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Abstract Although information technology (IT)-based
applications in healthcare have existed for more than three
decades, methods to evaluate outputs and outcomes of the
use of IT-based systems in medical informatics is still a
challenge for decision makers, as well as to those who want
to measure the effects of ICT in healthcare settings. The
aim of this paper is to review published articles in the area
evaluations of IT-based systems in order to gain knowledge
about methodologies used and findings obtained from the
evaluation of IT-based systems applied in healthcare
settings. The literature review includes studies of IT-based
systems between 2003 and 2005. The findings show that
economic and organizational aspects dominate evaluation
studies in this area. However, the results focus mostly on
positive outputs such as user satisfaction, financial benefits
and improved organizational work. This review shows that
there is no standard framework for evaluation effects and
outputs of implementation and use of IT in the healthcare
setting and that until today no studies explore the impact of
IT on the healthcare system’ productivity and effectiveness.
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Introduction

Information technology (IT)-based applications in health-
care have existed for more than three decades and have
gained widespread use [l, 2]. Nowadays, it is hard to
imagine healthcare without IT-based applications for both
the accumulation and interchange of clinical information
[3]. This is in part because IT has been recognized as an
“enabler,” that is, as a tool that offers solutions to the
problem of the increasing accumulation of patient data [4, 5].
Because of their central role enabling the diverse use of in-
formation, IT systems ensure the timely and accurate collec-
tion and exchange of information, and thus a more efficient
use of the scarce resources of healthcare organizations.

With an increased need for the implementation of IT in
all healthcare domains—such as primary healthcare and
clinical settings or home healthcare environments—for the
purpose of providing an optimal use of resource invest-
ment, its use is expected to rise. Evaluating such ICT
applications to help decision makers acquire knowledge
about the impact of IT-based systems therefore becomes a
key issue to all organizations that aim to implement any
new application [6].

However, despite the fact that evaluation studies have
increased in importance, they usually only provide answers
to questions such as why the system should be studied, why
a specific IT application should be chosen among many
other systems, or why they only present a general picture
about costs and benefits to both users and the organization
[7]. Case studies that examine the costs and benefits of
specific IT applications are the most common examples of
empirical analysis, but the published work is neither
extensive nor comprehensive. Studies discussing evaluation
methodologies in the area of medical informatics have
usually been performed descriptively, and often use
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approaches from domains such as computer science,
cognitive science, economics, and organization, and usually
do not use in a multi-actor focus that includes the conse-
quences of the implementation and use of IT-based systems
for all participants, including care recipients and stake-
holders, involved in the healthcare process.

The aim of this review is to outline the methodological
approaches and results of studies that measure the impact of
IT on healthcare organizations during 3 years (between
2003 and 2005). We limit the study to review evaluations of
health information systems, including computer-based
patient records, electronic health records, electronic medical
records, telemedicine, and decision support systems.

Previous literature reviews

There are several previous literature reviews in the field of
evaluation in medical informatics before 2003. They have,
however, been conducted with several different aims, and
their results are therefore difficult to compare. In this
section we present three reviews relevant to this current
paper; all related to the evaluation of effect of IT-based
applications for either clinical decision support systems or
computer-based patient records systems.

Kaplan [72] reviewed studies focusing on the evaluation
of clinical decision support systems (CDSS), with the main
emphasis upon changes in clinical performance and
systems that could improve patient care. Kaplan’s study
includes many evaluations of CDSSs using designs based
on laboratory experiments or Randomized Controlled
Clinical Trials (RCTs). The author used Medline for a
literature search from 1997 to 1998. In addition to this, a
manual search identified 27 papers referenced frequently by
other experts in medical informatics, and these are included
in Kaplan’s review. Kaplan concluded that conducting
RCTs is the standard method of evaluation approach for
CDSS. She argued that RCT-type studies could not be
useful to investigate what influences whether systems are
used. She also concluded that RCT-type studies do not
answer questions such as why some systems tend to be
used while others are not, why the same system may be
useful in one setting but not in another, why a CDSS may
or may not be effective, or why different results are
obtained in different studies. For this reason, more research
in this area is needed.

