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INTRODUCTION

The Institute of Medicine (IOM) report, To Err is 
Human: Building a Safer Health System provides 

a landmark review of the functionality of modern 
health care delivery in the information and technol-
ogy revolutions (Kohn, Corrigan & Donaldson, 
2000). It concludes that health care is error-prone 
and costly, as a result of factors that include per-

ABSTRACT

Health care is complex and there are few sectors that can compare to it in complexity and in the need 
for almost instantaneous information management and access to knowledge resources during clinical 
decision-making. There is substantial evidence available of the actual, and potential, benefits of e-health 
tools that use computerized clinical decision support systems (CDSS) as a means for improving health 
care delivery. CDSS and associated technologies will not only lead to an improvement in health care 
but will also change the nature of what we call electronic health records (EHR). The technologies that 
“define” the EHR will change the nature of how we deliver care in the future. Significant challenges 
relating to the evaluation of these health information management systems relate to demonstrating 
their ongoing cost-benefit, cost-effectiveness, and effects on the quality of care and patient outcomes. 
However, health information technology is still mainly about the effectiveness of processes and process 
outcomes, and the technology is still not mature, which may lead to unintended consequences, but it 
remains promising and unavoidable in the long run.
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sistent major errors and delays in diagnosis and 
diagnostic accuracy, under/over-use of resources 
(e.g. excessive ordering or unnecessary laboratory 
tests), or inappropriate use of resources (e.g. use 
of outmoded tests or therapies) (Kohn, Corrigan 
& Donaldson, 2000). Health care is complex 
and there are few sectors that can compare to it 
in complexity as well as in the need for almost 
instantaneous information management and 
access to knowledge resources during clinical 
decision-making. An example of a comparable 
system of complex decision-making can be seen 
in air travel and is highlighted in the report on the 
factors contributing to the Tenerife air disaster on 
Sunday 17th, 1977. In the final summary on this 
disaster, Weick (1990) makes the following com-
ments that could also be used to describe health 
care decision-making:

The Tenerife air disaster, in which a KLM 747 and 
a PanAm 747 collided with a loss of 583 lives, is 
examined as a prototype of system vulnerability 
to crisis. It is concluded that the combination 
of interruption of important routines among 
interdependent systems, interdependencies that 
become tighter, a loss of cognitive efficiency due to 
autonomic arousal, and a loss of communication 
accuracy due to increased hierarchical distortion, 
created a configuration that encouraged the oc-
currence and rapid diffusion of multiple small 
errors (Weick, 1990, pp. 593).

This major air disaster led to significant 
changes in air travel and reforms in the regulatory 
framework that have resulted in a higher level of 
safety and quality in this industry.

If we compare the changes that occurred in 
aviation to improvements in health care delivery 
following the To Err Is Human report (Kohn, 
Corrigan & Donaldson, 2000), which focused on 
documenting deaths due to medical errors in the 
U.S. health care system, then the changes have 
not been as significant. A number of studies have 
found evidence of a lack of improvement in health 

care delivery in the U.S. despite major public and 
private investments in technology. In 2005, Leape 
and Berwick (2005) reviewed the U.S. health de-
livery system five years after the IOM report was 
released. They found significant deficiencies and 
faults in nearly all aspects of health care delivery. 
For example, in patient diagnoses there remained 
significant errors in accuracy and delays. In at-
tempts to evaluate a given diagnosis there were 
failures to employ appropriate tests (underuse), 
the continued use of outmoded tests or therapies 
(inappropriate use), and the failure to act on the 
results of tests or monitoring (ignoring medical 
alerts and reminders). In treatment protocols they 
reported significant errors in operations, surgical 
procedures, and tests. They also found evidence 
in the administration of medication, the continued 
administration of the wrong drugs, doses, and 
medications given to patients with a known allergy 
to the drug (also in Evans et al., 1998). Bates et 
al.(1994; 1997) and Rothschild et al., (2002) found 
the persistence of a high incidence of adverse drug 
events (ADE) and their associated costs during 
care delivery, and demonstrated a close relation-
ship between the incidence of preventable ADE, 
costs and medical malpractice claims. Preventive 
care is also considered to be a significant area of 
health care where costs savings and better health 
outcomes can be delivered. Fries (1994) has es-
timated that healthcare cost savings of up to 70% 
can be achieved through the implementation of 
more effective preventive care measures. Other 
areas of healthcare information management that 
continue to impair healthcare delivery include 
persistent failures in communication, equipment 
failure, and other information systems failures.

It is well known that human beings in all lines 
of work make errors, and available data show that 
the health care sector is complex and error-prone 
resulting in substantial harm (Leape & Berwick, 
2005). We also know that current and emerging 
technologies have the potential to provide signifi-
cant improvements in healthcare delivery systems. 
Similar trends have occurred in aviation, which 
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has also provided a guide as to where the focus 
of change should lie (Coiera, 2003).

In this chapter, the following questions are 
addressed:

Can information technology and health in-• 
formation management tools improve the 
health care process, quality and outcomes, 
while containing costs?
How do we assess the • cost-effectiveness of 
health information technology?

This chapter will provide a historical perspec-
tive with examples of how information tech-
nologies, designed around computerised Clinical 
Decision Support Systems (CDSS), can facilitate 
the more accurate measurement of the healthcare 
delivery process, and have provided reproduc-
ible solutions for cost savings, improved patient 
outcomes, and better quality of care.

BACKGROUND: HISTORICAL 
PERSPECTIVE

The importance of clinical decision making (CDM) 
and its effects on outcomes in care have been well 
documented since the 1970s (Dick, Steen & Det-
mer, 1997; Kohn, Corrigan & Donaldson, 2000; 
Osheroff et al., 2006). The care process is now 
understood to function across complex environ-
ments involving the patient, primary care, preven-
tion, in-hospital care, and sub-specialisation care. 
The information management interrelationships 
extend beyond the direct care process to research, 
epidemiology, planning and management, health 
insurance, and medical indemnity.

In 1976, McDonald discussed the key limita-
tions of CDM in complex health information-rich 
environments, in particular by showing the failure 
of CDM to meet pre-defined standards of care, and 
concluded that computerised (electronic) decision 
support (CDSS) was an essential “augmenting 
tool” for CDM (McDonald, 1976). McDonald’s 

research became a stimulus to the ongoing re-
search in this domain of health care and revealed 
not only the benefits of CDSS in health care, but 
also how we can now begin to “measure the care 
processes” and evaluate what we do much more 
effectively.

