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ABSTRACT

Background Healthcare organisations are undergoing

a major transformational shift in the use of information
and digital health technologies. Enterprise architecture
(EA) has been incrementally adopted in many healthcare
organisations globally to facilitate this change. EA can
increase the effectiveness of an organisation’s digital
health capabilities and resources. However, little is known
about the status of EA adoption in low-income and
middle-income countries. This study aimed to evaluate the
challenges, goals and benefits associated with adoption of
EA for healthcare in the Asia eHealth Information Network
(AeHIN) member countries .

Methods We developed an EA Adoption Evaluation
framework with four principal layers: governance,
strategy, EA and performance. The framework guided

the development of a questionnaire to investigate the
goals, challenges and benefits faced before and during EA
adoption by healthcare organisations.

Sample 26 participants from 18 healthcare organisations
in the Asia-Pacific region representing 11 countries.
Organisations included Ministries of Health, Universities,
Non-Governmental Organisations and Technical Advisory
Groups.

Findings Only 5 of the 18 organisations had begun
adopting EA. The goals expressed for EA adoption were to
address issues such as interoperability, lack of technical
infrastructure and poor alignment of business and
information technology strategies. Cost reduction was
less emphasised. The main challenges to adopting EA was
the lack of EA knowledge, leadership and involvement of
senior management.

Conclusion The adoption of EA is incipient in AeHIN
member healthcare organisations. To encourage EA
adoption, these organisations need to invest in internal
capacity building, senior management training and seek
independent EA expert advice to systematically identify
and address the barriers to adopting EA.

INTRODUCTION

Healthcare is currently experiencing a major
transformation in its use of information and
digital health technologies." Many organisa-
tions are increasingly adopting more infor-
mation technology (IT) systems to assist in
providing care. However, these organisations
are facing issues such as standardisation,
integration and alignment with the business
strategy. Enterprise architecture (EA) is a
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What is already known?

» Healthcare organisations are facing business strat-
egy alignment and interoperability issues as they
move towards the adoption of digital health resourc-
es and systems.

» Enterprise architecture (EA) is a conceptual para-
digm, healthcare organisations can leverage to ad-
dress these critical issues systematically.

» In the last decade healthcare organisations have
started to evaluate and adopt EA, majority with a
final objective of improvement in patient care.

» Asia eHealth Information Network (AeHIN) is a col-
laborative network of individuals and country rep-
resentatives from the Asia-Pacific region committed
to the use of IT to strengthen healthcare and health
systems.

What does this paper add?

» Our findings highlight that adoption of EA in health-
care organisations is still in very early stages in the
AeHIN member countries.

» We identified that the key driver for adopting EA in
healthcare organisations is to address interoperabil-
ity issues in the digital health era.

» Lack of senior management experience and involve-
ment in EA is a major challenge for the adoption of
EA in these countries.

blueprint—a coherent framework of prin-
ciples, methods and models—used in the
design and realisation of the enterprise’s
organisational structure, business process,
information systems and digital health infra-
structure.” EA is also commonly described
as a master plan providing a holistic view
of the entire enterprise as a system of
systems.” * Its implementation provides
several benefits to organisations.” It primarily
addresses complexity management, allowing
for standardisation and consolidation of the
organisational units and components holisti-
cally. Removing complexity from the organi-
sation’s overall architecture is the paramount
benefit of EA. It also provides transparency
to the organisation by simplifying the organ-
isational structure and internal interactions.
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Figure 1 Technology Acceptance Model (TAM).

This, in turn, can assist management in making better
and more informed decisions. This allows for improved
business and IT alignment by ensuring that business
requirements and IT implementation are appropriately
matched. A mismatch between business requirements
and IT implementation can result in compounded diffi-
culties.” Improved transparency and reduced complex-
ities can optimise operations and help reduce IT and
business-related costs.