Ammenwerth and Keizer’s [71] review identified the
trend of evaluation research in the area of medical infor-
matics from 1982 to 2002. The aim of the review was to
answer questions such as which countries or journals
dominate the evaluation research publications, which types
of information systems have been evaluated, which aims
have been studied in selected papers, which methods were
applied for evaluation, how many papers have been
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published, in which locations and settings did the studies
take place, and which evaluation strategy has been applied.
Ammenwerth and Keizer’s review was based on a sys-
tematic literature search in PubMed from 1982 to 2002,
during which time 1,035 articles were selected. The authors
concluded that the number of evaluation studies in the area
of medical informatics is rising significantly. However,
evaluation studies cover only around 1% of all medical
informatics publications indexed in PubMed. Ammenwerth
and Keizer noted that explanatory research and quantitative
methods dominated evaluation studies during the period
chosen for analysis. The most common, recurring aspects
of the evaluation in the studies reviewed were appropriate-
ness of patient care, efficiency of patient care, user
satisfaction, and software quality. They showed that
comparable development in medical informatics since
1982 was that the number of lab studies focusing on
technical aspects was found to have declined. They also
showed that focus upon the quality of care processes and
patient outcomes was found to have increased. They
interpreted this shift as a sign of the maturation of evaluation
research in medical informatics.

Delpierre et al. [8] reviewed studies of computer-based
patient record systems (CBPRS). The objective of their
review was to carry out a systematic survey of studies
analyzing the impact of CBPRS on medical practice,
quality of care, and user and patient satisfaction. They
reviewed selected papers published from January 2000 to
March 2003, identified by their search through Medline,
Cochrane, and Embase databases. They selected a total of
26 articles using this method. The authors concluded that
they could show a better understanding of the relationship
between the use of CBPRS and medical practice. An
increased satisfaction of users and patients was noted,
which could lead to significant changes in medical practice.
They also noted that most of the studies did not include
qualitative factors such as characteristics of the disease and
the tool, the ward in which it was developed, and the
relationship between various healthcare professionals,
which could have an impact upon the use of CBPRS.
Delpierre et al. [8] suggested in his study, a broad review
including all the factors that may influence the success or
failure of the use of CBPRS in medical practice.

Some notable differences between the included reviews

The following table categorizes the differences and simi-
larities among the three reviews discussed above.

As can be seen in Table 1, evaluation studies have been
performed with different aims and objectives, and are con-
cerned with different domains and areas of focus. However,
all of them are focused on identifying trends in evaluation
studies, analyzing the impact of CPR, or to identify how
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Table 1 Differences and similarities among Kaplan, Ammenwerth, and Delpierre’s reviews

Review category Kaplan review Ammenwerth et al. review

Delpierre et al. review

Aim of study How CDSS changes clinical
performance

Clinical area

To identify trends of evaluation studies

Domains in which National, Hospital, primary care, home
systems are evaluated care

Type of systems Published articles which included CDSS  All kinds of systems—included published
evaluated from 1997 to 1998 articles from 1982 to 2002—only

abstracts were reviewed

Analyse the impact of CPR
on medical performance

Hospital, primary care, home
care

Published articles from 2000
to 2002 based on CPR,
CDSS, and CPOE

Study design

The approaches of
papers which have
been reviewed

Focus of evaluation
studies

Mostly RCT
Mostly quantitative approach

Usefulness of system improved care
with RCT and show RCT as a good
method for evaluation

All kinds of study designs
Both quantitative and qualitative, but
quantitative methods dominated

Appropriateness of patient care, user
satisfaction, and software quality

Mostly RCT
Mostly quantitative approach

Clinical practice, patient
outcome, user and patient
satisfaction

CDSS changes clinical performance. Despite the large
number of studies included in the reviews, there are no
studies that look specifically at the impact of IT on
healthcare efficiency or productivity. Almost all evaluations
are therefore partials, and the results are difficult to gen-
eralize from each particular study to a broader context.
Most of the studies that explored the impact of IT con-
sidered decision support systems or electronic health
records. The main benefits identified to quality are
increased adherence to guidelines, better surveillance and
monitoring, and decreased medical error. However none of
the reviews found studies that have a clear impact on labor
input or on the efficacy of the provision of care.

Materials and methods

A literature review was performed for published evaluation
studies of IT-based systems in healthcare, including CPR
(including EMR and EHR), telemedicine, and different
kinds of DSS related to information systems like CPOE,
between January 2003 and March 2006.

The search for the related material started in January
2006 and finished in March 2006. Linkdping University’s
database was used to gain access to papers on this subject.
The keywords used to search for the articles were: patient
records, medical Records, health records, information
technology, medical informatics, healthcare information,
health informatics, hospital information system, patient care
information system, CPOE, evaluation methods/theory,
assessment, appraisal, information system/technology, eco-
nomic evaluation, and evaluation study. In addition, the
most important database, MEDLINE, was used to search
for related papers. We conducted our search with the help

of search rules, for example MeSH (major topic), language,
publication type, and publication date.

