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Introduction 

Use of information technology in the domain of healthcare is considered to support 
clinicians in their daily work and to improve patient safety by reducing errors1. To 
accelerate ordering and to facilitate decision making for the users, functionalities such as 
decision support have been integrated into the healthcare information systems.  Although it 
has been shown that these systems increase the legibility of entries and reduce medical 
errors2-4, they may introduce new types of errors5 and sometimes take more time from the 
users to use the system6,7. Moreover, not all these interactive systems are accepted by their 
users. One of the main reasons for these issues are usability problems that users experience 
when they work with the systems and the user interfaces of the healthcare information 
systems that are not aligned with the usual workflow of the users8-11. Therefore, these 
usability problems should be identified and the user interfaces of the systems be improved 
during a (re)design process. A number of usability evaluation methods (UEMs) for 
revealing usability problems are at the disposal of usability experts. UEMs may differ in 
their scope of detection, the required resources, and the criticality of findings12. Although a 
number of studies have compared the performance of UEMs for uncovering usability 
problems of interactive computer systems, to our knowledge such studies were not carried 
out in the domain of health care.  

UEMs are used to evaluate the interaction of a human with the computer for the purpose 
of identifying aspects of this interaction that can be improved13. To uniquely characterize 
the revealed usability problems in such a way that it is clear how to improve the system, 
these problems should be classified. Since one can expect that similar problems occur in 
different systems, such a classification will also enable sharing of these problems and their 
solutions. Due to this classification the results of studies can be added to the accumulated 
knowledge of the field. 

This thesis describes various studies that were carried out to investigate the potential of 
two UEMs (cognitive walkthrough and think aloud) in revealing usability problems and to 
provide a framework for classifying these problems. This classification should enable an 
accurate, complete and consistent reporting of usability problems. The studies were carried 
out on a working CPOE system. This system is already in use for about 10 years. Among 
others we wanted to investigate whether the current end-users are satisfied with the system 
and whether after ten years the system still contains usability problems. If that would be the 
case, does the presence of usability problems influence the user’s satisfaction?  

In this chapter we first provide some background information on the most important 
concepts introduced in this thesis. Subsequently, we describe the thesis objective and the 
various research questions, followed by an outline of the thesis.  
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Computerized Physician Order Entry  

Hand-written medication orders are subject to transcription errors both during writing and 
reading them. In addition to the errors that happen because of illegibility of the physicians’ 
handwriting some errors arise because of slips in their attention when ordering 
medications14. Errors made during the ordering phase of the medication process are the 
most common type of preventable medication error, and therefore are an important target 
for improvement15,16. CPOE is a promising intervention that targets the ordering stage of 
medications. CPOE refers to a range of computer based systems with common 
functionalities for electronically requesting laboratory tests and function tests or for 
prescribing medications. The promise of CPOE with integrated decision support and order 
sets is to improve efficiency and to reduce errors by eliminating the illegibility of orders, 
checking for inappropriate orders, and reminding clinicians of actions to be undertaken.  

Studies have shown that the use of CPOE for medication prescribing was associated 
with a reduction of 66% in prescribing errors17. CPOE is receiving growing worldwide 
interest because of the evidence that it increases medication safety18-20 and improves 
efficiency by speeding up the medication process21,22. However, the implementation of 
CPOE might introduce new kinds of errors5,11,23, disrupt workflow and cause 
miscommunication between clinicians24. Many of the unintended consequences of CPOE 
systems result from faulty computer interfaces. Despite success stories and proven user 
satisfaction with CPOE25-27, this system still suffers from usability problems, even years 
after its introduction9,11,28. It has been shown that user satisfaction with CPOE increases due 
to familiarity with and frequent use of the system29. This study investigates the usability of 
and user satisfaction with a CPOE system that is already in use for 10 years. Feedback from 
the users and usability evaluation of CPOE systems will provide insight into usability 
problems and difficulties that users may experience when using the system.  

Usability evaluation  

The International Organization for Standardization (ISO)30 defines the usability of a 
product as “the extent to which the product can be used by specified users to achieve 
specified goals with effectiveness, efficiency, and satisfaction in a specified context of use.” 
Nielsen31 considers five quality attributes of usability: learnability, efficiency, 
memorability, errors, and user satisfaction. Depending on the type of application and 
context of use one attribute might be more critical than another. For example, if the 
application will be used infrequently then it is essential that users can easily remember the 
required actions for carrying out desired tasks. If the application is time and mission 
critical, then efficiency will be critical along with the prevention of errors. 

The field of usability engineering provides structured methods for achieving usability of 
user interfaces during system development and optimization. Usability evaluation is part of 
this process (Figure 1). Usability evaluation can be defined as the assessment of the degree 
to which a (prototype) product and its functionalities can be operated by its users, the 
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efficiency of the product and/or the users’ satisfaction with the product. One can discern 
two types of UEMs: usability testing and expert inspection. Usability testing is a technique 
used to evaluate the usability of a system or a prototype by testing it on representative 
users. One of the common testing methods is the think aloud (TA) method. In the usability 
inspection approach, usability specialists and sometimes software developers review the 
design of a system and examine usability-related aspects of the system’s user interface. 
Cognitive walkthrough (CW) and heuristic evaluation (HE) are typical examples of 
inspection methods.  

 

Figure 1. Usability evaluation as part of system development and optimization 

Usability evaluators search for methods that best suit the system requirements and 
context of use in order to produce informative results for developers. Since the early 1990s, 
researchers have carried out studies comparing and contrasting some of the methods 
developed to uncover usability problems of interactive computer systems32-34. During the 
last two decades some of these methods have been changed or improved. For example, 
Jeffries et al.33 and Karat et al.34 compared usability testing with other methods including 
CW. Their usability testing method differs from the TA method which is common 
nowadays. In their usability testing method users reported the usability problems to an 
observing evaluator while in the current TA testing method the interaction sessions of users 
and their verbalization are recorded and the users are not interrupted when they perform the 
required tasks. Usability evaluators identify the usability problems by analyzing the 
recordings.  Studies comparing UEMs have been conducted in domains other than health 
care. Because of the difference in user characteristics, mission of applications and context 
of use the performance of UEMs might be different in this domain. 
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Think aloud 

 This method is used in a number of social sciences such as cognitive psychology to gather 
data on the way humans solve problems but also for usability testing of interactive 
computer system designs. When applied in usability research, the primary concern is to 
support the development of usable systems by identifying system design deficiencies35. TA 
was introduced in the usability field by Lewis 36 and was further refined by Ericsson & 
Simon37. TA protocols involve users thinking aloud as they are performing a set of 
specified tasks. TA sessions can be held in the users’ contexts of work or in simulation 
environments similar to the real working environment of the users. Equipment for video 
and audio recording of users’ actions and utterances, a prototype or final user interface of a 
system, and a task scenario are required as input for a TA.  

TA consists of three phases: a preparation phase, the actual users’ test, and the analysis 
phase. In the preparation phase participants are instructed how to think aloud. In the test 
sessions a representative sample of approximately 5-8 end users are asked to interact with 
the (prototype) system according to a predefined set of scenarios while verbalizing 
whatever thoughts come to their minds during the performance of the tasks. During the 
thinking aloud of participants, the interruption by evaluators is usually limited to reminding 
them to keep talking after a short period of silence has occurred (15-60 seconds depending 
on the goal). Video and audio data of the users and the screen shots of the system under use 
are recorded in this phase. In the analysis phase the data collected during the users’ testing 
sessions are reviewed and analyzed by the usability evaluators to find the usability 
problems that participants experienced while interacting with the system. Application of 
TA is straightforward and it provides a rich source of data. However, this method is time 
consuming and its result may be affected by the evaluators’ skills, representativeness of 
users and task selection12.   

Cognitive walkthrough 

CW is a usability inspection method carried out by evaluators, who evaluate the ease with 
which a typical system user can successfully perform a task using a given interface 
design38. The CW methodology is based on a theory of learning by exploration, proposed 
by Polson and Lewis39. The input to a CW session includes a detailed design description of 
the user interface, a task scenario, explicit assumptions about the user population and 
context of use, and a sequence of actions with which a user could successfully complete the 
task using the (prototype) system.  During the walkthrough process, the evaluators step 
through the actions, evaluating the behavior of the interface and its effect on the user, and 
attempt to identify those actions that would be difficult for an average member of a user 
population to choose or to execute.  
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The CW method consists of three basic phases: a preparation phase, an evaluation 
phase, and a result interpretation phase38. The preparation phase is used to gather and 
record basic system information prior to the evaluation phase. For example, the suite of 
tasks to be evaluated is identified and profile information concerning the typical user 
population is noted. In the evaluation phase, an evaluator inspects the user interface by a 
stepwise approach, using knowledge about how a hypothetical user would carry out certain 
tasks while navigating through the system. And finally, in the interpretation phase all 
information gathered and recorded from the CW process is interpreted and the revealed 
usability problems are listed. CW is a highly structured method and can already be used 
from the early stages of user interface design onward. Although it provides a detailed 
analysis of potential problems the results may be affected by task description and user 
background details12. 

Heuristic evaluation 

Heuristic evaluation40,41 is a usability inspection method for finding the usability problems 
in a user interface design so that they can be attended to as part of an iterative design 
process. This technique requires three or more evaluators42 to examine the interface and 
judge its compliance with recognized usability principles (the heuristics). These heuristics 
are general rules that describe common properties of usable interfaces. During the 
evaluation session, the evaluator goes through the interface several times and inspects the 
various dialogue elements to identify violations of the heuristics. Numerous sets of 
heuristics can be applied during heuristic evaluation43. Many of them contain common 
factors, such as consistency, task match, appropriate visual presentation, user control, 
memory-load reduction, error handling and guidance and support. 

As one person will never be able to find all the usability problems in an interface using 
heuristic evaluation, effectiveness of the method will be significantly improved by 
involving multiple evaluators. Heuristic evaluation is performed by having each evaluator 
inspect the interface individually.  In principle, the evaluators decide on their own how they 
want to proceed with evaluating the interface. A general recommendation would, however, 
be that they go through the interface at least twice. The first pass is intended to get a feel for 
the flow of the interaction and the general scope of the system. The second pass then allows 
the evaluator to focus on specific interface elements with the knowledge of how these 
elements fit into the overall system structure. Only after all evaluations have been 
completed, the evaluators are allowed to communicate with each other to aggregate their 
findings. This procedure is important in order to ensure independent and unbiased 
evaluations by each evaluator. The output of using the heuristic evaluation method is a list 
of usability problems in the interface with references to those usability principles that in the 
opinion of the evaluator were violated by the system design44. 
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Usability problem 

Usability is considered to be a highly important component of the software development 
process45 and is used in deciding whether a (prototype) system fails or succeeds. In the 
definition of usability provided by ISO, the emphasis is on the use of the system by 
specified users to achieve specified goals in a specified context of use. This makes usability 
a context-dependent property, as the same system used in two different environments may 
have a different degree of usability depending on the users, and what they are using the 
system for.  

A usability problem is defined as an obstacle to the effective and efficient 
accomplishment of a specified task by a specified user46 or as “a flaw in the design of a 
system that makes the attainment of a particular goal with the use of the system ineffective 
and/or inefficient, and thus lowers the user’s level of satisfaction with its usage”47. As an 
example: the fact that it takes several frustrating and time consuming trials for a user to 
eventually enter a specified date in a computerized healthcare system may be due to a 
number of usability problems. Usability problems can inhibit a satisfactory user interaction 
and undermine the ability of users to accomplish their required tasks with the system46.  As 
a result, users are forced to spend extra time and effort to complete their ordinary activities, 
reducing their efficiency. Usability problems can make even apparently simple tasks, 
although technically accomplishable, impossible to complete for the user. As already 
mentioned, the existence of a usability problem may depend on the context of use. For 
example, a menu with two level deep submenus can cause a usability problem when users 
are computer illiterate while this is a typical design in many applications that does not 
bother more experienced users.   

Improvement of usability enables users to interact with, manipulate and use systems 
more effectively and efficiently, which leads to an enhanced level of professional 
productivity. Several methods including those discussed in this chapter were developed for 
revealing usability problems.  The result of every usability evaluation is a raw list of 
usability problem descriptions that indicates how an interactive system hinders users in 
performing their tasks. The usability problem descriptions should be standardized in such a 
way that (1) the analysis of usability problem descriptions will be minimally subjective, 
that (2) the problem descriptions can be effectively reported to and understood by 
(re)designers to improve the current system’s design, and that (3) trends across usability 
studies of particular applications, for example of alternative systems, can be determined and 
compared. Results of usability evaluations may be accompanied by recommendations for 
(re)design solutions.  

Usability problem classification 

In order to integrate usability into the system’s life cycle, it is essential to classify usability 
problems systematically and communicate these problems to (re)designers of systems48. 
Healthcare practitioners are often very busy and work in a complex working environment 
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requiring them to take care of different issues at the same time. Also, the output of 
healthcare information systems such as CPOE can directly affect the health of patients2,4,15. 
A usability evaluation can test whether these applications require a low level of cognitive 
and physical effort, or whether they have the potential to impair users’ ability and the task 
outcomes. Therefore, a usability problem classification should take into account the 
circumstances under which usability problems occur when users interact with the system, 
the severity of the problems, and the potential effect on the task outcome. 

A complete and consistent classification of human computer interaction problem 
descriptions plays an important role in usability engineering as it is essential for high-
quality problem reporting49. Classification of usability problems is not only valuable for the 
system development process, but also aids to easily identify trends and patterns across 
problem sets of usability evaluation case studies. Moreover, classification is necessary for 
comparing the strengths and weaknesses of UEMs50,51.  A reliable classification helps 
system designers to not only apply the knowledge to the current development effort but to 
apply the knowledge across multiple development efforts.  

Usability evaluation studies of healthcare information systems have classified the 
usability problems in different ways including bottom up classification52-54, classification 
based on severity of the problems52 or based on heuristic principles42. In bottom up 
classification, such as in the study by Choi et al.52, content analysis is done on the data 
gathered in the usability evaluation and categories of problems emerge from this analysis. 
These categories are often based on criteria such as different features of the user interface 
(e.g. layout of information on the screen and system terminology) and location on the 
screen (e.g. toolbar) that gave rise to the problem. Severity classifications of usability 
problems are commonly based on the frequency, persistence and effect of the problems on 
the users when they perform tasks using the system31. Heuristics are recognized principles 
that all usable system designs should follow and they basically are used for evaluating the 
usability of systems31.  

Bottom up classification lacks a formal approach for clustering the problems and is 
based on the subjective judgment of the evaluators. Evaluators usually record the salient 
aspects of an observed usability problem, based on what they notice at the time49. For 
example the problem “users can not easily find certain items because menu structures are 
deep (many menu levels) rather than broad (many items in a menu)” may be classified 
under the “navigation” and “design of layout” categories by two different evaluators. 
Therefore, in bottom up classification the resulting problem categories appear to be 
inconsistent, vague and incomplete. Much of the contents of these ad hoc lists of usability 
problems need to be memorized by evaluators and explained orally to (re)designers 
responsible for fixing the problems49. This can cause information losses when the redesign 
process takes place at a different time by different people or at a different location. This 
poor communication of usability data, which is directly due to the lack of a framework to 
guide complete and accurate usability problem reporting, reduces the value and overall 
utility of the usability data. Furthermore, similar to the classification based on heuristics, 
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the bottom up classification does not reflect the criticality of the problems. Formally, 
heuristic principles are used for the detection of usability problems rather than for their 
classification. Therefore, the utility of heuristics for classification of problems is limited50.  
The heuristics are not mutually exclusive and some problems may not be classifiable based 
on heuristics50. Heuristics are limited to graphical user interfaces and they are often not 
applicable to new interaction styles, such as those found in virtual environments and pen-
based interaction49. Although severity classification prioritizes usability problems, it does 
not exactly reflect the circumstances under which the problem occurs and the potential 
effect of the problem on the task outcome. Moreover, different evaluators using the same 
severity classification may rate the same usability problem very differently49. Current 
approaches of usability problem classification provide some information about problem 
pervasiveness and importance. However, they do not relate the identified problems to the 
phases of the human computer interaction (HCI). They only focus on specific problem 
characteristics and provide inadequate information for comparison and (re)design of the 
systems. A comprehensive classification, based on a HCI theoretical foundation (e.g. user 
action framework49),  that guides complete and accurate usability problem reporting, and is 
easy for usability experts to use seems to be necessary for an effective analysis of usability 
problems. This kind of classification that clusters problems occurring in different phases of 
user interaction (i.e., planning, translation, physical action, and assessment) will result in 
more meaningful problem clusters and thus facilitate the identification of global problems 
and those that share common characteristics. 

Main objective and research questions 

The main objective of this thesis is to gain an understanding of the usability of a CPOE 
system for medication prescribing that is already used for about ten years and to relate 
usability problems to the user’s satisfaction with the system. Parallel to this research, we 
investigated the potential of CW and TA for identifying usability problems, and provide a 
framework for the classification of these problems. The following research questions were 
addressed:  

1. How do design aspects of CPOE medication ordering systems influence CPOE usability, 
workflow and ordering errors?  

2. What types of usability problems of the user interface of the CPOE system can be 
identified and what is their effect on efficiency? 

 3. How satisfied are users of a CPOE system, which is already in use for a decade, and is 
there still room for improvement of the system?  

4. How do CW and TA compare regarding their potential to identify usability problems? 

5. How should usability problem descriptions be classified so that they can be effectively 
reported?  
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To answer the questions 2-5 an existing CPOE system for medication ordering, which is 
used in 16 Dutch hospitals, including major university hospitals, was evaluated. This 
system with integrated decision support and order sets based on clinical guidelines alerts 
physicians for overdose, duplicate orders and drug-drug interactions. Medication ordering 
can be done by using predefined order sets or by ordering medications separately.  

Thesis outline  

The research questions above are addressed in the studies presented in the following 
chapters of this thesis, as outlined below. 

In Chapter 2, we describe the result of a systematic review that was conducted to 
answer research question 1. In this chapter we analyze the findings of published evaluation 
studies on CPOE design aspects. This chapter provides an overview of the effect of 
different CPOE design aspects on usability, clinicians’ workflow and medication orders. 
Based on the evidence from the reviewed literature recommendations for the improvement 
of CPOE design are suggested in this chapter.  

Research question 2 is addressed in chapters 3 and 4. Chapter 3 presents the results of a 
CW of the user interface of a CPOE. Based on the data collected from this study, different 
categories of usability problems are identified and the severity of the problems is 
determined.  

In Chapter 4 the results of a TA usability evaluation study of the same system is 
presented. The revealed usability problems were classified based on usability heuristics and 
the effect of the different problem categories on efficiency is evaluated. In this study also 
the effect on efficiency of two methods of ordering (with and without order sets) is 
determined.  

Research question 3 is addressed in Chapter 5. This chapter describes the results of a 
hospital-wide questionnaire survey that was conducted among users of a Dutch CPOE 
system working in inpatient departments to assess their satisfaction with the system and to 
seek their opinion about required improvements of the system. We also investigated the 
relation of user satisfaction with the usability of the system.  

To address research question 4, in Chapter 6 the potential of two usability evaluation 
methods (CW and TA) for revealing usability problems of a CPOE system is compared. 
The effectiveness of these two methods is compared in terms of total number of detected 
problems, severity of the problems, and occurrence of the problems in different phases of 
user interaction.    

Research question 5 is addressed in Chapter 7. In this chapter we propose a framework 
for the classification and prioritization of usability problems. In this framework an existing 
classification from the field of human computer interaction is augmented with a severity 
rating and an assessment of the potential effect of usability problems on the user’s 
performance and on task outcomes. This framework is used to classify the usability 
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problems identified by two UEMs (CW and TA) as described in chapters 3 and 4 with the 
goal to investigate whether the problems were classified identically by both evaluators and 
what advantages this framework had above other classification frameworks.  

This thesis ends with Chapter 8, in which the results of the studies presented in the 
previous chapters are discussed and recommendations for future research are presented.  
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Abstract    

Objectives: To examine the impact of design aspects of Computerized Physician Order 
Entry (CPOE) systems for medication ordering on usability, physicians’ workflow and on 
medication orders.  

Methods: We systematically searched PubMed, EMBASE and Ovid MEDLINE for articles 
published from 1986 to 2007. We also evaluated reference lists of reviews and relevant 
articles captured by our search strategy, and the web-based inventory of evaluation studies 
in medical informatics 1982 – 2005. Data about design aspects were extracted from the 
relevant articles. Identified design aspects were categorized in groups derived from 
principles for computer screen- and dialogue design and user guidance from the 
International Standard Organization, and if CPOE specific, from the collected data.  

Results: A total of 19 papers met our inclusion criteria. Sixteen studies used qualitative 
evaluation methods and the rest, both qualitative and quantitative. In total 42 CPOE design 
aspects were identified and categorized in seven groups: 1) Documentation and data entry 
components, 2) Alerting, 3) Visual clues and icons, 4) Drop-down lists and menus, 5) 
Safeguards, 6) Screen displays, and 7) Auxiliary functions.  

Conclusions: Beside the range of functionalities provided by a CPOE system, their subtle 
design is important to increase physicians’ adoption and to reduce medication errors. This 
requires continuous evaluations to investigate whether interfaces of CPOE systems follow 
normal flow of actions in the ordering process and if they are cognitively easy to 
understand and use for physicians. This paper provides general recommendations for CPOE 
(re)design based on the characteristics of CPOE design aspects found. 
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Introduction  

Computerized Physician Order Entry (CPOE) systems can have a significant impact on the 
safety and quality of drug management, and CPOE has been identified as being vital to 
reducing serious medical errors1. Studies on CPOE have shown reductions in incomplete 
and inappropriate prescriptions2-6, and in adverse drug events7, improvements in antibiotic 
ordering patterns7,8, and decreases in length of stays and costs9. In contrast, evidences point 
at reluctance of physicians to use CPOE systems10,11, due to increasing time for ordering, 
decreasing interaction with patients and nurses, and lack of integration with workflow, 
reducing the ultimate success of CPOE. Complex CPOE systems that place heavy cognitive 
demands on the users may result in suboptimal use of system features designed to support 
physicians in the medication ordering tasks12,13. CPOE interface designs that do not 
conform to physicians’ task behavior and decision-making processes may obscure the 
appropriate order entry strategy14,15 and, in turn, lead to inefficient workflow and user 
frustration. Moreover, poor CPOE interface design induces lack of usability and facilitates 
medical error and may even lead to disaster if critical information is not presented in an 
effective manner. Both quantitative and qualitative studies have highlighted CPOE system 
design flaws that led to errors in orders. Many adverse drug events for example resulted 
from poor CPOE interface design rather than from human error16-18. Thus, the design of a 
CPOE medication system will influence its ease of use and the final outcome of the 
medication ordering process.  

Usability is often referred to capability of a product to be used easily. This corresponds 
with the definition of usability as a software quality put forward by the International 
Standard Organization (ISO) in ISO/IEC 912619: “a set of attributes of software which bear 
on the effort needed for use and on the individual assessment of such use by a stated or 
implied set of users”.  Based on ISO 924120 usability is the extent to which a product can be 
used by specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use. Physicians as users of CPOE medication systems 
have to accomplish a series of sequential tasks to achieve the goal of setting out a 
medication order as a part of their workflow. Workflow itself is a step-by-step process 
including a linear sequence of activities, to be executed by certain users, to provide the 
necessary input for the next step21. Effectiveness of a CPOE system can be defined as the 
accuracy and completeness with which physicians achieve the ordering of medications. 
Errors in medication orders affect accuracy whereas incomplete orders influence 
completeness. Efficiency can be defined as resources expended in relation to the accuracy 
and completeness of a medication order. In the context of CPOE usability, efficiency is 
related to the cognitive demands put on the physician in setting out the medication order 
supported by the CPOE system. Satisfaction can be defined as the physicians’ attitudes 
towards using a CPOE system and be specified as subjective ratings of (dis)comfort 
experienced with CPOE use, or the extent to which system efficiency and learnability have 
been achieved.   
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Despite the impact of CPOE design on the medication ordering process, no literature 
review have focused specifically on the influence of CPOE design aspects on usability, 
physicians’ workflow and medication orders . Current review studies22-27 on CPOE systems 
investigated the effect of these systems on outcomes such as medication safety, costs, 
adverse drug events, adherence to guidelines, and work efficiencies. Determining design 
aspects of CPOE systems exerting a positive or negative influence on system usability, 
physicians’ workflow and final outcomes of medication ordering, might give clues about 
how to optimize the design of these systems to be easy to use, aligned with physicians’ 
ordering processes, and effective in ordering medications.  

The main objective of this study is to answer the following research questions. What 
design aspects of CPOE medication systems influence their usability, physicians’ 
workflow, and medication orders? And how the design of CPOE could be changed to 
improve usability, workflow and medication ordering process? To answer these questions, 
we reviewed the literature for studies describing original data on a (usability) evaluation of 
CPOE mediation systems’ design aspects. Based on the results we provided 
recommendations, benefited from principles for computer screen- and dialogue design and 
user guidance of ISO, to enable CPOE system designers to create systems that are more 
user friendly, more efficient, and safer to use.  

Methods 

We searched the literature from 1986 to 2007 using PubMed, EMBASE and Ovid 
MEDLINE for English-language publications reporting on (usability) evaluation studies of 
CPOE medication systems in both inpatient and outpatient settings. In searching these 
databases, four groups of key terms were constructed related to: A) CPOE and Electronic 
Prescribing Systems, B) Computerized Patient Records, Computer-Assisted Drug Therapy-, 
and Pharmacy Systems, C) Medication Ordering D) Evaluation studies, Usability, and 
Workflow. Figure 1 shows the keywords and Figure 2 shows the search strategy used to 
identify relevant articles. We used these clusters of key terms in the following 4-step 
process to automatically retrieve as many as possible publications on CPOE systems for 
medication ordering. 1) Key terms in each group were combined by the operator “OR”, 2) 
Groups A and D were combined using “AND” to capture studies about CPOE medication 
system usability, task behavior and workflow, 3) Groups B and C were combined with 
“AND” to retrieve articles addressing CPOE medication systems not indexed by CPOE 
related keywords. We then combined the resulting set of articles with group D, 4) Results 
of steps 2 and 3 were added using the “OR” operator to accumulate all of the evaluation 
studies associated with usability of Computerized Physician Medication Order Entry 
systems and physicians’ task behavior or workflow. Generally we used the following 
combinations in the search strategy to extract relevant studies; (A AND D) OR (B AND C 
AND D).  
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Figure 1. Groups of keywords and MeSH terms used in the search strategy (MeSH terms are in bold) 

Two reviewers independently reviewed and assessed titles and abstracts of the resulting 
papers against predefined inclusion and exclusion criteria. First, editorials, letters, 
commentaries and conceptual papers were excluded. Articles in proceedings were excluded 
if a more comprehensive article of that study was retrieved from an international journal. 

Articles were selected if they reported original data from a (usability) evaluation study 
of a CPOE medication system used in ambulatory or inpatient settings and if they reported 
on effects of design aspects of CPOE on usability, physicians’ workflow and final influence 
on medication orders set out. We considered all computerized systems; both stand alone or 
integrated with other systems, used for ordering medication for a patient, as CPOE 
medication systems. Articles concerning the use of CPOE other than for medication 
ordering for example concerning laboratory and radiology ordering systems, retrieved in 
the first step, were manually excluded. Feasibility evaluation studies on CPOE medication 
systems and studies on deployment and technical infrastructures of CPOE medication 
systems not directly related to design aspects of CPOE were excluded. Studies that reported 
on the impact of general CPOE components (such as decision support tools ), or impact of 
CPOE on patient outcomes were also excluded, unless they described that certain effects 
were related to specific CPOE design aspects. In the absence of an abstract or when 
inclusion of an article could not be decided upon on the basis of the abstract, full texts of 
the articles were reviewed.  
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We additionally evaluated reference lists of relevant articles and of review articles 
captured by our search strategy for relevant publications. We finally searched the web-
based inventory of evaluation studies in medical informatics 1982 – 200528 for studies not 
captured by our search strategy. Any disagreements between reviewers concerning the 
selection of articles were resolved through discussion. Subsequently, from the selected 
articles data was extracted by two reviewers using a standard report form (Appendix A). 

