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Summary

Objectives: The objective of this paper s fo perform a survey of excel-
lent research on health information systems (HIS) analysis and de-
sign, and their underlying theorefical frameworks. It clssifies these
frameworks along major themes, and analyzes the different ap-
proaches to HIS development that are practical in resource-con-
strained environments.

Methoc Literature review based on PubMed citafions and conference
proceedings, s well as Infernet searches on information systems in
general, and health information systems in particular.

Results: Thefield of health information systems development has
been studied extensively. Despite this, failed implementations are sfill
common. Theoretical frameworks for HIS development are available
that can quide implementers.

Conclusion: As awareness, acceptance, and demand for health infor-
mation systems ncrease globally, the variety of approaches and
strategies will also follow. For developing countries with scarce re-
sources, a frial-and-error approach can be very costly. Lessons from
the successes and failures of nifial HIS implementations have been
abstracted info theoretical frameworks. These frameworks organize
complex HIS concepts into methodologies that standardize fech-
niques in implementation. As globalization confinues o impact
healthcare in the developing world, demand for more responsive
health systems will become urgent. More comprehensive frameworks
and practical fools to guide HIS implementers will be imperative.
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Introduction

In 2003, Littlejohns et al [1] described
a failed health information systems
project in Africa. In their post-imple-
mentation analysis, the authors listed
several lessons from the project’s de-
mise ranging from deficiencies in infra-
structure, gaps in project management,
and challenges in organizational change.
It received substantial attention because
of the large amount of funding involved
and drew criticism from different ana-
lysts for failing to elaborate on signifi-
cant internal organizational issues [2-5].
At around the same time, Balka [6] re-
ported a similar experience albeit in a
more developed-country setting. In this
case, the authors added external macro-
level issues (such as national policies that
affected local labour relations) to be
partly culpable with the project’s strug-
gles. A cursory review of literature re-
veals a number of studies detailing their
own challenges and/or failures with health
information systems development [7-13].

Although cost-effectiveness analysis
from HIS implementations are at best
mixed [14], the current sentiment is that
HIS development is resource-intensive
and requires time before a return on
investment can be appreciated [15]. For
developing countries, where financial
and human resources are scarce, deci-
sions to implement HIS must then be
taken with great trepidation.

The objective of this survey is to
understand the information systems
development in general, and health in-
formation systems in particular, and
identify contemporary theoretical
frameworks that can guide developing
countries toward their own effective
implementations.
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Method

In the first phase of the study, the au-
thors obtained citations from MEDLINE
on published studies on health informa-
tion systems development and/or imple-
mentation, and theoretical frameworks.
A second phase involved categorizing the
result set under two categories: global (or
system-wide) and component-based or
application-specific (or sub-systems).

A total of one hundred seventy cita-
tions on “health information systems
development” or “health information
systems implementation” were found in
the last ten years (Entrez date: 2000-
2009). These were manually classified
under either global or application-spe-
cific/component-based categories. Cita-
tions that fell under the global category
were those that encompassed a wider
scope involving several components of
the larger health information system.
Application-specific or component-based
studies focused on smaller parts of an
HIS like electronic prescription, patient
safety, and/or ethics. These two catego-
ries (global and application-specific)
were chosen to differentiate studies that
could be generalized to larger HIS from
those that dealt with more detailed as-
pects of a few HIS components.

Based on this criterion, twenty-two
articles were classified as global while
one hundred forty-eight concentrated
on specific components of an HIS.
Among the global articles, four arti-
cles that explicitly reported on frame-
works were selected.

Results

Theoretical frameworks published by
Aqil, Yusof, Killingsworth, and Heeks
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demonstrated unique approaches to
health information systems development.

Discussion

The globalization of healthcare has be-
gun to exert its effects on health infor-
mation systems (HIS) in developed and
developing countries [20] and subse-
quently, in the way health informatics
professionals will be formed. As deploy-
ment of information technology become
pervasive in the healthcare environment,
the potential for entropy and systems
disintegration will increase [12) unless
structures and frameworks are put in
place. Because HIS implementation is
expensive, developing countries should
be guided by well-defined strategies that
can assure success with minimal costs.
There is a need to review the current body
of knowledge to extract best practice and
lessons learned on HIS development and
implementation to serve as benchmarks
for emerging health systems.

To add complexity, technology
changes rapidly. For example, mobile
technology adoption is progressing
quickly in the developing regions [21],
and together with this, an anticipation
for mobile health IT solutions in the fast-
est growing populations of the world. This
demand and/or opportunity will require
careful selection of strategies which may
have worked in developed countries but
may not adapt as well in developing ones.

The history of information systems
(IS) in general and health information
systems (HIS) in particular begins way
back in the late eighties when initial
research on IS began appearing in the
literature.

