
M.J. Smith and G. Salvendy (Eds.): Human Interface, Part II, HCII 2009, LNCS 5618, pp. 559–565, 2009. 
© Springer-Verlag Berlin Heidelberg 2009 

Impact of Healthcare Information Technology Systems 
on Patient Safety 

Byung Cheol Lee1 and Vincent G. Duffy1,2,3 

1 School of Industrial Engineering 
2 Regenstrief Center for Healthcare Engineering 

3 Agricultural & Biological Engineering 
Purdue University, 315 N Grant St, West Lafayette, Indiana, 47906, USA 

lee102@purdue.edu, duffy@purdue.edu 

Abstract. Even though healthcare information systems have been introduced as 
a viable solution for reducing adverse drug events or medical errors, the current 
adoption rate is low and impact of system on patient safety and quality of care 
is not established well. To solve this problem, a new research framework with 
interdisciplinary approaches is suggested. The framework is based on two major 
characteristics of a healthcare IT system: effectiveness and efficiency. The 
former connects to patient safety and quality of care, and the latter is related 
with resources and design of the system. The framework is mainly grounded in 
human factors engineering, and includes psychology, systems and safety 
engineering, and an information systems approach.  
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1   Introduction 

Since the Institute of Medicine reported the striking result that medical errors 
contributed to between 44,000 and 98,000 deaths per year, concerns about healthcare 
quality have significantly increased, and it has stimulated efforts to reduce medical 
errors and adverse drug events [1]. In spite of the efforts and attempts, still four 
percent of all patients experience iatrogenic injuries due to medication errors, and 
they result in increasing length of stay in hospitals [2].   

Information technology (IT) was introduced as one of the solutions, and many 
studies have been conducted about benefits and usefulness of the IT system [3-5]. 
However, some side effects and negative outcomes from IT systems were also 
reported [4,6,7]. These suggest that not only system itself but also its implementation 
process and environment play a significant role in achieving the goals of a healthcare 
IT system. A majority of related research studies were mainly result-oriented, without 
considering much about a system process or human-system interaction. 
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The successful implementation of a healthcare IT system should consider various 
factors, and it is difficult to harmonize them by one single approach. Thus, an 
interdisciplinary approach, which may include human factors engineering, system and 
safety engineering, psychology and information system research, is required to 
analyze impact of the system on patient safety [8-10]. 

The objective of the study is to suggest a new research framework for implementa-
tion of a healthcare IT system to improve patient safety and quality of care. 

1.1   Characteristics of Healthcare Industry 

Generally, successful implementation of a new IT system in health care requires 
consideration of following characteristics of the healthcare industry. 

First, the healthcare industry has a fragmented nature. It means that its facilities are 
geographically scattered, and clinical procedure consists of various independent 
processes. Second, it has large volume of transactions. Considering the number of 
patients in hospitals and their treatments, we can easily imagine the volume of 
transactions. Third, current hospitals are pursuing “Evidence based practice”, which is 
an integration of the best practice evidence with clinical expertise [11]. 

1.2   Barriers to Implementation of Healthcare IT System 

Despite such potential benefits, the adoption rate of healthcare IT systems in the U.S. 
is fairly low. According to recent national survey of physicians about electronic health 
record (EHR) system, 83% of survey respondents did not have the system and only 
4% reported having full functioning systems [12].  

Low adoption rate can be partially explained by some barriers on implementation 
[3]. First, a redesign of workflow, which is based on the new system, is required, and 
it should be done incrementally to minimize the reluctance of adoption. A second 
problem is customization. One commercial system cannot be the panacea for all 
healthcare facilities and implementation of healthcare IT systems requires an 
customization process for their environment. Third, lack of financial incentive is 
another barrier. One study reveals that a military hospital needs at least $3.5 million 
for Computerized Physician Order Entry (CPOE) system installation [13]. 
Accordingly, support from state or federal government is required for increasing the 
adoption rate. A fourth barrier is the cost reimbursement structure for investment. 
Unlike other industries, the healthcare industry has a different investor (hospital) and 
beneficiary (patient) structure. This unique structure takes long a time to recover 
investment and hinders the adoption of new system. As a minor factor, data entry 
requirements from physicians and high-level nurses also can lead to some reluctance 
to implement new systems. 

2   Theoretical Basis 

Some human factors engineers have tried to determine the impact of healthcare IT in 
several ways [14-16]. To provide systematic structure of technology adoption, attitude 
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theory from psychology can be considered. Among many attitude theories, the 
Technology Acceptance Model (TAM) is initially chosen because of its simplicity 
and applicability to information technology systems [17].  

2.1   Technology Acceptance Model (TAM) 

TAM suggests that users’ decisions about acceptance of new technology or systems are 
dependent on a number of factors [18]. Among them, two most important factors are 
“Perceived usefulness” (PU) and “Perceived ease-of-use” (PEOU). The relationship 
between major constructs is shown in following figure [19]. 

 

Fig. 1. Technology Acceptance Model [17] 

However, clear-cut definitions of PU and PEOU are difficult to establish, and this 
confusion results in ambiguous relationship between them and other impacting factors 
[15]. The other limitation of TAM is incompleteness and lack of practical application 
as fundamental theory [20-22]. 