 

Figure 2.  Search flow  

Each of the design aspects found in the articles was matched to the ISO principles and 
recommendations for computer screen- and dialogue design and user guidance29-32. 
Subsequently, corresponding information from the ISO standards was added to the data 
collection form. To facilitate data presentation, this standard report form was used to cluster 
the CPOE design aspects into 7 groups.  Groups were formed based on similarity and 
homogeneity of design aspects, and of corresponding ISO recommendations by the 
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consensus of 2 reviewers. The groups were determined so that all extracted design aspects 
could be placed in one group without any ambiguity. Recommendations for optimizing 
design aspects of CPOE user interface were articulated, using guidance and requirements 
put forward by ISO for those corresponding with the ISO recommendations. 

Results 

Study design, setting 

The online databases’ searches identified 724 publications (Figure 2). After removal of 
duplicates (n=150), initial screening of titles and abstracts of 574 remaining articles 
excluded 534 articles and rendered 40 articles eligible for further full text review. Four 
additional articles were identified by reviewing references lists of review articles and an 
additional 3 papers by the web-based inventory of evaluation studies in medical 
informatics, yielding a total of 47 articles. Based on the full text review, 28 studies were 
additionally excluded among them 5 out of 7 articles not identified by our first online 
databases’ searches. Seven conference proceedings were excluded because we could find a 
published journal paper reporting on the results of these studies. Seven other publications 
were excluded because they evaluated impact of CPOE systems on outcomes not related to 
design aspects of CPOE system, 5 because they did not address any effects of CPOE design 
aspects, and 3 because they only reported on the outcomes following implementation of 
CPOE or its components. Six additional articles describing CPOE architecture or 
infrastructure, or socio-technical aspects surrounding a CPOE implementation were 
excluded. Finally, a total of 19 papers published from 1999 onwards12-17,33-45 met our 
inclusion criteria and were used for detailed analyses. One of the 19 articles we retrieved16 
was ahead of print in 2006 but was finally published in the following year.  

The main characteristics of the studies are summarized in Table 1. Our results show that 
a variety of study methods have been used to evaluate CPOE systems’ usability, including 
ethnographic studies16, time series analyses36,45, questionnaire surveys17,35,44, focus 
groups17,33,34, analyses of medication errors13,38, observations, and interviews14,16,17,34,40,42. 
Of the 19 studies, five applied usability evaluation methods from the human computer 
interaction domain (heuristic evaluation, cognitive walkthrough, and think aloud)12,15,37,42,43. 
Sixteen used qualitative evaluation methods12,14-16,33,34,36-39,41-45 and three used both 
qualitative and quantitative methods13,17,35. Eight out of the 19 studies were formative 
studies12,14,15,17,37,40,42,43 whereas 11 studies were summative studies13,16,33,39,41,44,45. 
Formative studies are studies with the primary intent of improving the CPOE system under 
study by providing the developers with feedback or user comments. Summative studies are 
studies designed primarily to demonstrate the value of a mature CPOE system. Eight 
studies were carried out in an inpatient setting36-39,42,44,45 four in an outpatient setting16,33,40,41 
and two of them in both inpatient and outpatient settings13,35 and three in a laboratory 
setting12,15,44. Two studies did not specify the setting17,34. 
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Table 1.  Selected publications on evaluation of CPOE medication systems design aspects 

 Study  CPOE system  Method Qualitative/ 
Quantitative  

Summative/ 
Formative * 

Setting User groups  

1 Bradly et 
al., 200638 

CPOE with CDS integrated in 
EMR  

Pre-post test descriptive study  Quantitative  Summative  Inpatient  Not applicable  

2 Ash et al., 
200716 

CPOE integrated in HER vendor-
supplied  

Ethnographic study, 
observation and interview 

Qualitative  Summative Outpatient  Clinicians 

3 Horsky et 
al., 200543 

Commercial CPOE Think aloud method  Qualitative Formative  Laboratory 
setting   

Internal medicine 
residents 

4 Banet et al., 
200635  

CPOE added to a commercial 
emergency department information 
system 

Pre-post test repeated  time-
motion studies, questionnaire 
survey  

Qualitative, 
quantitative 

Summative  Inpatient, 
Outpatient  

Registered nurses  

5 Zhan et al., 
200613 

Full CPOE Analysis of medication errors 
reported  

Qualitative, 
quantitative 

Summative Inpatient , 
outpatient 

Not applicable  

6 Beuscart-
Zephir et 
al., 200537 

CPOE integrated in patient care 
information system (PCIS)  

Activity analysis, heuristic 
evaluation,  think-aloud 
method   

Qualitative  Formative Inpatient  Nurses and physicians 

7 Horsky et 
al., 200542 

- Analysis of order entry logs, 
visual and cognitive 
evaluation, semi structured 
interviews 

Qualitative  Formative  Inpatient Clinicians 

8 Koppel et 
al., 200517 

A widely used CPOE system Structured interviews, real-
time observations, focus 
groups, questionnaire survey 

Quantitative, 
qualitative 

Formative  - House staff, pharmacists, 
nurses, nurse-managers, 
attending physicians, and 
information technology 
managers 

9 Horsky et 
al., 2004 12 

Development version  of a 
commercially 
POE system, with DSS 

Cognitive walkthrough, 
think-aloud method 

Qualitative  Formative  Laboratory 
setting   

Physicians  

10 Cheng et 
al., 2003 14 

CPOE integrated in an EMR Observational case study  Qualitative  Formative  Inpatient  Physicians , nursing staff, 
two pharmacists, and one 
respiratory therapist (RT) 

11 Horsky et 
al., 2003 15 

A development version of a  
commercially  POE system with 
DSS  integrated in an EMR 

Cognitive walkthrough,  think-
aloud method  

Qualitative Formative Laboratory 
setting   

Internal medicine 
physicians 

12 Bates et al., 
199936 

CPOE with DSS, integrated in  
home-grown BICS (Brigham 
integrated computing system) 

Prospective time series 
analysis  

Quantitative  Summative  Inpatient Not applicable  

13 Caudill-
Slosberg 
and Weeks, 
200539 

- Case study using cause-and-
effect/fishbone analysis 

Qualitative  Summative  Inpatient  Not applicable  
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14 Ash et al., 
200334 

In two sites (the first and third 
site);a commercial system , in the 
second; a home-grown system with 
CDSS 

Observation, focus groups, 
and interviews  

Qualitative  Summative  - Clinicians, clinical 
pharmacist, 
administrators, 
information technology 
personnel, chief clinical 
information officer, 
clinical system specialist  

15 Glassman et 
al., 200241   

POE included in computerized 
patient record system (CPRS)  

Cross-sectional survey Quantitative  Summative  Outpatient  Attending physicians, 
licensed nurse 
practitioners, physician 
assistants 

16 Ahearn and  
Kerr, 
200333 

Pharmaceutical decision-support 
(PDS) systems within prescribing 
software or as stand-alone systems 

Focus groups  Qualitative  Summative  Outpatient  General practitioners  

17 Feldstein et 
al., 200440 

CPOE with DSS  Semi-structured, in-dept 
interviews 

Qualitative  Formative  Outpatient  Primary care prescribers 

18 Teich et al., 
200045 

CPOE with DSS, integrated in  
home-grown BICS (Brigham 
integrated computing system) 

Time series analysis Quantitative  Summative  Inpatient  Not applicable  

19 Mullete et 
al., 200144 

Anti-infective decision support 
tool integrated in a fully integrated 
hospital information system 
(HELP)  

Pre-post study, questionnaire 
survey  

Quantitative  Summative Inpatient Resident physicians and 
pediatric nurse 
practitioners 

* Formative evaluation: Evaluation and usability analyses carried out early and throughout system development with the goal of guiding CPOE design. Summative evaluation: Evaluation and 
usability analyses carried out at the end or at milestones during system development with the goal of assessing how well the system has met its usability objectives  

CPOE Design Aspects  

Review of the 19 articles gave us sight on specific design aspects of CPOE that influence CPOE usability, the ordering behavior of 
physicians or subsequent workflow and the final medication orders set out. In total 42 CPOE design aspects were found, of which 9 were 
CPOE specific and the rest general design aspects. Eighty five percent of the identified general design aspects were matched to ISO 
principles and recommendations. Below we describe the effects of identified CPOE system design aspects based on predefined 7 
categories. Wherever relevant, we provide the number of the corresponding ISO principle(s) and recommendation(s) in a column next to 
each design feature in Tables 2-7. 
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Documentation and data entry components 

A total of 10 studies reported on CPOE documentation and data entry components, of 
which 3 studies discussed the impact of these CPOE design features on CPOE ease of use, 
6 on physicians’ workflow, and 7 on medication orders (Table 2). Banet et.al35 reported that 
documentation templates, prompting users to enter certain information, improved efficiency 
and standardization of documentation e.g., use of these templates prevented double/triple 
charting. In another study14 CPOE templates likewise provided many convenient orders, but 
the CPOE interaction structure providing these templates relied upon a cognitive model of 
classifying orders which the physicians did not always share. This introduced difficulty in 
navigation and data entry of orders, prolonging this procedure. Predefined order sets and 
clinical pathways are considered as facilitators in the medication ordering process. Order 
sets have shown to improve workflow, to save time for straightforward orders34 and to 
contribute in reducing medication errors36. These predefined order sets and clinical 
pathways are helpful to physicians  because, if required (e.g. in circumstances where the 
specialist primarily responsible for the patient cannot be reached), the ordering physician 
can use order sets of other medical disciplines  and is not obliged to define the medication 
orders himself34. Clinical pathways outlining the entire care plan for the patient were 
welcomed by nurses because these allowed them to rely on their own judgment, once a 
physician had put a patient on the care plan. As a result, nurses needed to call physicians 
less often, resulting in a more efficient workflow of the medication ordering process34. 
Teich et al.45 found that computer screens displaying a menu for selecting medication 
dosage and frequency, with recommended dosage and frequency highlighted, changed 
physicians’ ordering behavior in a positive sense and resulted in a decrease in the 
proportion of drug doses that exceeded recommended maxima. Meanwhile, unintelligent 
design of selection lists and options can lead to medication errors. For instance when 
physicians have to select a drug route from multiple drug routes options provided by the 
CPOE system, they may still select a route that is not in accordance with the medication 
dose or not feasible for a certain medication36.  

Certain fields specifically adjacent ones in a data entry screen can be mistakenly 
used12,42. CPOE users, for example, mistakenly entered rate value (e.g. 18 U/kg) in the data 
entry field for complete dose (e.g., 1800 U/hr - the rate multiplied by weight)12. These kinds 
of misinterpretations can, in the most positive sense, generate alerts prolonging the ordering 
process. In the absence of alerts or in the case a physician would override such an alert, 
medication errors lie in wait.  One study37 showed that the use of grey boxes for 
highlighting preferred time-slots for drug dispensing by nurses, that were to be activated by 
physicians, were misinterpreted by the same physicians as fields in which no data could be 
entered. In the rest of the CPOE application the color grey was used for non-active fields: 
fields that could not be used for data entry; as a result physicians would avoid using these 
pre-selected time-slots in the time-table. When physicians nevertheless used the global pre-
set schedules, the CPOE system registered the corresponding exact times, confusing nurses 
about the primary intention of the physician as to whether the medication was to be 
administered at the exact time or whether they were allowed more flexibility in 
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administration of the specific medication. Another study13 showed that punctuation 
sensitivity of data fields (“TID” entered by physician instead of “T.I.D.” suggesting dosing 
three times a day) during ordering caused ordering failure because the CPOE system did 
not recognized “TID” as a valid entity. 

Table 2. Effects of CPOE documentation and data entry components (+: positive effect, -: negative effect)  

Effects on Type 
Ease of use Workflow Medication order 

ISO* 

Documentation 
templates 
 

- Difficulty in 
structured data entry14  
+ Efficiency of 
documentation35 

- Different cognitive 
model for classifying 
orders than physicians14 

  + Standardization of 
documentation35 

5.8.232 
530 

Predefined order 
sets 
 

 + Time saving for 
straightforward orders34 
+ Improving workflow34 

+ Reduction in 
medication errors36 

6.3.130 

Clinical pathways  + Physicians need to be 
called less often34 

  

Selection menus 
with recommended 
drug dosage and 
frequency 
highlighted 

 + Increase in the use of 
approved frequencies45 
+ Increase in the use of 
approved dosages34  

+ Decrease in the 
proportion of doses 
that exceeded the 
recommended 
maximum45 

8.1.129 
8.1.6. 
a29 

Multiple route 
options 

  -  Increase in 
medication errors36  

4.129 
8.1.929 

Data entry fields  - Prolonging the 
ordering12 
- No data entry, where it is 
required37 

-  Increase in 
medication dose 
errors12,42 

5.10.1, 
5.10.4, 
7.5.332 
5.3.330 

Pre-set global 
schedules 

 - Nurses uncertainty about 
time of medication 
administration37 

  

Punctuation 
sensitive fields 

  - Increase in ordering 
failures13 

7.2.329 

Availability  of 
copy-and-paste 
function 

+ Reduction in 
physicians’ typing 
burden39 

 - Promulgation of  the 
distribution of 
inaccurate data39 

 

Dosage change 
generating new 
prescription 

 - Leading users to 
workaround39 

-Increase in dosing 
errors39 

 

Limited space for 
clinician notes 

 - Leading users to 
workaround34 

 6.2.630 

* The figures in this column refer to the (sub)heading numbers of matched ISO recommendations to each of the design aspects. 

Caudill-Slosberg and Weeks39 found that displaying a patient’s medication dosing 
information recorded in the EMR caused physicians not to question the accuracy of the 
drug information derived from the EMR though it was inaccurate. Physicians’ confidence 
in the accuracy of the drug dosage information displayed and the availability of a copy-and-
paste function led to distribution of inaccurate medication dosages data. The entering of 
data concerning a change in medication dose in the CPOE generated a new medication 
prescription thus liability of the patient for a new co-payment. As a result, physicians 
resorted to “working around” this system limitation to overcome the economic impact of 
dosage changes to the patient. They tended to list the tablet dosage but not necessarily the 
total drug dosage, replacing these details by entering “take as directed” in the CPOE. 
Unavailability of accurate dosing information in the system may result in dosing errors and 
increasing the probability of adverse drug events39. Limited space for patient notes in a 
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CPOE generating discharge summaries led users to use workarounds using the space for 
free text under the ‘diet’ data entry field, forcing the nutritionist to read all kinds of non-diet 
comments listed under the diet34.  

Alerting  

A total of 8 studies reported on the impact of the timing, unclear information content, and 
sensitivity and specificity of alerts on creating conditions for medication errors. Two of 
these studies discussed impact of these design features on CPOE ease of use, 6 of them on 
physicians’ workflow and 4 on opportunities for ordering errors (Table.3). In a study12  
providing alerts  when they were most needed, e.g. at the time medications are ordered,  
increased the likelihood that the dose was on target for the given age, weight, and renal 
function of the pediatric patient. Providing real time alerts decreased the number of 
redundant orders and improved physicians’ medication choices as well as their awareness 
of impairments in patients’ renal function, reducing the likelihood of adverse drug events44. 
Three studies12,16,17 reported that alerts which showed up too early or too late in the 
workflow of CPOE users, e.g. a drug interaction alert after a patient has gone, were 
annoying to physicians and subject to overriding40.  

Table 3. Effects of CPOE alerting (+: positive effect, -: negative effect)  

Effects on Type 
Ease of use Workflow Medication order 

ISO* 

Real time 
alerts  
 

 + Triggering when it was most 
needed12 
+ Improve in physicians’ 
medication  choices44 

+ Increase in the likelihood 
that the dose was on target44 
+ Decrease in the number of 
orders44  
+ Reduction in the likelihood 
of adverse drug events44 

9.5.831 
 

Wrong 
timing of 
alerts  

 - Unnecessarily prolonging the 
process12 
- Shifting the responsibility to 
others17 
- Encouraging alert overridden40 

- Drug interaction alert after 
the patient had gone16  

9.5.831 
 

Alert 
failures 

  - Missing warnings about 
interactions13 

730 
7.330 

Too many 
false 
positive 
alerts  

- Alert fatigue41 - Limited use of automated alerts41  
- Alert overriding33 
 - Desensitization to alerts33 

- Missing an important 
interaction alert33 

5.2.431 
5.2.231 

Sensitivity 
settings for 
alerts 

 + Preventing from alert overriding33   

Non 
patient 
tailored 
alerts  

- Cause users’ 
frustrations40  

- Encouraging alert overridden40  
- Desensitization  to warnings33 
 - Limited use of automated alerts41 

  

Difficult-
to-interpret 
alerts 

- Cause users’ 
frustrations40 

- Encouraging alert overridden40 
- Slow down prescribers work40 

 5.3.7, 
9.5.331 

Repetitive 
alerts 

- Cause users’ 
frustrations40   

- Encouraging alert overridden40    5.2.3, 
5.2.531 

Too long 
text alerts 

- Cause users’ 
frustrations40 

- Encouraging alert overridden40 
 - Slow down prescribers work40 

 5.3.531 

* The figures in this column refer to the (sub)heading numbers of matched ISO recommendations to each of the design aspects. 
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Wrong timing of alerts can lead to errors from which users cannot recover. Users may 
indeed search for information provided by the alert but at a different moment in time than 
the moment the alert is actually given, unnecessarily hampering and prolonging the 
ordering process12. Post-hoc alerts persuaded users to shift the responsibility of drug 
interaction checking to the pharmacist17. In another study13, failure to alert in the proper 
time caused deactivation of orders with a future activation date and prevented physicians to 
be aware of a drug interaction related to documented allergy information.  

Too many false positive warnings (non relevant alerts)41, and annoying or unhelpful 
prompts such as very repetitious, and time-consuming ones33, induce alert fatigue. All these 
encourage physicians to skip or ignore them, ultimately resulting in desensitization to 
alerts. Sensitivity settings for drug interaction alerts, having the default setting on the 
“cancel" button to prevent the user from intentional or accidental overriding the alert, and 
presenting important warnings in red were found helpful by physicians33. In conclusion, 
alerts which are not patient-tailored, have little clinical significance, are too long or difficult 
to interpret; and alerts with low-priority information, cause user frustration and slow down 
the medication ordering task. They all cause, among other factors, alert overriding and 
desensitization to alerts. When physicians miss an important alert or important patient 
information patient safety is at risk. 

Visual clues and icons 

In total, 6 articles evaluated effects of clues and guidelines provided on the CPOE systems’ 
screens. One of them addressed effects of this features on CPOE ease of use, 5 on 
physicians’ workflow and 2 on errors in the medication process (Table 4). One of the 
articles reported that icons on the screen reminding users of forthcoming tasks helped them 
to organize and time their tasks35. Yet, nurses’ recognition of new medication orders was 
hampered when the status of these kinds of icons remained unchanged until all ordered 
doses of all medications were administered35. This finding suggests that a series of icons is 
required enabling nurses to recognize each new order that could be dismissed as soon as a 
nurse has acknowledged a new order. Nurses likewise can be confused by CPOE systems 
displaying exact times for drug administration without providing clues as to whether these 
specific times are critical or not. Without such clues, they may have no means to determine 
the initial intentions of the physician ordering the drug37. It has been shown that on-screen 
computer recommendations for consequent orders, directly after a first order has been 
entered, increased the likelihood that physicians immediately set out the consequent order. 
For example, physicians followed computer recommendations to order heparin after they 
had advised bed rest for certain patients45. Lack of clear visual cues on CPOE screens can 
lead to errors of misidentification34.  Horsky et. al43 found that screens providing few clues 
on availability  of  dose calculation functionality and insufficient guidance to support users 
in their natural workflow necessitated users to carry out a series of cognitively demanding 
estimations and comparisons of heparin dosing required to accomplish medication ordering. 
Suboptimal guidance of the CPOE users during the CPOE interaction added time and 
recovery effort to the task. Obscure hierarchical structuring of orders or order sets required 
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novice CPOE users to involve in a prolonged trial and error task causing time delay, 
failures to find an appropriate drug order set and selection of wrong drug sets15.  

Table 4. Effects of CPOE visual clues and icons (+: positive effect, -: negative effect)  

Effects on Type 

Ease of use Workflow Medication order 

ISO* 

Screen icons  
 

 + Help to organize and time 
order tasks35 

 6.3.530 

Poorly designed icons 
 

 - Hindering notification 
about new orders35 

 6.1.132 
8.429 
8.4.229 
8.4.329 

Lack of visual cues 
and information 
 

 - Engaging in demanding 
order tasks43 
- Insufficient users support 
of order tasks 37,43 

- Increase in 
misidentification of 
errors34 

7.2.1, 
7.2.731 
 

Computer’s 
recommendation of a 
consequent order  

 + Increase in likelihood of 
ordering consequent 
orders45 

 6.2.2 , 
6.2.531 

Obscure orders 
hierarchies 

- Increase of trial and 
error task behavior15 

- Time delay15 - Selection of 
wrong order set15 

8.129 
 6.129 

* The figures in this column refer to the (sub)heading numbers of matched ISO recommendations to each of the design aspects. 

Drop-down lists and menus 

Six articles reported on drop-down lists provided on the screen of CPOE medication 
systems. Of these articles one focused on CPOE ease of use, 3 on physicians’ workflow and 
5 on medication orders (Table 5). From the literature, it is evident that illegible handwriting 
in paper charts is replaced with selection errors from drop down lists15,38, with picking 
wrong items from multiple choice lists on the computer screen and with failure to 
differentiate look-alike patient names13. For example, CPOE users may unintentionally 
select a wrong patient, a wrong drug, or wrong drug routes. Close proximity of selection 
items on the screen, e.g. items on the drop down list for order routes and order time, may 
cause juxtaposition errors ( that is selecting an adjacent, but wrong item)16. Lengthy lists of 
items in menus, with few of the items visible at once, were difficult to use37 and compelled 
users to engage in a time-consuming and lengthy scroll down to see the other items15,37. 
Ambiguity of the medication items (warfarin dosing) on the medication order list led to 
inaccurate interpretation of medication dose and faulty drug administration39.  

Table 5. Effects of Drop-down lists and menus (+: positive effect, -: negative effect)  

Effects on Type 
Ease of use Workflow Medication order 

ISO* 

Proximate screen 
items 

  - Juxtaposition 
error16 

5.7.232 
7.5.229 

Lengthy list of  
menu items 
  

- Requiring users 
to scroll down 37 

- Engaging in a time 
consuming search 
process15,37 

- Wrong item 
selection13,15,38   

5, 5.1.4Note, 
5.2.129 
6.3.4 b30 

Ambiguity of items 
on the medication 
order lists 

 - Inaccurate interpretation 
of dose and 
administration39 

- Faulty drug 
administration39 

5.9.232 

* The figures in this column refer to the (sub)heading numbers of matched ISO recommendations to each of the design aspects. 
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Safeguards  

A total of 8 studies focused on CPOE medication system safeguards, of which 2 studies 
evaluated the effects of these design features on ease of use, 4 on physicians’ workflow and 
5 on medication orders (Table 6). One of these studies36 showed that an ordering checking 
system including drug-allergy, duplicate medication, drug–drug interaction, and drug–
laboratory checks had a considerable effect on reduction of non-missed-dose medication 
errors. Ash et al.34 reported that checks on errors in patient identification prevent 
communication of wrong orders but burden physicians as they have to reenter the same 
orders all over again for the correct patient.  Mullet et al44 found that a CPOE providing 
calculations tailored to patient conditions increased the likelihood that the dose was on 
target for the given age, weight, and renal function of the patient. Automatic daily 
estimations and updates of the patient’s body functions, calculations of suggested doses 
with adjustments for evidence of impairment, automatic factoring of patient age and 
prematurity considerations, and doses calculations all decreased pharmacy interventions for 
erroneous doses.  They also caused reductions in the number of days of therapy that fell 
outside recommended therapeutic ranges. Although automated dose calculation facilities 
can assist users in deciding on a drug dose, computations that were represented without 
their algorithmic basis forced users to hand calculation to enable them to “validate” the 
reasoning of the system, which complicated the CPOE- user interaction12.  

Table 6. Effects of CPOE safeguards (+: positive effect, -: negative effect)  

Effects on Type 
Ease of use Workflow Medication order 

ISO* 

Drug-allergy , duplicate 
medication, drug–drug 
interaction, and drug–
laboratory checks 

  + Decrease in  
medication errors36 

6.5.230 
9.2.131 

Checks on  patient 
identification  

 + Notifying physician 
about wrong patient34 

 9.2.131 

Calculations of suggested 
doses tailored to patient 
conditions  

  + Decrease in pharmacy 
interventions44  
+  Decrease in number of 
extra therapeutic days44 

  

Automated computations 
without provision of 
underlying algorithmic 
bases 

 - Increase in manual 
calculation  by 
physicians12 

  

Lack of safeguards 
 

  -Increase in rate of 
intercepted potential 
ADEs and dosage 
errors 36 
 - Duplicate therapy 38,42 
- Gaps in antibiotic 
therapy17 

9.2.131 

Inconvenient log-in 
procedures 

- + Using the 
logged-in 
sessions of 
other 
physicians14,17 

- Adaptation to circumvent 
the safety features of the 
system14 
 

- Physicians signing the 
orders of other 
physicians14 
- Wrong medication17  

 

* The figures in this column refer to the (sub)heading numbers of matched ISO recommendations to each of the design aspects. 
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Lack of timely duplicate checking when physicians ordered a new dose of the same 
medication38, or when physicians ordered the same medication in another form, or when 
physicians re-ordered a medication prescribed earlier by another physician42 resulted in 
duplicate medication orders. Likewise, a failure to warn CPOE users that antibiotic drugs 
had to be preapproved caused delays in approval and resulted in gaps in antibiotic 
therapy17. Moreover, lack of safeguards concerning the infusion rate of intravenous 
medication (potassium) led to an increase of potential ADEs and dose errors requiring 
interception by nurses36. 

Inconvenient logging procedures, especially when the log-out takes time because of 
security measures, incited many physicians to order medications at computer terminals not 
yet “logged out” by other physicians14,17. As a result, physicians signed orders which they 
did not enter themselves. Apparently, physicians adapted their behaviors to circumvent the 
inconvenience of the logging procedures14. Using another physician’s logged-in session can 
yet result in either unintended patients receiving certain medications or patients not 
receiving the intended medication17. 

Screen displays  

Nine studies reported on the effects of suboptimal screen displays of medication ordering 
systems. From these studies, 4 reported on effects of these features on CPOE ease of use, 4 
on physicians’ workflow, and 5 on medication orders (Table 7). It has been shown that 
poorly conceptualized graphical representations, e.g. graphical representation of the dosing 
suggestion window, and rigid hierarchical user interfaces make it hard for physicians to 
find certain information, leading to inefficient searches, particularly by novice CPOE 
users12,34. Besides reported effects related to alerts not triggered at the right time in the 
physicians’ workflow, poor conceptual presentation of alerts likewise increased cognitive 
effort of users who were forced to engage in an extensive search for this information, 
unnecessarily prolonging the ordering process and potentially leading to limited use of 
alerts12,41. Moreover, a poor display of entered orders does not allow for simple visual 
reviews of these orders12, necessitating users to scroll through several screens or forcing 
them to rely on their memory in retrieving the history of orders set out15. These problems 
could lead to medication errors. A suboptimal display of a patient’s current medications can 
make physicians feel uncertain about the actual medications and doses the patient is on, 
increasing the likelihood of overdoses or drug-drug interactions. Multiple-screen displays 
of a patient’s medications prevented physicians from seeing a patient’s complete 
medication record, resulting in medication discontinuation and selections of wrong 
medications17. High numbers of screens that physicians had to access to get the order task 
done, deviated users from normal workflow and required them to “think like a computer” to 
place an order34. Huge amounts of information displayed on one computer screen forced 
physicians into a cognitively exhausting and error prone ordering task. Fragmented CPOE 
displays made it difficult for physicians to identify the patient they were actually ordering 
for15,17, increasing the likelihood for “wrong patient” medication orders. Use of templates 
with extraneous details raised visual barriers to identifying important information and made 
it hard to find relevant information among irrelevant information39.  
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Table 7. Effects of CPOE screen displays (+: positive effect, -: negative effect)  

Effects on Type 

Ease of use Workflow Medication order 

ISO * 

Poorly 
conceptualize
d graphical 
representation
s 
 

- Requiring extra interpretation of 
information12 
- Inability to have a simple visual 
review of orders12 
- Requiring scrolling through 
screens15 
- Hard to read for novice users34 
- Hard to find certain information34 

- Relying on 
memory15 
- Limited use 
of automated 
alerts41  

- Errors of (information) 
omission15 

5.4.2, 
5.5.1, 
5.6.1, 
5.6.2, 
5.6.332 
5, 
5.1.530 

Extraneous 
details  in 
templates  

- Visual barriers to identifying 
important information39 

  5.5.132 

Multiple 
screen 
displays  
 

 - Deviation 
from normal 
workflow34 

- Medication 
discontinuation17  
- Selection of wrong 
medications17 

5.5.232 
 

Faulty screen 
displays 
 

- Cognitively exhausting15 - Difficult to 
identify 
physician and 
patient15,17 
 

- Error-prone task of 
ordering15 
- Overdose13,17 
- Erroneous interpretation 
of medication stop times42 

530 
 

Suboptimal 
displayed 
measures 
 

  - Overdose13 
- Medication under-dose17 
 - Users misinterpretation of 
duplicate order38 

5.9.232 

* The figures in this column refer to the (sub)heading numbers of matched ISO recommendations to each of the design aspects. 

