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ABSTRACT

A Health information system (HIS) is regarded a key pillar in any healthcare sector. Yet,
for many developing countries, challenges with data quality management have affected the
adequate use of HIS. Resilient and well-functioning HIS systems contribute to the delivery
of high-quality healthcare services, enhanced operational efficiency, informed decision-
making, and the advancement of public health systems. Efforts to improve the quality of
data in HIS has recently been a research interest in healthcare literature. This study
investigates the use of Enterprise Architecture (EA) principles as an approach to data
quality management in the context of Namibian Health Information Systems (NHIS). The
study focuses on the principles outlined in The Open Group Architectural Framework
(TOGAF) EA framework.

This study followed a Grounded Theory Methodology (GTM). The themes from literature
and data were used to form a conceptual model. Themes that emerged from the data include
governing laws, standardization, data quality assessment and data quality assurance. The
findings highlight the use of EA principles in Namibian HIS (NHIS) and showed that the
standard out-of-the-box implementation of EA may not be suitable for use within a
healthcare setting. The results, however, indicate that EA implementation should be
informed by healthcare laws and policies particularly those pertaining to patient privacy.
Furthermore, data quality challenges and some of the contextual conditions were discussed

in depth and found to be similar to the findings in literature.
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CHAPTER 1: INTRODUCTION

1.1 Background

The quality of data in Health Information Systems (HIS) is a fundamental requirement for
a well-functioning public and private healthcare sector (Moyo, 2017). The World Health
Organization (WHO) has established that HIS is one of the key components of a health
system (Dagnew et al., 2018). HIS is an information system that stores data on clinical
operations, administrative, financial, and patient data (Iwelunmor et al., 2015 as cited by
Teshnizi et al., 2021). It aims to collect health data supporting health-related decision-
making (Shama et al., 2021). As such, the benefits of HIS include better decision-making,
financial benefits, and improved patient care quality (Dehnavieh et al., 2019).

Characteristics that govern the reliability of data are regarded as data quality (Thulare
et al., 2020). These characteristics include accessibility, accuracy, usefulness,
completeness, validity, reliability, timeliness, and confidentiality, according to the World
Health Organization (WHOQO) ((Endriyas et al., 2019). One of the crucial uses of Health
Information Systems (HIS) data is ensuring proper decision-making concerning public
health (Hamunyela & Nekongo-Nielsen, 2015). Data quality management has been a major
challenge for many developing countries despite all efforts to improve data quality. Some
of the key challenges include fragmented HIS, which has been identified as negatively
impacting the use and efficiency of the system (Mjelva, 2017). Secondly, data collection
methods contribute to poor data quality in healthcare HIS (Dehnavieh et al., 2019). This is
due to the inconsistency and disorganization of the data collection methods applied. Further

emphasis on these challenges will be discussed in detail in chapter two of the paper.

Enterprise Architecture (EA) is a discipline that aligns business interests with
information technologies to create an integrated perspective of business processes and IT
systems (Dang & Pekkola, 2017). It serves as a representation of an organization's business
processes, IT systems, their interrelationships, and their connection to the external
environment (Gunawan & Liejaya, 2020). EA provides a framework for streamlining

business processes, data management, and technical development to support an integrated
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Health Information System (HIS) (Higman et al., 2017). Guided by EA principles,
organizations achieve consensus on EA maintenance, development, and implementation,
bridging the gap between operations and strategy (Larno et al., 2019). For organizations to
achieve targeted architectural outcomes, the implementation of relevant principles is
crucial. These principles serve as a guiding framework, ensuring design decisions are
strategically directed towards the development of capabilities that align with the desired
outcomes (Haki & Legner, 2021). EA Principles are defined as a set of philosophies that
provide guidance to the organization’s architectural development (Haki et.al., 2021). This
study investigates the use of architectural principles from The Open Group Architectural
Framework (TOGAF) Enterprise Architecture (EA) for managing data quality in

healthcare.

1.2 Problem Statement

Data inaccuracy is one of the key issues related to the weaknesses in HIS (Wright et al.,
2017). In Namibia, HIS has been operated through segregated systems across 14 regions,
including the primary district HIS (DHIS) (Angula & Dlodlo, 2018). However, limited
studies reference the use of EA to improve healthcare system integration in Namibia
(Dlodlo & Hamunyela, 2017; Shaanika & lyamu, 2015). At the same time, several studies
point out the deployment challenges of EA in Namibia (Higman et al., 2017; Shaanika &
lyamu, 2018; Adenuga et al., 2015). For example, Shaanika et al., (2015) highlight the
challenges of EA implementation in Namibian public healthcare. These include
communication, collaboration, organizational culture, skills, and power dynamics. The
primary focus of these studies is centered on the challenges associated with the
implementation of Enterprise Architecture (EA) frameworks, rather than emphasizing the

use of EA principles in the context of data management.

Several studies have highlighted limitations associated with a rigid, out-of-the-box
application of Enterprise Architecture (EA) methodologies. (Kotusev, 2018) identifies
challenges such as maintaining complex documentation, managing poor-quality
documentation, and fostering isolated EA practices that lack integration with broader
organizational processes. While the academic literature on EA often explores its value,
benefits, and applications, a critical gap exists in understanding its internal workings

(Kotusev et al., 2022). Research tends to focus on the external aspects of EA, such as overall
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impact and stakeholder viewpoints, neglecting the specific activities and processes
involved (Dang & Pekkola, 2017). This necessitates targeted research on how EA principles

can be effectively applied in specific sectors including public health.

Therefore, this study focuses on the application of EA principles for managing data
quality in healthcare. EA principles act as a bridge between an organization's strategic
goals and its operational practices (Dumitriu & Popescu, 2020). In practical terms, these
principles serve as guidelines for governing the design and ongoing development of the

organization's architectural landscape (Haki & Legner, 2021).

1.3 Research Questions

This study is guided by the main research question and is subdivided into the sub
questions listed below.

RQ How do principles of Enterprise Architecture (EA) influence data
quality management within Namibian HIS (NHIS)?
e What are the data quality management challenges within NHIS?
e What are the major causes of data quality management challenges within NHIS?

e What are the contextual conditions influencing data quality management within
NHIS?

e How do EA principles influence data quality management?

e How can EA principles mitigate data quality management challenges in NHIS?

1.4 Research Objectives

The objective of this research is to examine the use of Enterprise Architecture (EA)
principles for managing data quality within the Namibian Health Information System
(NHIS). To accomplish this goal, the study aims to identify and analyze the specific EA
principles that significantly impact data management practices within the NHIS, while also

investigating the underlying challenges inherent in NHIS data management.

This paper is comprised of 5 chapters. Below is a breakdown of each chapter which
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outlines the chapter’s contribution to the overall project.

Chapter 1 briefly introduces the study's background, including key concepts

and the research problem.

Chapter 2 is the literature review. It provides a detailed discussion of the topics highlighted
in chapter one as it pertains to the research problem. It also considers the contributions of
other authors in the field of study. The chapter contains the theoretical consideration which
covers the introduction of the initial conceptual model.

Chapter 3 provides the research methodology. This chapter covers research purpose and
philosophical stance, research approach and strategy, a conceptual theoretical model, data
collection tools and methods that will be adopted.

Chapter 4 is the findings and analysis chapter which constitutes of the presentation of the

research results and discussion of the findings.

Chapter 5 contains the final remarks and draws key conclusions from the findings in
chapter four.

Chapter 6 Highlights limitations in the overall study including contributions

and suggestions for future studies.



CHAPTER 2: LITERATURE REVIEW

The literature review chapter is structured as follows:

Section 2.1 Describes the phases of literature review

Section 2.2 — 2.4 Highlights health information systems in Namibia

Section 2.5 — Deals with data quality management

Section 2.6 — 2.11 Gives a background of Enterprise architectures (EA) as a discipline
and EAs in healthcare

Section 2.12 Includes a proposed initial conceptual model based on the themes

discovered in literature.

2.1 Phases of Literature Review

Since the research methodology follows a Grounded Theory (GT) approach the literature
will be conducted in three phases as proposed by Thornberg & Dunne (2019). The first
phase is the initial literature review which happens before data collection. The second phase
involves an ongoing literature review during data collection and analysis whereby the
researcher will seek to find themes in the literature that relate to the findings in the data.
The final phase involves the researcher seeking to provide a contextual view of the
constructed GT with theoretical ideas to compare against the data collected (Thornberg &
Dunne, 2019).

2.2 Health Information Systems

Healthcare is the foundation of human wellness and contributes to the economic
progression of a nation (Thulare et al., 2020). HIS systems predominantly contain data
related to disease surveillance, healthcare personnel, patient encounters, financial systems,
commodities, and various other health-related information (Nsaghurwe et al., 2021). Thus,
HIS enables better decision-making by providing key roles of communication, compilation,
generation, synthesis, and use of data (Alipour & Ahmadi, 2017). The data stored in HIS
enables healthcare providers to plan, prioritize resources, and identify gaps. For example,
decisions such as the number of medications or the type of vaccinations required in a

geographical region are typically driven by data collected from the HIS systems. On the



contrary, poor healthcare delivery is partly imputed to HIS systems that are not up to
standard (Iwelunmor et al., 2015; Kagoya et al., 2020).

2.3 Namibian Health Information Systems (NHIS)

Namibia is considered a high middle-income nation with a population of 2.5 million as of
November 2022 (Amupanda, 2019). The Namibian population is sparsely disseminated,
which means that the quality of health services is limited by the widespread geographical
population (Mabirizi et al., 2018). With part of population living in the rural areas, access
to adequate healthcare services through digital technology remains one of the major

challenges.

The Namibian Health Information System (NHIS) lies under the governance of the
Ministry of Health and Social Services (MohSS) (Angula & Dlodlo, 2018). MohSS is
currently the primary service provider for public healthcare services (Amukugo et al.,
2016). Namibia's healthcare sector comprises of services provided by both public and
private providers. MohSS renders public health services on national, regional, and district
levels (Nuuyoma & Ashipala, 2020). The current information flow in NHIS is bottom-up

approach illustrated in figure 2.1.

Figure 2.1 shows how data flows within the NHIS landscape starting at healthcare
facilities, clinics, and health centers. The data then goes to the district level DHIS, which
then flows into national and regional level DHIS. At the National DHIS level the data is
extracted and used for decision making and policy formulating (Nengomasha et al., 2018).
NHIS integrates data from different sources including health administrative records, patient

data, population surveys and censuses (Nengomasha et al., 2018).



Ltvtl District health Information System, ?le 14

R

Districts Districts
(DHIS 1.4) (DHIS 1.4) (DNIS 14) (DHIS 14)

i r'\ Ve f
LW/ \w/

Figure 2.1: Data flow diagram (Source: Kapepo & Yashik, 2018)

2.3.1 Namibian Health Facilities and Centres

Namibia has a total of 433 public health facilities countrywide consisting of health centers,
hospitals, regional, district health offices, clinics, voluntary counselling, and testing centers
(VCT). Of the 433 health facilities in Figure 2.3, 290 are clinics. The rest includes 27
hospitals, 37 health centers, 3 intermediate hospitals, 14 regional health offices, and 38
district health offices spread across 14 regions country wide. Figure 2.2 shows the structure
of all the health facilities by type. According to the most recent statistics from the Ministry
of Health and Social Services (MoHSS) Namibia Master Health Facility List (MHSS,

2023), clinics constitute the largest proportion of health centers across the country.

Facilities by Type

¥ Clinic 1M District Health Office
Health Centre " Hospital

I Intermediate Hospital [l Others
Regional Health Office

Figure 2.2: Health Facilities by Type (Source: https://mfl.mhss.gov.na/)




Facilities By Type And Ownership

Hospita 7 1 1] a 1 27

Health Centre 6 0 7 0 10 37
Clinic 13 0 112 80 290
Regional Health Office 0 0 0 0 0 14
District Health Office 0 0 1} 0 0 38
Intermediate Hospital 0 0 0 a 0 3

Others 1 0 11 13 2 24

Figure 2.3: Health Facilities by Ownership (Source: https://mfl.mhss.gov.na/)

2.3.2 NHIS platforms

MohSS has several NHIS systems that were developed in partnership with various
international organizations to strengthen the healthcare system in Namibia. For example,
ePMS Quantum, PTracker, e-Birth/e-Death were all developed as standalone systems for

different projects.

i) ePMS Quantum

The Electronic Patient Monitoring System (ePMS) also known as Quantum was developed
with capabilities to support HIV epidemic control by improving data management and
reporting (Intrahealth, 2022). MohSS collaborated with IntraHealth international
organization to implement the system, one of Namibia’s biggest HIV surveillance systems
(Mahalie et al., 2022). The system was implemented in 2007 (Corbell et al., 2012). It
provides statistics on patient’s antiretroviral therapy by gathering data that illustrates highly

impacted HIV districts across the country.

i) District Health Information System (DHIS)

DHIS is open-source system specifically designed to facilitate data integration, analysis,
and the dissemination of information (Koumamba et al., 2020). Since the year 2010, an
increasing number of countries have embraced the DHIS platform as a valuable tool.

Currently, this platform is actively used by 23 organizations and 47 governments across the



globe (Hazel et al., 2018). The use of DHIS has been growing exponentially in Sub-Saharan
Africa (Higman et al., 2017). In 2017, Namibia launched its second DHIS system versioned
DHIS2 used to report on regional and district level data (Nengomasha et al., 2018). The
DHIS2 has various modules used for different purposes within the ministry. These modules
include MohSS Aggregate Module, Multisectoral health information management system,

Inpatient Module and Covid-19 Vaccination Registry.

iii) Namibia’s PTracker

Mother to child transmission has continued to be the main infection cause for HIV in
children (Munkhondya et al., 2021). PTracker was implemented in 2002 to support the
Prevention of Mother to Child Transmission (PMTCT) program and is used to monitor and
record data on HIV infected pregnant women (Mutasa, A., 2017). The PTracker application
was developed in partnership with Global Programs to aid Namibia in eradicating the

transmission of HIV from mother to child (Global Programs, 2022).

iv) e-Birth / e-Death

E-Birth system is linked to Home Affairs and is used to monitor every new birth in the
country. The system allows for generation of a registration numbers used to obtain an
official birth certificate (Mutasa & lyamu, 2022). E-birth system provides timely birth
statistics to promote efficient governmental planning, decision-making, and efforts towards
reaching Sustainable Development Goals (Shilamba et al., 2022). Similarly, the e-Death
system records Namibia's deaths and is linked to Home Affairs.

