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Abstract. The District Health Information System (DHIS) is an information system that is hosted in the Khomas regional office of the Ministry of Health and Social Services (MoHSS) in Namibia. Parallel to the DHIS, the MoHSS runs silo information systems in the 14 regions of Namibia which were donated by non-governmental organisations in addition to a regional DHIS for each region. The DHIS and silo systems currently work in isolation from one another, hence this study is on finding a framework to enable semantic interoperability of data in these heterogeneous health information systems (HIS) so that the DHIS and these silo systems in the Namibian public hospitals can act as an integrated platform to share and exchange health- related information with each other. Thus, a protocol called Interlink protocol is developed in this research to enable integration. The DHIS and silo- interfaced system that is developed in this research should be able to link or connect all the public hospitals in Namibia to the central database at the MoHSS for health information feed. The system will allow public hospitals to interlink with each other through a technology integrated platform. The study therefore seeks to interface DHIS and silo systems at a data level. The aim of this research therefore was to design and develop a framework for data semantic interoperability of DHIS and these other health information silo systems so that they can exchange health data and information. The research was in two phases. The first phase was the collection of data on the status of integration of HIS in the Namibian healthcare sector. The study used a qualitative approach. The second phase was the design and development of the semantic interoperability framework. The study adopted a case study setting looking at 8 hospitals in Namibia. The case studies selected in this case was the Khomas regional office (KRO) and public hospitals. Therefore, the study used the grounded theory to guide in data collection and Design Science Research Theory was used to develop the artefact. Expert reviews were used to validate the artefact to be developed.
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1   Introduction

The District Health Information System (DHIS), is an information system that is hosted in the Khomas regional office of the Ministry of Health and Social Services (MoHSS) in Namibia (MOHSS, 2014). Parallel to the DHIS, the MoHSS runs silo information systems which were donated by non-government organisations. The DHIS and silo systems work in isolation from one another, hence this study is on designing a framework to enable semantic interoperability of data in these heterogeneous health information systems (HIS) so that the DHIS and these silo systems in the Namibian public hospitals can act as an integrated platform to share and exchange health- related information with each other (MOHSS, 2008). Thus although the DHIS and these silo systems are housed in the same health sector or environment, they are unable to share and exchange data (MOHSS, Analytical summary - Health system outcomes, 2008). What hinders the exchange of data between any heterogeneous systems could be anything from middleware problems, the different data formats, the different protocols, the lack of communication or the negotiation of interoperability, the scope of the data, data inconsistency, inadequate resources, scalability, and a lack support systems, to name but a few (Kadadi, Agrawal, Nyamful, & Atiq, 2014).

In each of Namibia’s fourteen (14) regions there is a DHIS deployed in each regional office which does not exchange or share health information directly with other silo systems (MoHSS, Analytic summary - Health Systems Outcomes, 2008). The standalone silo systems in the various health departments of the MoHSS also do not directly exchange data with the main central DHIS in the Khomas regional office. The fact that the DHIS and silo systems at the present moment do not exchange health-related information impacts on the delivery of health services to the public hospitals. The same problem of accessing and exchanging health data and information is also experienced within MoHSS headquarters as a unit. There is a lack of DHIS and silo systems that are interfaced in public hospitals in Namibia.