Subtle differences in lay-out and appearance of data labels and values, for bolus entry 
forms and drip entry forms of potassium chloride, while their default stop times were 
calculated differently by the system, led to erroneous interpretation42. For instance, one user 
used volume specification in an entry screen for medication drips in the way that it was to 
be used for the intravenous bolus entry screen. From the information presented on the 
screen the distinction between time-limited (drips) and amount-limited (boluses) was not 
clear.  Moreover, lack of an explicit indication that a laboratory result was not from the 
same day, as the day of the drug ordering, led a physician set out another drug order, 
leading to an overdose42. One study38 evaluating medication errors before and after CPOE 
implementation found that invisibility of administration dates on printouts concerning a 
patient’s medication confused pharmacists, who assumed that two printouts for a similar 
medication represented a duplicate order, whereas in reality these concerned two different 
orders. Suboptimal labeling of medication dose, for example for ‘package’ instead of 
‘tablets’13, or displaying drug dosages according to pharmacy warehousing and purchasing 
decisions, rather than according to clinical guidelines,17 can lead to medication overdosing 
or under-dosing. 
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Auxiliary functions  

Two studies reported on the effect of accessibility to other resources such as; laboratory 
results, automated medication lists, and automated clinical guidelines on medication orders 
(Table 8). Bates et al.36 reported that displaying relevant laboratory results on the screen 
and accessibility to hospital-approved standard lists for selecting medication names, doses, 
and frequencies, both resulted in a decrease in medication errors. In another study by 
Teich45, a computerized clinical guidelines extremely increased orders of recommended 
drugs instead of other less favored drugs. 

Table 8. Effects of CPOE auxiliary functions (+: positive effect, -: negative effect)  

Effects on Type 

Ease of use Workflow Medication order 

Laboratory results on the 
ordering screen 

  + Reduction in non-missed-dose medication 
errors36 

Selection from hospital-approved 
standard medication lists    

  + Reduction in non-missed-dose medication 
errors36 

Computerized guideline for 
medication selection 

  + Increase in orders of recommended drug45 

Discussion 

A total of 42 CPOE design aspects were found that exert a positive or negative influence on 
CPOE usability, physicians’ ordering behavior, workflow and on the final medication 
order. Despite some positive effects of CPOE systems on reduction of medication errors, 
adverse drug events, costs and length of stays2-9, we unexpectedly found mostly negative 
effects related to particular CPOE designs. However it can not be concluded that CPOE 
medication systems induce, rather than prevent, errors and the results of this review should 
be interpreted with caution.  This is because most studies we identified performed usability 
evaluations of certain CPOE systems with the objective to improve CPOE system design on 
the basis of identified design flaws. As a consequence, researchers might unintentionally 
have not paid attention to or not have reported on those CPOE design features that 
positively influenced CPOE usability, physicians’ ordering behavior or may have decreased 
the likelihood for medication ordering errors. Moreover, eight out of the 19 articles we 
identified represent formative evaluation studies12,14,15,17,37,40,42,43 indicating that poor CPOE 
designs might have been optimized in an iterative process.  

There are a number of limitations in this study. First, “Usability” is not a MeSH term so 
we may have missed some publications on this topic. To validate our search strategy, we 
evaluated reference list of relevant articles, and review articles; and the web-based 
inventory of evaluation studies in medical informatics 1982 – 200528. Only two articles 
were added to the list of 17 articles we identified by our search strategy: one from the 
reference list of a review article and one from the web-based inventory of evaluation 
studies in medical informatics. Further investigation revealed that our search strategy did 
not capture these two articles because  they were indexed under MeSH headings not 
relevant to our subject; none of the keywords from group “D”; related to Evaluation studies, 
Usability, and Workflow, were used for indexing these two articles. Second, despite our 
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extensive search we found a few usability studies investigating CPOE design aspects. 
Moreover, the studies we identified used several methods to evaluate design aspect of 
CPOE systems, from interviews and think aloud usability tests with end users to cognitive 
walkthroughs by usability experts. Therefore we reported on both actual effects of CPOE 
designs experienced by users, and potential effects of CPOE designs perceived by usability 
experts. Third,  certain data in the method sections of some articles , including information 
on study location, type of CPOE system studied, settings of implementation, phase in 
CPOE system development, and computer experience and domain expertise of participants 
were missing. This makes it hard to generalize the results of our study among different 
types of CPOE systems, different stages of CPOE development, settings, and different 
groups of users. 

To our knowledge, this is the first review focusing on design features of CPOE 
medication systems and their (potential) influence on usability, physicians’ ordering 
behavior and workflow, and outcomes of the medication ordering process. Five systematic 
reviews22,23,25-27 preceding this review have summarized the effects of CPOE medication 
systems on patient outcomes, (medication safety22,23,25, costs22,25,26, adverse drug 
events22,26,27, work efficiencies26, and adherence to guidelines22). Lehmann and Kim25 
additionally described organizational, technical and financial aspects of CPOE. One more 
review study24 reported on outcome variables (healthcare variables, costs, clinicians 
satisfaction, and time spent on ordering) that were associated with CPOE implementation or 
some features of CPOE. Moreover the last review considered all types of CPOE systems for 
laboratory, radiology and medication ordering.  

Based on our review, we can provide general recommendations for (re)designing CPOE 
systems, for a part matching general recommendations for computer screen design, 
dialogues and user guidance of ISO29-32, and for the remaining, CPOE design specific 
recommendations. Our results show that in designing CPOE systems, it is of utmost 
importance to consider that physicians require interfaces that explicitly map to their 
workflow patterns, so as to keep the ordering process as less cognitively complex as 
possible. Therefore presentation of the data on different screen sections, e.g. in templates, 
should follow physicians’ normal flow of actions in the medication ordering processes, e.g. 
when using paper forms30,32. The optimal method for ordering medication would be 
preferably made explicit to users by clues in the interface. These external clues on the 
screen display can fulfill a central role in controlling the CPOE user interaction. Menu 
dialogues should be provided to better support physicians who have little or no experience 
with the CPOE system29, thereby minimizing training needs. In designing multiple selection 
menus e.g. multiple route options, visual cues should be provided to the user in a consistent 
screen position and manner to indicate that multiple selection is allowed29.  Priority should 
be given to the critical items which should be continuously displayed, whereas the cursor 
should be placed on to recommended items or items with higher probability of selection, 
particularly in selection lists29, directing physicians toward picking the most appropriate 
item. For example, one study45 showed that highlighting recommended medication dosage 
on the screen positively influenced physicians’ ordering behavior to pick the recommended 
option, decreasing the proportion of dosages outside the recommended range. CPOE 
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systems should be flexible so that dosage changes do not generate new medication orders. 
The length of a non-scrolling fixed length entry field should be clearly indicated32 whereas 
enough space should be provided for text fields to accommodate the majority of anticipated 
physician entries30. This would prevent users from workarounds by using other data entry 
fields provided by the CPOE system, forcing other healthcare professionals to extra tasks. 
A mechanism should be provided enabling the physician to view and select available order 
sets30.  Options should be used that are selectable by typed input in either lower, upper case 
or mixed case29, by adjusting punctuation and case sensitivity of data entry fields. Entry 
fields and read-only fields should be visually distinct by appropriate coding e.g. by label, 
format, shape, and color30,32.Color should yet be used sparingly and consistently, giving 
important elements (e.g. alerts) prominence through contrast, making it easier for 
physicians to notice information intended to arrest their attention. Each color should only 
represent one category of information. If the same color is used for different categories of 
information (e.g. fields that can be modified and those that cannot) the physician’s 
recognition of the intended meaning may be hindered32.   

In supporting physicians in their daily medication ordering and reducing pharmacy 
intervention in the ordering process, data validation checks should be considered when 
there are dependencies among different fields of data entry forms30. For example, 
physicians should receive an alert when ordering “Tenormin”; a beta blocker, for a patient 
with hypertension, if the entry in the field “comorbidities” is “COPD or Asthma” 
Therefore, as far as possible, intelligent checking of drug-drug, drug-allergy interactions, 
and drug dose calculations based on patient condition should be implemented. Error 
prevention should be used to the maximum, as drug ordering requires correctly sequenced 
input from physicians who are likely to be interrupted during ordering. Particularly, when 
ordering tasks have critical consequences for errors or if errors are frequently occurring, 
more attention should be given to error prevention31. Following error detection, physicians 
should be allowed to easily undo and edit or cancel the erroneous actions rather than being 
forced to cancel the whole ordering process and reenter the entire order30,31. It is 
furthermore highly recommended to present automated calculations with their underlying 
arithmetic basis, so that physicians can easily validate the system calculations. Log-in and 
out checking procedures should be as fast as possible to take less time of physicians and to 
prevent using log-in session of other physicians leading to “wrong patient” medications. 

The results of this review also suggest the need for displaying information that allow 
users to control the interaction, recognize their errors, and determine their next course of 
actions30. The navigation issues revealed in the studies can be traced back to the concept of 
task efficiency viewed upon as essential for a successful CPOE system. This is also 
consistent with the study results showing that for certain CPOE systems physicians report a 
loss of overview when they are forced to navigate through too many different screens to 
review a patient’s current medication status. Deep navigational structures should therefore 
be prevented, especially when a physician has to discern some relationship between 
separately displayed sets of information32. Physicians should be kept aware of orders set out 
and the state of the system through visualization of orders and ordering steps previously 
carried out in a single screen. Beside multiple screen displays, extraneous details on screens 
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provide visual barriers to recognize important information necessitating the display of 
relevant information only. Required information should be structured into subsets 
corresponding to task steps so that it is meaningful to the users. Another recommendation 
would be the clustering of the information on the screen in distinct groups helping 
physicians to perceive, find, and interpret information more easily. Grouping of information 
should follow common formats and conventions and should support the task sequence32. 
Presentation of the information should reflect users’ needs rather than the computer 
process. An overview of the complex form structures or a visual presentation of the 
structure should be presented to users30. Access should be provided to information 
resources that are essential for decision making during ordering, such as a patient’s lab 
results with their exact date and times. This could be realized by on time presentation of 
this information or by providing efficient links to the suitable resources. 

Long lists should be presented in the appropriate logical order (e.g. alphabetical, 
numeric, chronological)30 and a mechanism should be provided so that physicians can 
rapidly navigate through these lists. For example user should be able to enter a search string 
or several strings to find what is of interest. Searches should not be restricted to searching 
from the beginning of the items and each item in the list should be retrievable by typing any 
of its constituting characters. Since scrollable lists are time-consuming for the physicians, 
an alternative is to reduce the length of a menu items list at least to the height of the screen. 
This could be realized by designing menu structures (hierarchical, network, or other logical 
structures) and logical grouping of items29 so as to prevent users from exhausting searches 
for information not directly visible. In labeling menu items familiar vocabularies should be 
used and labels should explain the purpose and the content of the designated menu item32 to 
prevent users from misinterpreting label terms. Use of terms throughout the CPOE system 
should be consistent and terminology should be related to the task. Close proximity of 
active user interface items may yet lead users inadvertently click the wrong options. 
Therefore, active screen elements should be visually distinctive from one another to support 
visual scanning32 and enough space between selectable items should be provided to prevent 
selection of undesired items29. 

Use of screen buttons should be considered to sufficiently support users in selecting 
from a small number of values that need to become effective immediately after selection30. 
Icons labeling these screen buttons should be unambiguous, conform to user expectations, 
and be suitable for the ordering task to enhance user recognition of the option’s action, 
object or name29. Active and passive screen elements should be easily distinguishable, 
requiring consistent use of tick boxes and pick lists. Likewise pressed push-buttons should 
be distinguishable from non-pressed push buttons using different shadows32.  More 
cognitive resources seem to be needed, and consequently more time is spent in processing 
information of screen elements that are unrelated or too close positioned on the screen. 
Screen elements that are related should therefore be physically grouped together yet not too 
close, so that the lay-out of these elements on the screen would guide the CPOE users to the 
information they are looking for. CPOE designers should therefore organize screen-
elements into logical groups, visually separated by space and alignment and their meaning 
should be easily recognized by users29. Every input by the physician should produce timely 
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and predictable visual feedback31; especially feedback on completion of ordering tasks is 
required. When ordering tasks require sequenced steps, which is the case with most CPOE 
systems, specific prompts for the required steps should be displayed31 to remind physicians 
of consequent orders. In preventing obscurity of order hierarchies, ordering options should 
be displayed according to the requirement of the task at hand. Moreover navigational cues 
should be provided which can help users learn the ordering menu structures and orient and 
move within the menu structures29. 

Alerts should be displayed as quickly as possible after a physician has entered data that 
are crucial and should be corrected to prevent medication ordering errors30,31. This is the 
moment that a physician would himself search for this information. Alerts should also be 
displayed in a consistent location, either close to the field of user entry that caused the alert; 
or a single consistent location in the display windows, in order to be easily noticeable for 
the physicians. Alerts message should keep as short as possible while their content should 
be easily understandable for the physicians31. They should convey what is wrong, what 
corrective action can be taken, and what caused the error, using the same terminology that 
physicians use to perform their tasks31. In situations of drug-drug, drug-allergy interactions, 
and wrong drug dose calculations, the evidence underlying the alert should likewise be 
presented.  Repetitive alerts and high numbers of non relevant alerts could however lead to 
physicians becoming insensitive to alerts, alert fatigue and alert overriding. These negative 
effects could be prevented by providing patient-specific alerts containing specific 
information relative to the prescribing task, applicable to the current system state of user 
actions31. Defining sensitivity settings for alerts, adjusting default settings of serious drug 
interaction alerts on “cancel” buttons rather than on “ok” buttons, and tailoring them to 
patient conditions, would increase physicians’ usage of alerts’ information and could 
prevent them from overriding the alerts. User- initiated guidance should stay under the 
control of physician and should not disrupt the user’s task and the continuum of ordering31.    

Reviewed studies reported on other factors influencing physicians’ task or workflows or 
medication errors, beside CPOE design aspects. Among them are human errors such as 
typing errors, which are hard to detect automatically13,17, but lead to medication errors , and 
geographical distance of work-stations from bedsides and printers  resulting in disruptions 
in workflow of the care team, and delay in delivery of orders14. It seems that apart from 
CPOE design aspects, socio-technical issues surrounding the implementation of these 
systems can play a role in successful CPOE implementation. Successful implementation of 
CPOE is a socio-technical activity which often is more influenced by the organizational 
setting than the specificities of the CPOE system itself16,46-53. For example implementation 
of the same CPOE system failed in one Dutch hospital and somewhat succeeded in another 
Dutch hospital due to differences in technical issues and organizational conditions54. 
Therefore when studying the influence of CPOE design and usability aspects on its success 
or failure, these aspects should likewise be considered in the context of the specific clinical 
workflow25 and organizational setting.  

Our literature search for studies published in the last 20 years period resulted in only 19 
relevant articles with none of them published before 1999. This could mean that very little 
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researches have been done on CPOE design features influencing the medication ordering 
process. In the studies we reviewed, there were few reports on the final impact of CPOE 
redesign efforts on their success.  This indicates that a research agenda is needed for 
conducting evaluation studies after redesign efforts of CPOE systems. 

Conclusion 

Characterization of consequences associated with certain CPOE design aspects provides 
insight into how CPOE system designs can be improved for certain settings. Despite the 
fact that CPOE systems facilitate medication ordering processes by the range of 
functionalities provided in their interface, they can play the role of a two edge sword so that 
suboptimal CPOE interface designs can result in usability problems, workflow interruptions 
and finally in medication errors. Therefore in (re)designing CPOE interfaces and 
implementing new functionalities, the subtle design of screen elements should be observed. 
To gain physicians’ acceptance of CPOE, system designers should focus on system 
usability early in the design process by following recommendations and principles of 
computer user interface design.  This should be followed by continuous evaluation of the 
system after (re)designing, and feedback from CPOE users to guide CPOE systems’ 
evolutions to improve the medication ordering process and to warrant patient safety.  
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Abstract 

Despite CPOE (Computerized Physician Order Entry) systems’ potential to enhance patient 
safety by reducing medication errors, recent studies have cast some doubts on their role in 
error reduction. CPOE systems with poorly designed interfaces have proven to cause users 
dissatisfaction and to introduce new kind of errors in the ordering process, suggesting a 
threat instead of an enhancement of patient safety. The main objective of this study is to 
identify usability problems related to a CPOE medication system’s design and determining 
their severities. Two experts completed a cognitive walkthrough (CW) of an ordering task 
based on a clinical scenario for ordering the consolidation phase of chemotherapy for a 
leukemic patient. Fifty five usability problems were found and classified into eleven 
categories. CW identified cosmetic to catastrophic problems leading to inefficient use of the 
CPOE system and potentially resulting in users’ confusion, longer ordering duration, and 
medication errors. The complexity of the CPOE design, its rigidness and lack of user 
guidance suggests the necessity to redesign the current user interface in order to match 
clinicians’ ordering behaviors and to fully support them in the medication ordering process. 
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Introduction 

Computerized Physician Order Entry (CPOE) systems have potential to enhance patient 
safety by reducing errors in ordering medications1–3.These systems support clinicians by 
alerting medication interactions, reminding them of tasks to be undertaken, checking for 
inappropriate orders, and suggesting recommended medication dosages and frequencies. 
Despite CPOE systems’ potential to reduce medication errors, other studies4–6 have 
revealed that some CPOE systems introduce new kind of errors in ordering process, and 
cause users’ dissatisfaction and ordering prolongation. Introduction of a CPOE offers new 
functionality, but often poor user-friendliness and usability of CPOE interfaces impose 
heavy cognitive demands on its users7–9, leading to users’ frustration, reluctance to use the 
system, and medication ordering and administration errors due to physician-nurse 
miscommunications10, suggesting a threat instead of an enhancement of patient safety. 

In the Netherlands in a large academic medical center (AMC) where a hospital-wide 
CPOE system for medication ordering (Medicator) is implemented, complaints posed by 
end users drew attention to potential usability flaws in the interface of Medicator. Because 
of the complexity of scheduling chemotherapy and ordering cytostatic medication, end 
users’ problems using the system, were more prominent in ordering these medications. 
Errors in calculating the dosage of cytostatic medications or discontinuation of cytostatic 
medication therapy have severe consequences for patients. Furthermore scheduling 
cytostatic medication therapy is a complex process and necessitates fully support of the 
clinician by the CPOE medication system. It was for these reasons that we focused on the 
usability assessment of Medicator for ordering and scheduling chemotherapy. The main 
objective of this study is answering the following questions: what kinds of usability 
problems are related to the user interface of the CPOE medication system in the AMC? And 
how severe are the problems found?  

Methods 

Two investigators, experts in usability evaluation, evaluated the usability of Medicator by a 
cognitive walkthrough (CW) while performing an ordering task. They stepped through the 
system based on a clinical scenario for ordering the consolidation phase of chemotherapy to 
a leukemic patient admitted to the Hematology department. The scenario was designed by 
an expert in implementation of clinical protocols and validated by the head of the 
Hematology department. One expert first provided a framework of actions sequences and 
system responses of all steps that a potential user should follow to prescribe the 
consolidation phase of the treatment. Then both experts evaluated the system by analyzing 
execution of every action and resulting system state for usability problems. Problems were 
categorized by two evaluators independently and coded based on this framework of actions 
sequences and system responses. Final decision about categories and the assignment of 
usability problems to each category was made by both evaluators (agreement 87%). Any 
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disagreements were resolved through discussion. We assigned severity ratings11 to 
problems based on: frequency that they may occur; the proportion of users that may 
encounter them, potential contribution to medication errors, potential impact on a user the 
first time of occurrence and the later encounters. 

Results 

The framework for ordering consolidation phase of chemotherapy with Medicator entailed 
4 tasks, 9 subtasks and a total of 66 associated actions to be taken by a user. The in-depth 
CW analysis of the Medicator user interface revealed 56 cosmetic to catastrophic usability 
problems associated with the execution of the 66 actions, to potentially be encountered by 
end-users in real practice. Fifteen of these problems were recurring. Among the identified 
usability problems 17 could lead to user confusion and frustration, 15 to prolonged 
medication orders, five to miscommunication and increasing phone calls from pharmacy 
and nurses and 14 to medication errors. Severity rating of problems resulted in seven 
cosmetic, 31 minor, 13 major and five catastrophic problems. We categorized problems into 
eleven categories of which seven categories include the major and catastrophic usability 
problems (Figure 1). We report on these seven categories and provide examples of major 
and catastrophic problems identified. 
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should be given low priority. Severity 3: major usability problem. Important to fix, so should be given high priority. Severity 4: 
usability catastrophe, Imperative to be fixed before product release. 

Figure 1. Usability problems detected by cognitive walkthrough 

Unexpected system response 

At certain occasions, the CW evaluators encountered system states and responses not to be 
expected in response to the previous action performed. This sort of responses will cause 
user confusion in linking the action to the resulting system state, are very time consuming 
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and even could lead to medication errors. CW analysts encountered three usability 
catastrophes related to unexpected system responses: e.g., irrespective of start time and date 
entered for a medication, start time for administration of medication in the “dosage table” 
of the system is set on 8:00. This problem requires pharmacy intervention and telephone 
calls to the ordering physician to be fixed; otherwise it increases the risk of lower 
medication administration periods and even of patients missing certain single dose 
medications. 

Missing labels 

The absence of label indicating the unit of (an automated) dosage calculation (per day or 
per time of administration), in the “dosage calculation” window is a major problem that 
could lead to uncertainty about the total medication dosage and may result in wrong 
medication dosages.  

Lack of error prevention functionalities 

Four major problems were identified related to lack of checks and warnings concerning 
nonconformity and incorrectness of data entered, which could result in increasing telephone 
calls from the pharmacy and medication errors. For instance, lack of system’s checks on 
“medication route” might cause wrong medication route selections, if a physician would 
inadvertently select a route not appropriate for the medication prescribed. 

Poor visibility 

Two major problems were identified concerning poor visibility of screen elements such as 
tabs and buttons potentially leading to user confusion, time delays, wrong medication 
dosages, and a rise in telephone calls from pharmacy. A major problem is that physicians 
may not notice the buttons “m2” and “kg” for calculation of medication dose because of the 
poor visibility and closeness of these buttons. Thus physicians would resort to time-
consuming calculations of dosage which may provoke medication dosage errors.  

Poor design of screen elements 

Poor design of functional keys, screen buttons, data entry fields, lists, and information 
screens in the system would potentially contribute to user frustration, inefficient searches to 
initiate an action, time delays and wrong item selections. Two major problems were found. 
A major problem is concerned with the alignment of the screen buttons “m2” and “kg” 
distracting users from linking the function of these two buttons to the dosage entry field, 
causing physicians not to use these built-in functionalities of the system, and inciting wrong 
dosage calculations.  

Lack of system functionality 

Lack of functionalities that could help physicians in certain situations may cause user 
frustration, time delays, and wrong durations or dosages of medication. Three major and 
two catastrophic problems were found. An example of a major problem concerns lack of 
auto-complete functionality during the typing of a medication name which may cause users 
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to engage in inefficient searches for a certain medication, particularly when they type the 
medication name wrongly, resulting in users feeling helpless. Lack of functionality to 
choose the number of days, instead of start and stop date, for medication duration, is an 
example of a usability catastrophe. This problem would increase physician’s workload in 
defining the stop date for a medication because he would be forced to count the number of 
days from the start date, eliciting wrong durations of medications, especially when the start 
and stop dates are in different months or when the medication period is rather long. 

Wrong timing of alerts 

A major problem in Medicator is that the alert screen “medication dose units control” 
shows up too late in the ordering process which is annoying for the users and may induce 
the ignoring of these kinds of alerts, requiring pharmacy and nurses to call the physician to 
adapt the order; otherwise leading to wrong medication dosages. 

Discussion and conclusion  

A total of 56 usability problems associated with Medicator system including 18 major and 
catastrophic usability problems were identified by the CW. Fifteen of these problems were 
recurring, increasing the severity of those problems and requiring high priority to be fixed. 
Apart from user confusion, inefficiencies and time delay in ordering, the identified usability 
flaws have the potential to result in ordering of wrong medications; and wrong medication 
doses, frequencies and durations. Although we did not analyze the usability tests with end 
users yet, these first results confirm earlier findings that CPOE systems may in fact 
contribute to medical errors due to misfit of their design and physicians’ normal task 
behavior12, 13. However, many of the design flaws of Medicator can in fact easily be 
corrected, but could yet have been prevented when recommendations for system design, for 
example those put forward by International Standard Organization14, would have been 
followed by the system designers. Others, particularly the more severe ones such as, those 
concerning lack of system and error prevention functionalities, and unexpected system 
responses, need more extensive redesign efforts and should be validated by the end user test 
results first. In comparison to a cognitive walkthrough, end user tests reveal significantly 
more problems of a severe and recurring nature than a cognitive walkthrough15. End user 
testing may reveal additional design flaws resulting from mismatches of clinicians’ task 
flow, decision making and reasoning processes with the CPOE design. Particularly design 
flaws that result of an inadequate fit of the CPOE system and physicians’ working patterns 
are presumably not all found by the cognitive walkthrough. We will therefore provide 
specific recommendations to the CPOE designers of the Medicator system not before we 
have also analyzed the interactive behavior of physicians who participated in the end user 
tests. 

Overall speaking, a human centered design process should be followed from the 
beginning of the CPOE design process, requiring more investment in the earlier stages of 
system design. Medication errors can have a high impact on patients and can lead to 
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significant additional costs. The application of knowledge from human factors engineering 
and ergonomics in the early phases of CPOE systems design seems inevitable to produce 
CPOE medication systems that enable clinicians to set out medication orders safely, and 
efficiently thereby attaining the main goal of CPOE introduction: reducing the risk of 
medication errors and associated costs.  
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Abstract 

Objectives: To study the effect of predefined order sets on the efficiency of computerized 
medication ordering, and to analyze the effect of different types of usability problems on 
ordering efficiency.  

Methods: Crossover study comparing the efficiency of two methods of ordering (with and 
without use of predefined order sets) in a laboratory setting using a computerized physician 
order entry system (CPOE). The excess number of mouse clicks and keystrokes (the 
difference in number of mouse clicks and keystrokes needed by each physician and the 
minimally required numbers to accomplish the ordering tasks) for each method was 
measured and per physician, occurrences of usability problems during the task sessions 
were recorded. Observed usability problems were categorized using Zhang et al.’s heuristic 
principles of good user interface design. The effect of different types of usability problems 
on the excess number of mouse clicks and keystrokes was statistically analyzed.  

Results: The median excess number of mouse clicks and keystrokes needed by physicians 
was 6.2 times lower in the method with predefined order sets (p < 0.01). The excess 
number of mouse clicks and keystrokes was significantly increased by vague and erroneous 
system messages with a factor of 2.62 (95% CI 2.24-3.07), the use of unfamiliar language 
and terminology by a factor of 1.28 (95% CI 1.14-1.43), and non-informative system 
feedback by a factor of 1.15 (95% CI 1.03-1.28), respectively. Other categories of usability 
problems had little influence on ordering efficiency. 

Conclusions: Predefined order sets can improve the efficiency of computerized ordering by 
reducing the excess number of mouse clicks and keystrokes. However, the efficiency of 
computerized ordering can be significantly impaired by usability problems due to vague 
and incorrect system messages, unfamiliar language, and non-informative system feedback. 
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Introduction  

Computerized physician order entry (CPOE) has been put forward to improve the 
medication ordering process, which is known to be a complex, time consuming and error 
prone task. While the use of CPOE has been shown to significantly reduce the medication 
turnaround time1, the time lag from placement of order to nurse receipt2, and the time from 
prescriber composition to pharmacist verification3, there are also evidences that CPOE 
introduction can prolong the ordering time for physicians4,5.  