In 2008 the importance of CDSS in health care 
was reconfirmed in a policy document prepared 
by the American Medical Informatics Association 
(AMIA) entitled A Roadmap for National Action 
on Clinical Decision Support (Osheroff et al., 
2006). In the Executive Summary, the functions 
of CDSS in a modern health care system are 
clearly defined:

Clinical decision support provides clinicians, staff, 
patients or other individuals with knowledge and 
person-specific information, intelligently filtered 
or presented at appropriate times, to enhance 
health and health care. It encompasses a variety 
of tools and interventions such as computer-
ized alerts and reminders, clinical guidelines, 
order sets, patient data reports and dashboards, 
documentation templates, diagnostic support, and 
clinical workflow tools. Clinical decision support 
has been effective in improving outcomes at some 
health care institutions and practice sites by mak-
ing needed medical knowledge readily available 
to knowledge users (Osheroff et al., 2006, p.4).

Achieving desirable levels of patient safety, care 
quality, patient centeredness, and cost-effective-
ness requires that the health system optimize its 
performance through consistent, systematic, and 
comprehensive application of available health-
related knowledge – that is, through appropri-
ate use of clinical decision support (Osheroff et 
al.,2006, p.4).

The knowledge we have from more than 25 
years of research in clinical information man-
agement systems allows us to conclude that 
“information is care” (Leao, 2007). In the words 
of Tierney et al. (2007, p. 373), “although health 
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care is considered a service profession, most of 
what clinicians do is manage information.”

A number of studies support the centrality of 
CDSS in improving CMD and the overall health 
care delivery system. From the 1950s to 1970s 
the technology supporting medical laboratory 
procedures was evolving. There was a dramatic 
escalation in the number of procedures performed 
with a minimal change in the number of techni-
cal personnel to support the care process. During 
this time the number of personnel in hospitals 
numbered in the 100s or 1000s, yet the number 
of procedures was rising to the millions each year 
(Speicher, 1983). Even though the average cost 
of many of these laboratory procedures at that 
time (e.g. chest X-rays, full blood analysis) was 
less than $20 US, the overall decision making 
process was already very costly. The results of 
the study by Speicher (1983) provide supportive 
evidence to the earlier study by Johns and Blum 
(1979) that linked CDM to resource utilisation and 
ongoing data generation in clinical environments 
and found that within a set of four nursing units 
where the annual expenditure was $44 million 
U.S., there were, on average, 2.2 million clinical 
decisions per year, 6,000 per day, and six per 
patient per day.

A further example that linked CDM to compli-
ance with care, clinical outcomes, and resource 
utilisation is that of immunization rates. In 1993 
Gardner and Schaffner showed that vaccination 
rates for common illnesses such as influenza, 
pneumococcus, hepatitis B, and tetanus-diphtheria 
ranged from 10 to 40%. These are diseases where 
the vaccines have a clinical effectiveness ranging 
from 60 to 99% (Gardner & Schaffner, 1993). 
There are several cost and quality implications of 
these vaccination rates. From a quality perspec-
tive Gardner and Schaffner were able to correlate 
low vaccination rates with preventable deaths. A 
similar study by Tang, LaRosa, Newcomb, and 
Gorden (1999) demonstrated similar effects of 
immunisation rates on clinical outcomes.

Further historical evidence for the close rela-
tionship between CDM and outcomes of health 
care has been documented for a variety of param-
eters that measure healthcare processes. These 
include: the failure to comply with pre-defined 
standards of care, adverse drug event (ADE) de-
tection, preventive healthcare procedures, health 
insurance claims management, and data acquisi-
tion for research (Bates et al., 1994; James, 1989; 
Tierney et al., 2007). To these factors can be added 
the significant cost inflation associated with the 
attempts to manage health care predominantly as 
a business or administrative organizational model. 
James (1989) analysed a range of common clinical 
scenarios for procedures such as cholecystectomy, 
prosthetic hip replacement, and transurethral re-
section of the prostate (TURP). He found a wide 
variation, not only in the care process amongst 
groups of clinicians within different health care 
institutions for standardised conditions, but also 
within each individual practitioner’s activities. 
He also found that low quality leads directly to 
higher costs; he defines these costs that arise from 
an initial process failure and the resulting low 
quality output, as “quality waste” (i.e., resources 
that are consumed, in the form of scrap or re-
pairs, when a unit of output fails to meet quality 
expectations - in clinical care this can represent 
death or short and long term morbidity). James 
also emphasises the importance of documenta-
tion in determining the quality of care. He states 
that fundamental elements for quality improve-
ment are to eliminate inappropriate variation and 
document continuous improvement (i.e., measure 
what we do). This is not possible using essentially 
paper-based record systems for decision support. 
It has also been shown in the Harvard Medical 
Practice Study looking at negligence in medical 
care that paper-based record systems actually hide 
decision-making errors that promote poor clinical 
outcomes (Brennan et al., 1991).

ADE remains a significant reason for poor, 
and preventable, patient outcomes. In 1998, 
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Cook, Woods, and Miller documented that 50% of 
ADEs are preventable and that they represent the 
highest incidence of medical deaths compared to 
motor vehicle accidents, breast cancer, and AIDS. 
These preventable events represent a cost of $17 
to $29 billion U.S. per year. Bates et al. (1994) 
also demonstrated the costly nature of ADEs at 
the Brigham and Women’s Hospital. All ADEs at 
that hospital cost $5.6 million U.S. and of these, 
preventable ADEs represented $2.6 million U.S. 
These figures excluded costs of injuries to patients, 
malpractice costs, and the costs of admissions 
due to ADE (Bates et al., 1994). The close rela-
tionship between ADEs and malpractice claims 
(outcomes) was demonstrated by Rothschild et 
al. (2002) and Studdert et al. (2006). These stud-
ies show that many of the added costs of these 
events were related to litigation and administra-
tive costs and approximately 50% of the events 
were preventable.

Another factor contributing to the current 
status of health care delivery is the ability of 
clinicians to comply with pre-defined standards 
of care. For the three decades from 1979 to 1990, 
several studies demonstrated that the overall rate 
of what is done in routine medical practice that is 
based on published scientific research remained 
steady at between 10 to 20% (Ferguson, 1991; 
Williamson, Goldschmidt, & Jillson, 1979). In 
2003 a RAND Corporation review revealed that, 
on average, patients received recommended care 
in only 54.9% of instances. While this reflects an 
improvement in compliance with care standards, 
it also indicates that around 45% of patients do not 
receive standardised care (Farley, 2005).

A final example that discusses the core prin-
ciples of CDSS implementation is the Academic 
Model for Prevention and Treatment of HIV 
(AMPATH) in resource-poor Kenya (Tierney et al., 
2007). This project saw the successful implementa-
tion of health information technologies based on 
electronic medical record (EMR) functionalities 
in a resource poor nation. The successful partner-
ship now sees this EMR as the largest e-health 

system for developing nations and is implemented 
in more than 23 countries.