V) Pharmaceutical management information system (PMIS)

PMIS, a pharmaceutical management information system was implemented to provide
timely data to MohSS for the National Antiviral Therapy (ART) program. The system
contains integrated information tools such as Facility Electronic Stock card, Electronic
Dispensing Tool (EDT), Pharmaceutical Management Information Dashboard and EDT
National Database which manages the flow of antiviral therapy data at the national level
(Mabirizi et al., 2018). The integrated PMIS system was launched in 2017 in 13 Namibian
regions. Since the launch, more hospitals have been introduced to the system. Despite the

introduction of the electronic PMIS system, health delivery indicators have remained at



lower rates due to many factors including poor quality data and limited resources (Kibuule
et al., 2020).

vi) EDT

The Electronic Dispensing Tool (EDT) is a system that holds patient information and other
data necessary for the allocation of medication (Hafner, 2017). EDT manages the
disbursing of antiretrovirals drugs at the service delivery points located at different health
centers (Mabirizi et al., 2018).

2.4 Contextual conditions impacting NHIS

Within a Namibian context, HIS initiatives and acquisitions are primarily driven by various
partners and donors resulting in uncoordinated HIS that are not integrated (Dlodlo&
Hamunyela, 2017). Notably so, other conditions impacting data quality in NHIS is the
manual or partially electronic patient management systems that is non-standardized and
fragmentated which puts a burden on health workers and therefore impacts on quality
reporting (Dlodlo & Hamunyela, 2017) The fragmented systems result in the absence of

unique patient identification numbers (Nengomasha et al., 2018).
2.5 Data Quality Management

Data serves as a representation of real-world objects, capable of storing, processing, and
retrieving information through network communications and software processes (Batini,
2006 as cited in Cichy & Rass, 2019). As the demand for data increases, effective data
management becomes crucial for any organization. Data Quality Management (DQM)
ensures that collected data meets adequate standards of quality and reliability (Bernardia et
al., 2022). Assessing data quality characteristics is crucial in DQM processes (Daneshkohan
et al., 2022) which also includes quality assurance, control, and improvement measures
(Kaloyanova et al., 2021). The quality of data hinges on various attributes such as
usefulness, completeness, validity, legitimacy, accuracy, reliability, accessibility, and
confidentiality (Koa et al., 2018). However, data quality management in developing
countries faces numerous challenges stemming from low levels of data quality (Alipour &
Ahmadi, 2017). Inevitably, public health facilities require data that is on time, complete

and accurate to detect any early warning signs of disease outbreaks (Njuguna et al., 2020).
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2.5.1 Data Quality Management (DQM) challenges

Data use and quality in high income countries rely heavily on the use of technology and

have developed approaches in place to improve data source interoperability (Ben-Assuli

et al.,2015; Lemma et al., 2020). Table 2.1 highlights some of the common challenges of

data quality in health information systems identified in literature.

Challenges

Source

1) Huge workloads

(Moukénet et al., 2021a)

2) Unavailable data reporting tools

(Moukénet et al., 2021a;
Moukénet et al.,2021b; Tilahun
et al., 2022)

(Njuguna et al., 2020)

3) Paper based HIS systems

(Moukénet et al., 2021a)

4) Shortage of healthcare workers

(Moukénet et al.,, 2021a;
Roomaney et al.,2017)

5) Inconsistent reporting across multiple platforms

(Njuguna et al., 2020)

6) Lack of timely reporting

(Njuguna et al., 2020)

7) Lack of data management standards and policies

(O'Hagan, Marx, Finnegan,
Naphini,  Ng'ambi, Laija,
Wilson, Park, Wachepa, Smith,
Gombwa et al., 2017)

8) Lack of leadership commitment

(Tilahun et al., 2022)

9) Poor data use culture

(Kebede et al., 2020)

10) Poor infrastructure

(Taye, 2021)

11) Inadequate skills of healthcare workers
on managing the data entry and reporting

(Nengomasha et al., 2018)

12) Fragmented HIS systems

(Higman et al., 2018; Meke |
Kapepo &Singh Yashik, 2018)

13) Lack of data reporting
consistencies (outliers)

(Maiga et al., 2019a)

Table 2.1: Data Quality challenges

2.5.2 World Health Organization Data Quality Criterion

WHO defines the quality of data with the following 8 criteria of measurement (Endriyas

etal., 2019):

1. Accurate / Valid is the extent to which data presented correctly portrays the true

nature of the intended purpose or object (Laranjeiro et al., 2015).
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2. Reliability relates to the collected data that is consistently accurate (Peer et al.,
2022). For the data to be reliable, it should return the same result consistently when
collecting, processing and displaying the information (Roomaney et al., 2017)

3. Completeness according to Cichy and Rass (2019) is the "The extent to which data
is of sufficient breadth, depth and scope for the task at hand” p.4.

4. Legibility is the extent to which all data that is collected is readable (Roomaney et
al., 2017)

5. Timeliness refers to how information is readily available when required and is up
to date (Ndegwa, 2015). Timely access to data is vitally important for healthcare
accountability and governance (Farnham et al., 2020).

6. Accessibility depends on the degree to which information can be acquired easily
(Fadahunsi et al., 2021).

7. Confidentiality guarantees that unauthorised users cannot access data (Salman et
al., 2019).

8. Usefulness refers to the data collected being useful to fulfil the mandate for which

it was intended and is relevant (Roomaney et al., 2017)
2.5.3 Data Quality Assessments and audits

With the increased need for data driven decision making, improving the quality of HIS data
has been a major focus. Data quality assessment (DQA) approaches have been proven to
improve data quality in Low Middle-Income Countries (LMIC) (Wagenaar et al., 2017).
WHO recommends the regular usage of DQA methods to monitor the performance of HIS
(O'Hagan et al., 2017). DQA provides healthcare with the opportunity to collect data and
develop a view of the overall data quality by assessing the data quality characteristics
(Yourkavitch et al., 2019).

Temporal trend analysis is one of the well-known method of accessing data quality
cited by several authors (de Sa Pinheiro et al., 2022; Mufioz-Moreno et al., 2019; Ribeiro
et al.,2020). The method was applied to a data quality framework in a study by Kahn et al.,
(2016) and involves comparing the volume of the data over a certain period against a set
value. Another method known as database guidelines involve the process of counting the
prevalent occurrence of health records over time to identify missing records or differences
in the volume of data (Hall et al., 2012 as cited by Ta & Weng, 2019).
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2.5.4 Performance of Routine Information System Management (PRISM)

The PRISM framework was developed with the purpose to evaluate and strengthen Health
Information systems (HIS) (Saigi-Rubi6 et al., 2021).

The framework established that absence of proper standards and data management
guidelines contributed to the poor level of data quality (O'Hagan et al., 2017). PRISM
framework identified factors that influence data quality in three main categories; technical,
organizational, and behavioural factors (Shama et al., 2021). The technical factors mainly
include the use of technology in HIS and the level of skills and competency (Lemma et al.,
2020). The behavioural factors include the low demand for HIS data and poor motivation
from healthcare workers while the factors at organizational level are management,
governance, culture, and supervision (Hoxhaetal., 2020). PRISM framework does not just
provide guidelines for data quality improvement but also provides DQA tools such as the
Behavioural Assessment Tool (OBAT) (Nawaz et al., 2020). The OBAT tool can validate

behavioural factors that include problem-solving skills and workforce motivation.

2.6 Healthcare frameworks for data management

2.6.1 The Patient Demographic Data Quality framework (PDDQ)

The framework was developed by Office of the National Coordinator for Health Information

Technology (ONC) of the United States government in collaboration with Capability Maturity

Model Integration (CMMI) Institute.

This framework is used by healthcare organizations to

measure the patient data management capability (Kofi Osei-Tutu, 2020) and to ensure that the

adopted standards or processes are effective for handling duplicate patient data records and

improving patient demographic data quality (Gillespie, 2024). Patient demographic data refers to

all data attributes that uniquely identifies a patient.

2.6.2 Health Level Seven (HL7)

HL7 is the most widely accepted standard for managing health data interoperability (Abril-

Gonzalez et al., 2017). HL7 is an organization that develops standards but is not a standard itself.
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These standards and specifications are developed to ensure that information contained in
electronic health records is structured and communicated in a coherent manner (Boussadi &
Zapletal, 2017). One of HL7's initiatives, Fast Healthcare Interoperability Resources (FHIR),
simplifies this data exchange by focusing on reducing complexity while maintaining data
accuracy. (Boussadi & Zapletal, 2017; Ayaz et al., 2021).

2.7 Enterprise Architecture

Enterprise Architecture (EA) offers a comprehensive toolbox of methods, frameworks,
and techniques to support organizations in information system planning (Kotusev, 2019).
A core component of EA is the Enterprise Architecture Framework (EAF), which provides
a structured set of methods for designing and maintaining an organization's business
processes, information systems, and overall structure (Hadaya et al., 2020). Over the past
decades, various EAFs have emerged, including prominent frameworks like the Federal
Enterprise Architecture Framework (FEAF), The Open Group Architecture Framework
(TOGAF), Zachman Enterprise Framework (ZEF), and the Department of Defence
Architecture Framework (DoDAF) (Dumitriu & Popescu, 2020b).

Among these frameworks, TOGAF has demonstrated particular value in the healthcare
sector (Girsang & Abimanyu, 2021; Handayani et al., 2019) and has been recognized for
its advantages over other EAFs (Xia et al., 2021). A key differentiator of TOGAF is its
detailed methodology, the Architecture Development Method (ADM), which guides
organizations from their current architectural state to a desired future state (EImir et al.,
2015). TOGAF offers several advantages, including cost reduction and enhanced time
management, achieved through the integration of information @nd technology services
within a unified framework (Mayakul et al., 2019). Additionally, TOGAF is credited with
fostering superior organizational interoperability and agility compared to other
frameworks (Liu et al., 2021).

TOGAF's Architecture Development Method (ADM) provides a clear roadmap for the
various phases involved in EA development (Handoko, 2018; Vodyaho & Zhukova,
2014). These structured processes streamline architectural development efforts. They
ensure consistency and efficiency in creating architectural artifacts across diverse projects

and teams, ultimately promoting interoperability.
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2.7.1 Enterprise Architecture (EA) artifacts

EA is formed by documents known as EA artifacts (Kotusev, 2019a). EA artifacts assist
organizations in documenting both future and current states of the organization’s processes and
digital landscape (Bischoff et al., 2014; Kotusev, 2019; van de Wetering et al., 2021). EA artifacts
include data flow diagrams, policies, guidelines, network diagrams and business process models
(Kotusev et al., 2022).

2.7.2 The Open Group Architecture Framework (TOGAF)

The Open Group Architecture Framework (TOGAF) is the most widely used EA framework
(Amalia & Supriadi, 2017). It is an open standard and can be used freely by organizations (de
Oliveira et al., 2021). The framework contains four main domains illustrated in Figure 2.4. These
domains include the Business Architecture, which describes core business processes, strategies, and
governance. The Information Systems Architecture domain contains data and Application

Architecture as subsets (Malyzhenkov & lvanova, 2017).

Business
Architecture

Information
ems Architecture

Architecture JArchitecture
Technology -
‘ Architecture

Figure 2.4: TOGAF Architecture (Malyzhenkov & Ivanova, 2017)

Data sources must be centralized and integrated within the data architecture to enable better
coordination and accurate data representation (Nama et al., 2017). The application domain,
according to TOGAF Open group, describes the structure of applications which provides
the necessary business functions and support data assets (TOGAF, 2022). Lastly, the
technology domain outlines details on the technical infrastructure of the enterprise (Arman
etal., 2018).
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2.7.3 TOGAF Architecture Development Method (ADM)

TOGAF Architecture Development Method (ADM) is an iterative process split into 9
phases (Qurratuaini, 2018) illustrated in Figure 2.5. The ADM phases are defined for
specific uses (Girsang & Abimanyu, 2021; Kearny et al., 2016; Proenga & Borbinha, 2017).
ADM begins with the preliminary phase in which the architectural goals are identified, and
relevant guidelines are set in place (Proenca & Borbinha, 2017). The preliminary phase
provides a base for developing information systems architecture, business, and technology
architecture.

( Preliminary |
——
¥
A. Vision
-
(H Acrrc‘r;trt‘ezture \ s B. Business
\ Managp?nem / Architecture
4 & P ;
A A # 1
bl >
/ G f Roairoments / C. Information
| Implementation - > Maqna omant je > Systems |
Governance \ 9 ! Architecture
A )
i
»
< , N 4
* b
[ F. Migration ) v D. Technology |
Planning | Architecture
>~ E '

- Opportunities —
and Solutions

Figure 2.5: TOGAF ADM (Source: Proenca & Borbinha, 2017)
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Architecture Vision — Sets the tone for ADM stages and defines the elementary stages of
ADM including scope, stakeholders involved, necessary approvals and construction of the
architectural vision (Darmawan et al., 2020).

Business Architecture — The business architecture is developed following the approved
architectural vision (Gebayew & Arman, 2019).

Information Systems Architecture — Includes the Application and Data architectures (Sari
etal., 2019).

Technology Architecture — Includes the IT infrastructure which entails the architecture of
the technology domain (Azizi & Sumitra, 2019).

Opportunities and Solutions — This phase is concerned with the gaps identified in the
previous phases (Girsang & Abimanyu, 2021).

Migration Planning — This phase details the plan for the target architecture. At this stage
the plan will highlight the activities from the AS — IS state to the TO - BE state and how
that will be implemented (Darmawan et al., 2020).

Implementation Governance — This is the governance phase that provides the necessary
controls for delivery of projects (Negara & Emanuel, 2020).

Architecture and Change Management — The change management phase describes the
nature of changes and how those changes will impact the organization (Girsang &
Abimanyu, 2021).
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2.7.4 Data Architecture

Data architecture is part of the TOGAF ADM phase under Information Systems

Architecture. Data architecture is not necessarily a logical design or design of physical

storage systems but describes data entities significance to the organization (Gebayew &

Arman, 2019).

2.8 Enterprise Architecture Principles

Architecture principles regulate the processes impacting enterprise architecture use within

an organization (Qurratuaini, 2018). The TOGAF principles found in literature are

highlighted in table 2.2with the relevant sources.

EA Principles

| Sources:

Data Architecture

Data Accessibility

(Nama et al., Nov 2017; Olavsrud, 2020)

Data is Shared

(Eskaluspita & Sumitra, 2020)

Data Security (Qurratuaini, 2018)
(Noranita et al., 2021)

Data Trustee (Setiawan & Yulianto, 2018)

Data Asset (Handayani et al., 2019)

Data Definitions and common language

(Setiawan & Yulianto, 2018)
(Olavsrud, 2020)

Application Architecture

Technology Independence

(Handayani et al., 2019)

Ease of use

(Guntara et al., 2020; Handayani et al.,
2019)

Business Architecture

Position of Intellectual Property

(Negara & Emanuel, 2020)

Compliance with the Law

(Handayani et al., 2019; Noranita et al.,
2021)

Business Continuity

(Qurratuaini, 2018; Sofyana & Putera, 2019)

Information Management is everyone’s
Business

(Negara & Emanuel, 2020)

Technology Architecture

Requirements Based changes

(Eskaluspita & Sumitra, 2020)

Interoperability

(Qurratuaini, 2018)

Table 2.2: EA Principles
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2.9 EA Principles and HIS Data quality standards

High quality health data is required for various reasons including planning, monitoring

performance, justifying financial support, and decision making. Table 2.3 displays a

correlation between TOGAF 9.2 data principles and the WHO data quality principles.