Many healthcare organisations that have adopted EA
have experienced several benefits.® There are many
different approaches to implementing EA. A common
approach is to reuse an existing EA framework. Some
well-known EA frameworks include The Open Group
Architecture Framework,7 Zachman® and federal enter-
prise architecture framework.” EA implementation
involves creating a coherent and structured model of the
enterprise, which systematically documents the structures
within the enterprise and their dependencies.'” This
complex task is performed by employing architectural
layers and views to describe and present the organisation
at different levels and from the perspectives of different
stakeholders.*

Successful implementation of EA requires both adop-
tion and evaluation frameworks."" '* One such framework
is the Technology Acceptance Model (TAM) framework
(figure 1) .TAM presents how users accept a new tech-
nology using perceived usefulness, perceived ease of
use, attitude towards using, intent to use, actual use and
external variables.'® Generally, TAM has been used to
judge the acceptance and use of new technologies such as
the adoption of handheld computers in healthcare.'* For
example, TAM has been used to develop a questionnaire
to evaluate the adoption of technology.'” TAM can be
used across various domains'® but may require modifica-
tion for better applicability in the healthcare context.'” In
the context of EA, TAM has been used as both adoption
(to assist with implementation of EA) and evaluation (to
assess the planned or preplanned implementation of EA)
frameworks."®

Previous studies on EA in healthcare have mostly eval-
uated the EA implementation framework used; a few
studies examined the overall adoption of EA by organi-
sations.** %" Frameworks have been developed to specif-
ically analyse EA adoption, content and governance.”'

The framework developed by Janssen and Hjort-Madsen”
to evaluate EA in governments used five aspects: policies,
actors and structures; governance; architecture frame-
works and methodologies; architecture principles and
standards; implementations. Liimatainen et al** extended
this framework with two additional aspects: benefits and
evaluation. This suggested a possible approach to eval-
uate EA adoption concerning its constituent aspects.
The United States General Accounting Office® evalu-
ated the adoption of EA using the EA Maturity Model."®
Hjort-Madsen and Pries-Heje*! studied the adoption of
EA in government regarding the reasons and effects of
adoption." In another study, Lange and Mendling inves-
tigated the goals and benefits of EA adoption Lange and
Mendling.*

Although there are many studies related to EA adoption
in other sectors there is little evidence on evaluation of EA
adoption in healthcare organisations. On top of that, the
existing evidence fails to discuss the benefits, challenges
and primary goals associated with the adoption of EA for
healthcare in in low-income and middle-income coun-
tries (LMICs). With this in mind, we aimed to systemat-
ically investigate factors associated with the adoption of
EA in LMICs healthcare organisations in the Asia-Pacific
region through the Asia eHealth Information Network
(AeHIN) . AeHIN is a collaborative network of individ-
uals and country representatives from the Asia-Pacific
region committed to the use of IT to strengthen health-
care and health.? AeHIN has over 30 member countries,
primarily consisting of LMICs in the Asia-pacific region.
We developed a robust evaluation framework to investi-
gate the key aspects associated with EA adoption based
on the TAM framework. As per our knowledge, TAM has
not been previously applied to EA for healthcare organ-
isations. The developed framework is used to design a
structured questionnaire to collect the data.

METHODS

Development of EAAE framework

We have used the TAM framework to devise the EA Adop-
tion Evaluation (EAAE) framework. The TAM framework
assisted us to focus not only on the perceived usefulness
and performance of EA but also on perceived ease of
FA use, attitude towards EA and intent to use EA in the
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context of a healthcare organisation. Although the TAM
framework can be directly used to develop an evaluation
strategy, it might not be flexible and reusable without an
intermediate framework such as the EAAE framework.
Unlike many other studies,” ?” wherein the TAM frame-
work was used to quantitatively assess the usability, we
have only used it as a basis to develop a generic evalu-
ation framework because EA adoption is multifactorial
and often complex covering several components beyond
the TAM framework components. Similar approach of
using the TAM framework as a basis and developing a
more robust framework has been demonstrated in other
studies.”*™!

The EAAE framework was developed systematically in
an iterative manner. We determined the components to
be evaluated in the EA adoption based on existing litera-
ture. We focused on EA adoption studies in the healthcare
sector to identify relevant components. The components
identified through this process were then devised into a
logical framework. All the authors have iteratively revised
the framework based on feasibility, usability and suit-
ability. Feedback on the EAAE framework and question-
naire was also obtained from the relevant stakeholders
at the AeHIN Workshop held in Nanjing, China in 2016.
This resulted in improvements, such as refining inade-
quately covered components or eliminating overlapping
components. Finally, the components of the TAM frame-
work were compared with the EAAE framework to ensure
that it appropriately accounted for the issues covered by
the TAM framework.

