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ABSTRACT 

Pregnancy outcomes rank the most pressing reproductive 

health problems in the world globally. Most maternal 

complications and deaths occur as a result of insufficient 

quality of care during pregnancy and labour. In most parts of 

the developing world, access to quality health care is limited 

and people depend on the health care providers who have 

limited training. Advancements in medical technology have 

drastically increased the quantity of data available in the 

healthcare industry, ranging from patient reports and genomic 

data to electronic medical records. These data can provide a 

wide scope of insights into patient cases for prevention and 

cure on health issues. Thus, this research aimed at designing a 

machine learning-based decision support system for maternal 

health care. The system is designed using Unified Modeling 

Language (UML) tools and a multi-class Support Vector 

Machine (SVM) was developed for the Decision Support 

System for Maternity Health Care (DSSMC). A Web-based 

DSSMC was developed and tested to facilitate automatic 

diagnosis of patient and to solve the problem of human error 

and bias. 
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1. INTRODUCTION 
In the global world, pregnancy ranks among the most pressing 

reproductive health problems and statistics has shown that an 

annual estimate of 600,000 women aged 15 – 49 died of 

pregnancy-related causes, with 99 per cent coming from the 

developing world [16, 25 2, 22, 17] and Nigeria alone 

accounting for over 10 per cent of the total figures [14]. The 

World Bank (1998) had realized that maternal and infant 

mortality depends to a large extent on whether women have 

access to information, education and communication 

resources required to provide themselves and their infants 

with adequate care. Most maternal complications and deaths 

occur as a result of insufficient quality of care during 

pregnancy and labour. In much of the developing world, 

access to quality health care is limited and people depend on 

the health care providers who have limited training or 

supervision. Further evidence suggests that overburden health 

workers are overwhelmed and almost one-fourth of time of 

health care workers was spent in non-clinical work (including 

documentation), it is possible that the burdened workforce 

may have an impact on the quality of delivery of health 

services.  

A decision support system may be any system which helps 

decision-makers to make decisions in the health care system. 

It can be any computer program designed to help health 

professionals to make clinical decisions. It is defined as an 

active knowledge-based system (KBS) that uses items of 

patient data to generate case-specific advice [20]. This system 

can help the user make the best decision in terms of the 

combination of mortality and complications. Both machine 

learning and optimization technique are utilized in this 

decision support system. This system helps in making 

diagnostic decisions in a sequential decision-making 

environment by identifying the most promising tests and 

suggesting a diagnosis, this can improve the diagnostic 

process, reduce consumption of medical tests, save costs, and 

give an efficient diagnosis. Another important element in the 

clinical decision support system architecture is an electronic 

medical record (EMR). EMR in this system acts as the input 

of the inference engine and smooth’s the process of entering 

patient information. EMR has been widely implemented in 

most of the hospital information system nowadays for its 

benefits in health care [11], and such systems have not been 

seen in Nigeria. Study had also shown that EMR can improve 

the quality of care when integrated with a clinical decision 

support system [3]. Therefore, electronic medical record is 

selected to be included in the Clinical Decision Support 

System (CDSS) architecture. The main function of this 

component is to facilitate the process of retrieving patient 

data. Advancements in medical technology have drastically 

increased the quantity of data available in the healthcare 

industry, ranging from patient reports and genomic data to 

electronic medical records and more. These data can provide a 

wide scope of insights into patient cases for prevention and 

cure. Predictive analysis leverage these large, heterogeneous 

data sets to further knowledge and foster discovery which can 

identify similarities among patients based on a wider scope of 

variables or characteristics such as age, genetic marks, 

previous illness, etc., leading to finer groupings and thus more 

accurate predictive analysis. Such kind of predictive method 

can facilitate appropriate and timely care by forecasting an 

individual’s health risk, clinical course, or outcome, 

uncovering these types of patterns at an early stage can be of 

great benefit to both the doctors and patients and can explain 

the use of drug combinations and treatments independent of 

any promotion by mapping the predicted targets, compared to 

statistical methods, machine learning can increase prediction 

accuracy with fewer assumptions. Figure 1. Shows a 

schematic diagram of a Clinical Decision Support System 

(CDSS). 
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Fig 1: Schematic diagram of a Clinical Decision Support 

System for Electronic Health Record [23]. 