TOGAF Data Principles and definition (TOGAF,
2021) (Qurratuaini, 2018; Palupi et al., 2018)

WHO Data Quality Principle Definition (World
Health Organization, 2015)

Data Accessibility - Data must be available for users to
carry out daily mandates.

Accessible - Data is readily available for official use or
patient care (Bloland & Macneil, 2019)

Data is Shared - Data is shared across the institutions
and users have timely access to accurate data

Complete - All required data should be available and
should include all pertinent documentations
Timeliness — Data is recorded at the observation time
(Roomaney et al., 2017; Cheti, 2019)

Data Security - Data must be safeguarded against
unauthorized use

Confidential and security -

Both are necessary to safeguard patient’s data and for legal

purposes (Bloland & Macneil, 2019)

Data Trustee - A trustee is responsible for the quality of
data including elements such as data accuracy

Data Asset - Data is valuable to the institution and adds
real measurable value aiding in decision making

Accurate - The proximity to the measurement or the
actual value of what is intended to be measured
(Roomaney et al., 2017)

Useful - Data is used for decision making

Valid — Data is free from systemic errors
Reliability — Data is consistent and coherent
(Bloland & Macneil, 2019)

Data Definitions and common language - Common
data vocabulary is used across the enterprise

Legibility — Data is readable (Roomaney et al., 2017)

Table 2.3: TOGAF and WHO Data Principles

2.10 EA in Healthcare

Several studies have identified how EA frameworks were applied to HIS. Table 2.4

summarises the studies that have looked at EA in health care.
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Author Title Points of contribution Source Databases
(Higman et al., 2017) Designing interoperable health ProQuest
information ~ systems  using | - Data exchange facilitated by EA improves data accuracy and availability by Data
Enterprise Architecture approach | comparability
in resource-limited countries: A | - Interoperability
literature review - Provides quality healthcare service
(Handayani et al., 2019) | Health  Referral ~ Enterprise | - EA implemented for a Health Referral System in Indonesia was based on TOGAF 9. PubMed
Architecture Design in Indonesia | - EA was used to guide healthcare providers and regulators in Indonesia
(Putra & Hadiana, 2020) | Designing Enterprise Architecture | - TOGAF (ADM) was applied to the Curup Timur Health Center based in Indonesia. Scopus
for Public Health Center Based on | - The findings in the study produced an architectural framework for Curup Timur
TOGAF Architecture | Health Center.
Development Method
(Ajer etal., 2019) Enterprise Architecture in - EA handles processes related to data integration and standardization. PubMed

Hospitals: Resolving
Incongruence Issues

- EA frameworks show potential in managing challenges in HIS related to siloed
systems and poor IT infrastructures.

- The findings in the paper suggest various challenges related to EA characteristics in
contrast to healthcare domain characteristics that need to be addressed to advance EA
use in that setting.

- The challenges identified in the study include: Clinical vs System knowledge
1)EA involves process standardization whereby Healthcare would be clinical
knowledge-based information 2) EA is focused on Data Integration whereby in
healthcare it involves sensitive data which entails patient safety vs patient privacy
challenge 3) EA is plan driven whereas in a healthcare setting it would be national
strategies.

Table 2.4: EA in healthcare




2.11 EA implementation in HIS assessment (Based on Table 2.4)

The studies included in Table 2.4 were specifically selected based on their focus on
Enterprise Architecture (EA) use within healthcare systems. Higman et al. (2017)
conducted a literature review to identify best practices for applying EA to Health
Information Systems (HIS). The primary interest was in understanding EA implementation
in resource-constrained countries. However, the review had some limitations. First, it
mainly focused on EA as an isolated concept, neglecting the various frameworks and
approaches within the broader EA discipline. Second, the review primarily addressed the
initial stages of EA implementation, without comprehensively evaluating the outcomes of
these initiatives.

The second study, titled "Health Referral Enterprise Architecture Design in Indonesia™ by
Handayani et al. (2019), focused on the implementation of EA in a health referral system
based on the TOGAF framework. This study provided an overview of the business,
application, data, and technology principles involved. However, rather than delving into an
extensive analysis of the use and adaptation of these principles within the architecture of

the HIS referral system, the study offered them as foundational guidelines.

Similar to the research conducted by Higman (2017), Ajer et al. (2019) centered on the
establishment of an integrated information system at Curup Timur health center.
However, the study primarily presented a broad methodology for implementing the
information systems at Curup health center, without providing an analysis of the outcomes
resulting from this implementation. Moreover, the study did not address the specific
TOGAF architecture principles that would have guided the development process of the

integrated information system.

The primary objective of the last study was to investigate the underlying reasons for the
limited adoption of Enterprise Architecture (EA) in the healthcare sector. Through the
research, four key areas of conflict between EA requirements and the healthcare domain
were identified, necessitating reconciliation. These areas were outlined as follows: 1)

Patient safety versus patient privacy, 2) system versus clinical knowledge, 3) bottom-up
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versus top-down planning, and 4) global versus local arrangements (Ajer et al., 2019).
The study emphasized that the challenges identified were contextualized within the

scandinavian healthcare system and may not be universally applicable to all health systems.

2.12 Proposed Initial Conceptual Model

The proposed conceptual model in figure 2.6 draws from TOGAF Enterprise architecture
principles and indicates how the enactment of these principles influence the healthcare
domain. It incorporates EA principles from the TOGAF Architecture Development Method
(ADM), consisting of the business architecture, information systems architecture, and
technology architecture domains. Under the information systems architecture is the data
architecture and application architecture. The model highlights that these principles have
influence on the management of data quality within the Namibian Health Information System
(NHIS).

Data quality management (DQM) contains various subcategories including data quality
management challenges and mitigation strategies. Contextual conditions includes specific
public healthcare challenges that have a direct impact on Data Quality Management (DQM)
within the Health Information System (HIS) of Namibia. These challenges, along with
underlying causes, are effectively addressed and managed within the framework of DQM,
ultimately leading to improved healthcare outcomes.
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Figure 2.6: Initial conceptual Model
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CHAPTER 3: RESEARCH DESIGN

Chapter 3 is subdivided in the following sections:

Section 3.1 Covers the research philosophy of the study

Section 3.2 Includes the research purpose

Section 3.3 Describes the research approach

Section 3.4 Discusses the research strategy

Section 3.5 Describes the research timeline approach

Section 3.6 Discusses the target population

Section 3.7 Discusses the research sample strategy

Section 3.8 Provides an overview of the research instruments used

Section 3.9 Describes the ethics approval process

Section 3.10 Highlights the approach to ensure confidentiality of the participants
Section 3.11 Provides an overview of the overall project deliverables and timelines
Section 3.12 Describes the data collection methods

Section 3.13 Discusses the data analysis steps and approach

Section 3.14 Discusses the reliability and validity approach of the study
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3.1 Research Philosophy

A research philosophy refers to beliefs that guide the design and development of a research
study (Tamminen & Poucher, 2020). It is what the researcher deems to be truth, knowledge,
or reality (Ryan, 2018). The research philosophy considers two philosophical assumptions
or paradigms which are ontology and epistemology (Mukhles M. Al- Ababneh, 2020).
Ontology refers to the reality element of the philosophy or what currently exist in the real
world (Willig, 2019). Ontological philosophical assumptions include realism and
relativism. Realist belief that there is only one objective truth whereas relativist focus on
the stance that truth is subjective and dependent on individuals (Scotland, 2012). The study
aims to examine the influence of EA principles on data management from the subjective
experiences of the research participants. Therefore, the study takes a relativist ontological

perspective.

Epistemology on the other hand is grounded in knowledge and presents a view of how
knowledge is obtained (Al-Ababneh et al., 2020). An epistemological view of the
research influences the research methodology selected (O'Connor et al., 2018).

According to Ragab and Arisha (2017), three distinct philosophical paradigms that are
commonly employed in research are interpretivism, positivism, and critical theory.
Positivism relies on the use of models to predict a plausible outcome that is independent of
the researcher's input (Sanchez et al., 2022). Positivist believes that truth should be
objective and free from any influence of the researcher's personal beliefs (Ryan, 2018).
Critical theory is formed on the idea that knowledge can be derived from a socially
constructed reality (Pham, 2018). Critical theorist seeks to find loopholes in social systems
with the aim of contributing transformational commentary to the phenomena of study
(Rashid et al., 2019). Furthermore, critical research tends to predict or challenge the status
quo (Myers & Klein, 2011).

This study adopts an interpretivist approach, aiming to uncover the meaning associated
with the use of Enterprise Architecture (EA) for data management. Interpretivism
emphasizes the exploration of depth and meaning within the experiences of research
subjects (Alharahsheh & Pius, 2020). This approach allows the researcher to delve into the

various factors influencing these experiences, including behavioral, cultural, and social
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influences (Alharahsheh & Pius, 2020).

3.2 Research Purpose

The research purpose can be interpreted through various methods which are explanatory,
descriptive, exploratory, or prescriptive method. Explanatory research is based on an
individual’s understanding as explanations are prompted by subjective viewpoints (Seidel
& Watson, 2020) while descriptive is concerned with presenting an accurate profile of an
individual, event, or situation (Mukhles M. Al-Ababneh, 2020). Prescriptive research
means that certain variables can be changed or controlled (Seidel & Watson, 2020).

Exploratory aims to uncover new insights (Swedberg, 2020). This research is based on an

explanatory approach due to the focus on the subjective views of the research subjects.

3.3 Research Approach

Qualitative analysis can take a deductive or inductive approach (Armat et al., 2018). A
deductive approach is when the analysis is based on a theory that already exists
(Azungah, 2018). Deductive approach begins with extracting the hypothesis from the
theory then testing the hypothesis and finally re-evaluating the theory with the analysis
(Woiceshyn & Daellenbach, 2018). This research is based on an inductive approach
which involves the observation of a particular area of interest and the development of
concepts and theories based on that (Locke, 2007 as cited by Ryder et al., 2019).

Inductive approach is based on the idea that knowledge is derived from neutral observations
as opposed to preconceived assumptions (Majeed, 2019). With inductive studies, codes are
first identified in the data following a process of constant comparison tocreate themes
(Pearse, 2019). The initial conceptual model in this case has been developed from the
literature review and has been used to inform the base of the research. Initial conceptual
models are used to illustrate the relevance of the study by highlighting the main ideas and
the relationships between them (Rocco & Plakhotnik, 2009).
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3.4 Research Strategy

Despite significant progress in Namibian health care delivery over the past decade, health
indicators remain sub optimal attributed by limited resources and low quality NHIS
(Kagoya, H. R. et al., 2020). As a lower-middle-income country with diverse populations
and healthcare infrastructure distributed across urban and rural areas, Namibia faces
distinct challenges in collecting, storing, and utilizing health data effectively (Kagoya,
Harriet Rachel et al., 2020; Karon & Dlodlo, 2017). Understanding how EA can be
leveraged to address these challenges in a resource-constrained setting like Namibia can
provide valuable insights applicable to similar contexts globally. Therefore, Namibian HIS
(NHIS) was selected as an ideal case study for this research.

A case study is a study of a research interest within its physical state (Ebneyamini &
Moghadam, 2018). Case studies are generally useful for examining broad and complex
research areas that are not properly explored (Keutel et al., 2014). It allows the researcher
to focus on the case in the confinement of space and time (Schoch, 2020). The two types
of case studies considered are single-case study and multi-case study approaches. In the
multi-case study approach, the researcher explores multiple cases to compare and contrast
(Gustafsson, 2017).

A single-case strategy selected for this study is based on MohSS as a research focus. To
support the case, non-profit organizations such as Global Programs and Intrahealth

Namibia were included as partner organizations, offering valuable support and insights.

3.5 Research Time Frame

Selecting an appropriate time frame is a crucial step in the planning process of a research
study. The two choices commonly used are longitudinal and cross-sectional time frames.
A longitudinal time frame involves the study of a specific subject over a certain period
(Aithal, 2022). Due to the limited time and the nature of the study, a cross-sectional
timeframe has been deemed appropriate as opposed to the longitudinal one. Cross-

sectional studies are conducted at a set time and are considered less expensive and easier
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to do (Wang & Cheng, 2020).

3.6 Target Population

The target population for this study comprises employees of MohSS who are directly
involved in the use of NHIS, as well as external partners collaborating with MohSS.
These partners, as previously mentioned, predominantly consist of donors supporting

the diverse NHIS systems.

3.7 Research Sample

Sampling is the process of selecting a portion of population for a specific research purpose
(Bhardwaj, 2019). Sampling is a vital step in the research process because it determines the
accuracy of the study (Bhardwaj, 2019). In qualitative studies the sample sizes are typically
much smaller compared to quantitative studies. The main goal of sampling in qualitative
studies is to obtain sufficient participants or observations that provide enough depth to answer

the research questions (Gill, 2020).

Various sampling methods and techniques can be considered including probability sampling
and non-probability sampling. Probability sampling is a technique used when the probability
of selecting each participant is the same whilst non-probability sampling is when selection is
purely based on judgment (Sharma, 2017). This study employs a non- probability sampling
method because participants were selected based on their individual experiences working with
NHIS systems. Non-probability is often used in qualitative case study research (Taherdoost,
2016). The type of non-probability sampling that was applied is purposive sampling. Purposive
sampling is when the case or units of study are selected based on the personal judgment of the

researcher (Sharma, 2017).

The research sample included 11 employees from MohSS and partner organizations who

work directly with the NHIS and their roles are summarized in table 3.1 below:
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Job Title Number of Participants

MIS Officers / Data Captures

Hospital Managers

Data Analyst / Scientist

Data Manager

NHIS Project Managers / Coordinators

Y L SIS =N Y R N

NHIS Infrastructure Manager

System Analyst 1

Table 3.1: Participants

3.8 Research Instruments

The research is qualitative in nature. Qualitative research generally aims to seek deeper
understanding of the values, beliefs and behaviours of a particular research context
(Azungah, 2018). The research instruments used are semi-structured interviews with
open-ended questions and documentation. Semi-structured interviews are the widely
used methods to collect data in qualitative research studies (Bearman, 2019). The
interview questions were informed by the research questions and themes identified in

literature.

Interview questions presented in Appendix A were carefully tailored to each
participant's specific role to mitigate the potential challenges of participants being
unable to address certain questions. The interviews were conducted within a designated
time frame ranging from 15 to 45 minutes. Prior to recording each section, explicit
consent was sought from every interviewee. The interviews themselves were conducted
through various platforms, including Zoom and Microsoft Teams, as well as through

face-to-face interactions.