Questionnaire design and study setting

A questionnaire developed using the approach explained
in the previous section was used for data collection. Table 1
illustrates how the items in the questionnaire align with
TAM and EAAE frameworks. The questionnaire collected
responses in the form of Likert scale-based ratings and
open-ended responses, where applicable, to explore

the rationale behind the participants’ responses.”> We
recruited the participants through the AeHIN at the
AeHIN general meeting in Myanmar in 2017. First,
participants were briefed about the study and consent
was obtained from the eligible participants. The key eligi-
bility criteria was, participants need to be digital health
decision-makers in their organisations who are familiar
with EA. Where necessary, individual respondents were
followed up to seek clarity on their responses or obtain
additional comments. This was followed by analysis and
triangulation of data to deduce key findings. Please refer
to the online supplementary appendix A for additional
information on the methods and materials employed as
part of this study.

Data analysis

The data collected was systematically analysed and
summarised to highlight the challenges associated with
the EA adoption in healthcare organisations in the
Asia-Pacific region. The participants’ responses were
subjected to data quality checks and any erratic responses
were omitted. The open-ended text responses were anal-
ysed thematically using the NVivo V.12 Pro software. Key
themes were identified independently by two authors by
verifying the participants’ responses. This was followed by
characterisation of participant demographics. Due to the
small sample size, the analyses were primarily performed
for the overall data. Participants were then subjected to
subgroup analysis to understand the heterogeneity of
organisations they represent. Finally, we summarised the
EA adoption challenges by triangulating the data with
participant characteristics.

RESULTS

EAAE framework

The framework consisted of four main layers, each of
which contained several components (figure 2). The

Table 1

Integration of EAAE and TAM framework components into the questionnaire

TAM framework components

External Perceived Attitude towards
variables  usefulness Perceived ease of use usage Intention to use
EAAE framework components

Governance 9,10 9,10 11
Business strategy 3,4 3,5 5 5,6
Adherence 17 17 18 18
Performance 14,15 16 16
Objectives 1 1 2 2
Architecture 12 12 12 12 12
IT strategy 8 8 8 8
Interoperability 13 13 13 13 13

Each cell in the table refers to question number in the questionnaire. Please refer to the online supplementary appendix 2 for individual

questions.

EAAE, EA Adoption Evaluation; IT, information technology; TAM, Technology Acceptance Model.
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Figure 2 EAAE evaluation framework. EAAE, EA Adoption Evaluation; IT, information technology.

governance layer and its components of leadership and
communication encompassed an organisation’s gover-
nance; how the organisation is led and controlled. The
strategy layer and its component goals, business and IT
strategy encompassed the organisation’s strategy. The
EA layer encompassed the organisation’s EA, their meth-
odology/framework, and its interoperability. Finally,
the performance layer encompassed the organisation’s
performance regarding their EA and the adherence to
their EA throughout the organisation. Additionally, the
arrows in the framework demonstrate the relations and
interactions between each layer. Specifically, governance
and strategy affect each other, while strategy dictates the
EA, which eventually dictates the performance. These
connections can be used to further analyse an organisa-
tion’s EA adoption by assisting in determining the factors
influencing and influenced by an area of interest. Each
layer of the framework represents a major factor associ-
ated with EA adoption, and each component represents
additional factors of specific importance within the
layers. By analysing and addressing each of these layers
and components, a multifaceted view and evaluation of
the state of EA adoption can be made.

To use the EAAE framework, each layer of the frame-
work and their components must be analysed while
considering the relations between layers when appro-
priate. This analysis could be performed by creating
surveys or interviews with questions intended to address
and evaluate each layer and component described by
the framework and using these surveys or interviews
with appropriate individuals who would be able provide
sufficient detail, such as senior managers or enterprise
architects.”® These results may then be combined and
analysed together with any other evaluation of the state
of EA adoption in the organisation. We recommend that
the framework be used and employed by an independent
expert familiar with EA and strategy to avoid bias. It may
also be utilised by internal enterprise architects and exec-
utives. Our framework should be used when there are

expectations of critical or radical changes to a healthcare
organisation, such as large growth or funding changes and
those who are planning to or have adopted EA. A better
understanding of the situation of the organisation(s) can
be obtained by using this framework to evaluate EA adop-
tion, thus enabling better decision-making regarding the
expected changes. This framework provides a holistic
view of major factors influencing EA adoption at various
layers. This allows identification of areas of interest about
the state of EA adoption for a given organisation, such as
components that had a positive or negative effect.