Predefined order-sets could reduce the time needed by physicians to set out orders. An 
order set is a group of pre-defined orders that is used directly by a physician to create orders 
for a specific patient. The use of paper-based order sets has resulted in reduction of 
ordering errors and improved completeness of medication orders6,7. Predefined order sets 
integrated into CPOE systems provide clinicians with evidence-based knowledge at the 
point of care and increase the awareness of clinical protocols and guidelines. They 
additionally may improve efficiency by grouping orders together, specifically when several 
medications related to a patient’s condition or a clinical protocol are scheduled. Yet, 
ordering efficiency may be reduced by complex user interfaces of CPOE systems. Previous 
studies have shown that designs of user interfaces of certain CPOE systems do not follow 
the usual task behavior patterns of end users8-10. Moreover, it has been shown that 
inconsistencies in the behavior of system controls (e.g., buttons, menus and entry fields), 
rigid hierarchical user interfaces and suboptimal screen layout of CPOE systems can make 
it hard to find certain information, leading to inefficient searches and extra actions by 
users10,11. Likewise, poor conceptual presentation of alerts and poor display of medication 
orders can increase the cognitive effort of users, unnecessarily prolonging the ordering 
process. So, many of the difficulties CPOE users experience in interaction with the system 
are the product of the cognitive demands imposed by the interface. These problems may 
lead to situations during ordering requiring much effort and time of the physicians to turn 
these problems around or recover from them. Physicians yet often identify efficiency as the 
most important expected benefit of CPOE to their daily workflow12. Getting physicians to 
adopt and use specific functionalities of clinical information systems, such as CPOE 
integrated predefined order sets requires user interfaces that are easy and efficient to use in 
practice. The question is whether predefined order sets provided by CPOE systems indeed 
make the ordering process easier to complete, thereby enhancing ordering efficiency.   

Research into the impact of CPOE predefined order sets on ordering efficiency 
compared to the situation in which physicians order medications one by one (single 
medication order) is yet lacking. Also, the effect of different types of usability problems 
associated with both methods of ordering on efficiency is not well studied. When the 
efficiency of the CPOE supported ordering process is impeded by suboptimal usability of 
the CPOE user interface, it is relevant to gain insight into the types of usability problems to 
be tackled in CPOE (re)design efforts. The human computer interface literature has put 
forward heuristic principles that a good user interface should follow, and that can be used to 
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check the usability of a system. A modified version of these heuristics (based on13 and14), 
called the Nielsen-Schneiderman heuristics, has been successfully used by Zhang et al.15 to 
characterize different types of usability problems with medical devices.  

The objectives of this study are twofold: (1) to assess physicians’ efficiency of ordering 
by CPOE with and without predefined order sets; and (2) to analyze the effect of different 
types of usability problems, as defined by the Nielsen-Shneiderman heuristics, on ordering 
efficiency.  

Study context 

Organizational setting 

This study was conducted at the Academic Medical Center (AMC), a large university 
hospital in Amsterdam, the Netherlands. The AMC has 21 outpatient departments, 34 
inpatient departments, 5-day care units, and employs 960 full time equivalent clinicians. 
The AMC houses a hematology/oncology department that comprises a total of 18 beds with 
560 patient admissions per year (2008). In addition, the department has a day care facility 
with 12 beds and 1057 admissions in 2008. Patients with hematologic malignancies and 
solid tumors are admitted to this department for (high dose) chemotherapeutic treatment 
and/or autologous or allogeneic stem cell transplantation.  

CPOE system  

Medication orders in the hematology/oncology department are prescribed via a commercial 
CPOE medication ordering system called Medicator® (iSOFT, Leiden, the Netherlands), 
which has been in use since 2000. This system is used in 30 clinical departments of the 
AMC and 15 other hospitals in the Netherlands. A detailed description of Medicator is 
given by Kalmeijer et al.16. Medication ordering by Medicator can be accomplished either 
using predefined order sets or by prescribing single orders. 

An order set is a template of medications jointly belonging to a pharmacotherapeutic 
protocol, with default values for each medication’s dosage, frequency, route of 
administration, and duration of treatment. Once a physician initiates an order by 
instantiating an order set, related information from the template will be displayed to the 
physician through different windows (Protocol information, Dosage calculation, etc.). The 
physician has to review the information in each window and confirm it by clicking the 
“OK” button to order the medications.  

When ordering without order sets (single orders), the physician has to order each 
medication one by one. To order each medication several data fields such as dosage and 
route should be filled out or selected from drop-down menus provided by Medicator. As 
soon as the physician has confirmed the order, the system checks the order for interactions. 
In the absence of any interaction the medication will be ordered. Otherwise the physician 
will be alerted on the interaction.  
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Methods 

Study design 

Ten physicians from the hematology/oncology department were asked to order medication 
by Medicator. We opted for this department because of the extensive use of medication 
protocols in this department and the complexity of scheduling chemotherapy and ordering 
cytostatic medication, requiring full support of the physicians by the Medicator system.  

Participants were asked to order medications twice using the same clinical scenario, 
once using the predefined order sets and once without making use of these order sets. To 
eliminate carryover learning effects, the participants were randomly divided into two 
equally sized groups, and introduced to the two ordering methods (with and without using 
order sets) in a counter-balanced design (i.e., Group 1 used order sets first, Group 2 ordered 
without order sets first). Participants were instructed to verbalize their thoughts while 
performing the ordering tasks. The ordering sessions took place at the actual worksite of the 
physicians. Morae® version 2.0 (TechSmith Corporation, Okemos, Michigan), a usability 
evaluation tool, was used to capture video and audio tracks of the participants and of the 
corresponding screen sequences, changes and movements (e.g., mouse clicks and 
keystrokes) while the physicians were performing the tasks. We used a built-in microphone 
and a webcam and Morae run as a process in the background, preventing users from being 
distracted by the recording equipment. Participants were reminded to keep talking if they 
remained silent for an interval of 20 s.  

Clinical scenario 

The clinical scenario concerned the prescription of the first course of consolidation 
chemotherapy for a 19-year old patient (height = 185 cm and weight = 86 kilogram) with 
acute promyelocytic leukemia (low risk). This course of consolidation chemotherapy 
requires the prescription of two medications according to the Dutch adult 
hematologyoncologyy study protocol for patients with acute promyelocytic leukemia 
(HOVON 79): Idarubicin, 5 mg/m²/d by intravenous infusion (2-5 minutes) on days 1-4, 
and ATRA (All-trans retinoid acid, Vesanoid®), 25 mg/m²/d PO (by mouth) fractionated 
into 2 doses on days 1-15 in patients aged <20 years. Physicians were allowed to review the 
protocol information using any available resources. The optimal route through the system to 
accomplish the ordering tasks based on this clinical scenario without predefined order sets 
required 86 mouse clicks and keystrokes. With predefined order sets this requires 61 mouse 
clicks and keystrokes.  

Participants 

One attending physician and nine residents out of a total of twelve residents rotating on the 
hematology/oncology department at the time of the study were recruited to take part in this 
study. The age of the participants ranged from 27 to 47 years, all had more than three years 
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of computer experience, and working experience ranged from one to six years for residents. 
The attending physician had eleven years of working experience. The weekly use of 
Medicator at the time of the study ranged from two to eight h for eight participants. Two of 
the participants used Medicator more than eight h weekly.  All participants had received an 
introduction of the Medicator system and hands-on training of two h during their first 
month at AMC.  

Outcome measures 

The outcome measures defined in this study were:  

 The excess number of mouse clicks and keystrokes, i.e. the difference between the 
number of mouse clicks and keystrokes needed by each of the participants to order 
medications and the required number when the optimal route through the system is 
followed (the minimum number). Since physicians might alternatively use mouse 
clicks or keystrokes for doing a same action, we added up the number of mouse clicks 
and keystrokes per physician per method.  

 Per physician and per method of ordering, the frequency of problem occurrences 
concerning different categories of usability problems. 

Data acquisition and data analysis 

Video and audio recordings of participants’ interaction with Medicator and corresponding 
screen recordings were played back with the Morae manager. Per method of ordering the 
number of mouse clicks and keystrokes of each participant was retrieved from the Morae 
manager. From these numbers, the minimally required number of mouse clicks and 
keystrokes (the number when the optimal route is followed) was subtracted. In the 
remaining of the paper, we refer to this as “excess number of mouse clicks and keystrokes.” 
The Wilcoxon signed rank test was used to compare the excess number of mouse clicks and 
keystrokes for the two methods of ordering. The Mann–Whitney test was used to check for 
potential carryover effects by comparing the average number of mouse clicks and 
keystrokes of the two groups of participants. 

Two evaluators having expertise in usability analysis reviewed and analyzed the 
recordings based on the method of protocol analysis17. The evaluators independently 
provided two distinct lists of usability problems that the participants came across during the 
experiments. Per physician and for each method of ordering, the number of occurrences of 
each of these problems was counted. Identified usability problems were merged into a 
unique list and disagreements were resolved through review of video and audio data and 
subsequent discussion. In a consensus meeting of three usability experts the severity of 
each of the usability problems was assessed based on three characteristics: frequency, 
impact and persistence as described by Nielsen13, p. 104. Figure 1 shows Nielsen’s severity 
rating for usability problems. The Wilcoxon signed rank test was used to compare the 
average number of usability problem occurrences, per physician between the two ordering 
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methods (with and without order sets). As we consider usability problems at different 
severity levels (cosmetic, minor, major, catastrophic) incommensurable, these numbers 
were compared separately for each severity level.  

 

Figure 1. Nielsen’s severity rating for usability problems13 

 

Category Definition 

Consistency Users should not have to wonder whether different words, situations, or actions mean the 
same thing. Standards and conventions in product design should be followed. 

Visibility Users should be informed about what is going on with the system through appropriate 
feedback and display of information. 

Match The image of the system perceived by users should match the model the users have 
about the system. 

Minimalist Any extraneous information is a distraction and a slow-down. 
Memory Users should not be required to memorize a lot of information to carry out tasks. 

Memory load reduces users’ capacity to carry out the main tasks. 
Feedback Users should be given prompt and informative feedback about their actions. 
Flexibility Users always learn and users are always different. Give users the flexibility of creating 

customization and shortcuts to accelerate their performance. 
Message The messages should be informative enough such that users can understand the nature of 

errors, learn from errors, and recover from errors. 
Error It is always better to design interfaces that prevent errors from happening in the first 

place. 
Closure Every task has a beginning and an end. Users should be clearly notified about the 

completion of a task. 
Undo Users should be allowed to recover from errors. Reversible actions also encourage 

exploratory learning. 
Language The language should be always presented in a form understandable by the intended 

users. 
Control Do not give users that impression that they are controlled by the systems. 
Document Always provide help when needed. 

 
 

Figure 2. Nielsen-Shneiderman heuristics modified by Zhang et al.15 

To identify specific occurrences of user problems, two evaluators coded the usability 
problems based on the fourteen Nielsen-Shneiderman heuristics modified by Zhang et al.15. 
Usability problems were categorized as violations of these heuristics (Figure 2). 
Disagreements concerning the assignment of the problems to these categories were resolved 
through discussion with a third evaluator. Whenever a usability problem seemed to be 
caused by a violation of multiple heuristics, it was classified under the category that was 
agreed upon as being most representative by all three evaluators. The recordings of the 
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participants were further reviewed to investigate the situations in which participants came 
across different categories of usability problems. We used Poisson regression to analyze the 
effect of various categories of usability problems on the number of mouse clicks and 
keystrokes. Spotfire S+ 8.1 (TIBCO Software Inc., Palo Alto, California) was used to 
conduct all statistical analyses. 

To verify that the order sets would not affect the quality and safety of medication 
ordering, a clinical pharmacist reviewed all medication orders (each physician ordered 2 
medications per method), based on the HOVON 79 protocol, in order to identify possible 
medication errors. Subsequently, the pharmacist and a hematologist determined the 
potential severity of these errors for bringing harm to the patient if they would reach the 
patient using the NCC MERP Index for categorizing medication errors algorithm18. They 
agreed on the ratings by consensus. 

Results  

The total excess number of mouse clicks and keystrokes varied from physician to 
physician, ranging from 16 to 72 (median 26) in ordering with predefined order sets, 
whereas in ordering without order sets it ranged from 98 to 416 (median 161). As one of the 
physicians failed to accomplish all of the steps required in ordering medications according 
to the HOVON 79 protocol, the data of this participant were excluded from the analyses. 
Figure 3 shows the excess number of mouse clicks and keystrokes needed by the physicians 
when ordering with and without order sets. The Wilcoxon signed rank test showed that the 
excess number of mouse clicks and keystrokes was significantly lower in ordering with 
predefined order sets (p < 0.01). There were no significant differences in the average 
number of mouse clicks and keystrokes between the two groups of participants (p>0.05), 
indicating that carryover learning effects were small or non-existent.  

 
Fifty-five unique usability problems were identified by one of the evaluators and 57 by 

the second evaluator. Fifty-two of these problems were shared by the two evaluators 
resulting in a total of 60 unique usability problems. Table 1 lists the number of unique 
usability problems and the average number of usability problems occurrences, per severity 
level and broken down by ordering method. Twenty eight unique usability problems were 
revealed in the method without order sets and 32 in the method with order sets. Users most 

Figure 3. Scatter plot of the 
excess number of mouse clicks 
and keystrokes needed by the 
physicians in ordering with and 
without order sets 
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frequently came across minor usability problems (severity level 2; 5.50 times on average 
per medication order) without any significant difference induced by the usage of order sets. 
Cosmetic problems were rare (0.22 times per order) and only occurred when order sets 
were used. Conversely, the occurrences of major (3.78 vs. 5.11) and catastrophic (0.67 vs. 
3.11) usability problems were significantly lower when ordering with order sets.  

Number of unique usability 
problems 

Average number of usability problem 
occurrences per physician Severity level 

With order sets Without order 
sets With order sets Without order 

sets p 

1. Cosmetic 4 0 0.44 0.00 0.046 

2. Minor 15 14 6.00 5.00 0.234 

3. Major 9 10 3.78 5.11 0.048 

4. Catastrophic 4 4 0.67 3.11 0.007 

 
From the total number of 60 unique usability problems 53 problems were categorized 

similarly by both evaluators based on the Nielsen-Shneiderman heuristics modified by 
Zhang et al.. The rest of the problems was categorized after discussion with a third 
reviewer. Table 2 shows the number of usability problem occurrences per method of 
ordering categorized as violations of these heuristics. 

None of the usability problems was 
assigned to the categories “Memory”, and 
“Control”. Moreover, because of the low 
frequency of usability problems (0–10 in 
each method of ordering) in the categories 
“Consistency”, “Match”, “Minimalist”, 
“Closure”, “Undo”, and “Document”, the 
problems from these categories were 
clustered in one category (“Others”) in the 
analyses. Therefore, seven categories 
(Visibility, Feedback, Flexibility, Message, 
Error, Language and Other) remained for 
the statistical analysis.  From these 
categories, when physicians used 
predefined order sets, the occurrence of 
usability problems in the category 
“Visibility” (n = 27) was higher than the 
occurrences in the other categories (n = 6–
17 occurrences per category). In ordering 
without order sets, the occurrence of the 

Table 1. Number of unique usability problems per severity and the average number of usability problem 
occurrences per physician, at each severity level   

Table 2. Number of usability problem occurrences 
categorized as violations of Nielsen-Shneiderman 
heuristics 

No. occurrences Violated 
heuristic   

With order sets Without order sets 

Consistency 2 6 

Visibility 27 17 

Match 1 1 

Minimalist 10 0 

Memory 0 0 

Feedback 10 22 

Flexibility 14 21 

Message 17 19 

Error 11 22 

Closure 1 0 

Undo 2 0 

Language 11 24 

Control 0 0 

Document 1 0 

Total  107 132 
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problems in the category “Others” (N=7) was lower than the occurrences in the other six 
categories (n = 17–24 occurrences per category). 

The regression analysis (Table 3) showed that the occurrences of problems categorized 
under “Message,” “Language” and “Feedback” significantly increased the excess number 
of mouse clicks and keystrokes in the two methods of ordering. The problems classified 
under “Message” were related to erroneous system messaging, insufficient content of 
system messages, and unclear information or guidance, precluding the physicians to 
understand the problem that generated the alert or how to solve the problem. The category 
“Language” concerned confusing terminology in labeling of buttons and use of 
abbreviations and expressions that were not understandable to the physicians. The problems 
in the “Feedback” category were related to system responses mismatching the data entered 
by the physician, redundant feedback, or lack of informative system feedback. In situations 
where Medicator provided insufficient, unclear or erroneous message contents, physicians 
were lost and resorted to trial-and-error behavior exemplified by the extra mouse clicks and 
keystrokes they needed for locating and executing the right action in response to the 
message. Likewise, physicians became frustrated when they faced information in unclear 
language or terminology, or when they received illogical or no system feedback on their 
actions. In these situations, physicians reread the information or tried to redo or cancel their 
actions. For example, when a physician selected a start time for administration of a 
medication from a drop down menu, Medicator displayed a different time based on the 
medication administration routines in the clinical ward. The user had no clue why this 
change happened and tried to redo the action by typing the time again.  

There was no significant effect of the 
categories “Flexibility” and “Error” on the excess 
number of mouse clicks and keystrokes in setting 
out the orders. The former category concerned 
usability problems related to system rigidity to 
customize data entry facilities and to search for 
certain information, and the inability to open 
particular menus and tabs at moments that this 
was required in the interaction process. The latter 
was related to lack of system alerts and guidance 
to prevent incorrect actions by the user, and to 
lack of patient tailored checking of medication 
orders.  

The problems categorized under “Visibility” and “Others” slightly reduced the number 
of mouse clicks and keystrokes.  The problems classified as “Visibility” concerned poor 
visibility of screen buttons and tabs, invisibility of changes in system states following an 
action and invisibility of next actions to be taken. The category “Others” included problems 
related to inconsistent use of colors and labeling of medication names, large amounts of 

Table 3.  Effects of different categories of 
usability problems on the excess number of 
mouse clicks and keystrokes, estimated with 
multivariable Poisson regression analysis 

            Multiplication 
Factor 95% CI 

Order sets 0.49 0.35-0.69 

Visibility 0.90 0.86-0.95 

Feedback 1.15 1.03-1.28 

Flexibility 0.98 0.85-1.14 

Message 2.62 2.24-3.07 

Error 0.97 0.92-1.02 

Language 1.28 1.14-1.43 

Others 0.78 0.70-0.87 
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information displayed in one list, and a lack of distinction in presentation of different items 
(e.g. current and previous orders) and impossibility to undo an activity.  

The Poisson regression analysis showed that independent of the effect of usability 
problems on efficiency, participants on average needed 16 more mouse clicks and 
keystrokes than the number required in the optimal route in ordering without order sets. In 
ordering with order sets, they needed eight more mouse clicks and keystrokes, on average. 

Review of the ordering by the clinical pharmacist and the hematologist showed that 
from the 18 medication orders set out by the nine physicians who completed the ordering 
tasks, two (11%) orders composed with order sets and three (16%) orders composed 
without order sets could potentially result in harm to the patient. None of these errors could 
have resulted in permanent patient harm or death if they would have reached the patient.  

Discussion  

Principal findings 

The results of this study show that predefined order sets increase the efficiency of 
computerized medication ordering. In addition to the minimally required number of mouse 
clicks and keystrokes, also the additional (“excess”) number of mouse clicks and keystrokes 
required by physicians to order medications was lower with predefined order sets than 
without them. This study furthermore shows that usability problems concerning the 
information displayed in system messages dialogues, the language and abbreviations used 
for labeling of screen items, buttons, and menus, and the feedback given by the system in 
response to user actions, independently impaired the ordering efficiency.   

Effect of predefined order sets on ordering efficiency 

It is conceivable that the use of predefined order sets imposes less cognitive and physical 
demands on users than the use of single orders. This is true not only because order sets 
minimize the number of actions needed to finalize orders but also streamline the medication 
ordering process. Predefined order sets guide physicians better through the different steps, 
reducing the chance of human errors e.g. in calculating the correct medication dosage, 
which requires extra actions to recover from. In our experiments physicians also came 
across more usability problems of high severity (major and catastrophic) when they ordered 
medication without order sets. As exemplified by the excess number of mouse clicks and 
keystrokes, it then took physicians apparently more effort to solve these problems than 
when order sets were used. So, order sets also seem to reduce the chance that physicians 
will come across the same (severe) usability flaws, decreasing the cognitive effort they 
have to expend to recover from these design flaws.  

Our findings are consistent with the findings of Dinning et al.19, who showed that 
standardized chemotherapy order sets increased ordering efficiency by significantly 
reducing the number of changes needed during the order verification process. Our results 
are also in line with other studies showing that predefined order sets based on protocols are 
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convenient to use20, can increase the speed of ordering21 and have the potential to improve 
provider efficiency by conveniently grouping orders together, making it easier to correctly 
complete the ordering procedure22.  

Though not a major aim of our study, we also reviewed the resulting medication orders 
to verify that their quality was not compromised by the increase in efficiency. The results 
show that the number of incorrect orders related to the ordering with order sets was not 
higher than the number in ordering without order sets. Besides, if these errors would have 
reached the patient, the potential harm to the patient would, in the worst cases, have been 
temporary. Previous studies in different settings have demonstrated that the use of 
predefined order sets is associated with a reduction in medication ordering errors23-25.  

Effect of usability problems on ordering efficiency  

This study showed that three groups of usability problems concerning the information 
displayed in system messages dialogues; the language and abbreviations used for labeling 
of screen items, buttons and menus; and the feedback given by the system in response to 
user actions significantly impaired the efficiency of ordering.  Several previous studies have 
also demonstrated that insufficient system messaging and feedback to support physicians in 
their natural task flow increases the cognitive effort of physicians to find the required 
information and prolongs the medication ordering task10,11,26. Despite the significant effect 
of these problems on efficiency many of them could easily have been fixed before system 
release if existing guidelines and standards for user interface design would have been 
followed (see for example27 and13).  

Generally speaking, each usability problem will require the user to perform additional 
actions. Nevertheless in our study there seemed to be little influence of usability problems 
on efficiency other than those related to the aforementioned three categories. In contrast 
with the results of Horsky et. al.28 concerning the poor display of medication orders, we 
found that usability problems in the category “Visibility” were associated with a slight 
decrease in mouse clicks and keystrokes in the multivariable regression analysis. Likewise, 
usability problems in the category “Others” (e. g. inconsistent use of colors and names, and 
inability to undo actions) resulted in a reduction in mouse clicks and keystrokes. We 
believe that these reductions can be explained by the fact that physicians skipped certain 
non mandatory ordering steps as a result of the invisibility of the system functions or to 
circumvent other usability problems occurred at certain points in the interaction. For 
example, one of the physicians did not enter the motivation text for ordering a medication 
because he could not find the tab activating the data entry field for it. This type of 
problems, in the end, could result in a lower efficiency of the whole medication ordering 
and administration process.  For example, when physicians do not provide a motivation text 
for ordering a particular medication, physicians would have to answer phone calls from 
pharmacists or nurses asking for clarification of the order.  
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Strengths and weaknesses of the study  

In this study we used the excess number of mouse clicks and keystrokes as a measure of 
ordering efficiency. We did not use variations in time spent on medication ordering as time 
measurements may be biased by interruptions such as phone calls and emergencies. 
Moreover, two individuals might differ in their manual dexterity. For these reasons, the 
minimum amount of time required for a task to be used in calculation of excess time spent 
by physicians on that same task cannot be established.  While interruptions or differences in 
manual dexterity could have biased time registrations concerning the duration of 
physicians’ ordering processes, they do not influence the number of mouse clicks and 
keystrokes. The approach that we followed in this study for assessing efficiency by using 
the number of mouse clicks and keystrokes likewise enabled us to analyze physicians’ 
interactions with the Medicator system. The use of the excess number of mouse clicks and 
keystrokes for evaluation of ordering efficiency might be a good alternative for time spent 
on computer-supported tasks especially when the focus is on usability of the application.  

To our knowledge this is the first study statistically evaluating the effect of different 
categories of usability problems on efficiency. The common method used in usability 
studies for prioritizing usability problems is merely based on their severity rating. Analysis 
of the effect of different categories of usability problems on efficiency can provide more 
insight, which can be used to optimally tackle the problem types which significantly affect 
the ordering process. 

We used a counter-balanced design to overcome a potential carryover learning effect of 
using the system to order the same medications. Although there was no wash-out period 
between the physicians’ use of the two methods of ordering, the analysis showed no 
learning effect from using either method first.  

This study has certain limitations. First, the scenario used in this study is based on one 
clinical protocol (HOVON79) used in the hematology/oncology department out of a 
number of protocols that could be used and implemented through a CPOE system. 
Although this scenario was designed for ordering chemotherapy, it was designed by an 
expert in developing clinical protocols, validated by a clinical specialist and tested by two 
usability experts and covered all of Medicator functionalities for ordering different 
medications. The use of more scenarios might have shed light on other types of usability 
problems.  Second, the sample size of 10 physicians limits the generalizability of our 
results. In theory, as the user testing provides a rich source of data, a small sample of 
participants (approx. 8 participants) suffices to gain a thorough understanding of user’s task 
behavior17 and to identify the main usability problems with a computerized system29.  The 
inclusion of more physicians however would have allowed statistical analysis of the co-
influencing factors such as general computer experience on ordering efficiency. The 
participants in this study included one specialist and nine residents having similar computer 
experience and the same clinical background. Third, since usability problem at different 
severity levels (cosmetic, minor, major, and catastrophic) were considered 
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incommensurable, for each severity level the average numbers of usability problem were 
compared individually between the two ordering methods. This might have resulted in a 
potential multiple testing problem. Finally, the design of the pre-organized order screens of 
Medicator may differ from the designs of other CPOE systems. Since Medicator is used in 
15 hospitals throughout the Netherlands including large university hospitals, the results of 
this study can be applicable for all these Medicator applications or those having similar 
functionalities.  

Meaning of the study and directions for future research 

CPOE integrated order sets may, besides increasing ordering efficiency, support physicians 
during ordering by automatic calculation of certain measures (e.g., medication dosages) 
based on patient parameters and finally result in better patient outcome by reducing the 
number of incorrect orders. One of the controversies related to order sets mentioned by 
Bobb et al. is that most CPOE systems do not mandate the use of predefined order sets but 
make their utilization voluntary22. Based on evidence from earlier studies30-32 and this study 
it would be recommendable to implement mechanisms that make CPOE users aware of the 
existence of these order sets. Properly constructed computerized order sets can be effective 
in altering physician ordering practices through standardization33, thus accelerating and 
facilitating the ordering process. Progress towards simplifying and speeding up the ordering 
process may lead to increased acceptance of CPOE34. Future research should therefore look 
into the effect of predefined order sets on physicians’ acceptance of CPOE systems. 

More should likewise be learned about the effect of CPOE usability on physicians’ 
ordering behavior, particularly in relation to the use of CPOE integrated order sets.  
Usability testing of CPOE systems has not been routine during their development and can 
be expensive in terms of time and human resources. It is yet an indispensable activity for 
gaining a better understanding of the impact of CPOE designs on the order entry process, 
for example in terms of speed of data entry and accuracy of orders, and to assist efforts for 
improvement of their user interfaces.  

Conclusion 

Independent of the effect of usability problem that physicians may come across, predefined 
order sets can improve the efficiency of computerized medication ordering in terms of the 
excess number of mouse clicks and keystrokes, without compromising the quality of 
outcomes. This study also showed that usability problems concerning vague and incorrect 
system messages, unfamiliar language for labeling of screen items and non-informative 
feedback in response to user actions can impair the efficiency of CPOE supported ordering.   
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Abstract 

Objectives: To study the satisfaction of end-users of a computerized physician order entry 
(CPOE) system concerning ease of use and the effect on users’ workflow, efficiency, and 
medication safety and to seek users’ opinions regarding required improvements of the 
system. Usability evaluation had shown that this system, which was in use for almost a 
decade, contained a number of severe usability problems. So another objective of the study 
was to determine whether there was a direct relation between user satisfaction and the 
results of a usability evaluation of the system. 

Methods: Two survey questionnaires were distributed to CPOE system users (physicians 
and nurses) working in inpatient departments of a university hospital. Questionnaires 
included items that were rated using a five point Likert scale. Multiple choice questions 
with space for free text additions also were used to collect qualitative data concerning the 
use of the CPOE system and the users’ opinion concerning system requirements for 
improvement. Data were analyzed using descriptive statistics and by the use of Mann-
Whitney U and Kruskal Wallis tests. 

