be due to the distance from 

a woman's home to a health facility, poor road conditions, and 

the absence or irregularity of emergency transportation [7]. 

Delays in receiving care may be due to health workers' 

negative attitudes, lack of essential supplies and equipment, 
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lack of health workers, and poor health service provider skills 

[8]. 

Therefore it is necessary to develop an application to 

overcome maternity delays by developing the BPCR 

application [9]. Current technological advances allow one to 

be able to maximize smartphone functions with applications 

that can make it easier to provide information to users [10]. 

The BPCR application will be made in the android digital 

system, where the BPCR application functions to filter the 

results of pregnancy examinations and preparation for 

delivery and preparedness for complications [11]. With 
Android-based BPCR, Screening is expected to help reduce 

MMR and NMR. 

The growth of the digital society in Indonesia also shows very 

rapid growth [12]. The number of active internet users 

reached 88.1 million from 252.4 million Indonesians in 2014, 

with penetration reaching 34.9%. Internet users in all 

provinces in Indonesia most often access the internet using a 

smartphone [13]. Based on the background, researchers are 

interested in researching to develop Readiness and 

Complications Readiness (BPCR) Based on Android 

Applications. 

II. MATERIALS AND METHOD 

This research uses a prototype method of designing and 

building applications. The prototyping methodology is 

defined as a Software Development model in which a 

prototype is built, tested, and then reworked as needed until 

an acceptable prototype is reached. This also creates the basis 

for producing the final system. The prototyping software 

model works best in scenarios where project requirements are 
unknown. This is a repeated method, trial, and error that 

occurs between the developer and the client [14]. 

Fig.1 Model Prototyping Phase [14] 
 

The Prototyping Model has followed the six phases of SDLC 

as follows [14]: 

 

1) Step 1: Requirement collection and analysis: The 
prototype model starts with a need’s analysis. In this phase, 

system requirements are defined in detail. During the process, 

system users are interviewed to find out what they expect 

from the system. 

2) Step 2: Quick design: The second phase is the initial 
design or fast design. At this stage, a simple system design is 

created. However, it is not a complete design. This gives users 

a quick overview of the system. Rapid design helps in 

developing prototypes. 

3) Step 3: Build Prototypes: In this phase, the prototype 

is designed based on the fast design information. This is a 
small working model of the system that is needed. To test this 

application, the researchers conducted a BPCR screening test 

on 30 pregnant women, whose data was then tested for 

validity and reliability using sensitivity and specificity tests. 

This method is in the form of a diagnostic confirmation tool 

in the form of a 2x2 tabulation that results in sensitivity, 

specificity, predictive value, and prevalence. Sensitivity is the 

possibility of a case being diagnosed correctly or the 

probability of each case being identified by a screening test. 

Sensitivity is described as the percentage of people with the 

disease who test positive [15].  

The formula of Sensitivity we can see equation 1: 

����������� =
true positive 

���� �������� + ����� ��������
�100 (1) 

White specificity is based on the Epidemiology Dictionary 
is the proportion of people who are not sick and not sick 

anyway when identified by screening tests. This is a measure 

of the likelihood of correctly identifying a person who is not 

sick with a screening test. Specificity is a measure that 

measures how well a screening test classifies people who are 

not sick as true people who do not have the disease in reality 

[16]. 

The formula of specificity we can see in equation 2: 

�!�"�#�"��� =
true negative

����� �������� + ���� ��������
�100 (2) 

Positive Predictive Value (PPV) is the proportion of 

positive patients (true positive) among all patients who show 

positive confirmation test results. This value explains how 

likely it is that positive test results indicate disease. The 

formula of PPV we can see equation 3: 

��' =
true positive 

���� �������� + ����� ��������
�100 (3) 

Negative Predictive Value is the percentage of all truly 

negative (healthy/true negative) patients among all patients 

who show negative test results. The formula of PPV we can 

see equation 4: 

��' =
true negative

���� �������� + ����� ��������
�100 (4) 

When compared with the gold standard examination, a 

positive predictive value is a probability that a subject 

identified positively by the measuring instrument will be 

positive according to the gold standard later. Whereas, the 

negative predictive value is the probability that a subject 

identified negatively by the measuring instrument will be 

truly negative according to the gold standard later. 