In 1989, Hirschheim and Klein’s cat-
egorized information systems develop-
ment under four paradigms: functional,
social relativitist, radical structuralist, and
neohumanist. These paradigms served to
explain the complex information system
from various perspectives allowing space
for the reader to navigate between any
of the four.

In 1992, a landmark paper by Delone
and McLean (D&M) [22] defining in-
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formation system success triggered nu-
merous studies attempting to validate and
extend their model. This culminated in a
meta-analysis [24] and in a subsequent
update of the model by the authors them-
selves ten years hence [23]. Delone and
McLean wanted to define the “depend-
ent variable” for IS success and listed
six interdependent elements as depicted
in Figure 1. These were: system quality,
information quality, use, user satisfac-
tion, individual impact and organization
impact. In 2003, they updated their suc-
cess model into system quality, informa-
tion quality, service quality, intention to
use, use, user satisfaction, and net ben-
efit (merging individual and organiza-
tional impact) (Figure 2). The modifi-
cation was made in realization that the
impact on individuals and organizations
could not be categorically delineated. In-
terestingly, in the meta-analysis of the
D&M IS success model, there was no
study that had tried to validate it for
“health” information systems. It was much
later when the D&M began to be referenced
in several HIS papers [25, 26].

Subsequently, other frameworks ap-
peared in literature from Lind and Braa
[27]. In 2000, the World Health Or-
ganization published an expansive ref-
erence for the design and implemen-
tation of health information systems
(30). But up to this point, for frame-
works, it was D&M’s IS success model
that dominated the attention of many
IS practitioners and theorists.

Yusof et al (17) suggested a qualita-
tive framework based on HOT-fit (Hu-

man, Organization and Technology fit).
The authors emphasized the following
critical adoption factors: “technology
(ease of use, system usefulness, system
flexibility, time efficiency, information
accessibility and relevance); human (user
training, user perception, user roles, user
skills, clarity of system purpose, user
involvement); organization (leadership
and support, clinical process, user in-
volvement, internal communication, in-
ter-organizational system”, including the
fit between them. Using this framework,
HIS implementers can be guided with
system development and inform their
decision making. This framework maps
well with the D&M IS success model.

Killingsworth et al [19] proposed a
strategic information systems (SIS) for-
mulation process that incorporated com-
plexity theory, strategic/organizational
analysis theory, and conventional man-
agement information systems develop-
ment concepts. Four dimensions of the
SIS are integrated in an implementation
plan. Adopting this framework, hospi-
tals will have the ability to recognize
challenges to implementation and re-
spond to external, inter-organizational,
and intra-organizational influences. The
authors provide a checklist that imple-
menters can use for HIS development
and implementation.

In 2000, Heeks published a series of
papers [16] that described the impor-
tance of gap analysis in successful HIS
implementation. His approach was
unique, since up to that time, many
analyses of health information systems

System
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Fig. 1 Delone and McLean original IS success model.

Reprinted by permission. W. DeLone and E. Mclean. Information Systems Success: The Quest for the Dependent Variable. Information Systems Research
1992,3(1):60-95. Copyright 1992, The Institute of Management Sciences (now INFORMS), 901 Elkridge Landing Road, Suite 400, Linthicum, MD21090 USA.
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were divided between those who em-

ployed “factoral analysis” and those

who defined information systems SySt":‘l'm

through complex IS concepts. Factoral Quality |
analysis was an exegetical approach to

rationalizing the body of knowledge Intention

it did not explicitly ensure a set of ac- ; Net Benefits
tions to guide future HIS implementers. Quality
In the end, the lessons were learned but
the options for action were diverse and User
unclear. On the other hand, there were Satisfaction
hermeneutical perspectives from the in-
formation scientists but these did not Service
employ language and constructs that were Quality
within easy reach of the HIS implement-
ers. Heeks positioned himself in between
these two approaches with his “design-

Fig. 2 Delone and McLean updated IS success model

reality gap” model citing the importance Reprinted by permission. W. DeLone and E. Mdean. Information Systems Success: The Quest for the Dependent Variable. Information Systems

Of ascertaining th? dis'tance betweqn Vi" Research 1992;3(1):60-95. Copyright 1992, The Institute of Management Sciences (now INFORMS), 901 Elkridge Landing Road, Suite 400, Linthicum,
sion and current situation and keeping it MD21090 USA.

within manageable lengths. This pre-de-
termined the level of effort that was

needed to get from a starting point to a
desired situation.