Decision Support System (DSS) stores and use knowledge 

when information is requested. The knowledge of this 

decision support system tools usually comes from the direct 

input from human experts. The proposed system gathers 

knowledge automatically and uses an optimization method to 

return appropriate answers to requested information’s (query). 

In this project the use of electronic health record with data 

mining techniques to manage patient’s information, to 

facilitate personalized health care, to improve outcomes and 

reduce the risk of complications and maternal issues. Using 

different records overtime after taking the qualitative and 

quantitative data like the history of the patients over 

trimesters, can be used to project the likely symptom and 

diagnosis of an antenatal patient when there is a report with 

the help of a machine-learning algorithm to make predictions 

which will aid timely decision and proper address of similar 

issues and help in control the increase in the rate of maternal 

complications and infant mortality. To achieve the goal of 

diagnosis, a good balance of diagnostic accuracy and duration 

of diagnosis. In this paper, we propose a system using UML 

tools and a multi-class Support Vector Machine SVM for the 

Decision Support System for Maternal Health Care (DSSMC). 

 The organization of this paper is as follows. Section (2) 

consists of the theoretical background and related works. In 

(3), we discussed the materials and methods used in 

developing the DSSMC system. In Section (4), the research 

findings were highlighted and we summarize the paper in 

Section (5). 

2. RELATED WORKS 
Identifying and managing the risks associated with pregnancy 

is essential to providing appropriate treatment to pregnant 

women (National Institute for Health Care Excellence, 2008). 

With the use of a clinical decision support system for making 

a timely decision, it has been seen that the time it takes to 

identify and manage the risk associated with pregnancy is 

been controlled. The diagnosis of an illness can be done in 

various ways; from the patient’s description, physical 

examination and/or laboratory tests. After the completion of 

diagnosis by an expert or a doctor, treatment is given keeping 

in mind drug reactions and allergies. However, in some cases, 

there is a chance of wrong diagnosis due to human error 

which may lead to drug reactions and allergies in a patient and 

may lead to life-threatening situations. To address these 

points, the Clinical Decision Support System helps healthcare 

professionals in problem-solving during medical diagnosis. 

[9] observed that Clinical Decision Support Systems (CDSSs) 

appreciably improved clinical exercise in 68% of trials and 

five system features were significantly more likely to enhance 

clinical practice than interventions lacking the feature. In 

2017, a group of researchers were able to predict pregnancy 

outcomes among Systemic lupus erythematosus affected 

women with the help of a Clinical Decision Support System 

(CDSS), a condition which is highly associated with poor 

obstetric outcomes. Based on the values for 16 factors the 

CDSS predicts the outcome of the pregnancy as either 

spontaneous abortion or live birth [15]. [6] found that CDSSs 

improved practitioner performance in 64% of the studies, the 

result includes that 4 of 10 diagnostic systems, 16 of 21 

reminder systems, 23 of 37 disease control systems, and 19 of 

29 drug dosing or prescribing systems. However, only 13% of 

studies improved patient outcomes. 

[1] Designed a support system to improve medical resource 

allocation of Bejaia region. The study collects information 

about patients from January 2015 through December 2015 

from various Bejaia department health sector institutions. 

Data integration was performed in a data warehouse using the 

multi-dimensional model and OLAP cube and made use of 

Microsoft SQL Server 2012 and Microsoft Excel 2010 during 

implementation. The outcome involves the development of a 

decision support platform and was implemented during the 

planning stages allowing the management of different medical 

orientations, it provides better appointment and allotment of 

medical resources and ensures that the distribution of health 

care resources has optimal effects on improving health.  It was 

concluded that a decision support system was designed and 

implemented to improve health care in Bejaia department to 

especially assist in the selection of the optimum location of 

health centre and hospital, the speciality of the health centre, 

the medical equipment and the medical staff. 

[8] Undertake a survey of the empirical evidence on 

computerised decision support systems, their contexts of use, 

and to summarize the effectiveness of the tools and insights 

into how they can be successfully implemented and adopted. 