3.9 Ethics

The ethics process in research design is pivotal in identifying any ethical risks that may

arise during data collection. Ethical consideration, in this case, followed the following
steps; First, the researcher went through the process of Ethics Approval after the research

design. The approval was gained from the UCT Ethics in Research Committee. Once the

approval was given from UCT Ethics in Research Committee, the researcher then
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proceeded to seek approval from MohSS through a formal letter to the Executive Director.
After the approval was granted by MohSS to conduct the research, the same process was
done for the partnering organizations. The researcher prepared a formal letterto the
directors of the organization which included the approval letter from MohSS, an approval
letter from the UCT Ethics in Research Committee, and a brief description of the research
purpose. Once all the approvals have been granted, the researcher then obtained
individually signed approvals from the research participants.

3.10 Confidentiality

All the responses were collected anonymously to protect the identity of the participants. The
participants were not required to provide their full names or the organizations represented.
The data collected was purely based on the EA data management with no reference to any

patient information.

3.11 Project Timeline

Table 3.2 below contains a summary timeline of the project deliverables.

TASK DUE DATE STATUS
Research Proposal Presentation April 2021 Done
Literature Review June 2021 Done
Research Proposal July 2021 Done
Research Design October 2021 Done
Ethics Approval March 2021 Done
Data Collection August 2022 Done
Data Analysis November 2022 Done
Empirical Report Preparation December 2022 Done
Empirical Report Submission May 2023 Done

Table 3.2: Project timeline
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3.12 Data Collection

The primary source of data collection used for the study is interviews. Interviews are an important
component of qualitative research (Roschelle et al., 2018). Data collection and analysis were done

concurrently.

3.13 Data Analysis

The data collected was analysed using NVIVO software version 12. The method of analysis is an inductive
iterative process of coding based on grounded theory methodology divided into open coding, selective coding,
and axial coding (Hoffart, 2000). In qualitative research, a code is described as a word or brief phrase that
symbolically represents a concise and/or suggestive attribute for a segment of language-based or visual data
(Mohajan & Mohajan, 2022; Wicks, 2017).

Open coding

Open coding is the process of breaking down raw data and identifying key concepts to
represent groups of data (Glaser & Strauss, 1967). Open coding is the first step that is
carried out in a grounded theory analysis (Williams & Moser, 2019). During the analysis,
the concepts are identified and grouped into different categories at a high level (Williams
& Moser, 2019). Analysis in open coding involves comparing codes and grouping similar
codes. During the open coding stage, researchers have sought to find themes in the data
that related to the themes found in the initial literature review.

Axial coding

Axial coding is concerned with forming relationships between concepts and categories
identified in the open coding phase (Vollstedt & Rezat, 2019). These relationships between
concepts are determined by examining the data through causal conditions, consequences,
strategies and intervening conditions (Vollstedt & Rezat, 2019).Causal conditions are
defined as events leading to the outcome of the phenomenon (Masood et al., 2020).
Intervening conditions impact the strategies while consequences represent the outcome of
the action (Vollstedt & Rezat, 2019).
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Selective coding

Selective coding is a third level of coding that involves the process of selecting a core
category by integrating categories from open and axial coding (Mohajan & Mohajan,
2022). The final stage of coding is the use of core categories to determine a theoretical
framework (Corner et al., 2019).

3.14 Data Reliability and Validity

In qualitative studies, reliability and validity show that the researchers have done what they
intended to do based on the research purpose (Coleman, 2022). Validity and reliability are

considered vital in justifying the quality of research (Vu, 2021).

3.14.1 Reliability

There are many definitions of reliability, however, according to Vu (2021), reliability is the
level of consistency in which different observers come to the same conclusion or identify
similar outcomes. A qualitative study is considered reliable when there is consistency without
bias in the data collected (Gani et al., 2020). There are four strategies proposed by Lincoln &
Guba (1985) as cited by Prasad & Rupandehi (2019) to ensure the reliability of qualitative
research; 1) Dependability which refers to the consistency of the findings 2) Conformity
means that findings are found to be neutral and formed by the respondents and not by
researcher biases 3) Transferability (relates to external validity) shows that the same outcomes
can be applied in other contexts 4) Credibility (relates to internal validity) refers to the
confidence in the accuracy of the findings. All these strategies were considered and applied

during the data collection and analysis phase.

To ensure reliability, all participants were approached individually and interviewed
separately at different times. The responses collected were the individual's subjective views
without outside influence. Interview questions were role-based, for instance, all MIS officers
were asked the same questions ensuring that the responses are consistent. Finally, all the
interview questions constructed were based on the research questions and supported by

relevant findings in the literature.
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3.14.2 Validity

Validity refers to a subjective view of an instrument measurement being what it was
intended to be (Sileyew, 2019). It aims to indicate the correctness or credibility of the
subject of study (Coleman, 2022). Although validity cannot be completely guaranteed,
various tools in qualitative studies can be used in validity checking. Some of the tools
include respondent validation, mechanical recording, member checking, triangulation, and
neutrality (Coleman, 2022). This study adapted validation, mechanical recording, and

member checking.

For respondent validation, the researcher confirmed this by doing site visits,
contacting the organizations directly, and obtaining contacts of respondents directly from
the organization's websites. The mechanical recording method that was applied is through
audio and video recording platforms such as Zoom and Microsoft teams. The audios were
then transcribed using Otter.ia to ensure that the data collected is verbatim to what was
discussed during the interview process. During the data collection, the researcher ensured
clarity of responses by seeking further clarification from the interviewees and paraphrasing
where the responses were unclear ensuring member checking. Furthermore, the correct
sample size also indicates the validity of the study. In this case, the sample size of 11

participants was considered to be relevant to the nature of the study.
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CHAPTER 4: ANALYSIS AND FINDINGS

This chapter includes a discussion of the findings and is sub divided according to the
following sections.

Section 4.1 Gives a brief description of the overall aim of the chapter and includes the
research questions that will be covered.

Section 4.2 Provides an overview of participant profiles.

Section 4.3 Describes the process of analysis including open coding, axial coding and
selective coding

Section 4.4 Discusses the findings on the Business architecture

Section 4.5 Discusses the findings on the Application architecture

Section 4.6 Discusses the findings on the Data architecture

Section 4.7 Discusses the findings on the Technology architecture

Section 4.8 Summaries the challenges of DQM into sub themes

Section 4.9 Discusses the causes of DQM challenges

Section 4.10 Provides an overview on the findings of contextual healthcare conditions
that influence data quality management

Section 4.11 Discusses findings on the mitigation strategies for DQM challenges
Section 4.12 Discusses the Data Quality Assurance (DQA) theme that emerged from the
data

Section 4.13 Discusses healthcare Governing standards and laws

4.1 Research Findings and Discussion

The purpose of this study is to determine the influence of the Enterprise architecture
principles in managing the data quality within Namibian HIS systems. The chapter aims to

address the research question and the subsequent sub-questions listed below:

RQ How do principles of Enterprise Architecture (EA) influence data quality
management within Namibian HIS (NHIS)?
e What are the data quality management challenges within NHIS?

e What are the major causes of data quality management challenges within NHIS?
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e What are the contextual conditions influencing data quality management within
NHIS?
e How do EA principles influence data quality management?

e How can EA principles mitigate data quality management challenges in NHIS?

This chapter summarizes the research findings with the key themes highlighted to show

relevance to the research questions.

4.2 Participant’s Profile

The selection of participants for this study was conducted based on their extensive
experience and expertise in working with diverse NHIS systems within MohSS. The
sample comprised of individuals from both MohSS and private non-profit organizations,
ensuring a comprehensive representation of perspectives. Among the 11 participants
included in the study, it is worth noting that two participants had been employed in their
current roles for less than a year. Furthermore, only four participants have over five years
of experience specifically related to working with NHIS, highlighting a varying range of

experience levels within the participants.

Although the number of years was not a determinant for the research participants, the
researcher, however, considered the number of prior years’ experience in a similar role.
Therefore, based on the participant's profiles, they were all deemed to be appropriate
candidates for the study.

Table 4.1 indicates the role of all the participants and the years of experience.

Interviewee Role Experience Level
Participant 1 Chief Systems Analyst: Health | 8 years
Information Systems

Participant 2 Management Information 7 years
Systems Officer
Participant 3 Health Data Management 2 years

Information officer
Participant 4 Chief Systems Administrator 7 years
Participant 5 NHIS and Disease | <1year
Surveillanceofficer
Participant 6 NHIS Project Coordinator 13 years
Participant 7 NHIS Officer 3 years
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Participant 8 NHIS Data Manager 10 years

Participant 9 NHIS Data Scientist <1 year

Participant 10 | NHIS Officer 1 year and 6 months
Participant 11 | NHIS System Analyst 3 years

Table 4.1: Participant Profile

4.3The process of Analysis

The data was analysed following three steps of open coding, axial coding and selective

coding in Figure 4.1.

Open Coding — % Axial Coding gyl Selective Coding

Figure 4.1: Data Analysis Process

4.3.1 Open Coding

Table 4.2 summarizes all the categories and sub-categories that were identified in the data

with associated descriptions.

The first step was to thoroughly read the responses line by line and group the related data
into high level categories. Each line of response that related to a specific concept was
coded into that category. For example, the categories of EA were identified as business
architecture, application architecture, data architecture and technology architecture.

Below those categories of EA, the sub-categories were defined. The other core categories
identified are classified as DQM challenges, DQM causes, Contextual healthcare
conditions, mitigate data quality challenges, data quality assurance, governing standards,

and quality healthcare outcome.
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CATEGORY

DESCRIPTION

Business Architecture

Defines the overall business architecture based on current business scenarios using
tools such as BPM diagramming, use case diagrams, class models (Sofyana &
Putera, 2019)

Business Continuity

Refers to the organization's ability to continue with operations in the case of system
disruptions (Anir et al., 2019).

Compliance with Law

The ability of the organization's information management processes to comply with set
laws and policies (Haki & Legner, 2021)

Application Architecture

The application architecture provides a guideline on the way applications are
developed and their overall interactions with business processes and other
applications (Tao et al., 2017)

Ease-of-Use

Aims to create information systems that properly manage the business environment and
that are transparent and easy to use for the end users (Marwati, 2022)

Technology Independence

Technology independence means that applications are not dependent on any
underlying hardware or software (Walusimbi & Wamema, 2022).

Data Architecture

Defines the data entities used for every business activity (Pasiak & Emanuel, 2021)

Common Vocabulary and Data
Definitions

Data classification is consistent, and definitions are understood by all the
stakeholders (Kencana et al., 2022)

Data is Accessible

Data is available for users to carry out their daily functions (Matheus et al., 2021)

Data is an Asset

Data adds value to the organization (Kencana et al., 2022)

Data is Shared

Data is distributed accordingly to all stakeholders (Imanudin et al., 2022)

Data Security

Data must be safeguarded from unauthorized use (Kencana et al., 2022)

Data Trustee

There is a trustee accountable for each element of data (TOGAF, 2021)

Technology Architecture

Design of the organization’s technology architecture necessary to support the
business functions (Sidiq & Sumitra, 2019)

Interoperability

Refers to the ability of multiple information systems to work together to exchange
information (ANGULA et al., 2019)

Requirements-Based Change

Changes done are only as a response to a business need (TOGAF, 2021)

Responsive Change

The changes are done promptly (TOGAF, 2021)

Management
DQM Challenges Indicates the main challenges of DQM
DQM causes Indicates the causes of DQM challenges

Contextual Healthcare conditions

Refers to healthcare conditions that only impact the area of the study.

Mitigate Data Quality Challenges

Refers to the strategies in place to mitigate data quality challenges

Data Quality Assurance

Defined as the process of reviewing data to uncover anomalies and inconsistencies
in the data (Karthikeyan & Benjamin, 2019)

Governing Standards and laws

Standards and laws that govern the use and management of data in HIS

Quality Healthcare data Outcome

The positive outcome of quality healthcare data

Table 4.2: Summary of categories and description
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4.3.2 Axial Coding

The process of axial coding analysis involved a systematic comparison of categories and

subcategories using matrix coding, as depicted in Figure 4.2. The matrix served as a visual

representation of the relationships between different codes, with the highlighted cells

indicating the specific connections and associations identified within the data. By

examining these patterns, similarities within the data were identified and analysed. The

darkest shades represented a strong correlation between the codes. Matrix coding in

NVIVO has been used by researchers to find reoccurrences in the data that fit a certain
criterion (Woods et al., 2016).

H: J : Common . T : Mitigate "
F - Contextual | Vocabulary | K:Datais | L:Datais M :_Data N:Data | O: Data P: D?ta Q:DaMm R: D.ata s: G.cve.mlng Datg U - Quality
Compliance ¥ is R Quality Quality Guidelines ) healthcare |Interopera
with Law Healt.h.care anzj.i lDlata Accessible | an Asset Shared Security | Trustee | causes | . and Policies Quality Outcome
conditions | Definitions Challenges

6 : Compliance with Law 8 0 0 0 0 0 3 0 0 0 0 4 0 0 0
8 : Contextual Health care conditions 0 1 0 0 0 0 0 0 0 0 2 0 2 0 0
9 : Data Architecture 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
10 : Common Vocabulary 0 0 8 0 0 0 1 0 0 0 0 0 0 0 0
and Data Definitions

11 : Data is Accessible 0 0 0 5 0 0 0 0 0 0 1 0 0 0 0
12 : Data is an Asset 0 0 0 0 18 1 0 0 0 0 0 0 0 6 0
13 : Data is Shared 0 0 0 0 1 12 0 0 0 0 0 0 1 0 0
14 : Data Security 3 0 1 0 0 0 17 0 0 0 0 2 0 0 0
15 : Data Trustee 0 0 0 0 0 0 o I 1 0 0 0 0 0 0
16 : Data Quality Assurance 0 0 0 0 0 0 0 0 25 0 0 0 0 0 0
17 : DOM causes 0 0 0 0 0 0 0 0 0 12 4 0 0 0 1
18 : Data Quality Challenges 0 2 0 1 0 0 0 0 0 «+ IE s 1 0 4
19 : Governing Guidelines 4 0 0 0 0 0 2 0 0 0 & 17 1 0 0
and Policies

20 : Mitigate Data Quality Challenges 0 2 0 0 0 1 0 0 0 0 1 1 18 0 0
21 : Quality healthcare Outcome 0 0 0 0 6 0 0 0 2 0 0 0 0 7 0
7: Technology Ind 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1
23 : Interoperability 0 0 0 0 0 0 0 0 0 1 4 0 0 0 12

Figure 4.2: Matrix Coding

Figure 4.3 represents a high-level view of the way in which all the categories and sub

categories are interrelated in the data. The figure represents the correlation of EA

principles to data quality management. It also highlights the impact of data quality

challenges on data quality management and EA principles.
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Figure 4.3: Axial relationship diagram
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4.3.3 Selective Coding

Selective coding refers to the method of combining categories to form a theory (Williams

& Moser, 2019). Table 4.3 summarizes the coding structure for the open codes, axial codes

and selective codes following similar structure by Senyo et al., (2022) as cited byGioia et

al., (2013).