Results: Physicians were satisfied with the CPOE ease of use (median 3.8, interquartile 
range [IQR] 3.3 to 4), and the effect on workflow (median 3.7, IQR 3.3. to 4), medication 
safety (median 3.75, IQR 3 to 4), and efficiency (median 4, IQR 3 to 4). Nurses also had a 
positive attitude towards CPOE ease of use (median 3.6, IQR 3 to 4), and its effect on 
workflow (median 3, IQR 3 to 3.6), medication safety (median 3, IQR 2.5 to 3.5), and 
efficiency (median 3.5, IQR 3 to 4). Users mainly indicated that the system needs: 
supplementary functionalities (e.g. alerts for allergies), improvement of current 
functionalities, integration with other hospital information systems and improvement of 
information presentation (e.g. a clear medication overview). Users did not use some current 
functionalities because of lack of awareness of the functionalities or having difficulty in 
using them.  

Conclusions: Users of this CPOE system, which was used for almost a decade, were 
satisfied with the system’s ease of use and its effect on efficiency, workflow and 
medication safety although the system showed many usability problems and lacked some 
functionalities. Frequency of use and familiarity with the system, using workarounds to 
circumvent the usability problems, and socio-technical factors may have increased the 
users’ satisfaction despite their awareness of the existing usability problems.  In this case 
study, therefore, there was no direct relation between the results of the earlier performed 
usability evaluation and user satisfaction as determined in the current study. 
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Introduction 

A computerized physician order entry (CPOE) system is a clinical application that allows a 
health care provider to electronically enter orders for patient care. The promise of this 
system is to support physicians in clinical decision making by alerting them about 
medication interactions, allergies and wrong dosing, and to improve the quality of patient 
care by reducing medication errors and adverse drug events1. Although it has been shown 
that CPOE can improve the medication ordering process and enhance patient outcomes1-5, 
the rate of CPOE implementation in advanced western countries has been less than 20%6. 
After more than three decades of CPOE introduction, clinician’s adoption of these systems 
has been slow and fitting these applications into routine workflow of clinicians is still a 
challenge7,8. Adoption of information technology is influenced by social and cultural 
factors8,9. Other barriers to the clinicians’ adoption of these systems are usability problems 
including human computer interaction issues causing users’ frustration, time delay in 
ordering, and workflow disruptions that lead to users’ dissatisfaction with the system8-11. 

To tackle these barriers, usability evaluation of CPOE aims to provide, from the 
perspective of human computer interaction, insight into the problems that hinder users 
during interaction and into their potential effects on the ordering process12-14. Studies have 
shown that the assessment of user feedback concerning the use of information systems 
provides insight into how to ensure proper system utilization15,16.  Most of the studies 
looking at the satisfaction of users concerning CPOE have been conducted at a single 
institution using a specific type of CPOE system. Therefore more systems in different 
settings need to be evaluated to be able to generalize the results in the light of the 
conclusions drawn by others.  Moreover, previous studies17-20 addressed either overall 
satisfaction or specific aspects of CPOE use (e.g. efficiency or ease of use). These studies 
also did not specifically evaluate the opinion of users about improvements or additional 
functionalities needed to enhance the usability and usefulness of the CPOE system. We 
surveyed the satisfaction of users of a working CPOE system concerning ease of use and 
the effect of CPOE on users’ workflow, efficiency, and medication safety. The studies 
evaluated usability of this system13,21 identified a number of usability problems of which 
around 35% were severe. As the use of this system is compulsory, we hypothesized that 
therefore satisfaction with this system would be low given the high number of usability 
problems. Usability consists of three different aspects: efficiency, effectiveness and user 
satisfaction. Frøkjær et al.22 recommend to measure efficiency, effectiveness as well as 
satisfaction. The relations between efficiency, effectiveness, and satisfaction are not well 
understood. They found only a weak correlation between measures of the three usability 
aspects. Generally, the correlations among these usability aspects depend in a complex way 
on the application domain, the user's experience, and the use context. According to 
Lindgaard23, people are sensitive to perceived usability problems but these have no impact 
on the visual appeal, and visual appeal weighs more heavily in user satisfaction than 
usability. It follows that people may be more satisfied with a beautiful product that 
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performs sub-optimally than with a more usable but less appealing product. For the case of 
websites Flavián et al.24 showed that the hypothesis that greater perceived website usability 
has a direct and positive influence on the degree of satisfaction of the user of that same 
website could not be rejected. 

Since we had already studied the efficiency and effectiveness of a CPOE system via 
usability evaluation we followed the advice of Frøkjær et al. to also study the satisfaction of 
the users with this system. We further sought users’ opinions regarding what needs to be 
improved in the CPOE system to increase user satisfaction. This can provide 
implications/opportunities for systems development, user training, and for effective 
(re)design of CPOE systems to fully support the ordering process. 

Methods 

Study setting and the system 

This study was conducted at the Academic Medical Center (AMC), a large 1002 bed 
university hospital in Amsterdam, the Netherlands. We studied a commercially available 
CPOE system for medication ordering with clinical decision support called Medicator® 
(iSOFT, Leiden, the Netherlands). The implementation of this system was started in 1997. 
In 1997 a character-based version of the program, named Medicatie®, was available. 
Medicator, a windows-based version of the program, was introduced in 2000. 
Implementation was done by a collaborating management team, project team and help desk. 
Apart from pharmacy and IT personnel, the head nurse and chief physician of each 
department were included to streamline the implementation process, to do the planning and 
to encourage support from physicians and nurses. Implementation of Medicator was 
completed in 2001 on a large scale across all clinical departments of the AMC except the 
units where the Patient Data Management Systems (PDMS) was used for ordering 
medications25. During the implementation of the character based version of the program, 
every new physician was trained individually for approximately one hour and nurses were 
trained in a group. After full implementation of the Windows version, physicians were 
trained in groups by an application manager or a pharmacist. Since 2006 e-learning has 
replaced the group training of physicians. New nurses are taught to work with the system 
by their colleagues. 

The system is used in 30 clinical departments of the AMC. Moreover, 15 other hospitals 
in the Netherlands also implemented the Medicator system. Medication ordering with this 
system concerns either single medication ordering or ordering via order sets supported by 
evidence-based protocols. The system has the capability to recognize drug overdoses, 
interactions, and double medications and to alert users in those cases. Alerts are presented 
to physicians in a small window shown on the main screen during the ordering process. 
Physicians see three buttons accompanying each alert in order to be able to; 1) ignore the 
alert and proceed with the order, 2) stop the previous medication and proceed with ordering 
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the new medication, or 3) cancel the new ordering process. A screen shot of the Medicator 
with an alert displayed on the screen is shown in Figure 1. 

In the AMC, the process of ordering medication is computerized, and the administrative 
process around dispensing and administering the medication is still paper-based. After the 
medication orders are entered into the computer labels are printed out, which nurses then 
stick onto the administration charts. No medication can be ordered by nurses unless there is 
a corresponding physician logged in. Nurses can look at the patients’ current medication 
overview via the hospital information system. Commonly used drugs are kept in the 
department’s medication stock supply, and prescribed items that are not in stock are 
ordered from the pharmacy department by the nurses. A more detailed description of 
Medicator was published by Kalmeijer et al.25. 

 

Figure 1. Screen shot of Medicator with an alert for double medication 

Questionnaires  

Two separate questionnaires were developed, one for the physicians and one for the nurses, 
who are the users of Medicator. These questionnaires were developed based on previous 
studies carried out by the authors, including a review of the literature26, usability 
evaluations of Medicator13,21 and field observations and interviews with users of this CPOE 
system. Ten items from a validated usability questionnaire27 were included in this survey (6 
items in the physicians’ and 4 in the nurses’ questionnaire).  
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The first part of the questionnaires asked participants about demographic characteristics. 
The questionnaires consisted of two types of questions. 1) Questions that could be 
answered on a five-point Likert scale with the options “strongly disagree” and “strongly 
agree” at the two extremes to collect data on the users’ satisfaction concerning Medicator’s 
ease of use and its effect on the clinicians’ workflow, efficiency and medication safety (13 
questions for physicians and 12 for nurses). Ease of use included questions concerning 
user-friendliness of the system, clear presentation of information, and the usability of the 
system alerts. Workflow concerned questions on timeliness and quality of the ordering 
process and work support. Efficiency concerned questions on speed of medication 
prescription and administration and the general efficiency of the ordering process. 
Medication safety included questions concerning safety aspects of the medications such as 
right medication in correct dosage and form and the general effect on medication safety. 2) 
Multiple choice questions with blank space for free text additions to collect qualitative data 
on issues concerning the use of the CPOE system and on the users’ opinion about what 
needs to be improved in the system (12 questions for physicians and 11 for nurses). 
Depending on the multiple choice question, participants could select either one or more 
answers. Not all the questions in both questionnaires were similar, as the physicians and 
nurses have different responsibilities in the ordering process. For example, physicians were 
asked about the support Medicator provides during the selection of medication and dosage, 
and nurses were asked about the clarity of medication order information on printouts of the 
system. Questions such as those concerning the effect of Medicator on patient safety were 
the same for physicians and nurses.  

Face validity of the questionnaires was assessed by an expert panel consisting of a 
pharmacist, and five medical informatics professionals of which two had a medical 
background. They reviewed the items in the questionnaire regarding content accuracy, 
comprehensiveness, and the scope of the study. Panel members agreed that the content of 
the questionnaires was consistent with the relevant literature and the study’s objectives. 
Both questionnaires then were tested with three physicians and three nurses and the 
questionnaires were revised according to their feedback.  

Participants  

The study population consisted of all physicians and nurses using the Medicator system in 
inpatient departments of AMC. Eligible participants in this survey were identified by the 
person responsible for allocating prescriptive or review authority for using the Medicator 
system. Two hundred seventeen physicians and 587 nurses were identified as being eligible 
for inclusion in the study.  

Data collection  

The first author sent e-mail invitations to all potential users through their institutional e-
mail accounts. The e-mail contained a brief description of the study, assurance of the 
anonymity of their responses and a link to the survey website. Reminder e-mails were sent 
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to the non-respondents after around 3 weeks. After submission of the questionnaire the 
responses to the questions were automatically collected in a database. Since we knew that a 
number of nurse users do not use their e-mails we delivered paper-based questionnaires and 
invitations to the head nurses of the clinical departments to be distributed among those 
nurses. To obtain more responses from the users we encouraged the head nurses to remind 
all users to fill out the questionnaires. The paper-based questionnaires were accompanied 
with plain envelopes for returning the questionnaires. In the paper invitation letter the 
nurses were additionally provided with contact information and the room address of the 
first author. They were given the choice to either deliver the questionnaire to the head nurse 
for later collection by the authors or to send it directly to the first author via the mailing 
system of the hospital. The nurses’ responses to the paper-based questionnaire were later 
entered manually into the database. 

Data analysis 

Statistical analyses were conducted using SPSS, version 16.0, (SPSS Inc, Chicago, IL, 
USA). Participants satisfaction with Medicator’s ease of use and its effect on users’ 
workflow, efficiency and medication safety was assessed by averaging the scores given by 
each participant to questions related to each category. Mann-Whitney U and Kruskal Wallis 
tests were used to compare the mean scores of users’ satisfaction with each category for 
different demographic characteristics of physicians and nurses with an alpha level of 0.05. 
A post hoc Bonferroni correction was carried out with the Kruskal Wallis test to adjust our 
alpha level. We used descriptive statistics including frequencies and percentages to analyze 
multiple choice questions and the comments provided by the participants. Content analysis 
was done on the answers to the question asking physicians and nurses about what needs to 
be improved in the system. The data was coded and clustered into five categories 
(improvement of information presentation, adding new functionalities, integration with 
other information systems, improvement of current functionalities, and others) based on 
bottom-up analysis of physicians’ and nurses statements. The items with a low frequency 
that could not be categorized were clustered into an “others” category. 

Results 

In total 217 physicians and 587 nurses were eligible to participate in this study. After one 
round of survey distribution and a reminder, 106 of the physicians’ and 327 of nurses’ 
questionnaires were returned (response rate 49% and 56 % respectively).  

Individual characteristics of the responding physicians and nurses are listed in Table 1. 
Physicians in the study were relatively young with 71% below 38 years of age. The 
majority of the responding physicians were residents, working in medical departments and 
having more than 3 years computer and Medicator experience.  
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Physicians were satisfied about 
Medicator’s ease of use with a median of 3.8 
(interquartile range [IQR] 3.3 to 4). The 
impact of the system on physicians’ 
workflow was also positively valued with a 
median of 3.7 (IQR 3.3. to 4). Physicians felt 
confident that the Medicator system 
improved medication safety with a median of 
3.75 (IQR 3 to 4). Impact of Medicator on 
efficiency was the most positively valued 
aspect of Medicator (median 4, IQR 3 to 4). 
The Kruskal Wallis and the Mann-Whitney 
U tests showed that there was no significant 
difference between the satisfaction of 
physicians based on their demographic 
characteristics (gender, age category, 
function, specialty, computer experience, 
Medicator experience, and weekly use of 
system) regarding Medicator in general and 
Medicator’s ease of use and its effect on 
efficiency, workflow and medication safety  
(p>0.05).  

The majority of the responding nurses 
were female, worked in medical departments 
and had more than 3 years of computer and 
Medicator experience (Table 1). Nurses 
agreed that Medicator is easy to use in their 
daily work with a median of 3.6 (IQR 3 to 4). 
Nurses scored the effect of Medicator on 
their workflow with a median of 3.3 (IQR 3 
to 3.6). The effect of Medicator on the 
efficiency was valued by the nurses with a 
median of 3.5 (IQR 3 to 4). Nurses rated the 
effect of Medicator on medication safety 
with a median of 3 (IQR 2.5 to 3.5).  

Most of the demographic characteristics of the nurses (gender, function, specialty, 
Medicator experience, and weekly use of system) did not significantly influence their 
satisfaction with Medicator’s ease of use and its effect on workflow, efficiency and 
medication safety. However there were significant differences in satisfaction among age 
groups and groups with different computer experience. Nurses in the older age group were 
more satisfied with Medicator’s ease of use and its effect on their workflow and their 

Table 1. Demographic characteristics of the 
responding physicians and nurses 

Frequency (%)* 
Characteristic 

Physicians 
(n=106) 

Nurses 
(n=327) 

Gender   
 Male 54 (51) 53 (16) 
 Female 52 (49) 274 (84) 
Age category   
  20–30 23 (23) 86 (27) 
 31–40 52 (51)  71 (22) 
  > 40 26 (26)  165 (51) 
 Missing 5 5 
Function    
 Attending 36 (34) - 
 Resident 70 (66) - 
 Head nurse - 5 (2) 
  Senior nurse - 53 (16)  
 Nurse - 269 (82)  
Specialty   
 Medical 95 (90) 239 (77) 
 Surgical 11 (10) 72 (23) 
 Missing 0 16 
Computer experience   
 < 3 years 7 (7) 37 (12) 
 > 3 years 99 (93) 282 (88) 
 Missing 0 8 
Medicator experience   
 < 1year 16 (15) 65 (21) 
 1-3 years 39 (37)  66 (22) 
 > 3 years 51 (48) 174 (57) 
 Missing 0 22 
Weekly use of the 
system  (h)  

  

 < 1  39 (37) 204 (67) 
 1-2  26 (24) 47 (15) 
 2-4  19 (18)  34 (11) 
 > 4 22 (21) 22 (7) 
 Missing 0 20 

* Missing values were not included. 
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efficiency than their younger colleagues. Nurses with less computer experience were more 
positive about the effect of Medicator on their workflow than nurses with more computer 
experience (Table 2).   

Table 2. Breakdown of the satisfaction of nurses about Medicator according to age category and computer 
experience 

Category Ease of use 
Median (IQR†) 

Workflow 
Median (IQR) 

Efficiency 
Median (IQR) 

Medication safety 
Median (IQR) 

Age category     

 20–40 3.5 (3 to 3.8)* 3 (2.7 to 3.7)* 3.5 (3 to 4)* ± 3 (2.5 to 3.5) 

 > 40 3.75 (3 to 4)* 3.3 (3 to 4)* 3.5 (3 to 4)* ± 3 (2.5 to 4) 

Computer experience     

 < 3 years 3.6 (3.2 to 4) 3.3 (3 to 4)* 4 (3 to 4) 3.5 (3 to 3.5) 

 > 3 years 3.6 (3 to 4) 3 (2.8 to 3.7)* 3.5 (3 to 4) 3 (2.5 to 3.5) 
†  Interquartile range 
* Difference significant at p <0.05 
± Although the Median (IQR) is similar in both groups the difference is significant because of the difference in the distribution of 
the data between other percentiles e.g. 10th and 90th percentiles (20-40 yr [2 to 4] and > 40yr [3 to 5]) 

Multiple choice questions were asked to collect qualitative information about the use of 
specific functionalities of the system and the effect of the system on the ordering process. 
Tables 3 and 4 present the physicians’ and nurses’ responses to these questions. Due to 
differences in responsibilities and functions in the ordering process between physicians and 
nurses the questions (except three) were different. The first similar question was about 
situations concerning the use of Medicator that may cause errors. Fifty four percent of the 
responding physicians (47 out of 106) and 40% of the responding nurses (130 out of 327) 
mentioned such a situation. According to the physicians these errors mostly happen during 
the selection of dosage (18%), administration time (10%) and medication name (7%). 
According to the nurses the most frequent error-prone situations were the selection of 
dosage (20%), connection with printers (9%) and selection of administration time (8%). 
The second similar question was whether there were situations that prescription was 
delegated to the nurses. About six percent (6 out of 95) of the responding physicians and 
two percent (6 out of 266) of the responding nurses mentioned such a situation (e.g. when 
the physician trusts the nurse). The third similar question addressed the possibility of 
medication administration before the physicians order the medications. The rate of positive 
responses to this question was 92% (92 out of 100) and 89% (279 out of 313) respectively 
for the responding physicians and the nurses.  

Seventy-seven percent (75 out of 97) of the responding physicians mentioned that 
Medicator facilitates coordination of medication activities with at least one of the colleague 
groups (nurses, pharmacists or other physicians). There were functionalities in Medicator 
that physicians were not aware of or had difficulties in using them. Seventy-one percent of 
physicians were not familiar with the functionality with which a distinction can be made 
between home medications (medications that have been used by patients at home) and 
hospital medications and 31% of the physicians did not know how to print an overview of 
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the current medication of a patient. Sixty-two percent of the physicians indicated that they 
found it difficult to make discharge reports using Medicator. The most favored reason for 
regular use of order sets was convenience of use (indicated by 20% of the responding 
physicians). Physicians mostly mentioned the low number of order sets (27%) and 
difficulty to find them (25%) as reasons for not using order sets (see Table 3).   

Table 3. Physicians’ awareness of Medicator functionalities and of the effect of the system on the ordering process 

Question Responses  N Percentage 

Effect on errors 
No  41 38.7 
Yes, selection of dosage 19 17.9 
Yes, selection of time  11 10.4 
Yes, selection of route of administration 6 5.7 
Yes, Medication selection 8 7.5 
Yes, interactions 5 4.7 
Yes, connection with printers 3 2.8 
Yes, other Medicator related  situations 9 8.5 
I don’t know 18 17 

1) Is there any situation 
concerning the use of 
Medicator that can cause 
errors? (n=106)* 

Total 120  
Effect on user activities 

Yes, with nurses 61 62.9 
Yes, with other physicians 55 56.7 
Yes, with pharmacists 58 59.8 
No, no effect on cooperation 12 12.4 
No, it causes problems with colleagues 10 10.3 

1) Does Medicator facilitate the 
coordination of ordering 
activities with other colleagues? 
(n=97)* 

Total 196  
Yes, it gives sufficient information about the 
prescriptions in the previous shifts  38 38.8 

More or less, sometimes I have to take the 
necessary information from other sources (e.g. 
the medical record) 

47 48 

No, no clear information 7 7.1 
We don’t use Medicator for shift changes 6 6.1 

2) Does Medicator support 
exchange of medication 
information during shift 
changes? (n=98) † 

Total 98  
Yes, if I have no direct access to Medicator  2 2.1 
Yes, if I trust that person 5 5.3 
No, never 89 93.7 

3) Do you delegate the 
prescription to a nurse, a nurse 
specialist or an assistant? 
(n=95)* 

Total 96  
Yes, if I am busy with other patients 31 31 
Yes, if I have no direct access to Medicator  49 49 
Yes, if I trust that nurse 17 17 
Yes, in emergency situations 64 64 
Yes, for harmless medications  9 9 
No, never 8 8 

4) Do you ever ask a nurse to 
give a medication before 
ordering it in Medicator? 
(n=100)* 

Total 178  
Use of system functionalities 

Yes  10 10.9 
No, the secretary, who writes the discharge 
reports, has no access to Medicator.  8 8.7 

No, the information cannot easily be recorded on 
the discharge report.  57 62 

1) Is Medicator suitable for 
making discharge reports? 
(n=92) † 

Not applicable 17 18.5 

Continued  



User’s satisfaction with CPOE 

77 

Question Responses  N Percentage 

Total 92  
Yes, because it is convenient 21 20.2 
Yes, because otherwise the order will not be 
delivered (e.g. cytostatics). 4 3.8 

Yes, because it contributes to medication safety 6 5.8 
No, because this option is difficult to find 26 25 
No, because they are few 28 26.9 
No, because I have to adjust them 19 18.3 
No, because it takes a lot of time 5 4.8 
No, because I do not need them 22 21.2 
No, because there is no good order set 3 2.9 

2) Do you use order sets 
regularly? (n=104)* 

Total 134  
Yes 29 29 
No, I am not familiar with the functionality 71 71 

3) Do you use Medicator to 
distinguish home from hospital 
medication±? (n=100) † 

Total 100  
Yes, this replaces the list of medications in the 
discharge report.  10 10.1 

Yes, this is convenient for the patient 24 24.2 
No, I do not know how to make it 31 31.3 
No,  it takes a lot of time 9 9.1 
Not applicable  25 25.3 

4) Do you print a patient’s 
current Medication Overview 
during the discharge of the 
patient? (n=99) † 

Total 99  
* More than one answer was allowed  
† One answer was allowed 
± Home medications: medications that have been used by patients at home 

Medicator provides functionalities such as printing out labels (mentioned by 95% of 
responding nurses) that indicate to the nurses that a new order, or a change or 
discontinuation of previous orders had occurred.  Nurses also mentioned that they use these 
print out labels to coordinate ordering activities with physicians (64%) and other nurses 
(66%). However, nurses stated that they still use other means (e.g. verbal communication 
and phone) to coordinate medication ordering activities. Verbal communication was mostly 
mentioned (by more than 76% of responding nurses) as a way to coordinate these activates 
(see Table 4). 
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Table 4. Nurses’ awareness of Medicator functionalities and of the effect of the system on the ordering process  

Question* Responses N Percentage 

Effect on errors 
No 64 19.6 
Yes, selection of dosage 65 19.9 
Yes, selection of time 25 7.6 
Yes, selection of the route of administration 7 2.1 
Yes, Medication selection 5 1.5 
Yes, interactions 13 4 
Yes, connection with printers 30 9.2 
Yes, other Medicator related  situations  22 6.7 
I don’t know 133 40.7 

1) Is there any situation 
concerning the use of 
Medicator that can cause 
errors? (n=327) 
 

Total 364  
Effect on user activities 

Yes, when the physician is busy with other patients 2 0.8 
Yes, when the physician has no access to Medicator  1 0.4 
Yes, when the physician trusts me 3 1.1 
Yes, in emergency situations  4 1.5 
No, never 260 97.7 

1) Do you ever enter a 
patient’s medications 
instead of physicians into 
Medicator? (n=266) 

Total 270  
Yes, When the physician is busy with other patients 105 33.5 
Yes, When the physician has no access to Medicator  87 27.8 
Yes, When the physician trusts me 41 13.1 
Yes, In emergency situations  159 50.8 
Yes, If I get a verbal or written order  107 34.2 
No, Never 34 10.9 

2) Do you ever administer 
a medication before a 
physician prescribes that 
medication in Medicator? 
(n=313) 

Total 533  
By printout  labels of Medicator 279 94.6 
When the order is removed from Medicator 15 5.1 
Through information by a physician 217 73.6 
By asking the physician 121 41.0 
By a notification in the nursing record 141 47.8 
By a notification in the medical record 21 7.1 

3) How do you become 
aware of a new order or a 
change or discontinuation 
of previous medications? 
(n=295) 

Total 794  
Verbally 246 83.4 
By  phone 177 60 
By printout  labels of Medicator 190 64.4 
By nursing record 135 45.8 
By medical record 17 5.8 
Not applicable 5 1.7 
Others 5 1.7 

4) How do you coordinate 
medication ordering 
activities with physicians? 
(n=295) 

Total 775  
Verbally 223 76.4 
By  phone 15 5.1 
By printout  labels of Medicator 194 66.4 
By nursing record 206 70.5 
Not applicable 1 0.3 
Others 10 3.4 

5) How do you coordinate 
medication ordering 
activities with other 
nurses? (n=292) 

Total 649  

* More than one answer was allowed for all questions 
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Figure 2 and 3 present the frequency and percentage of physicians’ and nurses’ 
responses to items that need to be improved according to them. With respect to the category 
“improvement in information presentation” physicians indicated that the contents of the 
medication stock of the clinical department and of the pharmacy should be presented on 
one screen (30%), a patient’s medication overview should be presented more clearly on the 
screen (27%) and on printouts (30%) and the contents of the medication stock should be 
presented on the main ordering screen (12%). Concerning the category “adding new 
functionalities”, physicians mostly mentioned the possibility to add medications in the 
discharge report (18%) and addition of alerts for patient allergies (16%). In this category 
physicians also asked for the possibility of creating individual standard order sets (13%); of 
ordering via wireless networks (10%); and of receiving alerts about incorrect orders (12%), 
and contraindications (8%); and alerts based on the results of a patient’s laboratory test 
results (9%); and other functionalities (14%).  Concerning the category “integration with 
other information systems in the hospital” physicians demanded integration with the 
‘Farmaco Therapeutisch Kompas’ (a kind of physician’s desktop medication information 
reference in Dutch) (54%), with the Patient Data Management System (18%) and a better 
integration with the AMC care desktop (a client-platform for viewing all hospital 
applications) (28%). The mostly requested item regarding the category “improvement of 
current functionalities” was ‘improvement of order sets’ (56%). The other items asked for 
in this category were ‘a simpler prescription method for outpatients’ (24%) and ‘the 
possibility to turn off medication alerts’ (20%) (see Figure 2).  

 Concerning the category “improvement in information presentation” the nurses wanted 
an improvement of the presentation of a patient’s medication overview on the screen (43%) 
and on printouts (57%). Concerning the category “adding new functionalities” nurses asked 
for automatic delivery of newly ordered medication (from the pharmacy to the clinical 
department) (16%) and addition of alerts concerning patient allergies (16%). The remaining 
items suggested by the nurses in this category were ‘the possibility to see the list of 
medications that patient used at home ‘(16%), ‘ordering via wireless networks’ (14%), ‘the 
possibility to print the patient’s medication overview on discharge reports’ (11%), ‘adding 
an electronic kardex’ (10%) and other new functionalities (17%). Integration with the 
Patient Data Management System and improvement of the current functionality to request 
medications that are not available in the clinical department stock were the only items 
selected by the nurses concerning the categories “integration with other information 
systems” and “improvement of current functionalities” respectively (see Figure 3).   
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Figure 2. Physicians’ needs for improvement in Medicator (respondents could select or mention more than one 
option in each category) 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3. Nurses’ needs for improvement in Medicator (respondents could select or mention more than one option 
in each category) 
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Discussion 

Principle findings 

The results of this study showed that the physicians had a favorable impression of 
Medicator’s ease of use and its effect on their workflow, efficiency and on medication 
safety. The nurses were relatively positive about Medicator’s ease of use and its effect on 
workflow and efficiency. They were least positive (relatively) about the effect of Medicator 
on medication safety. Older nurses were more positive about Medicator’s ease of use and 
about its effect on nurses’ workflow and efficiency than younger nurses. The nurses with 
less computer experience were more positive about the effect of Medicator on their 
workflow than nurses with more experience. Other demographic characteristics appeared to 
have no impact on the nurses’ satisfaction. Our hypothesis that user satisfaction would be 
low, given the severe usability problems discovered in the CPOE system, could not be 
accepted. Our results agree however with the results of Frøkjær et al.22 showing that the 
three aspects of usability are relatively independent and correlations between them may be 
small and depend on a number of factors. Both physicians and nurses in this study 
recommended the addition of new functionalities to Medicator such as ordering via a 
wireless network and alerting for patient allergies.   