A systematic literature reviews on computerised decision 

support systems and their impact on the quality and safety of 

healthcare delivery over 13-year period (1997-2010) was 

carried out to achieve this. Various kinds of databases were 

searched which include The Cochrane Database of Systematic 

Reviews, Database of Abstracts of Reviews of Effects, The 

Cochrane Central Register of Controlled Trials etc. For the 

research to be eligible for inclusion, systematic reviews 

needed to address computerised decision support systems and 

at least one of the following; impact on safety, quality, or 

organisational implementation or adoption considerations. At 

the end of the review, the searches yielded 121 systematic 

reviews relating to eHealth, 41 was identified as investigating 

computerised decision support systems. This indicated that 

there was a lack of investigating potential risks, such system 

can result in improvements in practitioner performance in the 

promotion of preventive care and guideline adherence. 

However, the evidence concerning the impact on patient 

outcomes was less clear-cut with reviews finding either no, 

inconsistent or modest benefits. It was finalized that, whilst 

the potential of CDSS is improving, practitioner performance 

is substantial, such innovation may likewise introduce new 

risks resulting not only from the technical challenges (such as 

data inaccuracies) but also from disruption of clinical 

workflows. 

2.1 Knowledge Management in Health 

Care 
Knowledge management has become very important in the 

healthcare sector as a medical practice requires tools to extend 

the mind’s limited capacity to recall and process large 

numbers of relevant variables. There is no assurance that 

professionals will learn new knowledge relevant to their 

patient’s problem as most of their knowledge as become 
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obsolete. Indeed, even with inaccessibility of knowledge to 

retain, a doctor’s self-sufficient mind cannot reliably 

incorporate that knowledge with the infinite variety of data 

about patients to identify and systematically assess all 

diagnostic or treatment options based on each patient’s unique 

characteristics and needs [24. The need for knowledge 

management tools has been more widely recognised and 

healthcare providers have chosen knowledge management 

approach that suits their needs as the amount of healthcare 

knowledge keeps growing. Many healthcare organisations 

exploit a reuse model, but some organisations conduct the 

personalisation strategy. The codification strategy is 

emphasised because the medical information is fundamentally 

the same from doctor to doctor. Though doctors may 

specialize in different areas, but the treatment given to 

patients for certain illness remains the same, therefore, clinical 

guidelines can be codified and the information can be reused 

across the nation. Also, administrative documents can be 

stored in the database where they can be retrieved and updated 

easily when needed by doctors. By so doing, knowledge 

management tools address the first stage decision making and 

support information retrieval which is used to improve the 

capacity of decision making [7]. The decisions of patient’s 

care should be based on best available knowledge applied in 

line with point-of-care patient data and compliance with the 

patient’s therapeutic preferences. The present research shows 

that the failure of physicians to access and apply relevant 

knowledge healthcare leads to the delivery of suboptimal care 

to patients [13]. 

While knowledge management systems use information 

technologies to manage the creation, storage, sharing, and 

use/reuse of knowledge; health care presents a special 

challenge to the use of knowledge management such as the 

complexity of the system, effect of medical errors, substantial 

growth of knowledge in the medical field, and an increased 

health care cost. Knowledge management is able to assist in 

medical errors reduction, and consequently their cost by 

providing decision support for practitioners by using either 

case-based reasoning and/or rule-based reasoning. Studies 

showed that lack of cooperation in health care is a leading 

cause of many medical mistakes, hence the need for 

coordinated inter-professional strategy. Thus, cooperative 

diagnosis can be achieved by the health care actors via the 

implementation of knowledge management systems and 

therefore, enhancing the quality of care by finding, sharing, 

collaborating and developing clinicians of knowledge to 

discover and develop knowledge [5]. 