The DHIS and silo systems framework to enable semantic interoperability of data that will be developed in this research will enable linking or connecting all the data exchange in public hospitals in Namibia to the central database at the MoHSS for health information feed. The system will allow public hospitals to interlink with each other through a technology integrated platform. As things stand now, a user in one public hospital struggles to access health-related information that is available in another public hospital timely.This study has identified a gap in the Namibian public hospitals of a lack of data interoperability which hinders the Namibian public hospitals from sharing health information with each other, timeously and efficiently. If this gap were to be closed, this will create a strong relationship between public hospitals in Namibia by ensuring that health –related information/data available in one entity can be exchanged with other entities across the health sector anywhere and anytime without a person being physically present in any institution from which they intend to get data from. The study therefore seeks to interface DHIS and silo systems at a data level. An interfaced DHIS and its health information silo systems will serve to achieve the best outcomes in health for Namibia as a whole.
2   Research problem statement
While interoperability represents the accurate exchange of information and the use of information for effective decision-making, for information (data) exchange to occur, it must be interpretable between multiple information systems (Berryman, Yost, Dunn, & Edwards, 2013). The issue as it stands, is that the silo systems that are hosted by the MoHSS are stand-alone and they do not communicate or are not inter-linked with each other, which makes the process flow of health–related information between hospitals difficult hence reducing service delivery and performance. Despite the rapid increase in the adoption of integrated HIS worldwide generally, the real challenge facing health data providers is that many of the HIS are unable to interface with each other, let alone exchange patient information in an efficient way (Challenges of establishing EHR interoperability, 2017). The Namibian health is not spared from this challenge. The problem therefore that this research focuses on is data integration in this heterogeneous Namibian health environment consisting of silo systems and the DHIS. The problem of technical variations in the different technology architectures, service models and capabilities makes it difficult for one to create one standard format for the sharing of data (Challenges of establishing EHR interoperability, 2017). The problem also is that the huge number of silo systems hosted in various hospitals in Namibia are expensive and difficult to maintain due to the dispersed nature of health institutions operating in different regions in Namibia which makes it impossible for these silo systems to communicate with each other.
3   Literature review
The next section is the literature review
3.1   Health information systems
The wide spread use of information and communication technologies (ICTs) has permeated almost all aspects of life including the healthcare sector. The intersection between healthcare business processes and information systems to deliver better services is popularly known as health information systems (HIS) (Anshari, 2011; Tossy, 2014). According to White (2015), HIS is the organisation of people, institutions, and resources to deliver healthcare services to meet the health needs of target populations (White, 2015). Healthcare systems encompass all organisations, people and factions whose primary intent is to promote, restore or maintain health to ensure that health information is made available to the general public. The use of HIS is important because they help societies to access healthcare information. The World Health Organisation (WHO, 2008) report articulates that health systems are defined as comprising of all the organisations, institutions and resources that are devoted to producing health-related activities. A health activity is defined as any effort, whether in personal healthcare, public health services or through intersectional initiatives, whose primary purpose is to improve health. Furthermore, the use of HIS can allow health service providers to promote, restore or maintain health through healthcare systems technologies.   
3.2   Health information systems in Namibia
Namibia’s National Health Information System (NHIS) falls under the Primary Care Directorate in the Ministry of Health and Social Services (MoHSS, 2014). It is charged with the responsibility of providing a comprehensive source of data on a large number of health-related indicators. The NHIS was designed to improve service delivery in terms of quality and effectiveness of strategies and to monitor the trends in disease occurrence. In addition, it also provides information for national policy makers, socio-economic and health personnel, as well as the public at large (HaosesGorases, 2015). The organisational structure of the NHIS system is fragmented across different directorates and institutions. The challenges to the system are that there is a shortage of human resources to coordinate, analyse, and report on the information in a comprehensive and timely fashion. In the Namibian health environment, a large number of systems, databases, and processes are fully manual, paper-based, or only partially electronic, and to a large extent formats are either fragmented or nonstandard. This adds significantly to work burdens and seriously undermines efficiency. The Namibian HIS as a routine health and management information system was first introduced in Namibia in 1992 (Chotard, 1992), (Chotard, Conkle & Mason, 1992). The Namibian HIS was tasked with the responsibility of collecting routine data from all health facilities, that is, 36 hospitals, 281 clinics, 33 health centres and a number of outreach points The raw data is collated, analysed and processed into information that can be used for programme planning, implementation, evaluation and can also influence changes in policies, strategies, programmes and resource allocation.  This system of collecting information is usually passive.
3.3   Semantic interoperability
Semantic interoperability means the ability of multiple health information systems to work together within and across organisation boundaries in order to advance the effective delivery of healthcare for individuals and communities (HIMSS, 2005). HIMSS (2005) further argued that semantic interoperability is defined as the highest level of interoperability in which two or more systems can exchange information and at the same time the exchanged information can be used for decision making purposes. Furthermore, semantic interoperability is beyond the ability of two or more computer systems to exchange information. Semantic interoperability is the ability to automatically interpret the information exchanged meaningfully and accurately in order to produce useful results as defined by the end users both systems (Association, 2011). To achieve semantic interoperability, both sides must defer to a common information exchange reference. The content of the information exchange requests are unambiguously defined: what is sent is the same as what is understood.
According to HIMSS (2005), there are different types of interoperability as shown in the table 1below. 