Satisfaction with the CPOE system  

Ease of use and effect on efficiency  

In the literature there are contrasting opinions about CPOE ease of use and the effect of the 
CPOE system on efficiency. Consistent with the results of previous studies17,19,20,28 our 
results show that users find that the CPOE system is easy to use and improves efficiency.  
However, another recent study by Rahimi et al.18 concluded that most physicians and nurses 
disagreed that a CPOE system is more efficient and easier to use than a paper-based system. 
The system surveyed by Rahimi et al.18 did not provide decision support functionalities as 
was the case with our system and the systems used in the earlier mentioned studies. Of 
course order entry systems are not all equally usable and their efficiency can be impacted 
by their ease of use29. Users in our study were positive about the CPOE’s ease of use 
although the results of usability evaluations of the same system13,21 identified a number of 
usability problems of various severity levels. Also the usability studies showed that 
usability problems impaired efficiency and have the potential to cause medication errors.  
Apparently, CPOE users may perceive a system as easy to use, efficient and satisfactory 
although it may still suffer from usability problems identified by experts through 
exploration and/or analyses of the results from user tests. Although Medicator users in this 
study were satisfied with its ease of use, and its effect on efficiency and on medication 
safety, the respondents mentioned a number of previously identified usability problems. 
Users indicated that the presentation of information on the screen needs to be improved. 
Consistent with this finding, usability evaluations of this system identified six usability 
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problems related to faulty presentation of medication information of which two were 
severe13,21. For example, a problem was that the system does not present the number of days 
of the medication duration but only the start and stop dates. 

Effect on medication safety  

According to a systematic review by van Rosse5 many studies have shown a significant 
decrease in medication prescription errors with the use of CPOE. According to Lindenauer 
et al.17 the majority of physicians believe that CPOE ordering leads to fewer medication 
errors. Our results confirm the findings of Lindenauer et al.17. This does not, however, 
mean that CPOE ordering is totally errorless. Around half of the participants in our study 
mentioned that there are still situations that might cause errors. In accordance with the 
results of an analysis of a voluntary medication error-reporting database30, our results show 
that the most common source of error associated with CPOE  is selection of medication 
dosage. In the usability evaluation of our CPOE we found that due to a suboptimal 
presentation of the buttons to be used for the calculation of medication dosage physicians 
may not notice these buttons. Thus physicians would resort to a manual calculation of the 
dosage, which may lead to medication dosage errors. The next sources of ordering errors 
reported by physicians and nurses are wrong selections of administration time and route of 
administration. These problems were also acknowledged as severe problems by the experts 
involved in the usability evaluations of the system.   

Effect on workflow 

In contrast with the findings of Lindenauer et al.17, our findings revealed a high satisfaction 
of physicians and nurses concerning the effect of Medicator on their workflow. However, 
our study showed that 10% of the physicians indicated that Medicator caused problems in 
the coordination of ordering activities with other clinicians. For example, nurses and 
pharmacists can become irritated due to misunderstanding of a physician’s remarks, or 
physicians need to reenter orders when patients are moved to another department. This type 
of problems was also identified by the usability evaluation21, for example, users could not 
enter their motivation of ordering a specific medication in the required field. This led to 
time consuming calls of the pharmacists and nurses to the physician to clarify the order. 
However, more than 57% of the physicians emphasized that Medicator facilitates the 
coordination of activities with nurses, pharmacists and other physicians. The results showed 
that although the ordering of a new medication or changes in or discontinuation of previous 
medications is communicated through the CPOE system to the nurses, this does not yet 
suffice in meeting communication needs of users in all situations. Dykstra31 showed that 
CPOE introduction changes communication patterns between physicians and nurses, and 
may create an illusion of communication, meaning that clinicians think that just because the 
information is in the computer, the right person will see it and act on it appropriately 
.Nurses in particular should stay aware of new medications ordered by physicians through 
use of CPOE. Our physicians yet indicated that they sometimes use other means of 
communication (e.g. phone) to contact nurses about initiating or changing an order, or to 
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make sure that the nurses received the order correctly; and nurses contact physicians to ask 
for explanation about a new order or to request a reprint of the order, which failed to be 
printed the first time. 

It was surprising that older nurses were more positive about the ease of use of 
Medicator, its effect on workflow and their efficiency than younger nurses and also less 
computer experienced nurses were more positive about the effect of Medicator on their 
workflow. In general, older people tend to have less knowledge of and experience with 
technology and may experience more difficulty in using technology than younger 
people32,33. Computer-based work takes longer for older people and they make more 
errors34-36. Since in the AMC the Medicator system has been in use for around 10 years 
now, older nurses were as familiar with its functionalities and use as the younger nurses. 
Practice by older people can result in performance improvements in the use of computer 
technology37,38 and has a positive effect on older people’s attitudes towards technology39. 
Moreover, since interactive and multi-functional electronic devices are increasingly used by 
younger people and becoming a part of their daily life, younger nurses may have higher 
expectations of the ease of use of computer technology (Medicator in this study) and the 
effect of this technology on their efficiency and workflow. Likewise more computer 
experienced nurses may have a higher expectation of the effect of the system on their 
workflow.  

Insights for improvement of CPOE  

While the respondents were positive about Medicator’s ease of use and its effect on users’ 
workflow, efficiency, and medication safety, their responses to other items made it clear 
that there is a difference between what physicians and nurses would like and what the 
current ordering system provides. For instance, only 39% of the physicians indicated that 
the system provides sufficient information about the prescriptions to be shared with 
colleagues during shift changes. The respondents’ need for other means of communication 
to exchange the information regarding the orders is another example. 

The respondents made several suggestions that are worth noting. First, improvement of 
departmental order sets and the provision of individual standard order sets were requested 
by a large number of the physicians. Physicians mentioned a low use of current order sets 
because these order sets are difficult to find, need adjustments and are few in number. In 
the study by Rosenbloom19 the tools most favored by the users were individual order sets. 
Another study showed that around 70% of the users stated that order sets were important 
for an efficient use of the system17. Our previous usability study showed that ordering with 
order sets is more efficient than ordering single medications21. A concern in using 
information systems is the amount of effort needed to carry out a task. As we already 
showed in a previous study, order sets required less effort from the users to complete an 
ordering task. Therefore, attention should be paid to the implementation of order sets to 
increase physicians’ efficiency. Second, respondents indicated a need for additional alerts 
concerning allergies, contraindications, incorrect orders and the results of a patient’s 
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laboratory tests besides the currently available alerts (drug-drug interaction, overdose and 
duplicate medication). This was in accordance with the results of the usability evaluation, 
e.g. lack of an alert when the dosage was not in accordance with a patient’s age, was 
mentioned by the participants in the usability testing21.  Adding the functionalities most 
relevant to the different user groups will lead to a higher user satisfaction. Likewise, the 
quality of medication prescribing may be improved by adding such functionalities. 
However, it will require substantial effort to develop and maintain functionalities that are 
useful to the users. Also, the majority of the already available alerts are overridden by users 
and therefore do not effect the final prescribing decision40. Therefore, caution should be 
taken when deciding about additional CPOE functionalities. In the case of alerts, for 
example, the developers should study measures that will prevent alert fatigue. The results of 
our systematic review26 showed that consideration of factors like timeliness, consistency of 
location on screen, briefness, specificity and informativeness in the provision of evidence 
could contribute to the acceptance of alerts. Third, both physicians and nurses requested 
ordering via a wireless network. It was shown by Beuscart et al.41 that when using CPOE, 
physicians and nurses miss the synchronous dialogue during rounds that plays an essential 
part in the coordination of actions throughout the medication ordering and administration 
process. Using a wireless network facilitates communication between nurses and physicians 
during rounds and results in better coordination of ordering activities.  

The results of this study also showed that not all of the respondents were aware of all 
available system functionalities and some had difficulties in locating system functionalities. 
This confirms our usability results that poor visibility of screen buttons hinders users from 
noticing and using system functionalities13,21. Clear presentation of information (e.g. of a 
patient’s medication overview) and presentation of related information (e.g. the contents of 
the department’s and the central pharmacy’s stock) on the same screen would increase the 
usability of the system. Participants in the usability testing21 were confused when the 
system warned that an ordered medication was not available in the stock of the clinical 
department. Users had to look in the pharmacy stock to finalize the order.  

This study provided insight into what users wanted to be improved or added to the 
CPOE system. Further research into the reasons for asking these requirements could be 
useful for system development. We conclude that users can be satisfied with a system 
although usability problems are present and are acknowledged by the users in the survey. 
This satisfaction can be explained as follows. Lindgaard23 indicated that people may be 
more satisfied with a beautiful product that performs sub-optimally than with a more usable 
but less appealing product. Perhaps a system that has been in use for ten years and has had 
several updates is considered as such a beautiful product by its users who on the other end 
also suggest points for improvement of the system. Usability studies21,42 show that 
physicians use workarounds to perform ordering tasks when they experience a usability 
problem. They may feel convenient to work with the system as they get accustomed to 
workarounds. Moreover, it has been previously shown that initial training and frequency of 
use result in familiarity with the system and can increase satisfaction with the system43. As 



User’s satisfaction with CPOE 

85 

this system is used for around 10 years and physicians and nurses have to use the system, 
they used the system frequently and became familiar with the system, increasing their 
satisfaction. Socio-technical factors also can contribute to the satisfaction, for example 
because of the organizational culture people may have a tendency to appreciate the systems 
used in the organization. 

Strengths and weaknesses  

Other studies17-20,28,29,43 questioned their respondents about their satisfaction with CPOE 
systems and compared satisfaction with different systems or among different types of users. 
The satisfaction measure in this type of studies fails to point to particular user interface 
issues that could help the designer understand how to improve the design23. In the present 
study, in addition to the evaluation of the users’ satisfaction concerning different aspects of 
Medicator (ease of use and effect on efficiency, workflow, and medication safety), we 
collected data on the users’ satisfaction of the current functionalities of the system and 
about the functionalities that users felt needed to be  improved or implemented in the 
system. Providing the requested improvements to the users can contribute to higher 
satisfaction with and better acceptance of the system. Moreover, we linked the results of 
this study to the findings of usability studies of the same system13,21 to show that the users 
realized that the system had usability problems and discussed the potential reasons why the 
users were nonetheless satisfied with the system.  

Unlike other studies, we did not compare the satisfaction of the physicians and nurses. 
Physicians and nurses constitute two very different types of users that interact with the 
system differently. As a consequence, their satisfaction about different aspects of Medicator 
may depend on the way they use the system.  

This study has certain limitations. First, we did not formally validate the questionnaires. 
However, the questionnaires were designed based on results from previous studies carried 
out by the authors concerning CPOE designs (impacting usability, workflow and 
medication orders)26 and usability of a CPOE system13,21, and based on field observations 
and interviews with Medicator users. Also items were included from a validated 
questionnaire by Lewis et al.27. The face validity of the questionnaires was determined in 
consensus meetings of six professionals having different backgrounds and finally a sample 
of six users answered the questionnaires and commented on their content. Therefore, we 
believe that these questionnaires were adequate to evaluate the satisfaction of users 
concerning Medicator and to determine the areas that needed improvement. Second, similar 
to other surveys conducted in comparable settings this study investigated one CPOE system 
at one academic medical center.  It is possible that the users’ satisfaction with other systems 
at other locations may differ from those reported here. However, this study adds to body of 
knowledge about users’ satisfaction and CPOE requirements. Third, the relatively low 
response rates (49% for physicians and 56% for nurses) in this study might have introduced 
selection bias. We have no data from the non-respondents to assess the direction or amount 
of the potential selection bias. 
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Conclusions 

This study revealed that in general users of the Medicator system were satisfied with the 
various aspects of this application (ease of use, effect on efficiency, workflow and 
medication safety). Yet, there are a number of flaws in the system and areas that need 
improvement. Satisfaction with a system having usability flaws may be caused by factors 
such as familiarity with the system and knowing how to work around the problems and also 
because of socio-technical factors. This study provides another example, in addition to the 
work of Frøkjær et al.22 that greater perceived system usability does not need to have a 
direct and positive influence on the degree of satisfaction of the user. Although some CPOE 
functionalities (e.g. order sets) are provided to facilitate and accelerate the ordering process, 
the users mentioned lack of awareness of or difficulties with using current system 
functionalities, which can prohibit the use of these functionalities. To overcome these 
problems the users’ awareness concerning current functionality of the system should be 
increased by providing clues and icons, a better presentation and alignment of items on the 
screen; and by providing extensive training and educational materials. Based on the results 
of this study we conclude that although satisfaction is a predictor of system acceptance and 
use, a system that has a high user satisfaction might still need improvement on its 
functionalities.  
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Abstract 

Objectives: To assess the effectiveness of two usability evaluation methods, cognitive 
walkthrough (CW) and think aloud (TA) for identifying usability problems using a 
computerized physician order entry (CPOE) system and to compare the performance of CW 
and TA in identifying different types of usability problems. 

Methods: A CW was performed by two usability evaluators and 10 physicians were 
recruited to perform a TA usability testing of a CPOE system (Medicator). The severity of 
identified usability problems was determined and the usability problems were categorized 
based on the User Action Framework (UAF).  

Results: Fifty seven unique usability problems of different severities, spread over the four 
phases of interaction as defined by the UAF, were identified in this study. The effectiveness 
of the TA method in identifying usability problems was slightly higher than that of the CW 
(0.70 vs. 0.62). The thoroughness (the extent to which a method can identify existing 
usability problems) of the TA was higher for the “Planning” and “Assessment” phases and 
lower for the “Translation” phase (as defined by UAF). The number of usability problems 
identified by each of the methods was significantly less than the total number of detected 
real usability problems in Medicator (P<0.001). The observed differences between the 
number of real usability problems identified by CW and TA (38 vs. 41) and the difference 
between the average severity of the detected problems by CW and TA (2.37 vs. 2.41) were 
not statistically significant (p>0.4). In certain situations some specific problems were 
hardly detectable by one of the methods. For example qualitative analysis of the detected 
usability problems showed that TA did not identify certain problems because the physicians 
had previous experience with the same or a similar system and CW did not identify certain 
problems that were related to domain knowledge of users.  

Conclusions:  This study shows that although TA showed a slightly better effectiveness, 
there is no significant difference between the performance of the CW and the TA methods 
in terms of number of usability problems identified and the mean severity of these 
problems. Dependent on the user’ characteristics and context of use some problems may 
not be detectable by either CW or TA. 
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Introduction 

Computerized clinical applications have the potential to improve patient safety and to 
support clinicians in making clinical decisions1 but the lack of adoption of these systems 
has become a key issue in healthcare2,3. Studies have shown that usability problems are 
among the factors negatively affecting the adoption2,4 and effectiveness5-7 of clinical 
applications. Usability problems of these systems can result in suboptimal user-system 
interactions, which in turn lead to user frustration, inefficiency and have the potential to 
negatively influence patient outcomes8,9.  

An important requirement in effective user interface design is to minimize the cognitive 
demands that a system imposes on the user when interacting with the system10. Thus, by 
revealing interface design characteristics that hinder users in different phases of interaction 
the system’s usability can be improved. To identify these user-interface problems several 
usability evaluation methods (UEM) from the field of Usability engineering and Cognitive 
Psychology have been applied for evaluating interactive healthcare applications, 
individually or in combination with other UEMs. The selection of a specific method seems 
to depend on the difficulty to carry it out and the amount of resources available. However, 
when considering a specific UEM, one also should take into account its effectiveness to 
reveal user interface problems. The effectiveness of UEMs has been researched in other 
domains than healthcare.  Studies that compared the application of several UEMs focused 
mostly on their cost-effectiveness11. Most studies counted the crude number of detected 
usability problems as a measure of UEMs’ effectiveness without determining the 
thoroughness of the method (the extent to which a method can identify existing real 
usability problems) and which usability problems were detected by all the methods 
considered12. The number of identified problems for assessing the effectiveness of a method 
is meaningful when it is compared to the total number of existing problems (thoroughness). 
The appropriateness of UEM comparisons in terms of the number of revealed usability 
problems is dependent on the evaluator’s behavior and precise analysis and classification of 
usability problems. To accurately compare UEMs output a formal approach of analyzing 
and classifying usability problems that focuses on user interaction seems essential.  

The User Action Framework (UAF)13 is a structured knowledge base for the 
classification of usability concepts, issues and situations. UAF was built by adapting and 
extending Norman's theory of action model14 into what is called the Interaction Cycle. The 
Interaction Cycle includes the concepts from all of Norman's stages of human-computer 
interaction, but organizes them pragmatically in a slightly different way. Like Norman's 
model, the Interaction Cycle depicts how the interaction between a user and machine takes 
place in terms of cognitive and physical user actions. UAF focuses on the different phases 
of user-system interaction and provides a consistent way to code usability problems. 
Classification of usability problems using UAF makes it possible to compare the 
effectiveness of the UEMs for identifying usability problems related to different phases of 
interaction.  
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The cognitive walkthrough (CW) (a usability inspection method) and think aloud (TA) 
(a user-testing method) methods are among the UEMs most often applied. Previous studies 
compared specific types of user-testing methods with CW15,16 but those methods differed 
extensively from the TA method as defined by Ericsson & Simon17. From the eighteen 
studies that compared UEMs identified by Hartson18, only one study19 compared CW with 
TA. This study which evaluated the usability of a website merely focused on the severity of 
problems identified by each method.  Also, studies focusing on the difference in 
effectiveness of these two methods in the domain of healthcare information systems are 
lacking. In this study CW and TA were applied to evaluate the usability of a (CPOE) 
system with the ultimate aim to assess the potential of each method (CW and TA) for 
identifying certain types of usability problems.  

Background  

A variety of analytic and empirical evaluation methods can be used to assess an interactive 
computer application on its usability, among which CW, an analytic method, and TA, an 
empirical method. Analytic methods are based on examination of the design characteristics 
of a prototype, or final system. Empirical methods are based on observation of performance 
of the system in use20. Both CW and TA focus on users’ tasks and have the goal of  
identifying usability flaws in an interactive computer system but differ in their approaches 
and resources required. 

Cognitive walkthrough 

 CW is a usability inspection method which evaluates the ease with which a typical new 
system user can successfully perform a task using a given interface design21. It is especially 
appropriate for the development of applications where users must (or prefer to) master a 
new application or function by learning through exploration. The CW methodology is based 
on a theory of learning by exploration proposed by Polson and Lewis22. The input to a 
cognitive walkthrough session includes a detailed design description of the user interface, a 
task scenario, explicit assumptions about the user population and the context of use, and a 
sequence of actions with which a user could successfully complete the task using the 
(prototype) system under evaluation.  During the walkthrough process, the reviewers step 
through the actions, considering the behavior of the interface and its effect on the user, and 
attempt to identify those actions that would be difficult for the average member of the 
proposed user population to choose or to execute.  

The CW method consists of three basic phases: a preparation phase, an evaluation 
phase, and a result interpretation phase21. The preparation phase is used to gather and 
record basic system information prior to the evaluation phase. For example, the suite of 
tasks to be evaluated is identified and profile information concerning the typical user 
population is noted. In the evaluation phase, an evaluator inspects the user interface by a 
stepwise approach, using knowledge about how a hypothetical user would process certain 
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tasks while navigating through the system.  And finally, in the interpretation phase all 
information gathered and recorded from the CW process is interpreted.  

Think aloud 

This method is used in a number of social sciences such as cognitive psychology to gather 
data on the way humans solve problems but also in usability testing of interactive computer 
system designs. In the case of usability research, the primary concern is to support the 
development of usable systems by identifying design deficiencies23.The think aloud method 
was introduced in the usability field by Lewis24 and was further refined by Ericsson & 
Simon17. Think aloud protocols involve participants thinking aloud as they are performing a 
set of specified tasks. Think aloud sessions can be held in the user’s contexts of work or in 
simulation environments similar to the real working environment of the users. Equipment 
for video and audio recording of users, a prototype or final system, and a task scenario are 
required as input for a TA.  

TA consists of three phases: a preparation phase, the actual users’ test, and the analysis 
phase. In the preparation phase participants are instructed how to think aloud. In the test 
sessions a representative sample of approximately 5-8 end users are asked to interact with 
the (prototype) system according to a predefined set of scenarios while verbalizing 
whatever thoughts come to their minds when performing the tasks in the system. During 
thinking aloud, interruption by evaluators is usually limited to reminding them to keep 
talking when a short period of silence (15-60 seconds depending on the goal) occurs. Video 
and audio data of the users and the screen shots of the system under use are recorded in this 
phase. In the analysis phase the data collected during the users’ testing sessions are 
reviewed and analyzed by the usability evaluators to find the usability problems that 
participants experienced while interacting with the system. 

We used these two methods to evaluate the usability of a CPOE (a medication ordering 
system) and studied the performance of each method in identifying different types of 
usability problems concerning each of the phases in the interaction.  

Methods  

Study setting and the system 

This study was conducted at the Academic Medical Center (AMC), a large university 
hospital in Amsterdam, the Netherlands. The AMC introduced in 2000 a commercially 
available CPOE system for medication ordering called Medicator®, which is used in 30 
clinical departments of the AMC. Moreover, 15 other hospitals in the Netherlands also 
implemented the Medicator system. Medicator provides decision support in terms of alerts 
for medication interactions, overdose and double medication based on the pharmacy drug 
database and the national drug database (the Z-index of the Royal Dutch Association of 
Pharmacists). Next to the possibility to enter individual orders Medicator also provides the 
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functionality to select predefined order sets based on clinical protocols. A more detailed 
description of Medicator is given by Kalmeijer et al.25.  

Usability evaluation 

Cognitive walkthrough: Two usability evaluators independently performed a CW of the 
system by walking through different ordering tasks based on a realistic clinical scenario. 
The clinical scenario was designed by an expert in developing clinical protocols, validated 
by a clinical specialist and tested by two usability experts so that it covers almost all 
Medicator functionalities in ordering different medications. This scenario required ordering 
two types of medication related to a clinical protocol for a leukemic patient. This scenario 
concerned the prescription of two medications, Idarubicine and ATRA (Vesanoid), for the 
first course of consolidation chemotherapy. For this task all (correct) actions were stepped 
through and analyzed by the evaluators to examine potential usability problems a (novice) 
user with the expected clinical background may encounter in ordering medication in 
Medicator.  

Think aloud: Ten physicians from the AMC’s Hematology and Oncology department 
were asked to participate in the TA user testing sessions. TA sessions took place in the 
actual working place of the physicians. Before starting the TA sessions, participants were 
instructed to think aloud while performing the ordering tasks. Each participant was asked to 
order medication while verbalizing his/her thoughts. These tasks required the participant to 
order medications based on the same scenario used in CW. In performing the test in this 
way, the evaluation of all Medicator functionalities concerning both ways of medication 
ordering was made possible. Morae® version 2.0 (TechSmith Corporation, Okemos, 
Michigan), a usability evaluation tool, was used to record the sessions. Both video and 
audio tracks of the participants while performing the tasks as well as the corresponding 
screen sequences, changes and movements (e.g., mouse clicks and keystrokes) were 
recorded by Morae. 

Data collection 

Each of the two CW evaluators independently provided a list of usability problems and 
their descriptions identified in the CW. These two separate lists were compared by the two 
evaluators and merged into one master problem list. First, problems identified by both the 
evaluators were added to the list. Then, problems identified by either one of the evaluators 
were discussed and were added to this list if confirmed by the second evaluator.  

Recordings of the TA sessions were reviewed and analyzed by two usability experts 
using the Morae® manager version 2.0 (TechSmith Corporation, Okemos, Michigan). 
Protocol analysis was performed on all verbal utterances of the participants17. The 
investigators independently provided a list of usability problem descriptions encountered by 
the participants. Identified usability problem descriptions were merged into a unique master 
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problem list and disagreements were resolved through review of video and audio data and 
subsequent discussion. 

Data analysis and measurements  

The analysis of the usability problem descriptions from the CW and the TA evaluations 
involved the following steps:  

1. Usability problems were coded by two evaluators, having expertise in usability 
evaluation, using the User Action Framework (UAF)13. UAF consists of four 
interaction cycle categories; planning, translation, physical actions and assessment 
(Figure 1). Two usability evaluators reviewed the usability problem descriptions to 
determine how the user was affected by the Medicator design in performing cognitive 
or physical actions and coded the usability problems for each phase of interaction. The 
two evaluators reviewed their codes in a meeting and discussed the discrepancies until 
they reached agreement. Any remaining disagreement was resolved through discussion 
by a third expert.  

 

Figure 1. User Action Framework categories by Andre13,26 

2. The severity of usability problems was determined according to Nielsen’s 
classification27, presented in Figure 2. As the inter-rater reliability of individual rating 
is low compared to group rating28, the severity rating of each problem type was 
assigned by consensus of three usability experts.  

 
For assigning a severity rating the frequency with which a problem (might) occur(red), the 
(potential) impact of the problem on the users and the (potential) persistence of the problem 
were taken into account29. Any interaction issue that was identified as usability problem by 
one evaluator but was not confirmed by the other evaluator(s) were not considered a real 
usability problem and removed from the analysis.  
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 Figure 2. Nielsen’s severity rating for usability problems 

3.  To compare the performance of CW and TA in identifying usability problems the total 
set of usability problems identified by both methods18 was used as a standard-of-
comparison usability problem set. The following measures were used for examining 
and comparing the two usability evaluation methods on their performance in 
identifying usability problems.  

a. Thoroughness is the extent to which a usability evaluation method can identify real 
usability problems. Thoroughness is measured as the ratio of the number of real 
usability problems found using each usability evaluation method to the total number 
of real problems existing in the user interface of the system (given by the standard-
of-comparison usability problem set)30.  

 

problemsusability  real ofnumber  total

method evaluation by the found problemsusability  real ofnumber 
 ssThoroughne

 

       The thoroughness of each method was also determined for each UAF phase. In 
addition the thoroughness of the methods as a function of the severity level of the 
problems, the weighted thoroughness based on these severity levels (for both 
nominator and denominator each problem is multiplied by its severity and the 
products are summed) and the average severity of the problems were compared.  

b. Validity is the extent to which a usability evaluation method accurately identifies 
usability problems. Validity is measured as the ratio of the number of the real 
usability problems found by a method to the number of issues (all system design 
aspects that may be considered as an obstacle to the effective and efficient 
accomplishment of a specified task by a specified user) the method (correctly or 
incorrectly) identified as usability problems. 

 

problemsusability  as identified issues ofnumber 

method evaluation by the found problemsusability  real ofnumber 
 Validity  

 
c. Effectiveness is the ability of a usability evaluation method to identify usability 

problems related to the user interface of a specific system.  
 

Effectiveness = Thoroughness ×Validity 
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Statistical analysis 

Data were analyzed descriptively using frequencies, means, standard deviations, and 
percentages. Differences in the total number of real usability problems in the Medicator 
system and those identified by the two usability evaluation methods were tested using the 
chi-square test (and Fisher’s Exact Test when necessary).  The Kruskal-Wallis test was 
used to compare the mean severity of the real usability problems identified by both methods 
and those identified by only one of the methods. A p value of <0.05 was considered 
significant. Al1 analyses were performed using SPSS 16.0 (SPSS Inc., Chicago, IL). 

Results  

The CW and the TA evaluation methods identified respectively 41 and 42 issues as 
usability problems in the Medicator system user interface. Three of the issues identified by 
the CW and one of those identified by the TA were rated severity “0” (not a usability 
problem) in the consensus meeting of evaluators and were removed from the lists of 
usability problems.  

In total 57 unique usability problems of different severities, which can be encountered 
by users in the four phases of the interaction with the system, were identified in this study. 
Table 1 presents the number of real usability problems identified by the two methods, both 
as a function of the severity rating as well as the UAF interaction cycle categories.  

From the total number of identified usability problems (n = 57), 39% were found by 
both methods and 61% were identified by either one of the two methods. The difference 
between the total number of real usability problems in the Medicator system and those 
identified by each of the two methods separately was statistically significant at the p <0.001 
level according to the 2 test. Fisher's Exact Test showed that the observed difference 
between the number of real usability problems identified by the CW and the TA (38 vs. 41) 
was not significant (p=0.68). 

Ninety of the usability problems were rated as highly severe (major and catastrophic) of 
which 32% (n = 6) were identified only by the TA and 16% (n = 3) only by the CW 
method. From the 38 low severity (cosmetic and minor) usability problems the number of 
problems that were identified only by one method was the same for the CW and the TA. 
Although the average severity of problems identified only by the TA method was slightly 
higher than the average severity of those identified only by the CW (2.26 vs. 2.13), the 
Kruskal-Wallis test detected no significant difference between them and with the average 
severity of the total number of problems identified by the two methods (p=0.4).  