To obtain an extensive review of successes, 
difficulties, and an understanding of the complex-
ity of information management in health, as well 
as how solutions can be found, we refer to the 25 
year review of electronic medical record systems 
that focuses on CDSS in North America and Eu-
rope in the full issue of the International Journal 
of Medical Informatics in 1999 (see Editorial by 
Safran, 1999, pp. 155-156).

CLINICAL INFORMATION SYSTEMS 
AND CLINICAL DECISION 
SUPPORT SYSTEMS (CDSS) IN 
THE 21ST CENTURY: THE IMPACT 
ON HEALTH CARE QUALITY, 
COSTS, AND OUTCOMES

The statement “information (management) is care” 
(Tierney et al., 2007, p. 374) emphasises one of 
the core principals of health care, that is, every-
thing a provider does with a patient involves the 
flow of information (e.g. clinical history, physical 
examination, orders for tests, instructions for care, 
follow-up). This process involves the collection, 
management, and reporting of data in readable 
formats to the provider, thereby facilitating the 
care process (Tierney et al., 2007).

Coiera (2003) also provides a clear descrip-
tion of where “clinical informaticians” fit into 
the care process:

Informaticians should understand that our first 
contribution is to see healthcare as a complex 
system, full of information flows and feedback 
loops, and we also should understand that our role 
is to help others ‘see’ the system, and re-conceive 
it in new ways (Coiera, 2003, p. xxii).

Any clinical decision support system(s) 
(CDSS) provides clinicians, staff, patients, or other 
individuals with knowledge and person-specific 
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information, intelligently filtered or presented at 
appropriate times, to enhance health and health 
care (Coiera, 2003; Osheroff et al., 2006). CDSS 
encompass a variety of tools and interventions, 
such as computerized alerts and reminders, clini-
cal guidelines, order sets, patient data reports and 
dashboards, documentation templates, diagnostic 
support, and clinical workflow tools.

The following four key functions have been 
defined for CDSS (Perreault & Metzger, 1999):

(1)  Administrative: These systems provide sup-
port for clinical coding and documentation, 
authorization of procedures, and referrals.

(2)  Managing clinical complexity and de-
tails: Keeping patients on research and 
chemotherapy protocols; tracking orders, 
referrals follow-up and preventive care. That 
is, complying with pre-defined standards of 
care.

(3)  Cost control: This involves activities such 
as the monitoring of medication orders and 
avoiding duplicate or unnecessary tests.

(4)  Decision support: These are complex 
information management systems that sup-
port clinical diagnosis and treatment plan 
processes; and that promote use of best 
practices, condition-specific guidelines, and 
population-based disease management.

Based on the existing evidence it is accepted 
that health information management systems 
centred on CDSS provide the most significant 
opportunity to improve health care delivery and 
management (Brennan et al., 2007). One could 
wonder why their use is not universal (Ford, 
Menachemi, Peterson & Huerta, 2009). A major 
barrier to CDSS implementation is clinician in-
volvement in the development of the information 
management tools. We know that age, gender, and 
computer literacy are not significant factors in 
the use of computers in health care (Sands, 1999; 
Slack, 2001). Uptake of health information tech-
nologies is related to the efficiency and useability 

of the information management tools that CDSS 
deliver through the total e-health system. The 
current focus to provide solutions to the problem 
of clinician involvement relates to Computerized 
Provider Order Entry (CPOE) (Brennan et al., 
2007). It is believed that CPOE will facilitate safe, 
effective care for patients by insuring that clini-
cal care directions are communicated in a timely, 
accurate, and complete manner. The integration 
of clinical decision support functions with CPOE 
systems provides functionality that incorporates 
contemporary knowledge and best practice recom-
mendations into the clinical management process. 
Additionally, by ensuring the quality, accuracy, 
and relevance of the decision logic integrated 
within CPOE systems, a guaranteed method for 
creating safe and effective practice is ensured. 
Brennan emphasises that CPOE is not a technol-
ogy, rather it is a design (or redesign) of clinical 
processes that integrates technology to optimize 
provider ordering of medications, laboratory 
tests, procedures, etc. CPOE is distinguished by 
the requirement that the provider is the primary 
user. It is not the “electronification” of the paper 
record system in existing formats.

In summary the evidence to date indicates 
that the beneficial effects of health information 
technology on quality, efficiency, and costs of 
care can be found in three major areas (Chaudhry 
et al., 2006):

increased adherence to guideline-based • 
care,
enhanced surveillance and monitoring, • 
and
decreased medication errors.• 

A recent overview of health information tech-
nology studies by Orszag (2008) from the US 
Congressional Budget Office (CBO) suggests, 
albeit with some qualifications, that a more com-
prehensive list of potential benefits from the use 
of HIT would include the following:
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Eliminating paper medical records – how-• 
ever, the CBO notes that these savings 
might not apply in very small practices that 
have low but relatively fixed costs related 
to medical records;
Avoiding duplicated or inappropriate diag-• 
nostic tests – according to the CBO, some 
studies (e.g. Bates et al., 1998; Bates et 
al., 1994) suggest that electronic health 
records with a notice of redundancy could 
reduce the number of laboratory tests by 
about 6%;
Reducing the use of radiological services - • 
though the CBO notes that the evidence on 
this is weak. While studies (e.g. Harpole, 
Khorasani, Fiskio, Kuperman & Bates, 
1997) show that HIT may ease the job of 
monitoring the use of radiological services, 
there is little evidence that it helps control 
costs;
Promoting the cost-effective use of pre-• 
scription drugs, particularly through deci-
sion support software and computerized 
provider order entry which prompts pro-
viders to use generic alternatives, lower-
cost therapies, and cost-effective drug 
management programs (Mullett, Evans, 
Christenson & Dean, 2001);
Improving the productivity of nurses and • 
physicians – This has to be qualified, as 
one study found that when HIT was in 
use, nurses in hospitals saw reductions in 
the time required to document the deliv-
ery of care, but physicians saw increases 
in documentation time (Poissant, Pereira, 
Tamblyn, & Kawasumi, 2005). However, 
the CBO notes that the latter effect may re-
flect a short-run learning phase for doctors. 
Few studies have measured effects on phy-
sicians’ efficiency in outpatient settings, 
and those that have show mixed results 
(Pizziferri et al., 2005).
Reducing the length of hospital stays – • HIT 
may reduce the average length of a hospital 

stay by speeding up certain hospital func-
tions and avoiding costly errors (Mekhjian 
et al., 2002);
General improvements in the quality • 
of care through avoiding adverse drug 
events1; expanding exchanges of health 
care information thus reducing duplica-
tion of diagnostic procedures, preventing 
medical errors and reducing administrative 
costs; expanding the practice of evidence-
based medicine2; and generating data for 
research on comparative effectiveness 
and cost-effectiveness of treatments. This 
benefit is also consistent with the results 
of an older literature review which found 
that HIT increased adherence to guide-
line- or protocol-based care (Chaudry et 
al., 2006). This increased quality of care 
would also be manifest in an associated 
decrease in malpractice claims, another 
prediction which is confirmed by a recent 
study (Virapongse et al., 2008).