Participant characteristics

This study included a total of 26 participants(table 2).
Four participants who did not complete the survey
and another four who were not familiar with EA were
excluded from the analysis. The remaining 18 partici-
pants’ responses were analysed. Participating organisa-
tions were from 11 different countries in the Asia-Pacific,
most of which were low to middle-income developing
countries. One Australian organisation was an exception.
We identified 13 organisations who were in the process
of adopting or had already adopted EA. The participants
were mostly male (61.1%) aged 41-60 years, with an expe-
rience of more than 10 years in healthcare. Nine partic-
ipants had an experience of more than 20 years. Half of
the participants were from large organisations with more
than 10 000 employees. Most (66.6%) of the participants
came from the Ministry of Health (MoH), while others
came from a range of organisations such as University,
Non-Governmental Organisation, Consultancy or tech-
nical advisor group. Most participants were familiar with
EA, and some were also professionally trained in EA. The
TOGAF (1GovEA based on TOGAF) model was the most
widely used EA framework. Only one participant has
implemented all the four layers of TOGAF, namely busi-
ness, data, application and technology. Others used either
just business, or application and data, or business, data
and application layers. In other words, only 1 participant
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Table 2 Participant characteristics and status of EA

adoption
Number of Percentage of
Category participants participants
Country
Australia 2 11.1
Cambodia 2 11.1
Vietham 1 5.6
India 2 11.1
Indonesia 1 5.6
Laos 1 5.6
Malaysia 5 27.8
Mongolia 1 5.6
Myanmar 1 5.6
Sri Lanka 1 5.6
Thailand 1 5.6
Age
<40 3 16.7
41-50 7 38.8
51-60 5 27.8
61 or older 3 16.7
Gender
Male 11 61.1
Female 7 38.8
Experience in years
0-5 2 11.1
5-10 2 11.1
10-20 8 44.4
Over 20 6 &1e.3)
Type of organisation
MoH 12 66.6
University 3 16.7
NGO 2 11.1
Technical Advisor 1 5.6
Number of employees in
the organisation
0-50 3 16.7
51-200 ) 16.7
201-1000 2 11.1
1001-5000 1 5.6
5001-10000 1 5.6
More than 10 000 8 44 .4
Highest educational
qualification
Diploma 1 4.5
Bachelors 13 59.1
Masters 3 13.6
Doctoral 5 22.7
Continued

Table 2 Continued

Number of Percentage of

Category participants participants

Status of EA adoption

Not adopted/plan to 14 77.8

adopt EA

Adopting EA 4 22.2

EA framework (planned/

In use)

TOGAF/1GovEA 6 3318

Others 4 22.2

Unknown/not yet 8 44.4

decided

EA, enterprise architecture; MoH, Ministry of Health; TOGAF, The
Open Group Architecture Framework.

had fully adopted EA, 14 participants were planning
to adopt EA and 4 were in the process of adopting EA.
Since most of the participants had not yet adopted EA,
the postadoption responses such as the benefits and chal-
lenges were analysed based on perceived usefulness and
perceived ease of use components from TAM framework.

Primary goals for adopting EA

The questionnaire assessed the EA preadoption phase
covering the objectives, goals, vision and mission of
EA. The objectives presented by the respondents were
consistent, with the major goals for EA adoption being
to achieve (1) interoperability through standardisation,
consolidation and effective management of complexities;
(2) governance and (3) business and IT strategy align-
ment (table 3). Other goals, including cost reduction,
agility, innovation, transparency and regulatory compli-
ance, were also deemed as important. Business process
re-engineering and support to the health system reform
were the two other goals identified.