As shown in Figure 3 the thoroughness of the TA method in identifying usability 
problems was slightly higher than that of the CW method (0.72 vs. 0.67). Figure 4 presents 
the thoroughness of the two methods as a function of the severity of problems and the UAF 
categories. The thoroughness of the TA method in identifying problems of severity level 1, 
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3 and 4 was noticeably higher than that of the CW, but there was not much difference 
between the methods in weighted thoroughness (Figure 4(a)).  

Table 1. Real usability problems identified by the CW and the TA in terms of number, severity and UAF 
categories  

  CW 
No (%) 

TA 
No (%) 

CW and TA 
No (%) 

CW not TA 
No (%) 

TA not CW 
No (%) 

Usability problems 38 41 22 16 19 

Severity       

 1 2 (5.3) 3 (7.3) 0 (0.0) 2 (12.5) 3 (15.8) 

 2 23 (60.5) 22 (53.7) 12 (54.5) 11 (68.8) 10 (52.6) 

 3 10 (26.3) 12 (29.3) 8 (36.4) 2 (12.5) 4 (21.1) 

 4 3 (7.9) 4 (9.8) 2 (9.1) 1 (6.3) 2 (10.5) 

Severity (Average)  
2.37  

[SD=0.71] 
2.41 

[SD=0.77] 
2.55 

[SD=0.67] 
2.13 

[SD=0.72] 
2.26 

[SD=0.87] 

UAF      

 Planning 3 (7.9) 4 (9.8) 1 (4.5) 2 (12.5) 3 (15.8) 

 translation 13 (34.2) 12 (29.3) 9 (40.9) 4 (25.0) 3 (15.8) 

 Physical actions 7 (18.4) 7 (17.1) 5 (22.7) 2 (12.5) 2 (10.5) 

 Assessment  15 (39.5) 18 (43.9) 7 (31.8) 8 (50.0) 11 (57.9) 

 

Inspection of the categorization of usability problems as a function of the UAF phases 
showed that among the problems identified by only one method the number of problems 
identified by TA concerning the phase “Assessment” was higher than that identified by the 
CW.  Looking at Figure 4 (b) the thoroughness of the TA was higher for the phases 
“Planning” and “Assessment”, and lower for the phase “Translation”. Overall thoroughness 
and validity of the TA method were 5% and its effectiveness was 8% higher than those of 
the CW method (Figure 3). 
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Figure 3. Thoroughness, validity and effectiveness of two usability methods 
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Figure 4. Thoroughness of two usability methods (a) as a function of the severity of usability problems and the 
weighted thoroughness, (b) as a function of the UAF categories 

On average problems that were identified by both methods were encountered twice as 
much (8.5 vs. 4.2 per problem) by the physicians during TA than problems that were 
identified with the TA approach only. Qualitative analysis of the usability problems 
identified specific themes in those problems that were hardly detectable by one of the 
evaluation methods. The following themes were identified in the problems revealed by the 
CW but not by the TA method: 

Previous experience with the same or a similar system: CW identified some issues as 
usability problems that were no problem for users who used the system previously and thus 
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TA did not detect them. For example, a problem with the location of the functional buttons 
for initiating, changing and canceling orders, which was opposite the usual place of buttons 
in a user interface (for Left-to-Right languages) was identified by CW but it did not provide 
any problem to users in the TA sessions. Participants in TA sessions had previous 
experience with the system and were familiar with the location of these buttons whereas 
this is not the case for an evaluator simulating a novice user. 

Different possible ways of carrying out a task: If a task can carried out in several ways 
there may be usability problems associated with some of the ways to carry out this task. 
This problem can be identified by CW because the evaluators explore all possible ways the 
task can be carried out. Users in TA will not experience this problem if they carry out the 
task in a way not associated with problems. For example, to initiate an order a patient can 
be searched via the patient’s name, the date of birth or the patient number. CW identified a 
usability problem in the search procedure using the date of birth. This problem was not 
identified by TA because all users searched patients by their patient numbers. 

Situation dependent problems: Some problems were identified by CW but none of the TA 
users experienced those problems. For example, CW revealed that the system allows 
entering an administration date in the past. This problem was not revealed by TA because 
users did never enter a date in the past. 

The following themes were identified in the problems revealed by the TA but not by the 
CW method: 

Problem concerning user preferences: Users in TA mentioned that they prefer a different 
way of information presentation than the current one. This sort of problems was not 
revealed by CW. For example, TA users preferred to see an overview of the total number of 
medication administration days over the start and stop date of administration. Presentation 
of the administration start and stop dates was not identified as a usability problem by CW. 

Situation dependent problems: A CW evaluator might not anticipate all situations a user 
might experience. For example, in selecting an item from the list of clinical protocols one 
of the TA users inadvertently clicked on an adjacent item. CW evaluators did not expect 
this problem to occur.   

Domain knowledge dependent problems: In TA, a user may encounter problems because 
of insufficient domain knowledge. Because CW evaluators suppose that the potential users 
of the system know their own domain, the CW might miss this type of usability problems. 
For example, when a user searched for ATRA the system retrieved other names (generic 
and trade name) of the medication (Tretinoine and Vesanoid). This caused confusion for a 
TA user because he did not know that these were other names of the same medication. 
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Discussion  

Principal findings 

The results of this study showed that the number of usability problems identified by each of 
the methods was significantly less than the total number of usability problems of the system 
determined by both methods. The TA method showed a slightly better effectiveness in 
identifying usability problems than the CW method but these two methods do not differ 
significantly in terms of number of identified usability problems and the average severity of 
these problems. Dependent on the users’ characteristics and context of use some of the 
problem may not be detectable by either CW or TA.  

 Although there was a slight difference in the effectiveness of the CW and the TA 
methods, there was no significant difference in the number and mean severity of problems 
identified by these methods in our study. Karat16 and Jeffries15 compared the effectiveness 
of empirical usability testing with some analytic methods including CW for office system 
user interfaces. The results of Karat16 showed that usability testing detected a higher 
number of usability problems and a significantly higher number of relatively severe 
problems than CW. The results of Jeffries15 were consistent with our study as Jeffries 
identified almost the same number of usability problems using either CW or usability 
testing. Jeffries pointed out that the higher mean severity of problems for usability testing 
may reflect a bias on the part of the raters. Our study differs from Jeffries’15 and Karat’s 
study16 in the sense that in the TA method used in our study evaluators extracted users’ data 
from the audio and video recordings of think aloud sessions while in the usability testing 
method used by Jeffries and Karat users merely described the usability problems they 
encountered to the usability evaluators during the sessions. Distraction of users in our TA 
was limited to reminding them to think aloud if a user went silent, while in the usability 
testing by Jeffries and Karat users had to stop the interaction and explain each problem they 
encountered to the evaluators. In this type of usability testing the user’s role is more like 
that of an evaluator.  

The ability of the CW and the TA method to identify low-priority problems was the 
same but TA identified slightly more serious usability problems than CW. Of the problems 
identified by one method only, TA identified twice as much high severity problems (major 
and catastrophic) than CW (6 vs. 3) and the same number of low severity problems 
(cosmetic and minor) (13 vs. 13). This is consistent with Jeffries15 findings where usability 
testing identified twice as much severe problems than CW and substantially less least 
severe problems. Karat16 also found that empirical testing was better than CW in 
identifying relatively severe problems. We considered cosmetic and minor usability 
problems as having low-priority, and major and catastrophic problems as serious.  

Many of the studies comparing usability evaluation methods used the number and 
severity of identified usability problems to compare their effectiveness. We made a break-
down of the identified problems over the UAF classifications13 as well to determine 
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whether different UEMs have a different effectiveness in detecting problems in the various 
phases of user interaction. In our study the capability of both methods to identify problems 
in the planning, translation and physical action phases was the same. Only for the 
assessment phase the TA method had a slightly better performance. 

The slightly higher validity of the TA results can be explained as follows. Thinking 
aloud takes place automatically while a user solves a problem. The TA data are direct and 
the user gives no interpretation of his thoughts31. The evaluators of the TA sessions analyze 
what usability problems a real user experienced during system interaction while CW 
evaluators are hypothesizing about what problems a particular novice user with a certain 
background could encounter during system interaction. In CW the evaluator determines 
whether the system supports a potential user in selecting and executing the correct actions 
and if the user will notice and understand the results of the action. Therefore, CW may also 
identify some issues as problems that would not actually hinder users30. 

Many of the low and high severity problems found in the study simply were not 
identified by both methods For example in the TA method users with different profiles (e.g. 
regarding domain and system knowledge and experience) may encounter different types of 
usability problems. Since in CW the evaluators only use the users’ basic computer 
knowledge as input to the test and do not take other user characteristics such as a user’s 
domain knowledge or experience with similar applications as the one under study into 
account the evaluators can miss some of the problems identified by TA. The walkthrough 
process focuses on learnability by exploration and the evaluators examine each individual 
step in the correct action sequence and try to find a plausible reason why the prospective 
user would choose each action. This approach does not predict what activities the user 
might engage in when carrying out a step32 but focuses on the usual sequence of actions in 
the interaction process where users are likely to encounter problems30. As users in TA may 
not follow the correct action sequence and sometimes perform a wrong series of actions, the 
TA analysis may identify problems that are not detected by CW. For example later in the 
ordering process a user may recognize that he has carried out a wrong action in a previous 
step and try to undo that action while the system does not provide an undo button at the 
current step. It is unlikely that evaluators in the CW will identify this sort of problems 
because they follow the correct sequence of actions. Likewise some problems were not 
detected by the TA, for example when there are different ways to perform some (sub) tasks 
(e.g. initiation of a new order in Medicator).  In CW when the system offers alternative 
correct action sequences for carrying out a task, all sequences are analyzed33. Users usually 
take the most straightforward or the most familiar sequence to accomplish a task. Therefore 
CW identified a number of usability problems, related to alternative correct action 
sequences that were not encountered by users, who followed one specific sequence for their 
actions. Moreover think aloud protocols are not necessarily complete because a subject may 
verbalize only part of his thoughts31 increasing the risk of overlooking specific usability 
problems. Usability problems with low persistence (problems that burden the user only in 
the first encounter) may not hinder users in TA if they have become familiar with the 
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system and had previous encounters with similar situations. Due to the focus on the 
interaction behavior of a beginning system user, these types of problems are usually 
detected by the CW.  This suggests that when selecting a usability evaluation method the 
users’ characteristics, such as previous computer experience, earlier experience with similar 
system(s) and domain knowledge levels should be seriously taken into account. The same 
problem can be encountered during TA several times. Problems that were only identified by 
TA were encountered less often than the problems that were identified by both methods.  

A limitation of this study is that like Jeffries15 we compared two usability evaluation 
methods using a single system. Including more systems would have provided more problem 
descriptions. To our knowledge this is the first study that compared CW and TA in the 
domain of healthcare. The results for the healthcare domain do not differ much from results 
obtained in other domains. Future studies can add to the findings of this study. 

Meaning of the study and directions for future research 

About forty percent of the usability problems were found by both methods and the users in 
the TA method encountered these problems twice as much as the problems that were 
identified by the TA method only. It is promising that either of the methods can reveal the 
problems that users encounter often, but selecting either one of the two usability evaluation 
methods may yet result in missing a quite number of low to high severity problems. The 
results of this study suggest that a combination of these methods gives the best results. 
However, decisions about employing one method should be made with caution as the 
decision is highly dependent on factors such as the interest for revealing specific types of 
problems, context of use and the resources available for evaluation. Some authors 
introduced usability testing as the gold standard for making a standard usability problem set 
that can be used for evaluating other methods18.  Our study and studies by others15,16 do not 
support this conclusion as the results of these studies showed that TA failed to reveal many 
low-severity and serious problems, which were identified by the CW method. 

An issue that should be taken into account in any usability evaluation is that the way in 
which problem descriptions are written down affects the judgment of the evaluators. In our 
study first evaluators independently provided two separate lists of identified problems. 
When trying to merge the lists and resolve discrepancies between these evaluators we 
realized that part of the disagreement was caused by a different description and 
interpretation of the same problem. Karat16 likewise observed that the language that was 
used by walkthrough evaluators to write down the problem description was difficult to 
understand and interpreted differently by other evaluators. In this study the evaluators had 
expertise in both usability evaluation methods and the users in the TA sessions had 
previous experience with the Medicator system. Further study is necessary to determine to 
what extent the evaluators’ usability expertise and the users’ system experience influence 
the results of evaluation studies. 
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Conclusions 

This study shows that although TA showed a slightly better effectiveness, there is no 
significant difference between the performance of the CW and the TA methods in terms of 
number of usability problems identified and the mean severity of these problems. None of 
the methods can detect all usability problems that exist in a system. Depending on the 
users’ characteristics and context of use some problems may not be detectable by one of the 
methods.  
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Abstract  

Usability evaluation studies in healthcare typically classify usability problems in terms of 
their type, number, and severity.  These classes are usually devised by the evaluator for the 
purpose at hand and the used problem types often are not mutually exclusive, complete and 
distinct. We investigated whether the UAF classification framework augmented with 
severity ratings of usability problems and assessments of their potential impact on final task 
outcomes could improve the classification, analysis, and prioritization of usability 
problems. To investigate the merits of such an augmented scheme, a usability case study of 
a computerized physician order entry system (CPOE) was performed using the Cognitive 
Walkthrough and Think Aloud usability evaluation methods. All 57 usability problems 
detected in the case study could be classified with the help of the augmented classification 
scheme into exclusive paths through the hierarchy of the UAF belonging to different phases 
of user interaction: planning, translation, physical action and assessment. We could show 
that this classification scheme enables usability evaluators to cluster problem descriptions 
that share common characteristics and that it addresses the underlying cause of the usability 
problems. It helps differentiate problems that look similar but yet affect the user-system 
interaction and the task results differently. Moreover the evaluators classified the majority 
of the usability problems identically. This work is of value to other researchers who intend 
to report the results of their usability evaluation studies.  



Classification of usability problems 

109 

Introduction 

Healthcare information systems have the potential to support clinicians in making clinical 
decisions and hence to improve patient safety1 but clinicians’ reluctance to use these 
systems in daily clinical care has become a well known dilemma2.  Studies have shown that 
usability problems are among the factors negatively affecting system’s acceptance3,4 and 
limiting their effectiveness in supporting and streamlining clinical care5-8. Usability is a 
quality attribute that assesses how easy user interfaces are to use. Usability problems can be 
defined as aspects of a user interface that may cause the corresponding system to have a 
decreased usability for the end user.  

So far, research on healthcare information system usability evaluations has focused on 
the identification of specific problems that compromise effective, efficient and safe use of 
the systems7,9-11. Evaluators use usability evaluation methods (UEMs) to detect usability 
problems. Whenever a problem is observed the evaluator usually writes down a usability 
problem description in an ad hoc manner, expressed in whatever terms seem appropriate to 
the evaluator. It is not unusual for two observers to write substantially different descriptions 
of the same problem. Therefore the evaluators have to cluster problem descriptions into 
unique problem types (bottom-up analysis). The determination whether different usability 
problem descriptions are referring to the same underlying usability problem is usually done 
by expert judgment, and is subject to much variability.  

An alternative is to classify problems in terms of recognized usability principles, the so-
called heuristics12 (top-down approach).  However, it has been shown that various 
difficulties arise when these heuristics are used as a classification scheme due to their 
incompleteness, lack of mutual exclusiveness, and lack of specificity13. Heuristics are 
therefore not sufficiently comprehensive to be used for the systematic classification of 
usability problems. Moreover, this heuristic classification does not provide insight in the 
underlying causes of the usability problem types reported. As a consequence, detected 
usability problems might be typified as similar, although the underlying causes could be 
fundamentally different. It is clear that there is a need for a standard way to describe 
usability problems and a framework with which usability problem descriptions can be more 
easily and more directly compared. 

Severity ratings of usability problem types are commonly based on Nielsen’s 
classification12 grounded on the proportion of users who (will) experience a specific 
problem, the impact it (will) have on them, and whether the usability problem will be a 
problem only the first time they encounter it, or whether it will persistently bother them14,15. 
Usability problems not only bother users during interaction with the system but also have 
an impact on their task performance. Therefore, these problems can be a common source of 
errors8, potentially compromising patient safety. Hence, in prioritizing redesign efforts the 
potential of usability problems to evoke user errors, for example leading to wrong 
medication orders, should be taken into account. However, usability problems are typically 
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reported in terms of type, number, and severity without considering an evaluation of the 
impact on the task performance. 

Consistent and detailed reporting of usability problems, their underlying causes, their 
impact on the user and their potential effect on the final outcomes are not only needed for 
guiding and prioritizing redesign efforts but in addition are prerequisites for classifying 
usability studies. This allows researchers and system designers to learn from the errors 
made by their colleagues, because they are able to retrieve the relevant knowledge using the 
classification of the problem type they are interested in.  

To minimize individual differences in reporting a framework that supports describing 
usability problems is needed. Such a framework should contain a complete set of the 
attributes applicable to a problem type, and distinguish a problem of one type from a 
problem of another type.  The User Action Framework (UAF) is such a framework 
developed by the usability engineering field. The UAF is a four level classification. This 
framework only supports the coding of problem types. It does not include a severity rating 
or an assessment of the potential impact of usability flaws on the final task outcomes. 

Therefore the aim of this study is to explore whether the UAF classification framework 
augmented with severity ratings of usability problems and an assessment of their potential 
impact on final task outcomes could be of value for classifying, analyzing, and prioritizing 
these problems in a generic way. To explore this research question, usability problems 
identified in a usability evaluation of a working CPOE system were used as input. It was 
investigated whether the framework in the hands of evaluators leads to the same problem 
classifications. Also the advantages of the four level UAF classification over existing 
shallower classifications were studied. 

The paper is organized as follows. First, an overview of the methodology that we 
followed to develop the augmented classification scheme is provided.  Next, the results of 
applying this scheme to a CPOE system are presented. Then, the findings and the strong 
and weak points of the study are discussed. Finally, a conclusion is provided. 

Methods 

Augmented classification scheme  

We propose that a classification scheme for usability problems in the domain of healthcare 
should satisfy the following requirements. The scheme should 

 rely on theory from the domain of usability engineering: a classification scheme should 
include a robust taxonomy that allows the assignment of the problems to the different 
stages of user interaction and describes the trend by which a design flaw of a system 
resulted in a usability problem (cause of the problem). This scheme should allow 
consistent problem reporting and the tracking the usability problems through 
successive stages of iterative design.  
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 rank the effects of the problems on the extent of physical and cognitive effort they 
require from the user: Users in the healthcare domain are very busy and often have to 
take care of different issues simultaneously. Problems that severely hinder users during 
interaction should be distinguished from problems that have a small effect on the 
interaction.  

  address the potential effect of the problem on task outcome: As the impact of usability 
problems may threaten the health of people the classification scheme should be 
customized to the healthcare setting and address the impact of the problems on clinical 
task outcome. 

The classification should therefore help to prioritize the problems based on the extent of 
physical and cognitive effort required from the users and on the impact of the problems on 
task outcome. 

Figure 1 shows the proposed augmented scheme for classifying and prioritizing 
usability problems in the domain of healthcare. In the following section the development of 
this scheme is described. We applied this scheme to investigate whether two evaluators 
classified and prioritized usability problems identified by a cognitive walkthrough (CW)10 
and a think aloud (TA) usability testing of a CPOE system16 identically.  

 

Figure 1. The augmented scheme for classifying and prioritizing usability problems 
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The UAF classification  

In the field of Usability Engineering a standardized classification of usability problems 
having various dimensions is considered essential for accurate, complete and consistent 
problem reporting and for identifying the underlying cause of the problem. One 
classification scheme which is developed and applied in usability research is the User 
Action Framework (UAF)14.  The UAF was built by adapting and extending Norman's 
theory of action model17, a model that highlights issues about the way people interact with 
machines in terms of cognitive and physical user actions. The UAF classification provides 
insight into what the users think, perceive and do throughout each cycle of interaction with 
a computer system. The purpose of the interaction cycle is to model the flow of user 
interaction in any interactive system. The UAF interaction cycle contains four phases; 
planning (high level), planning (translation), physical actions and assessment.  

Planning is the part of the interaction cycle that contains all cognitive actions by users to 
determine what to do. Supporting users in planning involves helping them understand the 
system model and helping them keep track of where they are within a task. High-level 
planning focuses on the system model and metaphors and the user’s knowledge of the 
system states and modalities. Planning includes user work goal decomposition across a 
hierarchy of plan entities: the user establishes a goal, decomposes the goal into tasks to be 
performed on the computer and establishes an intention of what to do to accomplish the 
task.  

Translation is the part of the interaction cycle that contains all cognitive actions by users 
to determine how to carry out the intentions that arise during planning. In the translation 
phase, a user specifies the action sequence and determines which physical actions have to 
be executed in order to accomplish an intention, translating intentions into plans for 
physical actions. Cognitive affordances (e.g. visual clues) support the users' ability to plan 
physical actions. Therefore, usability issues concerning translation include those that 
pertain to the system’s cognitive affordance presentation, and their content or meaning.  

The physical action part of the User Action Framework is about executing the actions 
by manipulating user interface objects, and includes issues of interaction complexity and 
styles, manual dexterity, and layout. In graphical user interfaces, physical action mainly 
involves clicking, dragging, and selecting.  

The assessment part includes a user perceiving, interpreting and evaluating the resulting 
system state. It concerns issues about the existence, presentation, contents and 
understandability of feedback and how it supports the user's ability to assess whether the 
outcome of physical action was desirable or effective.14,15.  

The UAF provides a quasi-hierarchical tree of usability concepts and issues organized 
around the users’ cognitive and physical actions, structured into four levels of abstraction, 
making it possible to classify and report usability problems from general towards more 
specific perspectives14.  To each phase of the UAF interaction cycle one or more usability 
issues are associated with mutually exclusive standardized usability attributes or sub-
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categories below each issue. A usability problem can be classified using two or more levels 
of the UAF hierarchy. The UAF is viewed as a standard way to normalize usability problem 
descriptions18 and is known to provide a highly reliable means for a detailed classification 
of usability problems.   

Figure 2 presents the path for classifying a usability problem by usability evaluators 
using the framework. This problem concerns a user who does not notice the buttons (“m2” 
or “kg”) on the main screen, provided for calculating the medication dosage (Figure 3). 

 
* only categories belonging to the “translation” phase of the UAF are presented 

Figure 2. The path for classifying the usability problem presented by Figure 3 (the UAF (sub)categories belonging 
to this path are shown in gray with bold arrows) 

Usability evaluators first investigate in which phase of the interaction the problem 
occurred. In this example the problem occurs after the user planned to calculate the dosage 
that has to be entered in the dosage entry field. Therefore, the evaluators conclude that the 
problem does not occur in the planning phase but in the translation phase of the interaction. 
To translate his intention of calculating the dosage into a physical action, the user needs 
physical cues. In this example the user does not see the existing buttons for this purpose.  
Next, the evaluators try to map the problem to the different subcategories of the translation 
phase, first for level 2, then for level 3 and 4. The framework provides the standardized 
(sub)categories that the problem could belong to. For instance, one of the subcategories of 
translation phase at the second level is “existence” (Figure 2). The evaluators check 
whether the buttons needed to perform the physical actions exist on the screen. Since in our 
example the buttons exist on the screen, the problem does not belong to this subcategory. 
Evaluators continue comparing the problem with the other attributes at this level. In this 
example the problem is not concerning the “meaning” of the buttons because as soon as a 
user sees the buttons he can understand the meaning of the labels. The problem is that the 
buttons are presented in such a way that they may be overlooked by a user. After finding 
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the relevant category at level 2 (presentation) the evaluators try to map the problem to the 
subcategories of this category. This process continues until the problem can not be mapped 
any further. In this example it is difficult to observe the buttons, which is a “perceptual 
issue”. And finally the reason that the user may overlook the buttons (underlying cause of 
the problem) is that the user may not notice them because of their small size, color close to 
the background, and the relatively ‘large’ distance from the dosage entry field.   

 

Figure 3. Screenshot of a CPOE showing hardly noticeable buttons for the calculation of the medication dosage 

Two usability evaluators with more than 5 years of usability expertise subsequently 
classified all identified usability problem descriptions that resulted from two previous 
usability evaluations of a CPOE system by traversing the UAF decision structure and 
selecting the most appropriate classification category and sub-category at each level of the 
hierarchy. Each usability evaluator analyzed the problem description using the 
classification instruction15 and the clinical scenario used for conducting the usability 
evaluations. Usability problems were then coded via the UAF hierarchy to the most detailed 
level. The resulting sets of usability problem classifications were reviewed in a meeting and 
disagreements were discussed. Any remaining disagreements were resolved through 
discussion with a third evaluator. 

Severity rating of the usability problems 

The severity of usability problems were rated based on Nielsen’s classification12 (Figure 2). 
In one case study, Nielsen showed that the probability of getting a severity rating within 
±0.5 rating unit from the true severity of a problem on a 5-point rating scale was only 55% 

Buttons “k2” and “m2” Dosage entry field 
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with a single usability evaluator, but 95% for the mean of ratings of four independent 
evaluators19. He recommended collecting ratings from at least three evaluators. Therefore, 
in this study the severity rating of each problem type was determined by consensus of three 
usability evaluators. For determining the severity rating, the frequency with which a 
problem (might) occur(red), the (potential) impact of the problem on the users and the 
(potential) persistence of the problem are taken into account20.   

Determining the potential effect of the problems on task outcome 

The two usability evaluators reviewed all usability problem descriptions and the 
corresponding system states at each moment in the user system interaction to determine 
what the potential effect of a usability problem could be on the ordering outcome.  The 
potential effect of usability problems on ordering outcome was classified (for this computer 
application) as wrong medication name, dosage, frequency, duration, and route of 
administration.     

Results 

In total 57 usability problems identified in previous usability evaluation studies were 
classified by the evaluators. The UAF classification of the usability problems together with 
each problem’s severity and the potential effect of each problem on the ordering outcome 
were determined (Tables 1-4). Two (4%) of these problems could be classified up to the 
second, 16 (28%) up to the third and 39 (68%) up to the fourth level of the UAF hierarchy. 
At the first level of the UAF, 55 out of 57 usability problems were classified identically by 
the two evaluators. One of the faulty classified problem classifications concerned the lack 
of an undo button to be able to see or change the result of previous user actions. Since this 
usability problem occurred when a user wanted to translate her intention of undoing a step 
into a physical action, this problem should be classified under translation.  Since an undo 
button or an active link were missing, one of the evaluators classified this problem under 
the assessment phase as (lack of) “existence” of information. The other faulty classified 
problem concerned the situation where a user did not recognize the possibility to enter a 
specific dosage in the drop down-menu of an alert screen. This problem also occurred when 
the user searched for a way to change the dosage. It should therefore have been classified 
under translation.  As the user did not notice the function of an existing field, one evaluator 
wrongly considered this problem as a faulty presentation of information related to the 
assessment phase of the UAF. At the other levels of the UAF three  problems (two at level 
3 and one at level 4) were classified differently. These disagreements were mostly caused 
by different interpretations of the details of a problem by one of the evaluators. This 
evaluator had not participated in the usability evaluation and was not aware of the context 
in which the usability problems occurred. There was no disagreement at these levels when 
the evaluators looked at the interface of the system for clarification. All usability problems 
could be classified by the evaluators using several levels of the UAF hierarchy and the 
evaluators agreed in more than 90% of the cases. 
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Planning 

Of the total number of identified usability problems six (10%) problems were found 
relating to this phase of user- system interaction (Table 1). Classification of the usability 
problems showed that usability problems in this phase of interaction were caused by the 
user’s difficulties to understand the overall CPOE system model, system state or modalities 
and the users’ inability to keep track of the ordering steps that were completed and to 
determine the next goal to be accomplished. Several users had for example difficulties in 
remembering which steps they had completed, and what next steps they had to carry out to 
enter a medication prescription.  

Table 1. Example of a usability problem classification in the UAFa planning phase with its severity and potential 
effect on task outcome 

UAFa categories
 

Level 
1 

Level 
 2 

Level  
3 

Level 
 4 

Example N
o. 

(S
everity) 

Potential 
effect on 
outcomeb 

(No. 
problems) 

User’s ability to 
keep track of how 
much is done 

 
 CW and TA: Users could not infer from 

the system state how much of the ordering 
task was achieved. 

1 (2)  

Users knowledge 
of system state, 
modalities 

 
 TA: User did not know that system does 

not allow the opening of “Patient” menu 
during ordering and tried to open it. 

1 (1)  

Users ability to 
determine what 
to do next 

 TA: Users could not immediately infer 
from the screen ‘Order set’ that they had to 
enter a start date for a medication in order 
to proceed with the ordering process.  