Given the need for establishing the existing 
and ongoing benefits from investments in clinical 
information management technologies, it has been 
demonstrated that there are long-term financial 
benefits, in the form of an acceptable return on 
investment (ROI), in computerised provider order 
entry systems (Kaushal et al., 2006).

Despite these established benefits there re-
main many barriers to the widespread successful 
implementation of CDSS. Most of these are not 
technical. They relate to the design of informa-
tion management tools and their acceptance by 
clinicians who have a long history of autonomy 
in health care (Beresford, 2008).

By contrast, the costs associated with imple-
mentation of HIT are:

the initial fixed cost of the hardware, soft-• 
ware, and technical assistance necessary to 
install the system;
licensing fees;• 
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the expense of maintaining the system; • 
and
the “• opportunity cost” of the time that 
health care providers devote to learn-
ing how to use the new system and how 
to adjust their work practices accordingly 
Orszag (2008).

On the costs of installation or implementa-
tion, the CBO notes that these may vary widely 
among physicians and among hospitals, depending 
on the size and complexity of those providers’ 
operations and the extent to which a system’s 
users wish to perform their work electronically. 
For instance, smaller practices will pay more per 
physician than larger practices to implement an 
HIT (Orszag, 2008).

The estimation of these costs will also be 
complicated by the differences in the types and 
available features of the systems being sold and dif-
ferences in the characteristics of the practices that 
are adopting them. The CBO notes that existing 
studies of costs have tended to make the mistake 
of not including estimates of indirect costs, such 
as the opportunity costs of time which providers 
dedicate to learn the new system and to adopt it 
in their work routines (Orszag, 2008). The initial 
opportunity costs in terms of learning time and 
adapting the operations of the practice around 
the implemented system can turn out to be quite 
significant, with one survey of health IT adoption 
finding that reported productivity in a practice 
may drop between 10 to 15 per cent for several 
months after implementation (Gans, Kralewski, 
Hammons & Dowd, 2005). One study of a sample 
of 14 small physicians’ offices implementing an 
HIT estimated the average drop in revenue from 
loss of productivity at about $7,500 per physi-
cian over a year (Miller, West, Brown, Sim & 
Ganchoff, 2005).

PUTTING HEALTH INFORMATION 
TECHNOLOGY (HIT) TO USE

Health information technology (HIT) systems 
are basically a repository for patient data. The 
physician is able to retrieve information, often in 
a clinically meaningful way that may not neces-
sarily have been entered by himself/herself in the 
electronic health record (EHR). The information 
might have been acquired and created, for instance, 
during the patient’s course in the healthcare orga-
nization. Increasingly, EHR systems are connected 
to regional health information networks enabling 
access to patient data in disparate systems, such 
as primary care.

Overcoming the Limitations 
of Paper-Based Records

The electronic patient record has been introduced 
to overcome perceived limitations encountered 
with the use of the paper-based medical record 
and to allow planning that goes beyond a static 
view of events. Some of the limitations of the 
paper-based patient record that can be overcome 
include:

• Accessibility. Often the record is not acces-
sible when it is needed. It may be stored 
elsewhere, or another professional may be 
seeking to use it concurrently. Electronic 
records are accessible independent of place 
and time, and can be rapidly retrieved us-
ing a patient identifier. It is exactly this that 
is most valued by clinicians. However, ac-
cess is usually constrained because of data 
protection and privacy. Authorizations and 
passwords are required to allow a clinician 
to review patient information. Making in-
formation available both from within the 
hospital and from ambulatory systems is a 
key goal of most national efforts to imple-
ment HITs.
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• Completeness. Not all patient data are 
written in the record. This can pose prob-
lems when other professionals reading the 
record try to make sense of a patient prob-
lem or when a doctor tries to recall what 
she has done after seeing the information 
again. Forcing the user to enter data in all 
fields can improve the completeness of a 
patient record.

• Readability. Handwriting is often hard to 
read. On a medication list, numbers and 
units of dosages can be misinterpreted and 
require attention of a pharmacist checking 
the prescription or a nurse translating and 
transcribing the order or trying to prepare 
the medication to be administered. Entering 
the data digitally, and even structuring the 
fields, can enhance readability.

• Analysis. Information written in the re-
cord is generally not suited for quantitative 
analysis. Test results may be entered in 
pre-structured forms and even plotted on a 
graph, which may reveal a trend, but com-
parison with baseline data is painstakingly 
difficult. Auditing past records to identify 
and analyze patterns in a group of patients 
is very labor intensive and time consum-
ing. Digitized data are exceptionally suited 
for computer analysis.

Some Reasons for Limited Diffusion 
of Health Information Technology 
& Electronic Health Records

If the advantages are so obvious, why then is 
the electronic record not widely in use and why 
haven’t electronic records replaced paper records? 
It is often argued that physicians resist innova-
tion and do not like to give up familiar tools. The 
wide adoption of advanced technology in health 
care, and certainly in emergency medicine, de-
fies this argument. Paper-based records have 
proved to be durable tools for medical practice 
and information technology specialists have only 

recently become aware of this (Clarke, Hartswood, 
Procter, Rouncefield & Slack, 2003). As a cogni-
tive artefact, the physician can examine the paper 
record easily. The layout and structure can guide 
the physician to find the most relevant informa-
tion and ignore other items. Often the use of tabs, 
coloured paper, tables, and flowcharts facilitates 
navigation through a paper-based record. Within 
a short period of time a complete mental picture 
of the patient can be created. In contrast, using a 
computer, a user can be forced to page through a 
large number of screens in order to find the needed 
piece of information.

The paper-based record also allows the phy-
sician to judge the quality of the information. 
Handwriting or a signature can show who entered 
the information and inform the physician about 
the trustworthiness of the information. The ab-
sence of information does not necessarily imply 
that the record is incomplete; it often means that 
a particular item was considered not relevant for 
the case at hand (Berg, 1998). For example, if the 
patient has no known history of heart problems 
and is in good physical condition, blood pressure 
recordings or an electrocardiogram (ECG) may 
be missing from the record.

This is not to say that there are no compelling 
arguments to adopt electronic records; there is 
ample evidence that the efficiency and quality 
of care benefits from their use (Dick, Steen & 
Detmer, 1997). However, one must look care-
fully at the role of paper-based records in medical 
practice and avoid simply translating it into an 
electronic system.