Open Codes

Axial Coding

Selective Coding

Business Architecture

Business Continuity

Compliance with Law

Business Architecture

Application Architecture

Ease-of-Use

Technology
Independence

Application Architecture

Data Architecture

Common Vocabulary
and Data Definitions

Data is Accessible

Data is an Asset

Data is Shared

Data Security

Data Trustee

Data Architecture

Technology Architecture

Interoperability

Requirements-
Based Change

Responsive
Change Management

Technology Architecture

Enterprise Architecture

DQM Challenges

DQM causes

Mitigate Data Quality
Challenges

Data Quality conditions

Data Quality Assurance

Data quality Assurance

Data Quality Management

Contextual Healthcare
conditions

Contextual Healthcare
conditions

Contextual Healthcare
conditions

Quality healthcare outcome

Quality healthcare outcome

Quality healthcare outcome

Table 4.3: GTM Coding structure
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4.4 Business Architecture

Outlines the overall business architecture of the organization and include principles of
business continuity and compliance with law. It is a vital part of the overall architecture

ensuring that the organization meets business objectives.

4.4.1 Business Continuity

The business continuity theme encompasses the organization's resilience in the face of
system interruptions, which are due to unplanned and sometimes unforeseen events that
disrupt business operations. In the context of the Ministry of Health and Social Services
(MohSS), the main DHIS2 application is hosted across two sites. In the event of a failure
or disruption at the primary site, a failover is initiated to transfer the DHIS2 application's
operation to the secondary site. This failover process ensures the continuity of system

functionality and minimizes the impact of system interruptions on business operations.

“The ministry itself doesn't have a disaster recovery site but what we do with our
systems hosted with the Office of the Prime Minister in cases of shutdowns at the
office of the Prime Minister, it redirects to our servers here in the ministry, but
that's just a temporary setup. We are working towards implementing a disaster

recovery setup for the ministry” [Participant 1].

“System downtime which basically caused by the data server. And the other
problem that we have is we don't have proper network because most of the time,
we use the Wi Fi connection and it can be off some time which delay our work”

[Participant 1].

4.4.2 Compliance with Law

Information management processes should comply with laws, policies and regulations as
it pertains to the collection, synthesis, and analysis of data. The absence of these laws and
policies however, causes challenges for the internal MohSS information management
processes. Participant 6 highlighted that in situations where there is a lack in health laws
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and policies, MohSS formulates supplementary internal guidelines to address the existing
gaps.

“They are no set laws so we have to implement processes and procedures to cover
and make sure that our information management processes do not infringe on

patients, or people's rights effectively [Participant 6].

Participants additionally confirm that the compliance policies currently in place primarily rely on
pledges made by healthcare professionals.

“When it comes to confidentiality, for example, then it's more based on the oath that

they take as health practitioners” [Participant 1].

The absence of specific governing laws and policies regarding data privacy and security

affects operational efficiency in the ministry.

“And what slows us down is we don't have laws, specifically for data privacy and security.
So what that means is that you constantly have to redevelop specific data sharing
agreements, policies and specific SOPs to make sure that we handle the information

that we collect or that we work with in in a responsible way [Participant 1].”

4.5 Application Architecture

The application architecture is defined under the information systems architecture within
TOGAF ADM model. It covers the organization’s application landscape and includes
principles such as technology independence. Application architecture plays a pivotal role
in guiding the design, development, and management of the organization's applications,
ensuring alignment with strategic objectives and promoting effective use oftechnology

resources.

4.5.1 Technology Independence

The main DHIS2 is an open-source system and hosted within an open-source environment.
DHIS2 exhibits platform independence, as it is developed using Java and can be executed

on any platform with Java Runtime Environment support. Embracing technology
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independence as a core principle of The Open Group Architecture Framework(TOGAF)
stems from the rationale of achieving cost-effective and timely software development,
upgrading, and migration. Platform-independent applications facilitate seamless
integration with other software systems, including legacy applications, thereby enhancing

interoperability and overall system functionality.

“DHIS?2 is open-source software. All supporting tools that are used are open-
source. We use ubuntu for server administration and PostgreSQL for database

administration. It is coded in Java programming. [Participant 1].

4.6 Data Architecture

Data architecture forms part of the Information systems architecture in the TOGAF ADM.
A well-defined and responsive data architecture meets data quality standards of
accessibility, accuracy, timeliness, usefulness established by WHO for health information
systems. The architecture includes principles such as Common vocabulary and data

definition, data accessibility, data is shared, data security, data is an asset and data trustee.

4.6.1 Common Vocabulary and Data Definitions

According to several respondents, there is a consensus that common vocabulary and data

definitions are widely used and understood within the ministry.

“The way we collect our data is program specific. Now the programs have their
terms and vocabulary that they use per program or service that they deliver in the
health facilities. You will find that there are common terms that are utilized that are
understood within the ministry those are guided by each program's guidelines. ”
[Participant 1].

“I'm now talking about metadata vocabulary. Okay, let me talk about field names first.
Field names have weird acronyms. if you look at the data, you won't be able to understand
and see if this one is an HIV result, because it is not indicated as HIV. There is a use of
acronyms to protect the patient just in case these data comes into the

wrong hands ” [Participant 9].
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The presentation and interpretation of data becomes easier when the language is

understood.

“Yes, more for casual use. Everyone understands what it means. Simplifies things
during data presentation. Everyone understands Indicator definitions. There is

also a data dictionary where the indicator is explained” [Participant 8]

4.6.2 Data is Accessible

In the current structure of the MohSS, data accessibility is regulated and limited to
authorized parties. Accessibility levels are divided into the district, regional and national
levels. Within each level, access to data is restricted to the respective authorized

stakeholders in accordance with their designated level of access.

“HIS can be accessed at all levels. But at the district level, we have HIS officers
that use the system for data entry as well as data analysis. So upon receipt of the

data collection tools from the facilities, they then use DHIS2, to capture the data

at the district level.” [Participant 1]

The access of regional HIS officer is information at their level, the district level,

and the health center and clinic level. ” [Participant 2]

Participant 2 expressed that all other access requirements from outside the ministry goes

through appropriate approval channels.

"If somebody from outside the ministry wants information, you have to go through
Ministry of Health head office, because they are the ones to authorize you to access

our information.” [Participant 2]

4.6.3 Data is an Asset

Table 4.4 summarizes the responses for the data is an asset principle. The sub themes that

emerged from the principle are planning and budgeting, data sharing, timely decision
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making, managing disease outbreaks, monitoring and evaluations.

Data Use Characteristics

Theme

Sample of response

Planning and Budgeting

“The ministry uses it more for budgeting
purposes, planning purposes, planning in terms
of a campaign that needs to be held for example,
then they use that data to forecast where to put
most of the resources” [Participant 1]

“for planning and deploying resources
accordingly” [Participant 5]

Data Access

“Data sharing, when you have to attend
workshops or meetings that require data for the
country or for the ministry, we then also access
that and use that for different functionalities or
purposes.” [Participant 1]

Timely decision making

“The positive outcome of data quality
management is that all the decisions are always
made on time if you make sure that your data is
correctly entered” [Participant 10]

Managing Disease outbreaks

“Ministry of Health uses data to monitor disease
trends in cases of outbreaks to devise appropriate
interventions” [Participant 10]

“Give a projection in terms of incidence rates of
certain diseases” [Participant 11]

Monitoring and Evaluation

“The ministry also uses these HIS data for
programme evaluation” [Participant 5]

Table 4.4: Data Use Characteristics

4.6.4 Data is Shared

The data sharing principle coincides with the data accessibility principle. According to

TOGAF, data sharing is concerned with the user's access to timely data to perform their

task (TOGAF, 2021). The underlying rationale of this principle is to centralize data

storage within a unified platform, typically a data warehouse.

“Each project is unique, so if you look at one project it could be dealing only with

HIV and HIV prevalence, but the second project would then be on malaria. Each

of these projects builds sort of their data system, because there is no commonality

between the projects. ” [Participant 9]

45




“Actually, the data warehouse is not there, but there are plans to do so. I think

there's a project which is already underway.” [Participant 11]

4.6.5 Data Security

MohSS has implemented a range of security measures aimed at safeguarding the system
against potential security breaches. A noteworthy measure, as highlighted by participant
1, involves the enforcement of contractual agreements with all contractors. These contracts
require strict adherence to the data use policies that have been outlined, thereby ensuring

the protection and proper handling of sensitive data.

“When it comes to implementing systems, in most cases, we use external
stakeholders, donors, consultants, and so forth. Before the implementation, they
sign contracts that ensure that they do not utilize any of the information that they
have access to during their period of contract for personnel benefits or business

benefits ” [Participant 1]

MoHSS has other measures in place such as upgrading security infrastructure, IT security

awareness, SSL and VPN, active directory, user roles and profiles summarized in table 4.5.
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Security Measure

Sample of Response

Security infrastructure

“The ministry upgraded the security infrastructure, meaning
we put in a firewall, making sure that intrusion protection
system, intrusion detection, intrusion prevention system is in
place, whereby we monitor the incoming and outgoing traffic
within and outside the ministry. We have a firewall antivirus,
whereby we'll make sure that every machine is protected.
Most security breaches normally come from within the
network. [Participant 4]

User roles and Profiles

“In terms of the HIS data server itself, it has got security
features in it. You need to be authenticated for you to be able
to access the system. And there are user roles and profiles”
[Participant 4]

IT Security Awareness

The ministry puts emphases on security awareness, sometimes
we send out communication, talk to the users, educate users on
security issues that we can face within the Ministry.”
[Participant 4]

SSL and VPN

“We normally use SSL and virtual private network
communication for us to make sure that we are securely
accessing the system” [Participant 4]

Active Directory

“Our Active Directory does the job whereby we know which
users accessing what. So you need to have that authorization
to access the network or the system”

[Participant 4]

4.6.6 Data Trustee

Table 4.5: Data Security

Based on the overall feedback from the participants, the findings show that there is

no role assigned in MohSS to ensure data quality. The responsibility for data quality

assurance is instead distributed across various levels of data management.

Nonetheless, one participant mentioned that the MohSS is currently engaged in the

incorporation of draft guidelines that have distinct roles, including data collector,

data owner, and data controller, which are regarded as the custodians of data. This

initiative signifies a step toward establishing clear roles and responsibilities to uphold

data quality standards within the MohSS.

“At the district level, we have HIS offices, but our HIS officers are nurses.

Regional level, we also have HMIS officers, they've managed the districts within

their region. And in that case, all aspects of data quality, they're responsible for it
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for their region. At national level in HIS, regardless of your role, you are also
responsible for data quality management” [Participant 1]

“The data controller which is the government needs to make sure that the policies
and procedures are in place and are being followed. The data owner has the
responsibility of making sure it gets implemented. They have to notify the controller
if there are any breaches and so forth. The data collector also has a responsibility

in ensuring that good quality data is being collected.” [Participant 6]

4.7 Technology Architecture

Technology architecture is necessary to support the business operations of organizations.
The principles included in the technology architecture are Responsive Change

Management, Requirements-based changes and Interoperability.

4.7.1 Responsive Change Management

The findings indicated that response to change management is often slow, due to the lack
of effective communication and coordination between frontline healthcare workers and IT

change management.

"Sometimes they would just implement the change, they would put people on a new
regimen or new treatment, and forget to tell the IT people that listen, this is a new
change.” [Participant 6]

4.7.2 Requirements-Based changes

Based on the feedback from the participants, it is apparent that changes within NHIS are
primarily driven from a patient-centered approach, with the overarching goal of
improving patient care. In addition, the integration of emerging technologies and the

adherence to global standards also foster transformative changes within the system.
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4.7.3

“You can customize the system according to your business processes. And in
s

terms of technology or IT, as we grow with technology, some things change.’
[Participant 1]

“So obviously when a treatment regimen comes out, that directly changes people's
outcomes, the quality of care, then that will be a key driver of change. So for health,
it will be patient care. If it leads to improved patient care, better patient outcomes,

it is must be the key driver” [Participant 6]

Interoperability

Participant 11 expressed grievances regarding the integration challenges faced by MohSS.

These observations shed light on the significant issue of limited interoperability within the
NHIS landscape.

"Lack of interoperability because our system in the health is also not linked”
[Participant 7]

“Alright, to be honestly speaking, it's so sad because TB and HIV, these
programmes some how they will always borrow a certain component from one
another. Because you may find a baby that have got HIV or that has TB. There is
supposed to be link among each programme but the integration is really poor”
[Participant 11]

4.8 DQM Challenges

Table 4.6 presents a concise overview of the challenges pertaining to Data Quality
Management (DQM) that emerged from the interviews. The primary theme identified
within the collected data revolves around the timeliness of data reporting. Participants
voiced concerns regarding the impact of delayed data reporting on data quality.

Analysis of the responses revealed several factors contributing to this issue includes high
workload, system downtime, and human resource-related issues. Moreover, other recurrent

themes include the incompleteness of data, data inaccuracy resulting from human errors or
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training deficiencies, and duplicate data due to absence of unique identifiers. Finally, among
the prominent themes discussed by multiple participants, the lack of standards and laws

emerged as a significant concern.
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Theme

Sample of response

Timeliness

“We have issues with the timeliness of data” [Participant 1]

Completeness

“completeness of data in terms of submission” [Participant 1]

Outliers

“When you look at the trend of the performance of the data over time, you'll find that there are certain times when you have lower
variables and sometimes higher variables” [Participant 1]

Poor infrastructures

“System downtime which is caused by the overworked data server” We don't have a proper network because most of the time,
we use the Wi-Fi connection and it can be off sometimes” [Participant 10]

Understaffed

“The challenges in regard to data quality in the hospital is a shortage of staff, that only one person overloaded by a /ot of work”
[Participant 2]

Guidelines and Policies

“We don't have a proper guideline that you can say look for HIS in Namibia or for the hospital we have this policy or guideline
that we can follow to maintain or to make sure that our data is well managed" [Participant 2]

Inaccurate reporting

“Inaccurate reporting or inaccurate data” [Participant 4]

Design of the data
collection tools

“having t00 many open-ended questions” [Participant 6]

Training

“I think lack of training, very often you have people using health information systems, but they have not had training, there is no
up-to-date user manuals available” [Participant 6]

Paper-based data
collection

“Namibian context, we have very much a paper-based data collection model that we are following still. ” [Participant 6]

Interoperability

“lack of interoperability, because our systems are not linked. Every project might be using different systems and lack of
interoperability might lead to that” [Participant 7]

Lack of standards

“Definitely the number one is the lack of standards, there is no standard for data collection for patient demographics”
[Participant 6]

Duplicate data

“Need a unique identifier that links the patient to all the points of care. Currently, when you go to a different location they give
you a different ID which leads to Duplication” [Participant 8]

Data Anomalies

“Anomalies in the data caused by undefined business rules” [Participant 8]

Lack of data dictionaries

“The challenge is also a lack of data dictionaries” [Participant 8]

Silo systems

“Challenges that we have been experiencing with projects is that there are different projects. And each of these projects has
their own standalone system for capturing data” [Participant 9]

Table 4.6: DQM challenges



4.9 Causes of DQM challenges

The findings of the study reveal similarities between the challenges expressed by the
participants and the underlying causes. Some of the sub themes found in the causes of
DQM challenges include siloed systems, untrained staff, network challenges, IT resource

constraints and human errors.