The following strategy was used to select the articles
from MEDLINE:

(1) We searched using the MeSH database, using the
terms computerized patient records (CPR), decision
support systems, clinical (DSS), and telemedicine.

(2) In the next step we searched MeSH for evaluation
studies and found two categories called “evaluation
studies” and “Evaluation Studies [Publication Type].”

(3) We combined step 1 and 2 according to the following
details: (“Evaluation Studies”[MeSH] OR “Evaluation
Studies”’[Publication Type]) AND (“Medical Records
Systems, Computerized”[MeSH] OR “Decision Sup-
port Systems, Clinical’[MeSH] OR “Telemedicine”
[MeSH])

(4) We limited these reviews to articles published between
2003 and 2005 in English and with the aim of to
evaluate some IT applications. We hit 674 articles.

We excluded papers concerning software and technical
evaluation, as well as ethical and education-related evalua-
tions. We also excluded some other evaluation articles that
had no direct relationship with information systems, such as
documentation and ordering through computers. Sixty-one
articles were left at the end of this review process. Thirty-
eight studies had been performed in hospital settings, 15
studies in primary care, and nine studies in homecare, with
some of the studies performed in two domains at the same
time. Two studies were performed in all domains (hospital,
primary care and home care). Some projects, like IDEATel
or Kaiser Permanente telehomecare, had a larger sample
size and publication. However, we limited our review to
this range, and excluded studies published before 2003 or
after March 2006.
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Results

In this section we will present a summary of the 61
published articles in the medical informatics area from 2003
to 2006 previously classified as evaluation studies. The
following three tables present a brief description of the
names of the authors, the domains the study was performed
in, the design of each study, the time of evaluation, the
sources of evidence, the aim of the study, and the findings.
The studies are divided into the following main categories:
CPR evaluation studies, telemedicine evaluation studies,
and DSS evaluation studies. In Tables 2, 3 and 4 we
summarize the evaluation studies classified as evaluation of
CPR, telemedicine, and DSS:

Comments

Evaluations of CPR tend to be concerned with system
usefulness regarding the quality of care, and user-related
issues such as user acceptance and satisfaction and attitudes
towards new systems, as well as the financial effects,
usually limited to the identification of the costs of system
implementation [9-11, 12-22].The inclusion of indirect
costs is not a common procedure, at least, in the studies
included in this literature review Usually the evaluations
classified as “economic” include only the direct costs of the
implementation of the new system [11, 14, 23].

Another important remark is that some of the studies
included in this review tended to evaluate the effects of the
new system’s implementation on the quality of work
performance, such as user job performance and computer
knowledge, and investigation of skill among other users
[24-28].

From Table 2 it can be seen that introducing a new
computerized patient record system had found to have
positive effects such as economic benefits [9, 11, 14], high
acceptance score and satisfaction among the users in the
implemented sites [10, 13, 16, 21, 24, 29] and also
Improvements in management and work process [11, 16,
18, 22, 24, 28].

From Table 3 we can see that evaluations of tele-
medicine tend to be concerned with the economic effects of
system implementation [30-34]. Usually the outputs are
expressed as costs and benefits, or effectiveness in the
telemedicine area. There are also, however, studies regard-
ing user attitudes and perspectives, user satisfaction [35-38],
and the usefulness of the system [30, 39—43], such as time
of service delivery, usability, feasibility, and changes in the
number of visits after implementation of the new system.

From Table 3 it can be seen that introducing a
telemedicine system had positive effects such as reducing
spent time per patient during the visiting by clinical staff
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[41, 42], economic benefits [30, 31, 39], and also quality of
care [30, 39, 42, 44].

Table 4 provides insight into some issues regarding
evaluations of DSS. It can be seen from Table 4 that most
of the systems that have been evaluated are CPOE, with the
aim being to evaluate the usability of systems [45-49] or
the effectiveness of the system for patients [32, 50-53].
Some of the studies reviewed tend to also evaluate the
financial impacts of introducing the new system [54, 55]
thus without systematic identification of all costs. There are
even some in this area that included measures of user
satisfaction and attitudes towards the system [31, 56].

From Table 4 it can be seen that introducing a clinical
decision support systems in healthcare organizations had
positive effects such as improved quality of care [46—49],
satisfaction among users in the implemented sites [56], and
also improvements in management and work process [45,
50, 52, 57].

However, most of the studies did not discuss a specific
theory to be applied when evaluating 1T-based applications
in healthcare. Few studies presented discussion of some
economic theories such as cost-benefit/effectiveness analy-
sis [9, 31-33], and none generated new theories or extended
olds ones.