III. RESULT AND DISCUSSION 

A. BPCR Development based on Android Application 

The BPCR model is an application built on Android OS. 

The application offers several services that are provided by 

the BPCR's main website and makes them available to users 

on a mobile platform. These services or features include 

detailed biodata such as Name, Address, Education, 

Occupation, and filler date. This chapter covers all the 

features of the application. The main page of the application 

is shown in Figure 2. 
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(a) (b) 

Fig. 2 Screenshot of The Main Page of The Application 

 

The next page is in the form of questions about Birth 

Preparedness such as transportation, Labor Companion, 

decision-maker, blood donor. Before proceeding to the next 

page, mothers must fill in questions on number 5 that ask 

whether the mother routinely checks the pregnancy to the 
health worker; if the mother answers "no," then the mother 

cannot proceed to the next page. The question about birth 

preparedness is shown in figure 3. 

BPCR is a strategy that helps women to consider all 

maternal health care services available during pregnancy and 

prepare for possible complications. As many as 48.5% of 

women prepare for their baby's birth and are ready for its 

complications. women advise to prepare potential blood 

donors (AOR = 1.90, 95% C. I = 1.15, 3.12) and women 

whose partners and / or families are counseled (AOR = 2.16, 

95% CI = 1, 25, 3,74) are positive factors associated with birth 
readiness and the practice of readiness for complications [17]. 

 

(a) (b) 

Fig. 3 Screenshot of Birth Preparedness of the Application 

 

The next page is the question of Complication Readiness, 

which can be seen in Figure 4. Screening Complication 

Readiness, among others: Age, Age of Pregnancy, Arm 

Circumference, Parity, Mode of last delivery, Blood Pressure, 

signs of anemia, the amusement of pregnancy, Odema in 

pregnancy, antepartum hemorrhage, fetal location, fetal heart 

rate, laboratory tests including hemoglobin, urine protein, 

glucose, hepatitis, and HIV. 

The age in the application "If the mother's age is between 

17 to 34 years, then the score = 0 If the mother's age <17 or> 

34 years, then the score = 4". This is supported by the results 

of research stating that maternal who is less than 20 years old 

or more than 35 years old are at risk of experiencing childbirth 

complications by 1.3 times compared to mothers aged 21-34 

years. Pregnant women under the age of 20 years are more at 
risk of abortion, anemia, malnutrition, hypertension, 

preeclampsia, and eclampsia [18]. 

The application can determine of First Day of Last 

Menstruation to find out the Maternal Pregnancy Age and 

Estimated delivery with the formula "Pregnancy Age = Date 

of contents - date of First Day of Last Menstruation (in 

weeks)". If the gestational age is 42 weeks, then a score of 4 

will appear advice should the mother end the pregnancy for 

avoiding complications for the fetus and mother, if gestational 

age <42 weeks, then a score of 0. Date of Interpretation of 

Childbirth = Date of First Day of Last Menstruation + 40 
Weeks or 280 days. The age of serotinus pregnancy in the 

application will be given a high-risk score, where there is a 

relationship between serotine pregnancy and asphyxia in 

newborns (p-value <0.05). Serotinus pregnancy is a risky 

pregnancy. Serotinus pregnancies are more likely to have 

labor complications with oligohydramnios, macrosomia, 

amniotic fluid mixed with meconium, shoulder dystocia, 

asphyxia, and hysterectomy (p <0.05 in all). Perinatal 

mortality rates were significantly higher at post term as well 

[19]. Determining the gestational age is also more effective if 

using ultrasound to prevent errors in determining the 
gestational age [20]. 

The application can determine about Upper arm 

circumference in cm, if the circumference of the upper arm ≥ 

23 cm, then a score of 0 if the upper arm circumference is <  

23 cm, a score of 4 and application will give suggestion 

Mothers should routinely examine pregnancy to health 

workers, and eat nutritious foods so that nutritional needs for 

both mother and fetus can be met. Arm circumference less 

than 23.5 cm is stated that pregnant women experience 

Chronic Energy Deficiency and experience 7 times more risk 

of giving birth Low Birth Weight [21]. Chronic Energy 

Deficiency (CED) also has the potential to experience 
asphyxia in newborns [22], CED also caused an increased 

incidence of Stunting [23] then the application will be given 

a high-risk score. 