4.9.1 Siloed systems

According to responses, the presence of siloed systems contributes to the lack of
interoperability within the NHIS. This is often due to the diverse nature of projects, which

are often funded by different donors with their own distinct objectives and priorities.

“It's different every project might be using different systems”

[Participant 7]

“I think that could be the cause of each of these projects, building sort of their own
data system, and having their own data and because there is no commonality

between the projects” [Participant 9]

4.9.2 Untrained staff

Participant 6 expressed that the lack of training leads to inaccurate data entry.

“Then also, I think lack of training, very often you have people using health
information systems, but they have not had training, there is no up to date user

manuals available” [Participant 6]
4.9.3 Network challenges

Insufficient network connectivity, particularly in remote regions, emerged as a significant
contributing factor to the challenges encountered in data quality. Participant 10 confirmed

this observation, highlighting the limited Wi-Fi connection in those areas.
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“We don't have a proper network because most of the time, we use the Wi-Fi

connection and it can be off sometimes” [Participant 10]

4.9.4 1T resource constraints

The findings of the study indicate that the main DHIS2 system is currently experiencing
resource constraints, leading to performance limitations such as slow responsiveness.
These constraints stem from the resource-intensive nature of the data being captured and

processed within the system.

“What is happening now currently is that the server itself now is under pressure.
And then resource intensive, especially the data that has been captured, be it
COVID related data that has been captured” [Participant 4]

4.9.5 Unique identifiers

Both participant 11 and participant 8 agreed that the issue of duplicate data arises from the
absence of unique identifiers within the system. The participant 8 provided examples where
patients receiving treatment at different locations are assigned unique identities due to the
absence of data integration within the ministry. Consequently, each patient ends up with

multiple profiles based on their location or type of treatment received.

“Duplicate data, which is mainly caused by the lack of unique identifier, which is
doesn't exist within the Ministry” [Participant 11]

“The lack of unique identifiers for example patient moves from point A to point B point

of care. Then B to C. As a data person, you need to tell the story. Treatment of point A to
Point B and medication etc. If patient is missing on the different points of care this leads

to data inaccuracy” [Participant 8]

4.9.6 Bureaucracy

Participant 8 has identified a significant factor contributing to the challenges associated
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with data quality, namely, the bureaucratic nature of approval processes involved in data
sharing. This bureaucratic framework leads to a prolonged process of change

management.

“Bottlenecks in data. Approvals levels. Requesting data. Getting data out. Ministry
may take a while for certain changes to happen” [Participant 8]

4.10 Contextual Health care conditions

The contextual healthcare themes that have emerged include remotely located health

centres, patient care over data collection, paper-based data collection and donor influence.

4.10.1 Remotely located Health centres

Namibia has more clinics than any other health facilities as evidenced in Figure 2.3 on
page 18. Majority of these clinics are situated in geographically remote regions with
limited access to reliable internet connectivity. Furthermore, the research findings
confirm that health centers located in remote areas are often understaffed, thereby

influencing the accuracy of the collected data.

“One of our biggest challenges in Namibia is that the first point of care or point of
entry into the health system is typically at a clinic. And some clinics are very far
and very remote, they can also be very understaffed, so you literally might just

have one nurse there, and one administrative person. ” [ Participant 6].

4.10.2 Patient care priority over data collection

The prioritization of patient care over data collection represents an additional factor
influencing data management, as emphasized by participant 6. This prevailing theme
bears implications for the accuracy of collected data, due to the use of paper-based
processes for data collection in most clinics. As a result, healthcare professionals
responsible for patient care overlook the efficient collection of data in attending to
patients' needs.
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“So in terms of the context, for a person that presents at that clinic, it might be if
the person is very sick, the nurse has to spend all of her time to just tend to that
person and she might not have time to correctly collect the data and patient
demographic information. She might not have time to do a proper data collection
to get the history of the patient. She will come and complete paperwork at the end

of the day, which then means she has to rely on her own memory.” [ Participant 6]

4.10.3 Paper-based data collection

The use of paper-based tools for data entry results in data collection officers exclusively
entering aggregated data into the system, thereby influencing the interpretation of the

data.

“there's a lot of paper-based entry of data. These paper records then get collected
at the end of every week by the data collection officers, and these offices then
capture only aggregated data. So they combine, tally the data then enter into the
system to say that we've received, say, 20 women between the ages of 15 to 20 years,
so you won't exactly know how many 15 year olds, how many 16 year olds"

[Participant 9].

4.10.4 Donor influence

Donors play a pivotal role in bolstering the healthcare system. Nonetheless, the prevailing
situation within the NHIS is characterized by diverse donor organizations funding distinct
projects. For instance, donors may finance specific initiatives like combating malaria,
thereby developing an isolated system for its implementation without adequately
considering the potential ramifications on existing processes and integration with existing

systems.

“Donors influence how data management processes should run because they fund

the project which does not always align with internal processes.” [Participant 8]
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4.11 Mitigate Data Quality Challenges

The participants noted different mitigation strategies for data quality challenges. The sub
themes identified as such include a technical work group, design of proper guidelines, data

quality assessments, digitization and infrastructure upgrades.

4.11.1 Technical Working Group

The findings uncover the establishment of a technical work group functioning as a
committee responsible for addressing interoperability matters within the MohSS.
According to the input received from participant 1, the work group is presently in its
preliminary stages and has not been fully implemented.

“We are aware that we have an issue with integration in the ministry so we came
up with a technical working group that was initially meant to control or manage
any system that comes within the ministry.”

[Participant 1]

4.11.2 Guidelines

Apart from the technical work group, the ministry has guidelines that inform stakeholders
developing NHIS systems to adhere to the integration guidelines.

“We also have a guideline, we inform stakeholders that if a system is to be
developed within the Ministry, it needs to talk to DHIS2, and it needs to be
integrated into DHIS2." [Participant 1]

4.11.3 Data Quality assessment

The data undergoes a series of data quality assessment stages, commencing at the district level,

where NHIS officers examine the data for attributes such as completeness, timeliness,and

accuracy. Subsequently, the data proceeds to the regional and national levels, where further

data quality assessments are conducted. These assessments take place at both the national and
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regional levels, ensuring a comprehensive evaluation of the data quality.

4114

4115

"Provide monthly feedback at the national level, we assess the timeliness,

completeness, and so forth of the data every month ” [Participant 1]

“Data is actually being verified at about three or four different levels. Each facility
validates their data at the facility level, and also at a district level. This is also
done at the regional level, because they do host what we call a regional review,
where districts within a region comes together and validate their data.

And then after it has been verified in the region, it's then sent to the national level
for further validation” [Participant 11]

Digitization

The ministry is currently in the process of digitizing the manual data collection

tools at the facility level.

“The issue is more because data is still manual from the facility level. So
we are in the process of digitalizing. We want to digitalize data entry at

the facility level” [Participant 1]

Infrastructure upgrades

The ministry is actively exploring the possibility of upgrading the hardware of the main

DHIS2 host server as a potential solution to address the resource constraints it currently

faces.

“So what we are currently busy with is sourcing another entirely new server with more

memory and processor power, so that we do not havethese constraints.”” [Participant 4]
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4.12 Data Quality Assurance (DQA)

Data quality assurance emerged as a prominent theme in the collected data, indicating its
significance within the context of the MohSS. Multiple participants confirmed the
existence of data quality assurance (DQA) processes implemented to ensure accurate and

validated data.

“Data has to go through six steps of data quality assurance, whereby we check
the accuracy, precision, completeness, relevance, validity, and then the ability to
be understood.” [Participant 3]

DQA theme was covered by over 80% of the overall responses as indicated in

Figure 4.4 and therefore identified as an emerging theme.

Percentage coverage
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Figure 4.4: Data Quality Assurance coverage

4.12.1 Data Verification

Based on the responses provided by the participants, MohSS has established processes for

data verification. Data verification procedure occurs during the data collection stage,
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wherein healthcare workers validate the collected data before entering it into the system.

“We check also for completeness, before we enter into the DHIS2 system, you
have to check for incompleteness. And you make sure that all forms that you are
receiving are signed to indicate that they were checked by a supervisor and

everything is in line. ” [Participant 2]

“Data monitoring where we get people from the region, they come and confirm
our data that is on paper and the one that we have in the system corresponds.”

[Participant 10]

4.12.2 Data Cleaning

Once the data is entered into the system, the health workers do regular data cleaning excises
to ensure that the data entered into the system corresponds with the data that is onthe paper

records.

“We do data cleaning every end of the month we harmonize especially mortality
data whereby the wards come with their daily census and we'll compare what is in

their registers with what is in the system. ” [Participant 2]

4.12.3 Data Review

The ministry has regular data review workshops to validate the data collected over a

certain period.

“We conduct regular data review meetings to review all the data that is captured
in the system for a particular period in the clinic and validate against certain
variables, do some analysis as well going back to the to the paper tools that are
utilized to collect the data and correcting where necessary, ” [Participant 1] “Data
is managed by doing data quality assessment during data review meetings,
verification before entering the data on the system and also data auditing which

may also include validity checks by the system.” [Participant 5]
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4.12.4 Final data cleaning on ETL

Data on the system goes through a data cleaning procedure whereby any junk data that is
flagged by the system is removed from the database.

“Yes, we have a data cleaning process on our ETL. Our team sets up automated
business rules that censor records that need to be corrected on data correction
sheets. Once these records are reviewed and flagged for deletion; the data

manager then deletes the junk data from the system. ”” [Participant 8]

4.13 Data governing standards and laws

Another theme that has emerged from the data is the governing laws and standards for
health information management. Several participants expressed their concerns regarding
the absence of established standards and laws governing the collection, assessment, and
dissemination of data. According to one participant, the lack of these standards has a
profound impact on data quality within the healthcare system.

“Definitely, the number one is the lack of standards, there is no standard for data
collection. No set standard in how Date of Birth would be collected across multiple
systems for example” [Participant 6]

“But in terms of standard, even though there is some standard, they are not really

well implemented” [Participant 11]

Responses show that this theme was covered by 4 out of 11 participants. Overall coverage

of participant 6 is over 12% while the other participants briefly mentioned this theme on a
coverage of less than 2%.
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Governing Guidelines and Policies - Coding by Item
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Figure 4.5: Data governance standards and laws

4.14 Quality Healthcare Outcome

Based on the findings, a significant number of respondents emphasized the role of quality
data in facilitating informed decision-making by key stakeholders within the Namibian
health system. Participants highlighted that accurate and reliable data will enable decision
makers to make well-informed choices that positively impact various aspects of the health
system. Furthermore, it was noted that data-driven decision making, facilitated by data
quality, is essential for enhancing health service delivery and overall healthcare outcomes

in Namibia.

“Improved healthcare service delivery” [Participant 1]

“So it really helps in terms of making decisions as to even when the Ministry has
to buy medications, obviously, they have to make use of those data.” [Participant
11]
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“Minister of Health use data to monitor disease trends in cases of outbreaks in

devise appropriate interventions” [Participant 5]
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CHAPTER 5: DISCUSSION

This chapter will discuss the research findings from chapter 4 as it relates to the research
questions and the conceptual model.

The following sections will cover the research questions structured below:

Section 5.1 Enterprise Architecture addresses the following research questions:
RQ How do principles of Enterprise Architecture (EA) influence data quality
management within Namibian HIS (NHIS)?

e How do EA principles influence data quality management?

e How can EA principles mitigate data quality management challenges NHIS?

Section 5.2
Data Quality Management addresses the following research questions:
e What are the data quality management challenges within NHIS?

e What are the major causes of data quality management challenges within NHIS?

Section 5.3

e What are the contextual conditions influencing data quality management within
NHIS?

Section 5.4 Discusses the Emerged theme of Data quality assurance

Section 5.5 Discusses findings on Governing Laws and Standards as a key factor in NHIS
data management

Section 5.7 Looks at the Revised Conceptual model that has been reworked according to
the themes gathered from data collected.
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5.1 Enterprise Architecture

5.1.1 Business Architecture

The principles discussed under the business architecture theme include business

continuity and compliance with law.

Business continuity refers to the ability of organization to manage system
downtimes without impacting business operations. Downtimes can be as a result of
software or hardware failures, system maintenance, power failures, network failures and
many other causes (Roush et al., 2021). Reliability is key in Health Information Systems
(HIS) as it serves as the foundation for making informed decisions related to healthcare.
The findings of this study underscore the significant impact of inadequate business
continuity planning. Although the main DHIS system currently has standby instance in
place, the ministry has not made provisions for a dedicated disaster recovery site. The
absence of a disaster recovery plan poses challenges to ensuring consistent and
uninterrupted access to reliable data. Disaster recovery assures the recovery of critical
systems to ensure normal business operations (Mendonja et al., 2019). Furthermore,
according to Biru et al., (2022), HIS systems can be advanced with business continuity
capability.

MohSS has however initiated plans to establish a disaster recovery site as an
integral component of its business continuity management plan. This strategic
undertaking reflects the ministry's approach towards ensuring uninterrupted operations
and safeguarding critical health data in the event of unforeseen disruptions.

Compliance with law theme is concerned with the organization’s compliance
with set laws, regulations, and policies (Haki & Legner, 2021). This study revealed a
notable gap in laws and standards governing the management of HIS data in Namibia.
Consequently, the enforcement of policies related to data security and data sharing has
encountered challenges due to the absence of a legal framework at the national level. In
the absence of specific legislation, the current approach involves the development of
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guidelines aimed at managing data quality. These guidelines serve as a substitute for formal
regulations and provide a basis for ensuring adherence to established standards and best
practices in data management within the healthcare sector. Participants expressed concern
in the processes of redeveloping data sharing agreements and Standard Operating
Procedures (SOPs), emphasizing that such activities slow down the internal information
management processes. The need for renegotiation and revision of data sharing agreements
and SOPs not only imposes administrative burdens but also hampers the efficiency and
timeliness of information exchange among stakeholders.

5.1.2 Information Systems Architecture

i) Data Architecture
The data architecture principles that were presented include Data is an Asset, Data is
Shared, Data is Accessible, Data Trustee, Common Vocabulary and Data Definitions and
Data Security.