Particular Features of Electronic 
Health Records That Offer 
Advantages over Paper Records

The two powerful and distinctive advantages that 
electronic records have over a paper record are 
summarized in the concepts of accumulating and 
coordinating (Berg, 1999). Accumulating refers to 
the fact that an EHR system allows for powerful 
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analysis of data. For example, lab test outcome 
data can be accumulated to show time-dependent 
trends. When grouped for a large number of pa-
tients, the same data can be subjected to statistical 
analysis to reveal patterns. Combined with data 
from other sources, information can be used for 
planning, billing, and quality assessment. A most 
powerful application is the combination of patient 
data with decision support techniques that enable 
the physician to make decisions about patient 
care founded on accepted clinical rules stored in 
a database and patient data that is as complete 
as possible. The other concept of coordination 
provides the opportunity to plan and coordinate 
activities of healthcare professionals by allowing 
concurrent access to the electronic record. Access 
is no longer dependent on the physical location 
of the record, but possible from every computer 
that is connected to the system.

Standardization and Integration 
of Technologies

Many conditions have to be met in order to suc-
cessfully implement HIT and the EHR, most 
importantly standardization of the underlying 
technologies and of the content and meaning of 
healthcare data. This may seem obvious, but it 
has been shown that the lack of standardization 
is a major impediment to the introduction of elec-
tronic records in medical practice. Technological 
standards are required to link systems in networks. 
The wide diffusion of the Internet would have 
been impossible without underlying standards 
for communicating (e.g. messages, texts, and 
graphics) and establishing links and pointers to 
other sources of information. Yet, this achieve-
ment was not possible without negotiating and 
consultation about what and how to standardize. 
Often proprietary rights and the perceived need 
to protect markets stand in the way.

In health care, standardization is much harder 
since it is not only about the underpinning rationale 
and scientific evidence for data standards, but also 

about the diverse social and cultural values within 
and across geographic communities that influence 
choice of data standards. We will not elaborate 
on the standards relevant for health care; they are 
explained elsewhere. Typical examples include 
TCP/IP that determines how information is com-
municated on the Internet, HL7 that determines 
how health care information can be represented 
and communicated between diverse applications 
in health care, and SNOMED CT that describes 
how medical concepts are defined and represented. 
Standardization can be effected through national 
and international bodies with legislative power, 
such as ASTM (originally American Society for 
Testing and Materials), ISO (International Stan-
dards Organization) and CEN (Comité Européen 
de Normalisation). Also standardization can be 
achieved through market power, e.g., Microsoft’s 
Windows operating system accounts for about 
90% of the personal computer market and can 
therefore be construed as a de facto standard for 
personal computer operating systems.

Implementing Health 
Information Technology

The traditional approach to implementing health 
information technology has been top-down. An 
important factor in this respect was the perception 
that health information technology is an expen-
sive resource that usually exceeded the financial 
capabilities of individual physicians and physi-
cian groups. However, the advent of personal 
computers to some degree altered this situation, 
particularly in primary care. In countries such as 
the Netherlands, the United Kingdom and Aus-
tralia, up to 90% of GPs have adopted electronic 
health record systems (Jha, Doolan, Grandt, Scott 
& Bates, 2008). However, adoption, in many 
cases, was helped by financial incentives given 
by their governments.

A key characteristic of implementing informa-
tion systems is that organizational changes are an 
integral part of implementation. Unfortunately, 
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however, the changes are not always for the bet-
ter, and more often than not, the performance of 
organizations is worse after a system has been 
installed than before. The natural tendency is 
then to conclude that the system was somehow 
badly designed. In 1975, when the design and 
operation of information systems were considered 
primarily technical activities, Henry C. Lucas, 
Jr. wrote about failing systems. However, all our 
experience suggests that the primary cause for 
system failure has been organizational behavior 
problems (Lucas, 1975). Thirty years of research 
has increased our understanding of information 
systems in organizational contexts; yet, the record 
in terms of developing and implementing suc-
cessful systems is still dismal (Ewusi-Mensah, 
2003). HIT systems are particularly hard to 
implement because not only do they affect health 
care organizations as a whole, but also the work 
of health professionals who pride themselves on 
their professional autonomy. Implementing HIT 
is a social process (Aarts, Doorewaard & Berg, 
2004). But the relevant organizational changes 
are not easily predictable.

This creates a predicament for an implementer. 
S/he might like to design a system according to 
blueprints and to plan systematically its deploy-
ment. But Ciborra (2002) advises making organi-
zational improvisation part of the implementation 
process, to allow prospective users to tinker with 
the system and let them find ways of working that 
fit them best, to plan for the unexpected and value 
emerging practices, and to give up strict control 
(Ciborra, 2002).

Adverse Effects of Health 
Information Technology

Recent studies reveal that putting HIT to use, 
whatever its many advantages may be associated 
with unexpected outcomes. A study by Koppel et 
al. (2005) of one CPOE system documented 22 
different error-enhancing aspects of that system. 
Another study reported a doubling of infant mor-

tality after the introduction of a CPOE system, 
probably resulting from increased time to enter 
orders, reduced communication among nurses 
and doctors, and the loss of advance information 
previously radioed in from the transfer team before 
patients arrived at the hospital (Han et al., 2005). 
Nebeker, Hoffman, Weir, Bennett, and Hurdle 
(2005), likewise, found high rates of ADEs in 
the highly computerized Veterans Administra-
tion system. Shulman, Singer, Goldstone, and 
Bellingan (2005) found that, compared to paper-
based systems, CPOE was associated with fewer 
inconsequential errors, but also with more serious 
errors. Ash, Berg, and Coiera (2004); Campbell, 
Sittig, Ash, Guappone, and Dykstra (2006); and 
Aarts, Ash, and Berg (2007) have found unintended 
consequences from CPOE systems to be the rule, 
rather than the exception. Nemeth and Cook (2005, 
p. 262), noting these systems’ interactivity and 
complexity, add: “If [human error] exists, error is 
a consequence of interaction with IT systems. The 
core issue is to understand healthcare work and 
workers”. And although “healthcare work seems 
to flow smoothly,” the reality is “messy.”

METHODS OF ASSESSING 
COST-EFFECTIVENESS

There have not been many rigorous studies of cost 
effectiveness of e-health measures in the literature. 
The most recent literature review of studies in this 
field concluded that there remained a “paucity of 
meaningful data on the cost-benefit calculation of 
actual IT implementation” (Goldzweig, Towfigh, 
Maglione & Shekelle, 2009, p. 292). The stud-
ies which this literature review collected, after a 
comprehensive selection process, can be broken 
into four different approaches.