It is also interesting that many studies used formative
tests as an evaluation method, and a high proportion of
studies used summative tests. Moreover, more than half of
the papers used summative tests simultaneously. Focusing
on most of the articles included in our study, we find that
they have used objective and subjective perspectives
simultaneously.

Most of the studies based on the financial model, like
cost-benefit/effectiveness, showed that there were improve-
ments with the introduction of the new systems, especially
in the telemedicine area. In contrast, some studies showed
that the implementation of new DSS or Telemedicine had
no economic benefits [32, 33, 54], and few showed that the
introduction of the new CPR or DSS were problematic
[58-61].

Discussion

The purpose of this paper was to conduct a literature review
focusing upon the evaluation of IT-based systems in
healthcare. The results show that several similar studies
have been performed that focus upon clinical support
systems, CPR for medical practice, telemedicine, decision
support systems, etc. Previous review studies concluded
that experimental designs are excellent for studying system
performance or changes in clinical practice behaviour, but
noticed that evaluation approaches such as usability testing,
cognitive studies, ethnography studies or socio-technical
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reduction of patient length of stay in
the ICU. The introduction of the DSS
was found to have been associated
with a reduction in antibiotic usage in
the ICU. It was also found to have
brought a change in patterns of
antibiotics use in the ICU. It was also
demonstrated through this study that

The results of this study suggest that the
use of the DSS contributed to the

antibiotic use and patient outcome in

based decision support system on
a critical care unit

To assess the effect of a computer-

Data obtained from the patient
records

Before and after
implementation
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there was difficulty with the use of the
DSS among clinicians with different

roles.

analysis should be used to investigate influences of the new
systems on the organisation and its personnel.

In our review we found that during the period 2003—
2005, most of the evaluations aimed to include issues such
as the effectiveness of the systems, the quality of care, user
and patient satisfaction, and the system’s usability. And also
the evaluation studies tended to use subjective approaches
combined with quantitative studies in order to analysing
cost and benefits.

Most of the studies included in this paper have used
survey methodology as their research method. Some of the
studies focused upon financial analysis, such as a cost and
benefit or consequences approach. Some of the studies used
a clinical trial or cohort study to research the systems’
outputs. It is, however, important to note that it has been
difficult to find generalized models and methods to evaluate
IT-based applications in clinical settings that cover all as-
pects such as economic and inter- and intra-organizational
approaches. It seems that there are no clear guidelines for
evaluation studies to develop evaluations and obtain more
clear and exact feedback about the implemented systems.

A key requirement for analytical work is a clear
definition of what constitutes an IT-based application.
Today there are different terminologies relating to similar
systems. Analysis of the effects has predominantly taken
place at an organizational level. However, this does not take
account of the differences in the settings in which analysis
is taking place.

A significant barrier to investment in IT in healthcare is
the widely recognized fact that any cost saving resulting
from technology changes is not always seen by the
implementer, but is rather passed on to a third party. In
essence, benefits appear at one site and in one budget, while
a large share of the cost commitments appear at another site
and in another budget. To our best knowledge, the
evaluation studies performed do not include any discussion
about this important issue, or how lack of incentive to adopt
systems can influence the organization and its personnel.

As in other areas, such as healthcare for the elderly [62,
63], evaluation studies in general pay more attention to the
technical aspects and/or direct costs of the technology in
use. Further, the potential effects of the implementation of
IT-based applications are identified without analysing them
from an inter-organizational and economic perspective.

In addition to difficulties in quantifying the output of the
use of IT in healthcare, evaluative challenges in assessing
the impact of IT include isolating its impacts from others. It
is difficult to find a clear relationship between IT,
organizational improvements, quality of care and benefits
realization.

The most common type of analytical approach used
takes the form of a case study, and usually retrospective
ones that try to measure the actual impact of an IT
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investment or prospective assessments. The evaluations
therefore suffer two main weaknesses. First, it is difficult to
attribute IT investments to observed effects, because it is
usually not possible to apply case-control design to the
evaluative study. Second, it is difficult to generalize from
the particular study to the broader context. The results of
our review show that the study of the impact of IT in
healthcare is currently limited. No studies have been
conducted to explore the impact of IT on the system as a
whole. Few organizational-level studies exist that focus
explicitly upon the impact of IT in a specific sector of care.
This review therefore suggests that there is an increasing
need to share knowledge and find methods to evaluate the
impact of investments, and in parallel with this, formulate
indicators for success. It is therefore interesting to develop
or extend evaluation methods that can be applied to this
area, but also that have a multi-actor perspective in order to
understand the effects, consequences and prerequisites that
have to be achieved for the successful implementation and
use of IT in healthcare.
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