Heeks’s “design-reality gap” model
lists seven areas of concern (ITPOSMO

which stands for information, technol- _

through the dissection of conditions that to Use e
affected or effected HIS. While impor-
tant, such an analysis was limited because Information 3

A

staffing and skills, management, and
other resources such as funding) and s
demonstrated the value of placing ex-
plicit attention on the gaps that exist be-
tween current reality and the proposed
design for new systems. The larger the
gap, the higher the chance of failure while
too small gaps may not demonstrate ob-
servable change. On top of the ITPOSMO
gaps, Heeks posited three other types of
gaps that can occur: country context,
hard-soft, and private-public gaps.
More recently, the Health Metrics
Network [28] launched a campaign to
assist countries strengthen their health
information systems. HMN proposed an
overarching framework that sets stand-
ards on HIS components and data Fig. 3 The Health Metrics Network Framework

sour(?es ,Wlth a clear goal towards har- Reprinted by permission. World Health Organization. Framework and standards for countray health information systems / Health Metricc Network;
monization. _ 2008. p. 4. Copyright 2008 World Health Organization, Avenue Appia 20, CH-1211 Geneva 27, Switzerland.
The HMN Framework (Figure 3)

was designed to help countries build
stronger systems that can collect, man-

I L
0gy, processes, objectives and values, -

¥
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age, analyze and present health infor-
mation, and allow it to improve health
system responsiveness. The Framework
lists the necessary components for an
effective system and explains how the
HIS can be evaluated. HMN builds on
the foundations of principles, processes
and practical tools to assist developing
countries with their HIS design and
implementation.

One framework that fits within the
HMN, is the Performance of Routine
Information Systems Management or
PRISM Framework [17] which places
special focus on information systems
performance rather than specific pro-
gram performance. PRISM stemmed
from the MEASURE Evaluation [29]
and offered a paradigm shift in HIS de-
velopment. Whereas conventional meth-
ods measured success through indicators
that resonated well with vertical surveil-
lance systems, PRISM refocused atten-
tion to the maintenance of robust rou-
tine information systems and its internal
organizational, technical, and behavioral
determinants. The premise was that once
routine information systems are per-
forming well, improvement of the larger
health system will follow.

The PRISM framework differs from
most of the other papers in this survey
in several respects. First, it promotes
the idea of everyone’s accountability and
responsibility for the success (and fail-
ure) of HIS. By doing so, it eliminates
the blaming process that often spell the
early demise of an information system.
Second, it introduces tools which re-
quire new skills to be learned as well
as greater efforts in communication
and advocacy. This is quite unique as it
offers real-world templates to document
health information systems performance
as opposed to simply publishing a ge-
neric, abstract theoretical framework. In
short, PRISM espouses both theory and
praxis. Third, unlike Killingsworth’s
checklist, these tools are comprehensive
and cover many aspects of HIS develop-
ment. Though it may seem to be a for-
midable task to the uninitiated, PRISM
is flexible enough to allow for selec-
tive implementation of the tools.
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Table T Mapping Delone & McLean with Heeks and PRISM frameworks

D&M IS success model | Heeks [TPOSMO

PRISM factor

PRISM determinant

System quality Technology Processes

Technical

HIS design
Computer software
[T complexity

Information quality Information

Technical

Complexity of the reporting form, procedures

RHIS processes

Data collection

Senvice quality Staffing and skills
Management

Other (funding)

Organizational

Governance

Planning

Availability of resources

Training

Supevision

Finances

[nformation distribution

Promotion of culture of information

Intention to use/Use Objectives and values

Behavioral

Data demand

Data quality checking skill
Problem solving for HIS tasks
Competence in HIS tasks
Mofivation

User safisfaction Staffing and skills

RHIS processes

Data transformation
Data processing

Data analysis

Data display

Data quality checking
Feedback

Net benefits Bridged design-reality

Improved RHIS
gaps performances

Data quality

Information use

Improved health system performance
Improved health status

Though differently named, the
frameworks in this survey did show re-
curring themes. A mapping of the up-
dated D&M information systems suc-
cess model, Heeks, and the PRISM
framework is shown in Table 1.

Conclusions

With the expected surge in demand for
health IT, theoretical frameworks for
analysis will be needed to standardize
comprehension of the domain and en-
hance communications among practi-
tioners. These frameworks must be sim-
ple yet expansive and must serve to
codify the understanding of complex
health systems to make HIS design

more interoperable in an increasingly
globalized environment. Making these
theories suitable to both developed and
developing world settings will be a con-
tinuing challenge.

As the cost of ownership of health
IT hardware and software reach the
capacities of developing countries, there
will be increased attempts to implement
HIS in these areas. Since HIS imple-
mentation is resource-intensive, it
serves the developing world well if they
are guided by the theoretical frame-
works extracted from the successes and
failures of past implementations.

Theoretical frameworks for health
information systems bring tremendous
value especially for emerging commu-
nities where knowledge of the domain
may be lacking or incomplete. The



HMN and PRISM frameworks attempt
to explain the complexity of evaluat-
ing health information systems, and
propose a way of looking at HIS de-
velopment through culturally accept-
able methodologies, by encouraging
organizational accountability, and by
offering actual standards and tools that
can be used in many contexts.
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