Challenges to EA adoption

Participants reported that before EA adoption, there
were issues with their business and IT alignment, interop-
erability, governance, standardisation, ownership and
knowledge. Interoperability was also identified as a very
important factor across all organisations. Sixteen partic-
ipants also reported that interoperability affected their
decision to adopt EA. Throughout our thematic analysis,
funding, interoperability and lack of EA awareness were
consistently identified as the key difficulties faced by the
organisations before adoption.

Participants identified the lack of EA experience in the
leadership as the key challenge during the EA adoption
process. This is consistent with existing perceptions that
the adoption of EA is particularly difficult in organisations
where the senior management does not have adequate
experience with EA. Participants strongly felt a need for
effective communication between the senior manage-
ment and EA implementers for successful adoption and
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Table 3 Primary goals for adopting EA

Goals Number of participants Percentage of participants
Business and IT strategy alignment 13 16.5
Cost reduction 9 114
Interoperability/standardisation 16 20.3
Governance 14 17.7
Agility 6.3
Innovation 7 8.9
Transparency 8 10.1
Regulatory compliance 7 8.9

EA, enterprise architecture; IT, information technology.

implementation. Half of the participants said they were
willing to hire external EA experts to address this issue.
However, they would also like to use any free resources
that can assist with EA adoption.

Benefits of EA

Since most of the participants did not adopt EA in their
organisations, their perceived benefits of EA adoption
were analysed instead of benefits observed. All participants
concurred that EA would have a positive effect on their
organisation. Among these participants, the interopera-
bility aspect was perceived as the most significant benefit
of EA, followed by reliability and security. Nearly all the
participants also agreed that EA adoption had or will have
a positive impact on the business strategy. However, when
asked specifically about infrastructure, the opinions were
mixed. Seven participants responded that EA would not
improve infrastructure regarding reliability, maturity or
scalability, while eight responded that it would improve.
Among those who had begun EA adoption, all partici-
pants reported a positive effect on their organisation.
They also noted improvements in the management and
utilisation of IT infrastructure. Please refer to the online
supplementary appendix A for additional results.

DISCUSSION

Our findings highlighted the primary goals for EA adop-
tion and revealed the difficulties and benefits before and
after EA adoption by healthcare organisations in the
AeHIN. The relevance of the primary goals of EA will be
a major determinant of the successful adoption of EA by
the organisations. Sharing these goals widely will provide
a holistic view of the rationale behind EA adoption across
the healthcare system.

Most of the reported primary goals for EA adop-
tion were consistent with those expressed in previous
studies.* ** For example, EA’s core defining features like
the business and IT strategy alignment and complexity
management remained consistent with previous find-
ings. However, unlike these previous studies, we found
that transparency and cost reduction were not priori-
tised as being more important than other goals such as

interoperability." There are a few possible explanations
for this observation. It could demonstrate a paradigm
shift in EA goals in public healthcare organisations as
compared with private organisations, which were often
studied in previous studies.” It is more likely to demon-
strate a more mature understanding of EA as a mecha-
nism for safety and quality of healthcare as opposed to a
mistaken view that EA is a means to reduce costs.

The participants identified interoperability as a key
challenge in their organisation before adopting EA. The
primary goals discussed previously also echo the same
finding. Interoperability is a key issue for healthcare
organisations.”® Although this is not a new finding and
has been well documented, we can infer from our study
results that interoperability remains a major challenge
in both developing and developed countries’ healthcare
systems. As organisations adopt more health informa-
tion systems, both internal and external interoperability
issues arise. With maturity in healthcare standards and
regulation of vendors supplying health information
systems, most of these systems are now capable of interop-
erating internally to some extent. However, organisa-
tions still suffer from a lack of seamless standardisation
and communication between these information systems
internally. External interoperability allows the exchange
of data and information with other organisations. The
need for information exchange drives external interop-
erability demand." ¥ However, external interoperability
remains a major issue due to lack of economic or polit-
ical incentives in the healthcare sector, both in developed
and developing countries. Our thematic analysis of the
responses also identified external interoperability as a
major issue. Government healthcare organisations in the
AeHIN countries are also reluctant to exchange informa-
tion due to issues such as lack of appropriate standards,
privacy concerns, policies and legislation.