One approach looks at the experience of a 
few large organizations that had implemented 
multifunctional, interoperable electronic health 
records (EHRs), computerized physician order 
entry (CPOE), decision-support systems, and 



24

The Effectiveness of Health Informatics

other functions. However, these studies cannot 
be described as appropriate cost effectiveness or 
cost benefit analyses since they only evaluated 
the impacts in terms of clinical performance/
quality improvement or potential benefit in terms 
of patient safety measures, but did not attempt 
to quantify the costs of these technologies or to 
then derive a net benefit calculation using some 
common measure (for instance, some imputed 
welfare gain in terms of dollars).

Among the individual studies in this cat-
egory:

Three studies looked at a quality improve-• 
ment project related to blood product ad-
ministration that used automated alert 
technology associated with CPOE; elec-
tronic clinical reminders related to coro-
nary artery disease and diabetes mellitus; 
and patient-specific e-mail to providers re-
garding cholesterol levels, and found small 
improvements in quality of care. (Lester, 
Grant, Barnett & Chueh, 2006; Rothschild 
et al., 2007; Sequist et al., 2005)
Roumie et al. (2006) evaluated the impact • 
of electronic provider alerts and found they 
provided a modest, non–statistically sig-
nificant improvement over provider edu-
cation alone as measured in terms of im-
provements in blood pressure control.
Dexter, Perkins, Maharry, Jones, and • 
McDonald (2004) compared the impact on 
rates of influenza and pneumococcal vac-
cinations of computer generated standing 
orders for nurses versus computerized phy-
sician reminders and found that immuniza-
tion rates were significantly higher with 
the nurse standing order.
Murray et al. (2004) and Tierney et al. • 
(2005) evaluated computer-generated treat-
ment suggestions for hypertension, and for 
asthma and chronic obstructive pulmonary 
disease (COPD), and it was found that 

neither of these technologies resulted in 
improvements in care.
Potts, Barr, Gregory, Wright, and Patel • 
(2004), Butler et al., (2006) and Ozdas et 
al., (2006) evaluated the potential benefits 
of CPOE. These studies arrived at mixed 
results but generally found improvements 
in patient safety with the introduction of 
CPOE, as well as modest improvements 
in quality of care when CPOE was tailored 
to the management of patients with acute 
myocardial infarction.

Insofar as there was a basis for comparison 
implicit in these studies, this involved compar-
ing the refinement in existing systems, addition 
of new applications or enhancement of existing 
functionalities, against the resulting improve-
ments. The general finding was one of modest 
or even no benefits from the new applications or 
changed functionalities (Goldzweig et al., 2009, 
p. 285).

A second approach found in the literature re-
view was to look specifically at the experiences of 
commercial practices implementing commercially 
available or developed electronic health records. 
Among the individual studies in this category:

Garrido, Jamieson, Zhou, Wiesenthal, and • 
Liang (2005) compared outcomes before 
and after the implementation of a home-
grown EHR at commercial hospitals and 
found that the number of ambulatory vis-
its and radiology studies decreased after 
implementation, while telephone contacts 
nearly doubled. On the other hand, limited 
measures of quality (immunizations and 
cancer screening) did not change.
O’Neill and Klepack, (2007) assessed the • 
effect of implementing a commercial EHR 
in a rural family practice, looking spe-
cifically at financial impacts rather than 
quality of care measures. They found that 
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average monthly revenue increased 11 per 
cent in the first year and 20 per cent in the 
second year, and the charge-capture ratio 
increased 65 to 70 per cent, because of bet-
ter billing practices.
Asaro, Sheldahl, and Char (2006); Del • 
Beccaro, Jeffries, Eisenberg, and Harry 
(2006); Feldstein et al. (2006); Galanter, 
Polikaitis, and DiDomenico (2004); Han 
et al. (2005); Palen, Raebel, Lyons, and 
Magid (2006); Smith et al. (2006); Steele 
et al. (2005); and Toth-Pal, Nilsson, and 
Furhoff (2004) studied the effect of add-
ing new functionalities to existing EHRs. 
Some of these studies found modest ben-
efits, some found no benefits, and a few 
found marked benefits.

A third group of approaches involved evalua-
tions of stand- alone applications such as health 
systems that link patients with their care providers 
and are intended to improve the management of 
chronic diseases; computer/video decision aids 
for use by patients and providers; text messaging 
systems for appointment reminders; electronic 
devices for use by patients to improve care; and 
patient-directed applications for use outside 
traditional settings. The main findings here were 
also mixed, with some studies showing no or 
only modest effects, and many more studies pro-
viding insufficient descriptions to reach strong 
conclusions.

Among the individual studies in this cat-
egory:

McMahon et al. (2005) compared Web-• 
based care management with usual care 
for patients with diabetes. Intervention pa-
tients had a statistically significant, modest 
improvement in their results for 2 out of 3 
clinical measures.
Cavanagh et al. (2006), Grime (2004), • 
and Proudfoot et al. (2004) evaluated an 
interactive, multimedia, computerized 

cognitive behavioral therapy package. In 
two of the studies, statistically significant 
improvements of modest size were found 
for patients in the intervention groups 
compared to usual care, although the dif-
ferences were no longer significant at three 
or six months.
Cintron, Phillips, and Hamel (2006); Jacobi • 
et al. (2007); and Wagner, Knaevelsrud, 
and Maercker (2006) looked at Internet 
applications that could be accessed di-
rectly by the patient with three involving 
randomized trials. Clinical improvements 
were found.

Another set of studies covered by the literature 
review that are not directly relevant to the issue 
of cost effectiveness or even general effective-
ness of HIT, but nonetheless have implications 
for the likely costs of implementing HIT, looked 
at barriers to HIT adoption. One of these studies, 
which involved a survey of US paediatric practices 
found that the main barriers to HIT adoption were 
resistance from physicians (77 per cent of practices 
without an EHR reported this barrier), system 
downtime (72 per cent), increase in physicians’ 
time (64 per cent), providers having inadequate 
computer skills (60 per cent), cost (94 per cent), 
and an inability to find an EHR that met the 
practice’s requirements (81 per cent) (Kemper, 
Uren & Clark, 2006). A survey of the Connecticut 
State Medical Society Independent Practice As-
sociation found that the most commonly stated 
barrier was cost (72 per cent) and other barriers 
were time necessary to train staff (40 per cent), 
lack of proficiency among staff (26 per cent), and 
lack of an IT culture within the office (18 per cent) 
(Mattocks et al., 2007).