	Types of interoperability 
	· Description of each interoperability 

	Foundational Interoperability
	· Basic level of interoperability

· Data from one information technology system can be received by another

· The receiving system does not need to be able to interpret it.

	Structural Interoperability
	· Intermediate level of interoperability

· Data exchanges between information technology systems can be interpreted at the data field level

· Clinical or operational purpose and meaning of the data is preserved.

	Semantic Interoperability
	· Highest level of interoperability

· Two or more systems can exchange information 

· Exchanged information can be used

· Electronic exchange of patient summary information among caregivers and other authorized parties via potentially disparate electronic health record (EHR) systems


Table 1: Types of interoperability. Adapted from (HIMSS, 2013).
3.4   Challenges in interoperability of data
Interoperability in generally, is the ability of information and communication technology systems and of the business processes they support to exchange data and to enable the sharing of information (EIF, 2004).  One of the most challenging problems in the healthcare domain is providing interoperability among healthcare information systems. In order to address this problem, we propose the semantic mediation of exchanged data between Namibian public hospitals. Most of the health information systems today are proprietary and often serve one specific department within a healthcare institute (Dogac, 2005).

Data interoperability include a single data definition for all systems. This approach can be problematic when applied on a large scale to a complex, evolving system or system of systems (Kasunic, 2001). Data interoperability addresses the ability of systems and services that create, exchange and consume data to have clear, shared expectations for the contents, context and meaning of that data (consortium, 2017). Data interoperability is essential in semantic interoperability of heterogeneous health information systems due to the fact that one or more silo information systems can exchange data with another. Therefore the study creates an integrated platform to enable semantic interoperability of data in heterogeneous health information systems in public hospitals in Namibia. Many studies done clearly indicated that interoperability of data have many challenges such as technical and financial just to mention a few and as a result this remain the major challenges as healthcare moves toward interoperability (Mary, 2016). Mary (2016), further argued that another major hurdle is getting the technology to the point where it will allow the different silo systems from different geographical locations to talk to one another. 

3.5   Heterogeneous distributed systems
Distributed systems are a collection of sequential processes and a network capable of implementing unidirectional communication channels between pairs of processes for message exchange (Marzullo, 1993). Distributed systems generally require the ability of heterogenous information systems to be at a position to communicate and exchange information with other systems. 

The advantages of distributed systems are:

· Geographical boundaries can be harmonized. Different programming languages, hardware platforms, operating systems, and network technologies make the expansion of distributed applications a huge challeng (Puder et al., 2006).

· It can allow users to access data from different systems such as personal computers, servers and mainframes.

· The systems present the data to the user as if it were located locally.

· The systems can be available and accessed over different networks which made the accessibility of data easier to other users who may need the same data.

The disadvantages of distributed systems are:

· Distributed system design is not a small task; numerous constraints influencing the overall performance of the system have to be reflected

· Information from dissimilar areas needs to be pooled leading to the fruitful amalgamation of distributed systems components.