As reported in [10], investigation was carried out on 

knowledge management implementation and knowledge 

management tools used in healthcare for informed decision 

making and found that utilization of knowledge management 

in healthcare is improving, there are numbers of opportunities 

for knowledge management implementation, though there are 

some barriers as well. Some kinds of opportunities that can 

transform healthcare are advances in health information and 

communication technology, clinical decision support systems, 

electronic health record systems, communities of practice and 

advanced care planning. It was concluded that providing the 

right knowledge at the right time at the point of decision 

making by implementing knowledge management in 

healthcare is paramount and to do so, one has to use the 

appropriate tools for knowledge management and user-

friendly system because it can significantly improve the 

quality and safety of care provided for patients both at clinic 

and home settings. A systematic knowledge management 

approach of patient’s healthcare to facilitate access to reliable, 

relevant medical information with adequate depth was 

suggested by [19] and it was concluded that the clinical 

knowledge base of patient’s healthcare is a constructive 

example of the company’s successful knowledge 

management. 

An existing generic knowledge management systems model 

was formulated in [12] by extending an organisational and 

system factors relevant to healthcare, the model was tested by 

using a New Zealand data obtained from 263 doctors working 

with two district health boards and it resulted in knowledge 

content quality which was found to be particularly important 

for knowledge management systems success with respect to 

the system factors and of the organisational factors, leadership 

was the most important and more important than incentives. It 

was concluded that leadership promoted knowledge 

management systems success primarily by positively affecting 

knowledge content quality. 

3. MATERIALS AND METHODS 
The focus of this work is to provide the health care providers 

a support system which will aid in making timely decision 

whenever there are pregnancy-related complaints and also 

makes it easier for them to retrieve and access patient 

information/medical history from the repository which will be 

made available. The following sections analyse the technique 

and approach used in implementing the decision support 

system for maternity health care. 

3.1 Data Source 
The traditional relational database has been the significant 

data source. The other major source of data is machine-

generated (Synthetic) and real-time data, such as from the 

internet of things (IoT) devices. Websites o social media are 

scraped with data mining tools to generate data, data are also 

generated by machine in the form of transactions and log files. 

Human interactions produce data in the form of text and email 

messages, images, and videos over digital media. The human 

brain is versed at extracting information from these varied 

media formats. In disparity, this kind of data is challenging for 

computers to understand. Machines tend to produce structured 

data, while humans produce unstructured data [21]. A data 

source is a source of data which can either be a file, a database 

or a live data feed. The data might be located on the same 

computer as the program or another computer which is on the 

network. The main purpose of data source is to gather the 

technical information needed to access data into a single place 

and ensure it is hidden from the user without knowing where 

the data resides and how applications get it. 

3.2 Architecture of DSSMC 
The patient is being registered by an admin in the medical 

centre and a patient file is being created in the repository, the 

patient details are sent to a nurse to take the necessary vital 

signs which is thereafter assigned to a doctor for further 

consultation. The doctor takes down the patient’s 

complaints/symptoms and patient is sent to the laboratory for 

some test to be carried out, the complaints are then sent to the 

decision support system where the actual diagnosis and 

treatment is being gotten from by using a classification 

method with support vector machine in modelling the data for 

prediction of likely complications that the system has been 

trained with from the past. After the whole consultation is 

done the doctor then generate a report based on the 

consultation case and the patient case file is updated. Figure 2. 

shows an overview of the DSSMC architecture. 
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Fig 2: Architecture of Decision Support System for Maternity Health Care (DSSMC)  

3.3 Automated Patient Management 

System 
DSSMC provides an interface where patients/users are 

registered by providing their health records to the system for 

diagnosis and analysis. Figure 3, 4 and 5 depict the Context 

Flow Diagram, Use-Case Diagram and Level-0 Data Flow 

Diagram of DSSMC respectively. 

 

Fig 3: Context Flow diagram for the DSSMC. 

In Figure 4, the stages for designing and implementing 

DSSMC is shown with the use of UML use-case diagram 

which shows the interaction between the users and the system. 

There are three (3) users for the DSSMC system which are: 

the staff, doctor, and admin. 

 

Fig 4: Use-Case Diagram for DSSMC System 
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Fig 5: Level-0 Data Flow Diagram of Decision Support System for Maternity Health Care (DSSMC).

3.4 DSSMC Repository 
All data gathered at the patient registration stage are stored in 

the repository. The repository acts as a storage medium for the 

current and historical operational data of patients where it is 

being pre-processed and validation to serve its decision-

making objectives. Figure 6 shows the Entity Relationship 

Diagram of DSSMC. 