In the Application, if parity to ≤ 4, then a score of 0, and if 

pregnant > 4 then a score of 4, the application will give 

suggestions maternal routinely carry out pregnancy checks at 

least once a month to the health worker. Maternal with high 

parity will have a greater risk of the incidence of labor 

complications, especially postpartum hemorrhage [18]. In 

mothers who frequently give birth, the uterine muscles are 

often stretched, resulting in thinning of the uterine wall, which 
eventually causes the uterus' contraction to become weak. 

Uterine rupture is a complication of labor that often occurs in 

mothers who have previously given birth to several children 

[2]. 
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The final mode of delivery also determines maternal 

delivery in the application, if the delivery is normal score = 0, 

if the answer is Vacuum, Score = 4 and Cesarean section, 

Score = 8 it would be advisable for the next delivery of the 

mother to give birth with a health worker. The study results 

stated that there is a significant relationship between the 

history of childbirth with the incidence of cesarean section. 

The analysis results obtained OR value = 5.716 means that the 

group of women who have a history of childbirth with an 

action or sectio Caesarea has a chance of giving birth 6 times 

with sectio Caesarea compared to women with a history of 
spontaneous labor [24]. The history of labor has a major 

influence on the incidence of Sectio Caesarea, this is because 

the mother with a history of Sectio Caesarea has a scar on the 

uterus so that if spontaneous labor is performed there is a risk 

of uterine rupture [2]. 

The application will give a score 0 if the maternal answer 

“No” for blood pressure < 140 mmHg, and the score 4 if blood 

pressure ≥ 140 mmHg then the application will give 

suggestions mothers should routinely conduct pregnancy 

checks at the health center/hospital at least once a week. 

Mothers are succumbed to do a laboratory examination if the 
results of urine protein (+) then the mother is diagnosed with 

pre-eclampsia, if negative then the mother is diagnosed with 

hypertension in pregnancy. This is supported by the results of 

the study stating that there is a relationship of hypertension 

history with the incidence of pre-eclampsia (p <0.005). 

Preeclampsia is defined as the onset of hypertension 

accompanied by proteinuria at gestational age more than 20 

weeks or immediately after delivery [25]. Preeclampsia is a 

multi-system disorder in pregnancy characterized by 

endothelial dysfunction, increased blood pressure due to 

vasoconstriction, proteinuria due to glomerular failure, and 
edema due to increased vascular permeability [26]. 

On application also assess the signs of anemia, if the 

mother feels signs of anemia such as feeling tired, tired, frail, 

weak, it is indicated that the woman has anemia, then the 

mother will be given a score 4, if not then a score of 0 is given. 

An application will advise if the mother feels a sign of anemia 

such as the mother should go to the health center/hospital for 

a hemoglobin metabolic examination. If the mother's 

hemoglobin <11 gr%, then the mother has anemia. Maternal 

with anemia can experience postpartum hemorrhage, preterm 

labor [27], infection, and low birth weight babies  [28]. 

The application assesses the multiple pregnancies is a high-
risk pregnancy and gets a score 4, in the application the 

mother is advised to check her pregnancy at least once a week 

to monitor fetal well-being. This is supported based on the 

results of the study of multiple pregnancies at risk of 

hypertension [29], gestational diabetes mellitus, 

polyhydramnios, premature rupture of membranes, and 

abruptio placenta and a lower incidence of severe postpartum 

hemorrhage [30]. 

Assessment on the application about antepartum 

hemorrhage is given 8 scores because antepartum hemorrhage 

will be difficult for labor, if not then a score 0. An application 
will appear advised mothers should check with a doctor for an 

ultrasound. There are several possible diagnoses, namely 

placenta previa (placenta that covers the birth canal) or 

placental solution (placenta that is released in the uterus 

before the fetus is born, which is usually accompanied by 

severe pain). Mothers should reduce physical activity and 

marital relations. The main cause of antepartum bleeding is 

placenta previa which will cause maternal and neonatal 

mortality [31]. 