· Higher security risk due to more possible access points for intruders and possible communication with insecure systems
· The performance is reduced simply because the data in a distributed system is accessed from a remote system.

· The network traffic is increased in a distributed system
· The  access control is difficult to manage
In the Namibian health sector heterogeneous distributed systems resulted from technologies donated by non-profit organisations.  Different donors have donated different silo systems running on different software. However, heterogeneous distributed systems have become highly heterogeneous (Godfrey, 2009 
3.6   Integration of health information systems
Integration of health information is not just about getting databases to communicate with each other. It is about moving towards a world trend in healthcare reform –integrated care (CGI, 2014). The world health organization further defines integrated care as a concept bringing inputs delivery, management, and the organization of services related to a diagnosis, treatment, care, rehabilitation and health promotion. Integration is a means to improve services in relation to access, quality, user satisfaction and efficiency.  The health information systems (HISs) include data and concepts in health services given to patients to improve the management of such services (Kai, 2015). In addition, national health information systems (HISs), which integrate data and information from different sources and information systems, cater to the information needs of policy-makers and other audiences (Kai, 2015).

4   Research methodology
The aim of this research was to design and develop a framework for data semantic interoperability of DHIS and these other health information silo systems so that they can exchange health data and information.

The main research question was “How can semantic interoperability of data in heterogeneous health information systems in Namibian hospitals be achieved”? The sub-questions are:
i. How is healthcare information currently shared between existing DHIS and silo systems in Namibia?

ii. How can a data interlink protocol that would govern heterogeneous health information system in Namibian public hospitals be developed?

iii. How can information relating to healthcare be interfaced between existing DHIS and silo systems in Namibia by adopting technologies in the distribution of health information?

iv. How can a model to enable semantic interoperability of data in heterogeneous health information systems in Namibian hospitals be designed and developed?
The research is in two phases. The first phase was the collection of data on the status of integration of HIS in the Namibian healthcare sector. The study used a qualitative approach. The second phase was the design and development of the semantic interoperability framework. The study adopted a case study setting looking at 8 hospitals in Namibia. The case studies selected in this case was the Khomas regional office (KRO) and public hospitals. Therefore, the study used the grounded theory to guide in data collection and Design Science Research Theory was used to develop the artefact. Expert reviews were used to validate the artefact to be developed.

5   Results/findings

The findings of the research were as follows:

5.1   Interviews with technicians
According to the two IT technician at the local hospital in Windhoek there is management system for advanced staff. In addition, they further stated that they do not have a system or framework that aggregates data from remote health systems for management staff to view and analyse information and also they do not have a system that exchanges data automatically. The system or framework developed in this study would aggregates data from remote health systems for management staff to view and analyse information for hospitals decision making. The two technicians further, stated that they do not have a system or framework for semantic interoperability of data in Namibian public hospitals. Currently, what system administrators do is login remotely and access a file in another computer on the same network which does not allow silo systems data to be accessed, communicate, and exchange health data and information from other silo systems hosted in other Namibian public hospitals. The system proposed would exchange data automatically from heterogeneous health information silo systems in Namibian public hospitals. The systems exchange data automatically so there should be no staff entering data manually. Furthermore, the technicians indicated that public hospitals have standalone silo systems, and there is no communication between silo systems at the moment. At the present moment, users go physically to the silo systems wherever they are installed in public hospitals. All users are role-based, which means every user on a silo system is responsible for the silo they use. There is no method used to access health data from another silo systems at the moment; there is no method of extracting health data from another silo system operating in the same environment; and there is no protocol or layer used to govern silo systems in public hospitals at the moment. Therefore the study proposed to develop a model to enable semantic interoperability of data in heterogeneous health information systems in Namibian public hospitals for management committees that involves all the heads of departments in all public hospitals in Namibia.
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Table: 2 Technicians interviews