Despite those problems, TAM has had a huge impact on development of informa-
tion system research. It also provides an integrated theoretical basis as a compact and 
simple model [23]. 

2.2   Effectiveness vs. Efficiency of a Healthcare IT System 

Effectiveness and efficiency are two important measures to evaluate the impact and 
satisfaction of a new system, and are directly related with the adoption of the system. 
Conceptually, effectiveness in healthcare can be explained by quality of care, and it 
can be measured by the number of medical errors. Efficiency is closely related to 
practitioners’ resources and utility in the hospital, and response time from the system. 
Considering TAM, PU and PEOU can be respectively mapped with effectiveness and 
efficiency. 

2.3   System and Safety Engineering Approaches 

The publications from National Academies of Engineering (NAE) and Institute of 
Medicine highly recommended systems engineering approaches in healthcare delivery  
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in order to improve the quality [24]. The systems engineering approach is concerned 
with coordination, synchronization, and integration of various components from 
complex systems using the application of mathematical modeling and various analysis 
techniques [25].  

There are many system approaches that can be applied to the healthcare domain. 
Patient-staff- machine interaction models and medical work process models are some 
examples [26]. Another is System-of-Systems (SoS). SoS provides a systematic 
perspective on problem definition and is effective when a system has a multi 
hierarchical structure [27]. 

The other engineering approach that has potential to be utilized in the healthcare 
domain is safety engineering. Two safety-engineering tools that can be valuable in 
improving patient safety are Root Cause Analysis (RCA) and Failure Mode and 
Effective Analysis (FMEA) [28]. Another useful tool from safety engineering is 
Human Reliability Analysis (HRA). This technique has been developed for nuclear 
power industry to minimize the possibility of human errors [29]. 

3   Hypothesis 

There are two hypotheses to be tested in this study. 

1. Effectiveness is connected to “Perceived usefulness” in TAM, and it also impacts 
patient safety and quality of care in healthcare setting. 
The first hypothesis is about structure between the concept, measurement, and 

perspective. According to the definition of “Perceived usefulness”, effectiveness is a 
corresponding concept in the healthcare domain. Specifically, as mentioned earlier, 
the concept of effectiveness and “Perceived usefulness” can be applied to patient 
safety and quality of care and can be measured indirectly by the number of errors or 
Adverse Drug Events (ADE’s). As these concepts and outcomes directly affect 
patients, effectiveness can be related to patient perspectives of healthcare IT impact. 
2. Efficiency is closely related to “Perceived ease of use” in TAM and it affects 

workflow and workload.  
The second hypothesis has a similar structure to the aforementioned one. 

“Perceived ease of use” can be measured indirectly by time, and other resource 
consumption of workflow or amount of workload. Well-established Human Computer 
Interaction (HCI) methodologies are possible tools for quantitative and qualitative 
measurement for this trait. These have potential to significantly impact healthcare 
practitioners’ performance. 

4   Results 

The following figure describes the research framework for impact on the healthcare 
system and includes a patient safety perspective. 
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Fig. 2. Research framework 

The basic scheme from figure 1 is modified for application in a healthcare IT 
environment. Healthcare IT systems have two objectives, effectiveness and efficiency 
and is shown in Figure 2 that are common with other IT systems, and they are related 
to “Perceived usefulness” and “Perceived ease of use” in TAM, as explained in the 
previous section.  

Achieving high level of “Perceived usefulness” is a primary purpose of any IT 
system implementation. To measure the usefulness, both qualitative and quantitative 
approaches can be applied. Qualitative assessment can be conducted by interview 
with patients about their experience with IT system. A quantitative measurement can 
be achieved using systems and safety engineering approaches. For example, based on 
task analysis of workflow, possible medical/medication errors will be categorized, 
and simulation tools can provide the distribution and pattern of each distinctive error 
category [30]. The result will be fed back into the design stage of IT system 
development. 

Lower part of figure 2 is the efficiency part. Although efficiency can be related to 
expectation, usability testing can be for some efficiency measurements. Other than 
usability, task-fit on work process and log-on information of systems would be possible 
alternatives to test impact of efficiency of healthcare IT from a users’ perspective. 

5   Conclusion 

A research framework for impact of Information Technology implementation on 
healthcare domain is developed. The framework is based on interdisciplinary 
approaches including systems and safety engineering, human factors engineering, 
psychology and information system research techniques. The analysis of relationships 
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and mutual impacts between components may not only provide optimized conditions 
for successful system implementation and practical strategy to boost the adoption rate 
but also significantly contribute to improving patient safety and quality of care.  

As further research, empirical experiments are needed to validate the suggested 
research framework. Possibly, experiments can be divided into two parts. The first is 
related to measuring effectiveness of the IT system. Through an analysis of specific 
IT system data and healthcare practitioners’ work processes, a matrix can be 
developed and error profiles can be established. 

The other approach is measuring efficiency. Duration of each work process is 
major component for evaluating efficiency for work process and system. Based on 
this information, work and system efficiency can be measured and the result may be 
significantly correlated with the error distribution or profile in certain categories. 
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