Assessment on the application about the breach fetal 

location is a risk of pregnancy and get the score 8, if not get 

score 0. An application will appear suggestion because of the 

location of the breach fetus or latitude, the mother should 

check with a doctor for an ultrasound. Mothers are often 

advised to prostrate to change the location of the fetus into the 

head (more effectively done before 36 weeks/9 months of 
gestation). The breach is at risk of giving birth to asphyxia and 

has complications in labor [32]. Likewise, fetal heart rate> 

160 x / min or <120 x / min is a sign of fetal distress that 

increases birth asphyxia and increases neonatal mortality. 

The application assesses the laboratory tests screened for 

hemoglobin, urine protein, glucose, hepatitis, and HIV. The 

purpose of laboratory tests in pregnancy is related to a 

diagnosis of pregnancy that is not good, namely the risk of 

stillbirth, premature labor, and intrauterine growth retardation 

[33]. There are three answers for the question of urine protein 

laboratory results: if the answer has not been checked, score 
0, and will appear suggestions immediately examine the 

Laboratory. If the answer is positive, a score = 4 and it is 

recommended that the mother immediately consult a doctor 

or midwife so that labor and planning can be done according 

to the laboratory results. If the answer is negative the score 0. 

Positive urine protein, the mother is diagnosed with pre-

eclampsia. It is then necessary to conduct strict supervision by 

health workers to reduce maternal and neonatal mortality 

[26]. 

Glucose testing in pregnancy can determine the mother has 

diabetes in pregnancy. In Application, if a negative glucose 
laboratory result is given a score of 0, if positive get a score 

of 4 and the application gives the advised to immediately 

consult a doctor or midwife so that labor can be carried out 

and planning according to the laboratory results. Based on the 

research the mother who has gestational diabetes mellitus has 

the interaction between Gestational Diabetes and 

Complication of Maternal Labor with OR value in maternal 

labor complication = 2.904 [34]. A complication of 

gestational diabetes mellitus are macrosomia, shoulder 

dystocia and stillbirth were similar in two groups, while that 

of preterm labor, preeclampsia, caesarian section, large for 

gestational age, neonatal ICU admission, and neonatal 
hypoglycemia were significantly higher in gestational 

diabetes mellitus p<0,05 [35].   

Hepatitis laboratory examination results in the application 

if the answer has not been checked, then score = 0 will appear 

suggestions immediately examine the Laboratory. If the 

answer is negative with score = 0. If the answer is positive get 

a score 8 will appear suggestion to consult a doctor or midwife 

immediately so that labor and planning can be done according 

to the laboratory results. Hepatitis C in pregnancy is on the 

rise, and antiviral agents that act directly are available to cure 

this disease. Published recommendations need to be reviewed 
and evaluated clinically for the care of pregnant women who 

are at risk or have chronic hepatitis C. Available evidence and 

some medical and ethical reasons for considering universal 

screening and antepartum therapy for hepatitis C during 

pregnancy are presented. Universal screening and proactive 
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care during pregnancy are on the horizon, and these steps 

must be immediately evaluated for safety and implemented if 

appropriate [36].  

Screening HIV on the application needed, results of HIV 

laboratory testing if the answer has not been checked score 0 

will appear suggestions immediately examine the laboratory. 

If the answer is negative score 0, if the answer is positive, a 

score 8 will appear suggestion to consult a doctor or midwife 

immediately, so that labor and planning can be done by the 

results of the laboratory. Vertical transmission of HIV 

infection from mother to fetus. However, the prevention 

interventions available are very effective. This review 

summarizes the evidence regarding screening prevention 

from mother to fetal transmission to help health workers 

choose optimal antenatal screening strategies [37]. In 

Ethiopia, only 35.1% were tested for HIV and received the 

test results during pregnancy. About one-third of women who 

had antenatal care follow-up missed the opportunity to be 

tested for HIV, so this will increase the risk of HIV 

transmission from mother to fetus [38]. 