The table 2 below symbolises the responses from the two technicians interviewed in the local hospital in Windhoek who clearly stated that at the present moment hospitals in Namibia have standalone silo systems that works in isolation and they do not communicate and exchange health related information to one another. The two technicians highlighted that this is a main challenge in the Namibian health sector simply because if a technician requires data from a remote silo systems in another hospital they are required to go physically to that specific hospitals in order to acquire health related data. As a result the study developed a protocol for the exchange of data from remote systems and aggregation of that data into meaningful information.
In today’s world protocol are known as the most essential components in semantic interoperability of multiple information systems for the fact that they act as agreement on how something has to be done. In addition, a protocol in generally is the special set of rules that end points in a telecommunication connection use when they communicate. Moreover, protocol specify interactions between the communication entities in this case the protocol was applied to govern heterogeneous systems in Namibian public hospitals for data semantic interoperability of DHIS and these other health information silo systems so that they can exchange health data and information. The study has discovered a new interlink protocol as a layer between health remote systems to govern the communication, exchange of data and information among heterogeneous health silo systems in Namibian Public hospitals. 

5.2 The application of the interlink protocol 

The remote systems will organise their data in a certain format (that is a protocol). That format is a JSON object. That JSON file created by the remote system is then uploaded into a database. A PHP (Hypertext Preprocessor) file will get all the data from JSON file and insert into tables. Hence, it is JSON structure that holds the data and that data is inserted into database tables. The protocol function in converting different data structures to enable aggregation of data is technically defined in the source codes and this is the protocol agreed upon between DHIS system and remote systems called interlink protocol.

The study has identified/discovered a new protocol called interlink protocol in the Namibian health sector that would govern heterogeneous health information systems to communicate, aggregate any type of data in comparison with the existing protocols available in the Namibian health sectors.   The other protocols that exist do not aggregate data and they do not enable semantic interoperability of data between silo systems to take place hence the new protocol invented can allow multiple systems to share health data with each other. The functionality and definition of existing protocols are as follows:

The protocol that defines the unreliable, connectionless, delivery mechanism is called the internet protocol (IP) (Krishnan, 2005). IP provides three basic definitions: 

· The IP protocol defines the basic unit of data transfer for internet software.

· It provides the routing function, i.e., choosing a path over which data is to be sent.

· IP includes a set of rules that embody the rules of unreliable packet delivery. The rules characterise how hosts and routers should process packets, how and when error messages should be generated, and the conditions under which packets can be discarded. These form part of the internet control message (ICMP) protocol suite.

5.3   The demonstrator
The first interface to the system is the login interface for the DHIS. To log onto the system, a user should be added to the system by the administrator so that they can user their username and password (see Figure 1)
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Figure 1: Log in interface

When a user logs in to the system they can view a dashboard with all the information uploaded to the system in a format of charts and presentation of the information in percentages (see Figure 2). On the system dashboard, the user can view sources by region representation of information and various disease can be viewed on the Namibian map and also disease occurrence by region.
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Figure 2: Distribution of disease
The map is for the user to navigate and check frm which geographical location the patient is from. It checks the type of disease they are suffering from and relates it to geopgraphic area.
6   Conclusion
Data interoperability has been the main challenges in health sector across the globe. One of the most challenging problems in the healthcare domain today is providing interoperability among health care information systems. In order to tackle this problem, semantic interoperability data model will be designed and developed among public hospitals and clinics in Namibia. The use of information and communication technologies (ICT) by healthcare service providers is often driven by the need to achieve effective and efficient services delivery to other public hospitals in Namibia. Public hospitals in Namibia have been challenged in the way they carry out their operations, processes and how health related information is distributed and accessed by other public hospitals in all the 14 regions in Namibia. The challenge include distribution and information flow between public health institutions and other public hospitals operating in the regions. Unfortunately, these challenges and gaps hampers and negatively impact healthcare service delivery between public hospitals operating within the same health sector environment. This study will design and develop a data interface for health information sharing between different public hospitals in Namibia.
.
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