 

 

Fig 6: Entity Relationship Diagram for DSSMC
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3.5 Support Vector Machine (SVM) 
To perform prediction on patients records, a machine learning 

algorithm called Support Vector Machine (SVM) is used, 

which inputs patient case file that contains the patient vital 

signs, laboratory test and medical history that has been 

captured in the system. It is examined for salient features that 

will serve as the training dataset for the prediction model that 

would be trained. The salient features are further examined for 

its importance in the overall performance of the prediction 

model. The processed data is used to train a multi-class 

classification algorithm based on SVM. The main output of 

this system would be a prediction of patient diagnosis and 

treatment. The code snippet below shows the pseudo-code for 

the SVM algorithm. Figure 7 below shows the pseudo-code of 

the SVM algorithm used in the DSSMC system. 

 

Fig 7: Support Vector Machine (SVM) Algorithm for 

DSSMC 

In figure 7 above, line 2-5 imports the training set and test that 

will be used to train and evaluate the model i.e. the dataset for 

the model. Line 6 imports the support vector classifier (SVC) 

while Line 7 specifies the kernel, the 'c' value for cross-

evaluation and the gamma value. The kernel is mainly used to 

find the similarity in the datasets, in this Support vector 

classifier, it defines the linear hyperplane when training to the 

algorithm, the output comes out as a classifier. Line 8 passes 

training data to the fit function where the linear kernel is used 

as the hyperplane. Line 9 passes the features test for 

prediction. Line 10 imports accuracy_score which will be 

used to determine the accuracy of prediction made in line 9. In 

line 11, the accuracy_score takes in the prediction of line 9 

and the label_test to determine the accuracy level of the 

algorithm. 

4. SYSTEM TESTING OF DSSMC 
Maternity health care provision has exceeded thinking so deep 

to give drug prescriptions and diagnose a patient, with the use 

of the DSSMC, diagnoses and treatment are predicted 

automatically by the system just by clicking a button using a 

mouse or keyboard. Delayed decision making can lead to 

inefficient health care provision which can put the lives of 

patients in danger. The problem of the existing system led to 

the development and implementation of a decision support 

system for faster, accurate and efficient decision making. The 

DSSMC was modelled using use-case for the interactive 

modelling, data flow diagram was used to model the system 

processes and an entity-relationship diagram was used to 

show that the system was implemented in relationship of the 

system. A web-based decision support system was developed, 

and the software technologies used are Javascript, node.js and 

python. A supervised machine learning algorithm based on 

classification method with support vector machine was used 

for the prediction model. The software scope was defined and 

programmed to meet defined specifications. Figure 8 shows 

the patients registration page of the system. The patient case 

file which contains the patient vital signs, laboratory test and 

medical history that has been captured in the system enables 

prediction of diagnoses and treatment to be done. To get a 

prediction, the diagnoses button is clicked by the doctor, 

which displays the predicted diagnoses as shown in figure 9 

then a corresponding treatment is predicted for the diagnoses 

as shown in figure 10 and 11 respectively. 

 

Fig 8: Patient Registration Form for DSSMC System 

 

Fig 9:  Reporting area of   DSSMC 

 

Fig 10:  Diagnoses Prediction Result of   DSSMC 
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Fig 11:  Treatment Result of   DSSMC 

5. CONCLUSION AND 

RECOMMENDATION 
To reduce complications and death in maternity patients, it 

will be of utmost importance to make timely decisions by 

health care providers. The development and implementation 

of a decision support system for maternity health care to 

enable health care practitioners in making timely and efficient 

decisions will reduce the rate of maternal complications and 

death in the society. This research provides a system that 

offers a decision support functionality to the health care 

providers, which will enable easy access of patient 

information, and helps in predicting diagnoses and treatment 

to specified symptoms, by so doing, the rate of maternal 

complications will reduce. The DSSMC was developed to 

enable health care practitioners to make timely and efficient 

decisions rather than having to think about the likely 

diagnoses of a particular symptom, as well as the 

corresponding treatment to give. Further works could include 

the integration of chatbot for collaboration withing medical 

practitioners. 
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