 

 

   

(a) (b) (c) (d)  

Fig. 4 Screenshot of Complication Readiness of The Application 

 

The final page will appear as a result of BPCR as shown in 

Figure 5, this feature will display Estimated delivery and 

gestational age-adjusted to completed, Pregnancy Risk is 

divided into three, namely low risk, moderate risk, and high 
risk, where this feature is based on filling from Complication 

Readiness. from the risk of pregnancy will determine the 

helper birth and place of delivery. While childbirth assistance, 

blood type, blood donor candidates, and transportation based 

on the filling of Birth Preparedness which is filled by 

maternal.  

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Screenshot of the Result of BPCR of the Application 

BPCR is a strategy that helps women to consider all 

maternal health care services available during pregnancy and 

prepare for possible complications. Although the annual 

number of global maternal deaths decreased to around 
303,000 in 2015, avoidable morbidity and mortality remain a 

formidable challenge in many developing countries which 

accounted for about 99% (302,000) of global maternal deaths 

in 2015 [17]. 

B. Validity and Reliability 

To test the validity and reliability of the BPCR application, 

the researchers used the test sensitivity, specificity, predictive 

value, and prevalence which can be seen in table 1. It shows 

the sensitivity value of 83% and specificity of 77.78%. It can 
be concluded that the BPCR screening results can determine 

the risk of high or moderate pregnancy with the incidence of 

mothers who have complications at delivery around 83%. The 

BPCR screening results can determine the risk of pregnancy is 

low with the incidence of mothers who did not experience 

difficulties during labor can be determined around 77.78%. 

Whereas the result of positive predictive value (PPV) is lower 

than the negative predictive value (NPV). These results 

indicate the results of high/moderate risk screening in 

pregnancy can predict mothers experiencing the incidence of 

childbirth complications by 71.4%, while the results of low-
risk screening in pregnancy can predict that mothers do not 

experience the incidence of childbirth complications by 

87.5%. 
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TABLE I 

VALIDITY AND RELIABILITY SCREENING BPCR BASED ON ANDROID APPLICATION 

BPCR Screening 
Complication of Labor Validity % 

Yes No Sensitivity  Specificity  PPV NPV 

High/Moderate Risk 10 4 83 77.78 71.4 87.5 
 Low risk 2 14 

Total 12 18     

 
The most risk factors for pregnancy can be seen from the 

reproductive status of age, several parties, labor intervals. 

Mothers aged <20 years, physically, psychologically, and 
socially are not ready to experience pregnancy, childbirth, and 

childbirth. While women who are pregnant at too old age (> 

35 years) face risks when giving birth. Previous studies report 

that severe preeclampsia in the group of pregnant women 

aged 20 -35 years (12.8%) is more common than the group of 

women aged 35 years) at greater risk of bleeding before birth. 

Besides, age is also related to parity, mothers with parity ≥ 4 

times the risk of developing obstetric complications are higher 

than mothers with low parity (<4 times) [18]. 

Parity is an important risk factor for obstetric 

complications, pregnant women with high parity tend to 
experience placenta previa, resulting in imperfect endometrial 

growth. The results of this study are also by the theory, that 

mothers with parity ≥ 4 times the risk of bleeding and 

pregnancy poisoning that is greater than parity. Percentage of 

deliveries at intervals of less than 24 months (too often) 

Nationally 8.5% constitute a high-risk group for obstetric 

complications. Stated birth spacing is a risk factor for 

pregnancy, which indirectly threatens mothers' lives because 

it can worsen the state of complications at the time of delivery 

[39].  

IV. CONCLUSION 

The BPCR Screening Application can determine Delivery 

Planning and Readiness Complications with estimated 

delivery results, gestational age, pregnancy risk, delivery 

assistance, place of delivery, delivery attendant, Blood Type, 

blood donor candidates, and Transportation. This application 

has been tested for validity and reliability by using a 

sensitivity test of 83% to determine the high/moderate risk of 

pregnancy that experiences complications during labor. 
Whereas the specificity test was 77.78% to determine the low 

risk of pregnancy that did not experience complications 

during labor. The result of a positive predictive value (PPV) 

is lower than a negative predictive value (NPV). 
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