We also discovered many non-technical challenges
related to EA adoption. Leadership and communication
appeared as one of the key challenges for EA adoption in
our study. Leadership is a key factor in EA adoption as it
provides direction and management foundation required
for successful EA adoption.”™ Most of our participants
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believed that senior management demonstrated very
little knowledge or experience in EA. This is an important
issue which can be addressed in the short-term through
appropriate training and providing additional resources
and support to the senior management. This, in turn,
can improve engagement among all the stakeholders
in EA adoption. We found that half of the organisa-
tions were not willing to hire external consultants due
to costs. Another issue is that there are communication
gaps between the senior management and the employees
implementing EA. Continuous communication between
all stakeholders is vital for the successful development
and adoption of EA.* The lack of communication would
make the adoption process more difficult and less effi-
cient. In an earlier study, the lack of soft skills, such as
people skills and leadership skills among practitioners has
been attributed to poor communication during EA adop-
tion.*” Our thematic analysis also confirmed that 30%
of our participants, who are mostly senior management,
have experienced similar issues with EA practitioners. We
also presented the benefits of adopting EA. The adoption
is perceived to have positive effects on the organisations.
While there have been improvements in IT infrastruc-
ture and business and IT strategy alignment among those
implemented, it has been reported that EA benefits are
difficult to achieve and measure in short-term.*' **
Overall, our findings show a very incipient and super-
ficial application of EA for healthcare within the AeHIN
member countries. Only a handful of organisations have
begun the adoption while most are yet to start the adop-
tion process. Most of the participants are from MoH
or equivalent government bodies, who perceive the EA
benefits. However, these organisations’ internal capability
maturity appears to be a huge limiting factor. It is recom-
mended that besides building internal capacity for EA in
health organisations, they should also consider knowl-
edge exchange with other organisations in the Asia-pacific
region. Also explore the option of obtaining expert EA
services from certified EA consultants with experience
and understanding of the local health systems and organ-
isations. The investment on the foundational blueprint
will easily outweigh the costs and risks of trying to imple-
ment a poorly architected public healthcare system.*®
This study is subjected to several limitations. The EAAE
framework proposed in this study assumed that EA could
be considered as a technology to which the TAM frame-
work could be applied. The EAAE framework assumed
that all the major steps of the EA implementation life-
cycle were captured and was an adequate representation
of the lifecycle for this framework. The framework was
targeted towards senior management at healthcare organ-
isations (ie, any evaluation to be undertaken using this
framework requires seeking information from the senior
management). Future work could include data collection
from other members of the organisation and consumers/
customers, in this case, patients. Additionally, the EAAE
framework assumed that certain factors were critical for
healthcare organisations. These include sensitive patient

information and external influences, such as regulators,
legislations and compliance. It was also assumed that
participants were familiar with their healthcare organ-
isation’s business and IT strategy, and had functional
knowledge of IT usage in their organisations. It is also
important to note that most of the participants have not
fully implemented EA, and their responses were based on
perceived usefulness. The results from this study should
also be interpreted in the context of IT usage in low
resource health systems as reported by a limited number
of participants from a selective AeHIN countries. AeHIN
though is a very good representative sample for LMICs
in the region but does not cover all the Asia-Pacific coun-
tries. In other words, the findings in this study might not
apply to the Asia-Pacific region which includes several
high-income countries too. The limited sample size with
reduced statistical power in this study does not allow to
draw any firm conclusions.

CONCLUSION

We developed the EAAE framework to assess the adop-
tion of EA in healthcare organisations. This generic
framework guided the development of an instrument to
assess EA adoption in 18 Asia-Pacific healthcare organi-
sations across 11 different countries. Most organisations
reported challenges with interoperability, technical infra-
structure and alignment of business and IT strategies.
These challenges determined the primary goals of these
organisations for adopting EA. Cost reduction was less
emphasised as an EA adoption goal. All organisations
believed that their interoperability and infrastructure
would improve after adopting EA. Lack of EA knowledge
and leadership among senior management is a major
issue that needs to be addressed for a successful EA adop-
tion. This study highlights the need for capacity building
in the areas of EA implementation, adoption and eval-
uation targeted towards the senior management in the
first instance. This study is subjected to several limita-
tions such as small sample size with reduced statistical
power resulting in preliminary findings. However, the
study identified high-level challenges in the regions that
require further investigation.
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