One methodological problem with demonstrat-
ing that there are particular positive associations 
between clinical outcomes and use of HIT is that 
these associations are not necessarily causal - 
hospitals that have more HIT tend to have greater 
resources and better performance. However, one 
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study that at least attempted to control for these 
confounders still found a statistically significant 
relationship. Amarasingham, Platinga, Diener-
West, Gaskin, and Powe (2009) looked at the rela-
tionship between HIT and both costs and clinical 
outcomes in hospitals in Texas. A particular focus 
in this study was whether increased automation 
of hospital information was associated with de-
creased mortality, complication rates and costs, 
and length of stay. They found strong relationships 
between the presence of several technologies and 
complication and mortality rates and lower costs. 
For instance, use of order entry was associated 
with decreases in mortality rate for patients with 
myocardial infarction and coronary artery bypass 
surgery. Use of decision support software was 
associated with a decrease in the risk of compli-
cations. Automated notes were associated with a 
decrease in the risk of fatal hospitalizations. The 
researchers controlled for the fact that hospitals 
that have more HIT tend to have more resources 
and still found that the relationships persisted, 
though there were also some instances in which 
relationships in the opposite direction were 
found. For example, electronic documentation 
was associated with a 35% increase in the risk 
of complications in patients with heart failure, 
though this may have been because it was easier 
to find these events due to better documentation 
(Bates, 2009).

In short, there is a dearth of appropriate cost 
effectiveness studies and of useful data for con-
ducting such studies. Although the review by 
Goldzweig et al. (2009, pp. 290-291) concluded 
on the basis of the individual studies surveyed that 
“there is some empirical evidence to support the 
positive economic value of an EHR;” they also 
found that the projections of large cost savings 
in previous literature assumed levels of health IT 
adoption and interoperability that had not been 
achieved anywhere.

A less comprehensive survey by the US Con-
gressional Budget Office (Orszag, 2008) focused 
on two prominent studies that attempted to quan-

tify the benefits of HITs. One was a study by the 
RAND Institute (Girosi, Meili, & Scoville, 2005) 
and the other a study by the Center for Information 
Technology Leadership (CITL) (Pan 2004). Both 
these studies had estimated annual net savings to 
the US health care sector of about $80 billion (in 
2005 dollars) relative to total spending for health 
care of about $2 trillion per year, though they 
identified different sources of those savings. The 
RAND research had quantified savings that the 
use of health IT could generate by reducing costs 
in physicians’ practices and hospitals. In contrast, 
the CITL study narrowed the focus to savings from 
achieving full interoperability of health IT, while 
excluding potential improvements in efficiency 
within practices and hospitals.

The approach adopted by both these studies did 
have in common the use of various extrapolations 
and these were a source of criticism by the CBO 
that found that they were inappropriate by the 
standards of a rigorous cost effectiveness analysis. 
In particular, according to the Orszag (2008), the 
RAND study had the following flaws:

It assumed “appropriate changes in health • 
care” from HIT rather than likely changes 
taking into account present-day payment 
incentives that would constrain the effec-
tive utilization of HIT.
It drew solely on empirical studies from • 
the literature that found positive effects for 
the implementation of health IT systems, 
thus creating a possible bias in the results.
It ignored ways in which some cost reduc-• 
tions would be mitigated by cost shifting 
in other areas.
Some of its assumptions about savings • 
from eliminating or reducing the use of 
paper medical records were unrealistic for 
small practices.

Similarly, the CITL study came in for criticism 
by the CBO for, in particular, not fully considering 
the impact of financial incentives in the analysis, 
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estimating savings against a baseline of little or 
no information technology use, and using over-
optimistic assumptions.

While the CBO identified the numerous ways 
in which two prominent studies of HIT may have 
overestimated the benefits of HIT, its list of benefits 
does suggest that there are some areas in which 
the long-term benefits of HIT may be underesti-
mated insofar as the scale of use has not reached 
a critical mass. In particular, we would conjecture 
that the possible improvements in quality of care 
through the expansion of health care information 
and generation of data for research may presuppose 
a base of participating health care providers and 
institutions that have implemented HIT and are 
able to share data over their networks. It is possible 
that these benefits may not be significant until 
use of HIT is diffused over a greater percentage 
of health care providers and institutions.

In other words, some of the benefits to be 
derived from health IT increase in value as the 
network of those using the technology expands, 
i.e. as other providers also purchase health IT 
systems. This phenomenon is known to econo-
mists as network effects and is not necessarily 
restricted to benefits arising from exchange of 
information for research purposes - providers 
who can perform functions electronically, such as 
sending and receiving medical records or order-
ing laboratory and imaging procedures, also gain 
when other providers develop similar electronic 
capabilities. For example, the cost to a general 
practitioner of sending medical data to a consulting 
specialist is potentially lower with an HIT system, 
but only so long as the consulting specialist has 
an interoperable system that can receive the data 
electronically.

As a general matter, economists distinguish 
between direct and indirect network effects, where 
the former refer to “technological” externalities 
while the latter refer to “pecuniary” externali-
ties. The former involve situations where use 
of a technology by agent A directly affects the 
value agent B derives from that technology (for 

instance, through increased inter-operability). In 
the latter, the effects are mediated through the 
price system, so adoption by agent A reduces the 
cost of the technology (for instance, through the 
achievement of greater economies of scale) and 
hence yields a benefit to agent B. Generally, it is 
assumed that the price system will take account 
of pecuniary externalities (although this is not 
always correct), but the technological externali-
ties can drive a wedge between private and social 
costs at the margin. When that occurs, it is crucial 
that cost-benefit studies appropriately distinguish 
between private and social costs and benefits; this 
is not generally the case with the studies of HIT 
deployment that we have reviewed.

At the same time, when network effects are 
significant, there will typically be multiple equilib-
ria; for example, private costs and benefits may be 
equalised at one, low level of adoption (with low 
net benefits), and at another, high level of adop-
tion (with potentially higher net benefits). At the 
low level equilibrium, no individual non-adopter 
will face a private net gain from adopting. For 
example, in a telephone system with few custom-
ers, the marginal subscriber gains little by joining 
the network. A cost-benefit evaluation conducted 
at that low level of adoption will therefore find 
that the private benefits of adoption are less than 
the private costs. However, were adoption levels 
increased, joining the telephone system would 
allow the marginal user to communicate with a 
greater base of subscribers, so that the benefits 
of subscription (especially taking account of the 
gains made by those receiving the calls) exceed 
the private costs.

These issues of differences between private and 
social costs and benefits and of multiple equilibria 
can create biases. For example, what may seem 
like low benefits relative to costs may reflect an 
initial low level equilibrium and an associated 
coordination failure. In other words, if instead 
of looking at a decision by say, an individual 
practitioner or medical practice to adopt HIT, one 
evaluated the costs and benefits of adding a large 
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number of practitioners or medical practices to the 
installed base of HIT, the balance of the costs and 
benefits might differ.