Data is an Asset principle focuses on data being a value generating asset for the
organization (Camatti et al., 2020). The study confirmed that data is an asset for NHIS and
used for various functions including planning and budgeting, data sharing with decision
makers, timely decision making, managing disease outbreaks as well as monitoring and
evaluation purposes. This result is backed by several authors who have stated that
appropriate data use provides better health quality care (Askar et al., 2017; Malakoane et
al., 2020; Platt & Kardia, 2015; Reynolds et al., 2022; Wong et al., 2019).

Data is Shared Data is shared focuses on the mechanism that enable readily
accessible data such a data warehouse implementation. Based on the findings, it is evident
that the majority of NHIS systems operate as standalone entities, lacking automated data
sharing capabilities. This situation is in contrast to the principle of data sharing, as
highlighted by Ajer et al. (2019), who argue that the sensitive nature of healthcare data
contained in HIS systems may present challenges for data sharing. Nonetheless, it is
important to recognize that the establishment laws and standards regulating data sharing
and usage in Namibia can serve as essential guidelines for ensuring appropriate and secure

data sharing procedures.
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Data is Accessible principle findings show that the ministry has processes in place
for data accessibility. These findings align with those in Kapepo & Yashik (2018),that
highlight the data accessibility structure in MohSS. The structure has three layers of
access from the district level, regional and national level. At each level, only authorized
personnel have access to the data. All the access requirements from outside MohSS
requires signed approval from the Executive Directors office. This indicates that data in
NHIS is readily available for the users to perform their functions at each level of access.

Data Trustee The study confirms that there is no single person assigned for the
management of data quality. The ownership of this responsibility lays in the different
phases of data handling starting from data collection, data entry to data processing. Thus,

data trustee principle does not apply to the NHIS environment.

Common Vocabulary and Data Definitions The common vocabulary and data
definitions principle serves different purposes and is understood by all the relevant
stakeholders in MohSS. This principle facilitates data sharing by establishing a shared
understanding of the language. Evidence from the study suggests a strong link between
common vocabulary and data security theme. This connection gives rise to the causal
condition that can be summarized as follows: common vocabulary and data definitions

protects patient privacy.

Data Security principle outlines the practises in place to safe guide information
management processes (Palupi & Surosa, 2018). Security breaches in HIS can put the
patient’s privacy and wellbeing at risk (Al-Marsy et al., 2021). MohSS has put measures
in place to protect the main DHIS system against security threats. These measures include
upgrade of IT security infrastructures, SSL and VPN implementation, user roles and

profiles, IT security awareness and active directory.
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i) Applications Architecture

Technology independence shows that main DHIS2 system does not relay on any
underlying hardware and software. DHIS2 is an open-source application that is developed
in Java language. This observation aligns with a comparable study conducted by
Gebreslassie et al., (2020). According TOGAF (2021), technology or platform-
independent applications offers enhanced interoperability with existing legacy
applications. This advantage holds significant implications for data management within the
NHIS, particularly in addressing the challenges associated with data integration that have

been previously discussed.

5.1.3 Technology Architecture

Responsive change management The findings of the study reveal that NHIS
processes are not responsive to change management. For instance, when a new treatment
is introduced, the current practice entails doctors manually documenting the treatment on
the patient's profile without communicating this update to the NHIS data collectors. As a
result, these changes are only noticed and implemented when the data collectors
specifically request the IT department to make the necessary adjustments in the system.
This approach directly affects the quality of data as it leads to a slowdown in data

processing and compromises timeliness.

Interoperability, according to the feedback, it is evident that there is a lack of
interoperability among the various NHIS systems. In developing countries such as
Namibia, the underutilization of HIS is common due to fragmented information creation
and storage (V. Garises & J. Quenum, 2018).
This can be attributed to the fact that many of these systems are donated by
international organizations and are developed as standalone solutions. The absence of

interoperability or integration among these systems
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has significant implications for data quality, primarily due to the occurrence of duplicate
records. For instance, a patient who receives treatment at one healthcare facility (Location
A) may subsequently receive a different treatment at another facility, yet the records are
not synchronized. This discrepancy directly impacts the quality of care provided to the
patient. Nonetheless, several frameworks exist that deal with interoperability in healthcare
such as Health Level 7 (HL7) (Cardoso et al., 2018).

5.2 Data Quality Management
5.2.1 DQM challenges and causes

DQM challenges and causes has been combined under one theme due to the overlapping
similarities in the responses. The challenges identified in the study have been

corroborated by the existing literature, as outlined in Table 5.1.

Themes

Literature reference

Timeliness

(Njuguna et al., 2020)

Incompleteness

(Begum et al., 2020)

Outliers

(Kagoya et al., 2020; Maiga et al., 2019b)

Poor infrastructures

(Taye, 2021)

Understaffed

(Moukénet et al., 2021a; Roomaney et al.,
2017)

Lack Guidelines and Policies

(D'Costa & Sinha, 2018)

Inaccurate reporting

(Maiga et al., 2019b)

Design of the data collection tools

(Moukénet et al., 2021a; Moukénet et al.,
2021b; Tilahun et al., 2022)
(Njuguna et al., 2020)

Lack of Training

(Nengomasha et al., 2018)

Paper-based data collection

(Moukénet et al., 2021a)

Lack Interoperability

(Kaplan, 2020)

Lack of standards

(O'Hagan et al., 2017)

Duplicate data

(Cresswell et al., 2017)

Data Anomalies

(OLANIYAN & OWOSENI, 2022)

Lack of data dictionaries

(Kirkendall et al., 2019)

Silo systems

(Higman et al., 2018; Meke | Kapepo & Singh
Yashik, 2018)

Table 5.1: DQM challenges
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5.2.2 Mitigation strategies for DQ challenges

The participants in the study have offered several mitigation strategies in response to the
challenges encountered in Data Quality (DQ) management which include:

e Technical work groups or communities (for NHIS advisory and solutions)

e Development of proper guidelines and enforcing adherence to the guidelines
e Data Quality Assessments

e Digitization

e IT infrastructure upgrades

5.3 Contextual healthcare conditions

Several contextual healthcare conditions were identified within NHIS. Firstly, the
presence of remotely located health centers that often suffer from staffing shortages and
inadequate internet connectivity. The scarcity of healthcare facilities and staff has an
impact on the economic growth of developing nations like Namibia (lyamu, 2021).
Insufficient or non-existent internet connection renders  the system offline, thereby
preventing data capturers from effectively collecting data. Consequently, this situation
gives rise to challenges in timely data reporting, ultimatelycompromising the quality and

timeliness of the data.

Secondly, the findings highlight that healthcare workers primarily prioritize patient care,
which often results in the neglect of data collection responsibilities. This tendency to
prioritize patient care over data collection contributes to data inaccuracies and

inconsistencies.

Lastly, a significant contextual challenge identified is the influence of donors on data
management processes. Donors play a pivotal role in the implementation NHIS and their
funding support for various projects may introduce initiatives that conflict with other
donors or the existing business processes of MohSS. Furthermore, the absence of
standardized guidelines results in donors implementing projects without adhering to

established procedures.
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5.4 Data Quality Assurance

Data Quality (DQ) assurance is a fundamental part of data quality management. The
Namibian Health census considers quality assurance as an important component in
healthcare provision because it ensures quality of care by identifying potential issues in
data management and determines mechanisms to address them (Nengomasha et al.,
2018c).

HIS data quality is assessed on validity, timeliness, completeness, and accuracy (Kagoya
et al., 2020). DQ assurance involves the process of validating data to find anomalies and
cleaning the data (Boadu et al., 2021). Several sub-themes pertaining to Data Quality (DQ)
assurance have been identified, namely data verification, data cleaning, data review,and
final data cleaning ETL (Extract, Transform, Load). It is important to note that these steps
are not standardized and may vary depending on the specific program. Each program has
its distinct processes and approaches for managing data quality. Participants from MohSS
confirmed that quality assurance activities occur at various stages throughout the data life
cycle. Moreover, implementing data quality assurance measures at each level, starting from
data collection, holds the potential to enhance the overall quality of data and minimize
inconsistencies (Kagoya et al., 2020c).

5.5Governing Laws and Standardization

The outcome of the findings as it pertains to laws and standards is that there is a lack of
standardization in the data collection, storage, compilation, synthesis, and analysis of data.
The findings of this study are consistent with previous research conducted by O'Hagan et
al., (2017), which involved a review of 23 countries using the PRISM framework. The
review revealed that a lack of standards and data management procedures resulted in low
data quality across the assessed countries.

Moreover, the theme of Governing laws and standardization was found to be
associated with EA principles such as Compliance with Law and Data Security, as
depicted in Figure 4.2 pg 37 of the matrix coding. These results collectively indicate that
the governing laws and standardization theme significantly influence the aforementioned

EA principles.
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5.6 Revised conceptual model developed

The revised conceptual model incorporates three domains of Enterprise Architecture (EA)
ADM that significantly impact data quality management. These domains consist of the
principles of technology architecture, principles of information systems architecture, and
principles of business architecture. As illustrated, the principles of technology architecture
and data architecture play a vital role in addressing data quality challenges and underlying

causes.

The challenges and causes related to data quality include various contextual conditions,
giving rise to the theme of governing laws and standards. Governing laws and standards
oversee both the principles of data architecture and principles of business architecture.
Additionally, the model emphasizes a key domain centered on the principles of data
architecture, which directly impacts the processes of data quality assurance and ultimately
contributes to the attainment of high-quality healthcare outcomes. The diagram further
illustrates the link between effective data quality assurance processes and improved
healthcare

outcomes.
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CHAPTER 6: CONCLUSIONS

This chapter highlights the overall research findings and draws conclusions from the
findings.

Section 6.1 Gives a brief summary of the research findings
Section 6.2 Highlights the theoretical contributions
Section 6.3 Discusses the practical implications of the study

Section 6.4 Highlights the limitations of this study

Section 6.5 Recommends grounds for future studies based on the findings of this study

6.1 Revisiting research questions

The following research questions and sub questions have been covered in chapter 5 and a

brief summary of these questions is covered in this section.

RQ How do principles of Enterprise Architecture (EA) influence data quality
management within Namibian HIS (NHIS)?
The findings in this research reveal that the main EA principles that influence data
quality management include principles of information system architecture,
principles of technology architecture and principles of business architecture as
covered in chapter 5.

Sub Question 1
e What are the data quality management challenges within NHIS?
The challenges identified in this study are supported by the existing literature.
Among these challenges, the issue of timeliness of data emerges as a recurring
theme throughout the data analysis. Furthermore, incomplete data poses a
significant challenge, which can be attributed to factors such as limited human
resources. Additionally, challenges related to data outliers, inadequate
infrastructure, absence of guidelines and policies, lack of interoperability, and

duplicate data resulting from interoperability issues were also observed.

73



Sub Question 2
e What are the major causes of data quality management challenges within
NHIS?
The findings of the study indicate that the primary causes of challenges in data
quality management include a range of factors, such as inadequate infrastructure,
insufficient training, absence of comprehensive guidelines and policies, limited
interoperability, absence of standardized practices, and the lack of well-defined

data dictionaries, among other contributing factors.

Sub Question 3
e What are the contextual conditions influencing data quality management
within NHIS?

From the research findings it was observed that there are three main contextual

conditions that impact the quality of data management in NHIS. These conditions

are:

1) The remotely located health centres that are usually understaffed and have
poor internet connectivity.

2) Neglect of proper data collection by healthcare workers due to the healthcare
worker’s primary responsibility of patient care.

3) Donor influence on the data management processes.

Sub Question 4
e How do EA principles influence data quality management?

Based on the findings, EA principles that impact data quality management are
principles of technology architecture and principles of data architecture. The
technology architecture principles mitigate data quality management challenges
through proper interoperable systems and change management procedures.
Evidence from the study show that the NHIS systems are not interoperable and
there are no proper change management procedures in place which negatively
impact the quality of data. Furthermore, principles of data architecture mitigate
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data quality management challenges through various ways including the data
sharing, data security procedures and adherence, data use, and data definitions.
Data architecture principles influences data assurance processes and is submerged

within data quality management.

Sub Question 5

How can EA principles mitigate data quality management challenges in NHIS?

The mitigation strategies found in the study are summarized as:
e Technical work groups or communities (for NHIS advisory and solutions)
e Development of proper guidelines and enforcing adherence to the guidelines
e Data Quality Assessments
e Digitization

e IT infrastructure upgrades

6.2 Theoretical Contributions

The theoretical contribution of this study is grounded in both the empirical research
outcomes and the extensive literature review. The study makes several noteworthy
contributions. Firstly, it presents a comprehensive conceptual model that highlights
relationship between Enterprise Architecture (EA) principles and data quality
management in HIS. This model serves as a valuable framework for understanding and
analysing the interplay between these two domains. Secondly, the study highlights the
significance of principles related to data architecture and technology architecture in
effectively addressing data quality challenges within the context of NHIS. These principles
serve as key pillars for mitigating issues pertaining to data quality. Lastly, the research
emphasizes the critical role of guidelines and policies in governing the implementation
and adherence to EA principles for establishing a robust framework for managing
healthcare data of high quality. Collectively, these contributions enhance understanding of
the complex dynamics underlying data quality management in NHIS and offer insights for

designing effective strategies and frameworks.
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6.3 Practical Implications

The practical implications for which this study can be applied are:

EA principles fit for use should be assessed within a particular healthcare setting
based on internal business processes, external influences and contextual conditions.
This tailored approach ensures that the selected EA principles align with the
specific requirements and characteristics of the organization, maximizingtheir
effectiveness and relevance.

Governing standards and policies should guide the implementation of EA
principles. These guidelines and policies serve as valuable resources for ensuring
consistency and coherence.

Implementing EA principles as standalone without an understanding of the entire
organizational and business landscape would not achieve the desired outcome. A
holistic perspective, considering the interconnections and dependencies between
different aspects of the organization, is essential for the successful integration and
realization of the benefits associated with EA principles. By adhering to these
practical implications, healthcare organizations can enhance their decision-making
processes, optimize resource allocation, and achieve improved outcomes in line

with their strategic objectives.

6.4 Limitations

The following limitations have been identified:

e Certain aspects of the EA principles may not apply for healthcare sector due

to laws surrounding data sharing and data privacy
e The full scope EA has not been considered for this study
e The research sample have limited knowledge of EA frameworks

e The study has been conducted only in Namibia. The findings may not apply to
other geographical regions.

e Only TOGAF framework was considered for this study.

e The principles considered serve as guidelines only and not methodologies
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6.5 Future research

One of the avenues that future researchers could look into is the evaluation of data quality
assurance (DQA) procedures for HIS and their effectiveness in data quality. Whilst there
are current processes in place for DQA specifically in NHIS, the data quality challenges
that have been identified are similar to those found in many other countries. Researchers
could investigate a standardization framework for data collection, storage, synthesis and

analysis considering the laws that govern the use of healthcare data contextually.