It is pertinent that according to a new analy-
sis of HIT deployment in seven industrialized 
countries, US deployment lags well behind 
other countries (Davis, Doty, Shea, & Stramekis, 
2009). Electronic medical records usage ranged 
from nearly all physicians in the Netherlands 
to 23 per cent in Canada and 28 per cent in the 
US. Incidentally, the same study also found that 
physicians with greater IT capacity were more 
likely to report feeling well-prepared to manage 
patients with chronic diseases. Insofar as the bulk 
of HIT studies have been from the US, the benefits 
documented from use of HIT in these studies may 
not be representative of benefits in countries with 
a higher deployment of HIT. However, this is not 
a hypothesis we are in a position to test.

One barrier to the achievement of the full mag-
nitude of network effects that would maximize the 
benefits of using HIT may be legal restrictions. 
A recent US study found that privacy regulations 
impose costs that deter the diffusion of EMR tech-
nology (Miller & Tucker, 2009). These regulations 
may inhibit adoption by restricting the ability of 
hospitals to exchange patient information with 
each other, which may be particularly important 
for patients with chronic conditions who wish to 
see a new specialist, or emergency room patients 
whose records are stored elsewhere. The study 
calculated that the inhibition of network benefits 
from privacy regulations reduced hospital adop-
tion of EMR by 25 per cent.

It is clear from the various literature reviews 
discussed so far, first, that there have been very 
few studies that have attempted to meet the rig-
orous standards of a cost effectiveness analysis, 
and second, that there are numerous pitfalls in 
conducting such analyses owing to the use of vari-
ous assumptions and extrapolations in quantifying 
benefits or costs. Another issue which remains to 
be addressed with greater rigour in the literature is 
how to quantify the likely benefits of HIT taking 

into account various projections of network effects 
associated with different uptake rates.

CONCLUSION 

The picture that emerges from our overview has 
several dimensions. First of all, it is evident that 
little is known about the overall impact of health 
IT on the outcomes of health care. In this chapter 
we have reported a number of studies that showed 
positive outcomes on, for example, the reduction of 
adverse drug events, better resource utilization, and 
improved adherence to clinical guidelines. These 
studies are well bounded in scope and size, and 
are mainly about the effectiveness of processes. 
However, the findings do not always unequivo-
cally point to positive outcomes. Reminders and 
alerts are an essential feature of decision support in 
computerized physician order entry systems. They 
warn users of potentially dangerously interacting 
medications. A systematic review showed that they 
are suppressed frequently, and this may prevent 
detection of ADEs and thus compromise patient 
safety (van der Sijs, Aarts, Vulto, & Berg, 2006). 
Yet, the positive outcomes are often extrapolated 
to a larger population to make a case for the wide 
scale implementation of health IT.

Equally, implementing health IT often entails 
significant organizational change, both at the 
level of practicing medicine and the structure 
of health care organizations. However, a study 
of organizational change in Australian hospitals 
by Braithwaite, Westbrook, Hindle, Iedema, and 
Black (2006) provides a sobering reminder that 
there can be a large gap between expectations and 
reality. The introduction of clinical directorates, 
in which clinical departments, wards, and units 
that best fitted conceptually were joined together, 
was seen to increase the effectiveness of health 
delivery. Using diachronic data the authors found 
that the introduction of clinical directorates had 
no effect. Unfortunately, we have no way of fully 
knowing the effectiveness of health IT unless it has 
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been widely adopted and diachronic data become 
available for analysis.

There is growing awareness that health IT 
is far from mature. In a report to the Office of 
the National Coordinator of Health Information 
Technology (ONCHIT), the American Medical 
Informatics Association writes that some current 
clinical decision support systems often disrupt 
clinical workflow in a manner that interferes with 
efficient delivery (Osheroff et al., 2006). In our 
overview we already mentioned the adverse effects 
of health IT, indicating how difficult implementa-
tion in practice is. In another study Koppel, Wet-
terneck, Telles, and Karsh (2008) also found that 
bar-coded medication administration systems did 
not reduce dispensing errors substantially because 
they induced workaround to mitigate unintended 
effects. The main causes seem to be the technol-
ogy itself and the generally poor understanding of 
how technology affects work practices, let alone 
how it can improve them by introducing notions 
of patient-centered care and a working collabora-
tive of different providers. A telling example is 
how computerized provider order entry systems 
are designed and implemented on the model of 
an individual physician prescribing medication, 
instead of a collaborative model involving physi-
cians, pharmacists, and nurses who are all involved 
in providing medication to patients (Niazkhani, 
Pirnejad, Berg, & Aarts, 2009).

Often expectations are overblown. In a Dutch 
hospital the implementers of a CPOE system 
expected that physicians would use the system, 
because the system that was being replaced was 
also about electronic order entry (Aarts et al., 
2004). They did not realize that physicians were 
not at all accustomed to electronic order entry, 
and that the system requires a doctor to send elec-
tronic notes, but doctors don’t send notes as other 
people do that for them. Implementation should 
begin by asking the question ‘what organizational 
problem is going to be solved,’ and what can be 
done to engage problem owners. There is also a 
serious lack of organizational learning when a 

system is designed and implemented (Edmondson, 
Winslow, Bohmer, & Pisano, 2003). This may 
be due to the fact that implementation teams are 
often dissolved after the project is considered 
finished, leading to a change in personnel who 
actually use the system.

To conclude, we find ourselves in a double 
bind. The effectiveness of health IT is anecdotal, 
and increasingly unintended consequences are 
being reported (Ash et al., 2004). Health IT is far 
from mature. Hard work is needed to get safe and 
reliable systems to work in practice. Yet, it is a 
dictum that without IT, health care will grind to a 
halt. We have become dependent on health IT, and 
yet its overall contribution to health care is hard 
to quantify. It is comparable to the productivity 
paradox that some economists pointed to in the 
early 1990s. Society has become dependent and 
intertwined with information technology, and yet 
its contribution didn’t seem to show up in the pro-
ductivity figures (Brynjolfsson, 1993; Landauer, 
1995). While some of the positive macroeconomic 
impacts did become clearer over time, the situa-
tion with respect to health IT is still at the earlier 
stage. This leaves a need to identify proxies for 
health IT effectiveness and better capture longi-
tudinal and diachronic data to assess its impact 
on process and outcome.
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ENDNOTES

1 Some studies suggest potential reductions 
in error rates from the use of health IT of 
between 50 per cent and over 90 per cent 
(Evans et al., 1998; Potts, Barr, Gregory, 
Wright, & Patel, 2004).

2 A review of studies on clinical decision 
support found that most such functions im-
proved the performance of practitioners – see 
Garg et al., 2005. On the other hand, other 
research finds no evidence of an increase 
in physicians’ adherence to evidence-based 
standards of treatment for a wide variety of 
conditions – see for instance Crosson et al., 
2007, and Linder, Ma, Bates, Middleton, & 
Stafford, 2007.