Lastly, researchers should consider the extent to which EA can be implemented in
HIS considering the full scope of such an implementation. It is crucial for researchers to
explore the feasibility and extent of Enterprise Architecture (EA) implementation in HIS,
considering the entire scope that includes architectural vision, business architecture
planning, information systems architecture, technology architecture, opportunities and
solutions, migration planning, implementation governance, as well as architecture and
change management. By directing research efforts toward these avenues, scholars can
contribute to the advancement of knowledge in data quality management, facilitate the
establishment of robust frameworks for HIS, and promote effective use of EA principles

in healthcare settings.
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Appendix A — Interview Questions
Topic: An Enterprise Architecture approach for Data Quality management within

Namibian Health Information Systems

General Questions

Participant Profile | Rationale
Q1 | What is your role at the Aim: Background of the role of the users
Ministry/Organization? that use the HIS system.
Q2 | How many years of experience do you | Aim: Determine the level of experience that
have working with HIS? users have working with HIS system

Role based Questions

MIS Officers / Data Capturers Rationale

Q1 | What are some of challenges Contextual data challenges
experienced with data entry process?

Q2 | What are the ways in which common Data definitions and common vocabulary
language is used during data entry
process?

Q3 | What are some of the Data is an Asset
process/processes in place to ensure
data quality?

Q4 | Explain your experience in using the Ease of use
system to record or enter the data?

Namibian HIS Project Managers / IT Rationale

Directors
Business Architecture Principles
Q1 How is information managed across | Information Management is Everyone’s
the ministry? Is it managed from a | Business

centralized point? How is decision
making done?

Q2 In what ways does the ministry Business Continuity
maintain HIS operation during
system disruptions?

Q3 How does the ministry account for | Business Continuity
HIS Disaster recovery? Any periodic
reviews, vulnerability checks?

Q4 How  does regulatory and | Compliance with Law
government compliance influence
information management processes?
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Q5 How does the ministry account for Protection of Intellectual Property
protection of intellectual property?
Data Architecture Principles
Q6 | What are the main data quality Data Quality challenges
challenges from a management
perspective?
Q7 In  What ways does the Data definitions and common vocabulary
ministry/organization benefit from
common data vocabulary and
definitions?
Q8 How does the ministry use HIS data | Data is an Asset
for decision making?
Q9 | What are the processes/policies in Data is an Asset
place to ensure the management of
quality data?
Q10 | How is data shared across districts? | Data is Shared
Q11 | How does the ministry address | Datais Shared
challenge of data integration if any?
Q12 | What is the level of Business and IT | Data is Shared
Alignment as it pertains to data
management?
Q13 | Which roles are assigned to ensure Data Trustee
data quality and what are their
responsibilities?
Q14 | What are the policies in place to Data Security
safeguard HIS data?
Q15 | How is HIS data accessed across Data is Accessible
districts?
Application Architecture Principles
Q16 | How is HIS application maintained | Technology Independence
in terms of technology? Does it rely
on underlying technology or can it
be run independently? What is best
practise and why?
Technology Architecture
Q18 | Are changes to technology or Requirements Based changes
application only in response to
business or IT or both? Why and
why not the other?
Q19 | How does the ministry ensure Interoperability

compliance to software and
hardware standards as it pertains to
HIS?
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Business Stakeholders - Hospital

Managers / Hospital Directors

Rationale

Q1 | What are the main data quality Data Quality Challenges
challenges from a management
perspective?
Q2 | How does MoHSS use HIS data for | Data is an Asset
decision making?
Q3 | How is data quality managed? Data is an Asset
Q4 | What is the perceived outcome of Perceived Outcome
quality health care data?
Application Architecture Principles
Q5 | How do you find the usability of Ease of use
the HIS system?

HIS System Analyst ' Rationale

Data Architecture Principles
Q1 | What are the main data quality Data Quality challenges
challenges within HIS?
Q2 | What are the causes of the data Data Quality causes
quality challenges?
Q3 How is data quality managed? Data Quality Management
Q4 How does HIS data aid in decision Data is an Asset
making?
Q5 | What is the perceived outcome of Perceived Outcome
quality health care data?
Q6 | Which roles are assigned to ensure Data Trustee
data quality and what are their
responsibilities?
Q7 | What are the processes/policies in Data is an Asset
place to ensure the management of
data quality?
Q8 How does the ministry address | Data is Shared
challenge of data integration if any?
Q9 | What are the policies in place to Data Security
safeguard HIS data?
Q10 | What are the processes or strategies | Data is an Asset
in place to mitigate data quality
challenges?
Technology Architecture
Q12 | Are changes to technology or Requirements based changes
application only in response to
business or IT or both? Why and
why not the other?
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Q11

How does the MoHSS/organization
ensure compliance to software and
hardware standards as it pertains to
HIS?

Interoperability

Q1

Data Manager/Data Engineer

What are the main data challenges
from your perspective?

Rationale
Contextual data challenges

Q2

What are the causes of the data
challenges?

Contextual data challenges

Q3

What in your opinion are the possible
solutions to  the  challenges
experienced?

Contextual data challenges

Q4

How do you deal with junk data if
any? Are there processes in place?

Data is an Asset

Q5

What are the contextual health care
conditions that may influence data
management?

Contextual data challenges

Q6

How does HIS data aid in decision
making?

Data is an Asset

Q7

Which roles are assigned to ensure
data quality and what are their
responsibilities?

Data Trustee

Q8

In  What ways does the
ministry/organization benefit from
common data vocabulary and
definitions?

Data definitions and common
vocabulary
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Appendix C— Consent Letters and forms

Management Consent

l, , give the researcher of this study consent to
conduct their study in the following organization:

| am aware that participation is voluntary and that respondents may choose to withdraw from this
study at any time, should they choose to do so.

Signature Date
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09 December 2021

Request to conduct research and interview participation consent form

Dear Sir/Madam,

In terms of the requirements for completing a Masters Degree in Information Systems at the
University of Cape Town a research study is required.

The researcher, in this case Vitjitua Katjimune, has chosen to conduct a case study entitled “An
Enterprise Architecture approach for Data Quality management within Namibian Health
Information Systems”. The researcher would like to request permission to conduct this case study
at your organization. The objective of the research is to look at the usefulness of Enterprise
Architecture in managing data quality within Namibian Health information system by identifying
EA principles/characteristics that influence data management as well as the underlying data
management challenges.

We would like to inform you that the ethical aspect of the research ensures the preservation of
the identity of the participants, the data collected will be used purely for academic purposes. All
personal details will be treated with the highest form of confidentiality. Please note that
participation in this research is voluntary and participants can opt out of the study at any time.

The data collection method will be one-on-one interviews with a small group of the staff who
manage Health Information System. The interviews will be conducted online via zoom or on your
organization’s premise and will last for 30 to 45 minutes. If you authorise this study to be
undertaken at your organization, please kindly sign the attached form and return to me at your
earliest convenience.

Should you have any questions regarding this research, please feel free to contact me on +264 81
2818929 or email me on dkatjimune@gmail.com

Your organization’s participation in this study would be greatly appreciated.

Sincerely,

Vitjitua Katjimune [signature] Prof. Irwin Brown [signature]

Research Supervisor
Researcher \ M.Com Student, (UCT)

Department of Information Systems
Department of Information Systems

University of Cape Town
University of Cape Town

Email: irwin.brown@uct.ac.za

Email: dkatjimune@gmail.com
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Research Participant Consent Form

l, , consent to participate in the research on “An

Enterprise Architecture approach for Data Quality management within Namibian Health

Information Systems”.

| am aware that participation is voluntary and that | may choose to withdraw from this study at

any time, should | choose to do so.

Signature Date
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Appendix D — Ethics Application

UNIVERSITY OF CAPE TOWN

FACULTY OF COMMERCE

Igniting Knowledge and Opportunity

Yrsanruny”

Form

Any person planning to undertake research in the Faculty of Commerce at the University
of Cape Town is required to obtain ethical clearance. This form is intended for
undergraduate students, honours students, PD Dip students and Masters students whose
research component is less than 90 credits.

Once this form is completed it should be sent via email to your departmental ethics
representative. Your supervisor will be able to provide you with the contact details.

It is assumed that the researcher has read the UCT Code for Research involving
Human Subjects (Available at

http://web.uct.ac.za/depts/educate/download/uctcodeforresearchinvolvinghuman
subjects.pdf) in order to be able to answer the questions in this form. Students must include
a copy of the completed form with the dissertation/thesis when it is submitted for
examination.

Project title:
Principal Researcher/s: Email address(es):

ktjvit001@myuct.ac.za
Research Supervisor: Email address(es): irwin.brown@uct.ac.za
Co-researcher(s): Email address(es):
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Department: Information Systems

Brief description of the project:

The research aims to look at the usefulness of Enterprise Architecture in managing data quality within Namibian Health information
system by identifying the EA principles/characteristics that influence data management as well as the underlying data management

challenges.

Data collection: (please select)
(Kinterviews []Questionnaire [1Experiment  [<ISecondary data  []Observation

L1 other (please specify):

Have you attached a research proposal OR a literature review with research methodology? (please select) XYes [INo

2.1 Does the research discriminate against participation by individuals, or differentiate between | YES | NO
participants, on the grounds of gender, race or ethnic group, age range, religion, income,
handicap, illness or any similar classification?

2.2 Does the research require the participation of socially or physically vulnerable people] YES | NO
(children, aged, disabled, etc.) or legally restricted groups?

2.3 Will you be able to secure the informed consent of all participants in the research? YES | NO

(In the case of children, will you be able to obtain the consent of their guardians or parents?)

2.4 Will any confidential data be collected or will identifiable records of individuals be kept? YES | NO

2.5 In reporting on this research is there any possibility that you will not be able to keep thel YES | NO
identities of the individuals involved anonymous?

2.6 Are there any foreseeable risks of physical, psychological or social harm to participants thaf YES | NO
might occur in the course of the research?
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2.7 Does the research include making payments or giving gifts to any participants? YES | NO

If you have answered YES to any of these questions, please describe how you plan to address these issues (appendto
form):

Affiliations of participants: (please select)
I<ICompany employees [XIHospital employees [lGeneral public ~ [Military staff ~ []1Farm workers []Students

L] other (please specify):

Race / Ethnicity:

Are you asking a question about race/ethnicity in your questionnaire?
L1 ves XINo

Which race categories have been used?

Have you included the option: "Prefer not to answer” as part of your race/ethnicity question?
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Does your research involve the participation of or provision of services to communities?

If your answer is YES, please complete below:

3.1 Is the community expected to make decisions for, during or based on | YES NO
the research?

3.2 At the end of the research will any economic or social process be | YES NO
terminated or left unsupported, or equipment or facilities used in the
research be recovered from the participants or community?

3.3 Will any service be provided at a level below the generally accepted | YES NO
standards?

If you answered YES to any of these questions, please describe below how you plan to address these issues.

If your research is being conducted within a specific organisation, please state how organisational permission has been/will beobtained:

The participants are required to sign a consent form to partake in the research.

Have you attached the letter from the organisation granting permission? (please select)

[] Yes BdNo, but this will be obtained before commencing the research [] Not applicable

Are you making use of UCT students as respondents for your research? (please select) [] Yes XINo

If yes, have you contacted Executive Director: Student Affairs for permission? (please select) [] Yes [INo

Was approval granted? (please select) ] Yes [INo [JAwaiting a response
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Are you making use of UCT staff as respondents for your research? (please select) [] Yes >dNo

If yes, have you contacted Executive Director: Human Resources for permission? (please select) [_| Yes [JNo

Was approval granted? (please select) [] Yes [INo [[JAwaiting a response

Contact Emails: Executive Director: Human Resources (Miriam.Hoosain@uct.ac.za)
Executive Director: Student Affairs (Moonira.Khan@uct.ac.za)

What type of consent will be obtained from study participants?

How and where will consent/permission be recorded?

The concept form will be attached on the ethical requirements.

Have you attached an informed consent form to your application? [X] Yes [ ]No
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If your research is sponsored, is there any potential for conflicts of interest? No

If your answer is YES, please complete below

4.1 Is there any existing or potential conflict of interest between a research sponsor, academic| YES | NO
supervisor, other researchers or participants?

4.2 Will information that reveals the identity of participants be supplied to a research sponsor,, YES | NO
other than with the permission of the individuals?

4.3 Does the proposed research potentially conflict with the research of any other individual off YES NO
group within the University?

If you have answered YES to any of these questions, please describe how you plan to address these issues
(append to form)

124




Does the proposed research pose any physical, psychological, social, legal, economic, or other risks to study
participants you can foresee, both immediate and long range? (piease select)

] Yes XINo

If yes, answer the following questions:
Describe in detail the nature and extent of the risk and provide the rationale for the necessity of such risks

Outline any alternative approaches that were or will be considered and why alternatives may not be feasible inthe
study
Outline whether and why you feel that the value of information to be gained outweighs the risks
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I certify that I have read the Commerca Faculty Ethics in Research policy =
(hitp:/{www.commerce. uct. ac. 2a/Pages/ComFac-Downloads)

I hareby undertake to carry out my rasearch in such a way that

«  there is no apparent legal objection o the nature or the method of research; and

»  the ressarch will nol compromise staff or students or the other responsibilities of the Univarsity,

+  the sialed objective will be achieved, and the findings will have a high degree of validity;

+ [imitations and alternative interpretations will be considered;

s thefindings could be subject o paer review and publicly available; and

* | will comply with the conventions of copyright and avoid any practice that would constitute plagiarism.

Signed by:
Full nama and signature Date
Principal Researcher/Student: Vitjitun Katjimune: 19 December 2021
. 0,
v

This application |s approved by:

Supervisor

7th Apr 2022
Departmental Ethics Rep i

Questionnalre checklist on next page
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CHECKLIST SELECT
A full copy of a research proposal or a literature review with
methodology is attached in a separate file
Interview schedules / cover letters / questionnaires / forms and other
materials used in the study are attached in separate files
Organisational consent letter / UCT student or staff approval letter ]
On your cover letter to your questionnaire have you included the
following?
The following UCT Logo et
A sentence explaining the aim of the research =
Sentences of a similar nature to below must be included in the coverletter|
or consent form:
This research has been approved by the Commerce Faculty Ethics in
ResearchCommittee.
Your participation in this research is voluntary. You can choose towithdraw|
from the research at any time.
The questionnaire will take approximately X minutes to completeYou OR
will not be requested to supply any identifiable information, ensuring
anonymity of your responses.

U
Due to the nature of the study you will need to provide the researchers
with some form of identifiable information however, all responses will
be confidential and used for the purposes of this research only.

Should you have any questions regarding the research please feel freeto
contact the researcher (insert contact details).
Have you scanned in your signature for the last section of the form?
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