1 (1)  

Goal 
decomposition  

Supporting 
human memory 
limitations 

 TA: Users forgot to enter start and stop 
times. The layout of the start and stop time 
entry field did not attract the attention of 
the users. 

1 (3) Wrong 
medication 
duration (1) 

P
la

n
n

in
g 

Users model of 
the system 

User ability to 
determine what 
to do first 

 CW: From the layout of the main screen, 
Users can not instantaneously find out how 
to start the order process. 

2 
(1,1) 

 

a User Action Framework  
b Potential effect(s) of given example on outcome(s) are shown in italic bold 
 

The severity of problems concerning the planning phase was low except for one 
problem that could potentially result in wrong medication durations.  Table 1 shows that 
problems with a similar severity and description can have different underlying causes when 
they are categorized with the UAF. For example one of the problems was that it took a 
while before the users entered a start date for a medication, and another problem was that it 
took a while before the users started the ordering process. These two problems look similar 
based on their description and severity, but when they were classified using the UAF 
framework the underlying cause of these problems appeared to be different. In the first 
problem when the users decided to order medication using order sets, they could not 
decompose their goal into the tasks required   to proceed with ordering. In the other one the 
users already determined the task (start ordering process) but as the model of the system 
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differed from what they expected they could not decide which action to take to accomplish 
the task.  

Translation 

Sixteen (28%) of the usability problems concerned this phase of the interaction (Table 2). 
The UAF classification revealed that usability problems in this phase were mainly caused 
by the lack of certain functionality so that certain tasks cannot be performed or, if the 
functionality is available, the lack of cognitive affordances showing how to successfully 
perform a task. Also poor presentation and design, poor content and meaning of available 
cognitive affordances may cause problems. Mismatches between the users’ terminology 
and the terminology, abbreviations and labeling of buttons used in Medicator also were a 
source of usability problems.  

Table 2. Example of a usability problem classification in the UAFa translation phase with its severity and potential 
effect on task outcome 

UAFa categories
 

Level 
1 

Level 
 2 

Level  
3 

Level 
 4 

Example N
o. 

(S
everity) 

Potential 
effect on 
outcomeb 

(No. 
problems) 

Clarity, 
precision and 
predictability 

Completeness 
and 
sufficiency of 
meaning 

CW and TA: Users did not understand 
the meaning of some abbreviations 
used in the medication list. 

2 (2,2) Wrong 
medication 
selection (2) 

Content and 
meaning 

Naming of 
labels 

Cognitive 
directness 

CW and TA: Users could not infer the 
functions of two buttons “change” and 
“record” based on their labels. 

2 (2,4)  Wrong 
medication 
dosage (1)  

Existence of a 
way  

CW and TA: Users could not undo an 
action in the system and change a 
previously made selection in the 
ordering process. 

1 (2)  

Existence 

Cognitive 
affordances  

TA: Users expressed that they needed 
help information to know which 
consolidation (1, 2 and 3) is suitable 
for the patient. 

3 (2,2,2)  

Preferences and 
efficiency 
issues 

 
CW and TA: Users preferred to select 
from an   alphabetically organized list 
of order sets rather than checking all 
items in a non organized list. 

2 (2,3)  

Noticeability 
CW and TA: Users did not notice the 
buttons provided for calculating 
medication dosage on the main screen.

4 
(2,2,3,3) 

Wrong 
medication 
dosage (2) 

Presentation 

Perceptual 
issues 

Discernability
CW: Users cannot comprehend the 
function of the button “new order” 
from its shape. 

1 (2)  

T
ra

n
sl

at
io

n
 

Task 
structure 
and 
interaction 
control 

Consistency 
and compliance 
of task 
structure 

 

CW: The labeling of menus and 
submenus provided for initiation of an 
order is not consistent with the 
labeling of buttons provided for the 
same purpose. 

1 (2)  

a User Action Framework  
b Potential effect(s) of given example on outcome(s) are shown in italic bold 
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Seventy five percent of the problems concerning this phase of interaction had a minor 
severity (severity 2). Although their severity was similar, their underlying cause was 
different and these problems were categorized under different subcategories of the 
translation phase of the UAF. Classification of the problems with the augmented scheme 
showed that some of the problems would get a low priority if they were classified based on 
their severity only while these problems will be given a high priority if also their impact on 
the task outcome is considered for prioritization. For example, of the five problems leading 
to a medication error, the severity of three problems was rated as minor. 

Physical action 

Nine (16%) of the usability problems were encountered in this phase of the interaction 
(Table 3). The UAF classification showed that these usability problems were caused by 
faulty presentation and lay out of the physical objects to be manipulated on the screen, lack 
of user control over screen objects as they were being manipulated and failure of the system 
to meet specific preferences of users for doing physical actions.  

Table 3. Example of a usability problem classification in the UAFa physical action phase with its severity and 
potential effect on task outcome 

UAFa categories
 

Level 
1 

Level 
 2 

Level  
3 

Level  
4 

Example N
o.  

(S
everity) 

Potential 
effect on 
outcomeb 

(No. 
problems) 

 
CW and TA: Different behavior of the 
button “select” in the patient selection 
window than that expected by users. 

1 (2)  

Perceiving 
physical 
objects 

Perceiving 
objects as 
they are 
being 
manipulated Discernability

CW: Users cannot perceive in which 
format they should enter patient’s date 
of birth. 

1 (2)  

Physical 
control  

CW and TA: User could not open tab 
motivation text to enter the motivation 
for an order. 

2 (2,3)  

 
CW and TA: User needed to use scroll 
down bar to see the whole list of order 
sets.  

1 (2)  

Proximity 
issues 

TA: User by accident clicked on a 
wrong option in the medication order 
set list.  

2 (2,2) Wrong 
medication 
selection (1) 

Physical 
layout 

Preferences 
and 
efficiency 

CW: User cannot review the system’s 
calendar year by year to set date of 
birth   

1 (2)  

P
h

ys
ic

al
 a

ct
io

n
 

Manipulating 
objects 
 

Preferences 
and 
efficiency 

 

CW and TA: Users could not directly 
enter the number of days for 
medication duration. Instead, 
Medicator requires the entering of a 
start and stop date. 

1 (4) Wrong 
medication 
duration (1) 

a User Action Framework  
b Potential effect(s) of given example on outcome(s) are shown in italic bold 
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Based on severity 78% of the problems in this category were similar (rated as severity 
2) while the causes of these problems were different as was apparent from the assignment 
to different subcategories of the UAF. One of the problems, which was rated as severity 2 
based on its frequency, persistence and impact on the user, could lead to a wrong 
medication selection and, thus, should get a high priority for fixing.  

Assessment 

In total 26 (47%) of the 57 identified usability problems were classified in the assessment 
phase (Table 4). These problems concerned the existence, presentation, content and 
meaning of system feedback about the course of the user-interaction and the display of 
information resulting from users’ actions.  

Around half (12 out of 26) of the problems concerning the assessment phase were 
severe problems (severity 3 and 4) and they could influence the task outcome. Not all the 
problems influencing the outcome were highly severe problems since three of the problems 
potentially resulting in ordering errors were assigned severity 2. The UAF classification 
showed that 19 (73%) of the problems concerning the assessment phase of interaction were 
caused by a lack or suboptimal design of system feedback or by unclear feedback contents. 
The remaining seven (27%) problems in this phase were caused by the absence, unclear 
contents and meaning, and poor presentation of information displayed after the users’ 
actions.   

Discussion 

This study assessed whether an augmented classification scheme from the usability 
engineering field could be of value for classifying and prioritizing usability problems 
revealed in a CPOE usability case study. Examination of problems at the various levels of 
the UAF enabled us to identify meaningful problem clusters containing problems that 
shared common characteristics and hence revealed main usability issues at both more 
global and more specific levels. Moreover we could determine the underlying cause of the 
usability problems and the manner in which they influenced the user interaction by 
classifying problems across different levels of the UAF hierarchy. In addition the scheme in 
the hand of both evaluators led to the same classification in more than 90% of the 57 
problems descriptions.  

The augmentation of the classification scheme with severity ratings of usability 
problems and an assessment of their potential impact on ordering outcomes enabled us to 
prioritize usability problems from two perspectives: the (potential) impact on the system- 
user interaction and on patient safety. As such, the applied methodology advanced our 
understanding of the usability problem set of the CPOE usability case study.  

Many studies have evaluated the usability of a variety of interactive healthcare 
applications and reported on the usability problems and their impact on the user interaction. 
Apart from the application of usability heuristic classifications in some studies, none of 
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these studies used a systematic framework for guiding and structuring the evaluation and 
reporting of these usability flaws. 

Table 4. Example of a usability problem classification in the UAFa assessment phase with its severity and 
potential effect on task outcome 

UAFa categories
 

Leve
l 

Level 
2 

Level 
3 

Level 
4 

Example N
o. 

(S
everity) 

Potential effect on 
outcomeb (No. problems) 

Completeness 
and 
sufficiency of 
meaning 

CW and TA: Users could 
not understand the 
function of column 
“dosage percentage” in the 
medications table. 

2 (2,2)  

Cognitive 
directness 

TA: Users did not 
understand the 
recommendation provided 
by the alert “medication 
dosage-unit control” 
correctly. 

4 
(1,2,2,4)

Wrong medication  dosage 
(1) 

Content and 
meaning  
 

Error 
avoidance 

CW:  User can enter 
frequency of medication in 
letters, but system alerts 
“no dosage [not frequency] 
is entered”.  User should 
only enter numbers. 

1 (2)  

Existence 
Existence of 
a cognitive 
affordance 

CW and TA: Users do not 
receive a feedback or 
warning when they forget 
to enter stop date for a 
medication and can 
proceed to the next step. 

11 
(2,2,2,2,
2,3,3,3,3
,3,4) 

wrong medication 
selection (1), Wrong 
medication duration (4), 
wrong medication dosage 
(3), wrong medication 
frequency (1) 

Feedback 

Presentation
Perceptual 
issues> 
timing 

CW and TA: Alert screen 
“medication dosage-unit 
control” shows up too late 
in the ordering process. 

1 (3) Wrong medication dosage 
(1) 

Existence   Human 
memory aids 

CW: Users are not 
provided with the unit of 
calculated dosage in 
“Dosage calculation” 
windows. 

2 (3,3) Wrong medication dosage 
(1),  Wrong medication 
selection (1) 

Error 
avoidance 

TA: User was confused 
when the system retrieved 
an alternative name of the 
medication than the one 
typed by the user. 

1 (2)  

Content and 
meaning  

Layout and 
grouping 

CW: Independent of the 
administration time 
entered by users a different 
administration time is 
shown in a different 
section of main screen. 

2 (2, 4) Wrong medication 
duration (1) 

A
ss

es
sm

en
t 

Information 
display 

Presentation
Perceptual 
issues> 
noticeability 

TA: User did not notice 
that the administration 
time was already recorded 
and re-entered it. 

2 (2,3) wrong medication duration 
(1) 

a User Action Framework  
b Potential effect(s) of given example on outcome(s) are shown in italic bold 
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The augmented scheme provides better classifications than the current usability problem 
classification strategies such as heuristic21 and bottom up classification22,23 in the sense that 
classifications of usability problems by this new framework based on the UAF are 
distinguishable, mutually exclusive, complete and specific. Heuristic taxonomies lack these 
characteristics leading to usability problems of a very different nature being classified to the 
same heuristic, a single problem classified to more than one heuristic or to one heuristic not 
adequately capturing its essence and to impossibilities to classify some problems at all. 
Moreover, the utility of a classification that is essentially a by-product of an evaluation 
technique such as heuristic analysis can be limited because classification is not the intended 
purpose of the technique13. 

In bottom up classifications of usability problems, the frameworks of reference evolve 
with the analyses and as such not only become highly dependent upon the expertise of the 
evaluators, but more importantly lack a common foundation for future usage: the 
consistent, complete and accurate reporting of usability problems and understanding of 
their underlying causes.  The need for standardized classification and reporting of usability 
issues is clear when the aim is to share the usability experiences by the development of a 
knowledge base concerning usability problem characteristics and their impact on user-
system interactions.  

Severity classifications of identified usability problems, providing insight in their 
frequency, persistence and impact on users, are commonly used in prioritizing system 
redesign efforts. Severity classifications applied to usability problem datasets represent 
somewhat isolated characteristics of these sets. This classification only addresses the 
criticality of the problem without providing more information about what the problem is, 
how it occurred and what could be its effect on task outcome. Furthermore, these 
classifications do not account for the potential impact of usability problems on the final 
outcomes of the user-system interaction.  

We augmented the UAF with a severity classification of problems and appraisals of 
their potential impact on final task outcomes. This total scheme can be useful for analyzing 
and classifying usability problem sets, for revealing the core problems and hence for 
prioritizing the order in which to address problems in a system redesign. Some of the 
problems assigned a low severity in this study could potentially result in ordering errors. 
This means that prioritizing problems only on frequency, persistence and effect on users 
does not reflect their potential effect on patient safety. The problems with a low severity 
would then be given higher priorities if their potential effect on the ordering outcome is also 
taken into account. Therefore, when severity ratings of usability problems are used for 
prioritizing redesign efforts of CPOE, these should preferably be accompanied by 
assessments of the possible influence of identified usability problems on final task results.  

Going deeper into the hierarchy of the UAF, the number of the problems that were 
classified under different categories increased. This highlights the fact that problems 
seeming similar at the surface (the first levels of the UAF) can have different underlying 
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causes18. A one level classification such as severity rating or bottom up approaches treats 
all problems that are clustered in the same category similarly without paying attention to 
the potential differences in their cause. In order to be able to tackle the usability problems 
fundamentally a redesign effort should target the underlying cause of each problem. 
Therefore, there is no unique design solution applicable to all the problems when classified 
at a high level of the categorization.  This indicates that the one-level classifications such as 
heuristic analysis used in other usability evaluation studies might suffer from this critique. 
In order to provide details of each problem, one level classifications should be expanded 
horizontally.  This can not be done for classifications such as severity rating and 
classifications based on heuristics because the problem classes are pre-defined.   

Furthermore, our scheme could be of value for studies comparing the strengths and 
weaknesses of usability evaluation methods for user interface evaluation. Common practice 
is to compare the proportion of minor and major problems found by these methods. While 
such a criterion may be useful in examining which method has a higher detection rate of 
major problems, it does not provide insight in the capability of each method to detect 
specific classes of usability problems (e.g. problems concerning a specific phase of 
interaction). Though our problem set was too small to compare the CW and TA on these 
aspects, larger problem datasets may provide the opportunity to examine these issues.  

This study has some limitations. The two usability experts were comfortable with 
classifying problems according to the UAF and showed a low number of disagreements 
among their ratings. Andre et al.14 has shown that the reliability of the UAF for 
categorization of problems is higher than the heuristic classification and than the Usability 
Problem Taxonomy13, a multi level usability problem classification. These results support 
the notion that the UAF provides a reliable classification system that is helpful in 
developing a common understanding of the different usability problem attributes. We 
acknowledge the fact that these results are based on the use of the UAF by two usability 
experts only and based on one usability problem set concerning a single CPOE system.  
Moreover, the two evaluators were familiar with the CPOE system, one of them conducted 
the usability tests with end users and thus was aware of the context in which usability 
problems occurred. Evaluators not familiar with the type of system under study, not having 
participated in the usability end user tests may experience more difficulties in the UAF 
classification of usability problems. But in principle in practice the evaluators will have to 
use the UAF classification directly after the usability evaluation and therefore will be in the 
same position as the authors.  Furthermore, the usability problem dataset used for 
examining the value of the augmented classification scheme was based on one CPOE 
usability case study at one academic hospital. While it is likely that similar usability 
problems occur in the 15 other Dutch hospitals that use the same CPOE system, we 
acknowledge that the use of one scenario and usability testing of the CPOE system by 10 
clinicians from two clinical departments limits the generalizability of the results. Despite 
these limitations, we believe that this study highlights an important issue and serves as a 
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model for other researchers seeking to enhance their insights into the impact of CPOE 
designs on usability on both more global and specific levels.  

In a general sense, usage of this augmented scheme will minimize subjective analysis 
and inconsistent classification of usability evaluation. Widespread application could result 
in a complete and consistent classification of usability problems based on their underlying 
causes and as a result produce problem reports of higher quality. But most important, 
adoption of the scheme in practice would aid in more easily revealing trends and patterns 
across problem sets of usability evaluations case studies. This would assist in building 
comprehensive usability knowledge bases and advancing human computer interaction 
science in the healthcare domain. The usefulness and value of the approach exemplified in 
this study to classify and prioritize usability problems of a CPOE medication system should 
be further researched in usability evaluations of other healthcare applications. Future 
studies could examine how the consideration of the potential task outcome of usability 
problems in severity rating enhances the prioritization of usability problems.  

Conclusions 

The augmented classification scheme used in this study enables usability evaluators to 
analyze and classify usability problem sets in relation to the phase of the user-system 
interaction and addresses system users’ cognitive, physical and assessment efforts triggered 
by each of these problems. This classification differentiates problems that on the basis of 
their description and severity seem similar but could affect the user –system interaction and 
the task results differently. Evaluators using the scheme independently arrived at the same 
problem classification in more than 90% of the cases. 
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Introduction  

Information systems are increasingly used in healthcare. However, not all interactive 
systems are accepted or adopted by their users. Social and organizational factors on the one 
hand and usability issues on the other play an important role when system use is concerned. 
In this thesis the focus is on usability of interactive information systems and the first 
objective of this study is to determine how well usability problems can be detected by a 
usability evaluation method (UEM). Two general types of usability evaluation methods can 
be discerned: usability testing and expert inspection. We decided to study and compare two 
commonly applied usability evaluation methods: one from the domain of the usability 
inspection methods and one from the domain of the usability testing methods.  

To study and compare the effectiveness of these two usability evaluation methods, we 
evaluated a computerized physician order entry (CPOE) system for medication prescribing, 
Medicator, as an example of an interactive information system. This system has been used 
for almost a decade in a number of hospitals in the Netherlands. The first research objective 
included the investigation of the impact of design aspects of CPOE systems on usability via 
a systematic review of the literature.  

The two UEMs were applied to a CPOE not only to compare the strengths and 
limitations of these methods but also to evaluate the usability of the above mentioned 
CPOE system and the influence of usability on efficiency. Since the system was already in 
use for about ten years we hypothesized that the CPOE system would no longer suffer from 
severe usability problems.  

Since not only technical aspects but also social and organizational aspects may 
determine the satisfaction of users with a system we carried out a survey to determine the 
users’ satisfaction. Moreover, the literature is not univocal about the relationship between 
the three aspects of usability: efficiency, effectiveness and user satisfaction. Our case study 
could provide further evidence for the presence or absence of such a relation. In this survey 
we also asked users about usability problems to determine whether the (more severe) 
usability problems revealed by the cognitive walkthrough (CW) and think aloud (TA) 
methods are indeed experienced by the users and therefore would be reflected in their 
satisfaction with the system. 

A second objective of the study was to provide a framework for the classification of 
usability problems. Without such a classification framework the problem descriptions can 
lead to confusion and misunderstanding, because every evaluator uses its own terminology. 
Moreover with the help of such a framework problem solutions can be coupled to problem 
classifications and so for example be used as a knowledge base for the development of new 
systems or the redesign of current systems.  
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To reach both objectives the following research questions were expressed and addressed 
in Chapters 2 to 7.  

 

1. How do design aspects of CPOE medication ordering systems influence CPOE usability, 
workflow and ordering errors?  

2. What types of usability problems of the user interface of the CPOE system can be 
identified and what is their effect on efficiency? 

 3. How satisfied are users of a CPOE system, which is already in use for a decade, and is 
there still room for improvement of the system?  

4. How do CW and TA compare regarding their potential to identify usability problems? 

5. How should usability problem descriptions be classified so that they can be effectively 
reported? 

 
In this chapter, to answer the research questions, we summarize and discuss the results 

of the previous chapters. Subsequently we enumerate the strengths and weaknesses of our 
research in general and in relation to other studies. Finally we discuss the implications of 
our research and provide some recommendations for future research.  

Principal findings 

Design aspects of CPOE systems for medication ordering 

To address the first research question we carried out a systematic review to identify the 
design aspects of CPOE systems for medication ordering that have an effect on system 
usability, clinicians’ workflow and medication orders (Chapter 2). Despite the positive 
effect of CPOEs in facilitating medication ordering and in reducing ordering errors1-3, the 
results of this study shed light on the specific design aspects of CPOE systems that reduce 
its usability, disrupt workflow of the users or may cause ordering errors. These findings 
indicate that the design of a number of CPOE functionalities needs to be improved in order 
to fully support users of this system. However, this does not mean that a CPOE system in 
general increases the workload of users and ordering errors because many of the reported 
negative effects were revealed by usability evaluations during development of the system 
and therefore before implementation or actual use of the system. Detecting problems early 
in the lifecycle of information systems is essential: the earlier problems are detected the less 
costly the corrections are. 

The study revealed that the user interface navigation structure of CPOE systems should 
match the workflow patterns of physicians in order to minimize their cognitive effort when 
using the system. Therefore, the presentation of data on different screen locations should 
follow physician’s normal flow of actions in the ordering process. Visual cues (e.g. buttons) 
on multiple screen displays should be presented in a consistent manner and at a consistent 
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screen position. Critical information should be prominently displayed on the screen to 
attract the attention of the users. For example, one study4 showed that highlighting the 
recommended medication dosage on the screen positively influenced physicians’ ordering 
behavior to pick the recommended option, decreasing the proportion of dosages outside the 
recommended range. Different categories of information should be distinguished by using 
different colors or layouts. This can increase the physician’s recognition of the intended 
meaning of the information. Information displayed on the screen should support users in 
controlling the interaction, in recognizing errors and in determining the next actions. Error 
prevention functionalities (e.g. alerts) should trigger at the moment the user performs an 
erroneous action, especially when ordering tasks have critical consequences for the 
ordering outcome. These functionalities should explain the error and how to prevent it. 
Following error detection, physicians should be allowed to easily undo and edit or cancel 
the erroneous actions rather than being forced to cancel the whole order and reenter the 
entire order. Users should be aware of the state of the system through informative feedback 
about the steps previously carried out. Users’ navigation should be facilitated by 
presentation of the information in the appropriate order and in logical groups. For labeling 
of screen items, a consistent and familiar vocabulary that explains the purpose and the 
content of the items should be used.  

The mapping of the reported design aspects of CPOE to the to the International 
Standard Organization (ISO) principles and recommendations for computer screen –and  
dialogue design and user guidance5-8 showed that many of the design flaws can be 
prevented if in the design of these systems these principles and recommendations are 
followed. Other usability issues were system and context specific and can not be solved by 
following ISO recommendations. For example, in one of the evaluated CPOEs, a dosage 
change resulted in a new prescription. This problem led to workarounds and caused dosing 
errors concerned the medication ordering process. In order to provide systems that are easy 
to use and that are aligned with workflow requirements of the users, usability issues should 
be addressed by continuous usability evaluation of the system and collecting users’ 
feedback.  

This systematic review showed that few studies have been done on CPOE design flaws 
and their influence on user interaction. Additional studies will contribute to the 
development of a knowledge base of design recommendations that can be used for the 
(re)design of CPOEs. However, this systematic review provided insight into design flaws of 
the CPOE system and their influence on usability, workflow and medication orders based 
on twenty years of research. We used this insight for evaluating the usability of a CPOE 
and its effect on efficiency and medication errors (Chapters 3 and 4) and for the evaluation 
of the users’ satisfaction with the CPOE system (Chapter 5). 

Usability problems of the CPOE and their effects on efficiency 

The second research question was addressed in Chapters 3 and 4. To answer this question 
we carried out two usability evaluation studies using respectively the CW and the TA 
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method. In the CW evaluation (Chapter 3) we found a number of usability problems 
related to a CPOE system (Medicator), of which around 32% were highly severe (major and 
catastrophic) problems. These problems were mainly related to poor design of screen 
elements, ambiguous information on the screen, lack of error prevention functionalities and 
unexpected system responses. Identified usability problems had the potential to cause user 
frustration, time delay in ordering, and medication errors. Analysis of the findings showed 
that many of the design flaws of Medicator can in fact easily be corrected. Other problems, 
particularly the more severe ones such as those concerning the lack of error prevention 
functionalities and unexpected system responses, need more extensive redesign efforts. 
Since in CW expert evaluators try to predict which problems users will encounter, CW 
results should preferably be validated through end user testing. End user testing may 
corroborate the CW findings and reveal additional usability problems related to a mismatch 
of the sequence of actions to be carried out in the system with the clinicians’ workflow and 
their decision making and reasoning process.  

The TA user testing was described in Chapter 4. To measure the effect of different 
categories of usability problems on physicians’ ordering efficiency the revealed usability 
problems by TA were categorized based on a set of heuristics suggested by the human 
computer interface literature for evaluation of user interfaces9. The excess number of mouse 
clicks and keystrokes (the difference in number of mouse clicks and keystrokes needed by 
each physician and the minimally required numbers to accomplish the ordering tasks) was 
considered as the measure of efficiency. Besides evaluating the effect of usability problems 
on efficiency also the efficiency of two methods of ordering (with and without order sets) 
was compared. The analysis showed that the following three groups of usability problems 
significantly impaired the efficiency: 1) wrong system messaging, insufficient contents of 
system messages, and unclear information or guidance preventing the physicians to 
understand or solve the problem that generated the message, 2) unfamiliar language and 
abbreviations used for labeling of screen items (e.g. buttons and menus), and 3) system 
responses mismatching the data entered by the physician, redundant feedback or lack of 
informative system feedback. It is conceivable that experiencing usability problems would 
lead to time delays because users need more actions to find a way for carrying out the task. 
However, other problems had no effect or a slightly positive effect on efficiency. Since a 
positive effect was measured as a reduction in the number of mouse clicks and keystrokes, 
the positive effects found could be explained by the fact that users skipped some non-
mandatory tasks because of invisibility of the system functionalities or to circumvent 
certain usability problems. Although this sort of problems does not impair the efficiency of 
the ordering phase of the medication process, they lead to inefficiency of the whole 
ordering process because of miscommunication of ordering information. For example 
physicians may be called by nurses and pharmacist for the clarification or re-entry of the 
order.  
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Our study showed that predefined order sets can improve the efficiency of computerized 
medication ordering in terms of the excess number of mouse clicks and keystrokes. 
Predefined order sets require fewer actions to order the medications, thus fewer mouse 
clicks and keystrokes are needed. Our study also showed that the users experienced less 
highly severe problems when ordering with order sets. Order sets reduce the chance to 
experience the same (severe) usability problems, thereby decreasing the physical and 
cognitive effort that is required to recover from problems.  

Users’ satisfaction with the CPOE system 

To address the third research question a questionnaire survey was conducted among the 
end–users (physicians and nurses) of the Medicator system working in inpatient 
departments of AMC. This study is described in Chapter 5. In this study both nurses and 
physicians were positive about the ease of use of the CPOE and its effect on workflow, 
efficiency, and medication safety. Also, users expressed a need for additional system 
functionalities, improvement of current functionalities, improvement of information 
presentation and integration with other hospital information systems.  

As the usability evaluations of the same system (described in Chapters 3 and 4) 
identified a number of usability problems of which 35% were severe and in addition the use 
of the system was compulsory, we hypothesized that the satisfaction of the users with this 
system would be low. Respondents in this survey mentioned a number of previously 
identified usability problems. For example, responding users indicated that the presentation 
of information on the screen needs to be improved. Also around half of the respondents 
mentioned that there are situations that might cause medication errors and 10% of them 
mentioned that use of CPOE can cause coordination problems in medication ordering 
activities. Users of this system were not aware of some system functionalities or had 
difficulty with using these functionalities. Nevertheless the respondents were satisfied with 
the system. We concluded that high user satisfaction does not mean that the system does 
not contain any usability problems, especially severe ones. This finding is consistent with 
the research findings of Frøkjær et al.10 that greater system usability does not necessarily 
improve the satisfaction of the users.  

The satisfaction of the users can be explained as follows. According to Lingaard11 visual 
appeal of a system weighs more heavily in user satisfaction than its usability. Probably 
users of the system that has been used for a decade considered the system as ‘beautiful’ and 
like it. It has been previously shown that the frequency of use and familiarity with a CPOE 
is positively correlated with users’ satisfaction12. In our case the respondents have used the 
system frequently and have apparently become familiar with its peculiarities. Moreover, 
users may develop workarounds to bypass the design flaws of the system to successfully 
complete ordering tasks13,14. Therefore, the users may feel comfortable when working with 
the system.  
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Comparison of CW and TA  

The fourth research question was addressed in Chapter 6. This study showed that although 
the effectiveness of TA for identification of usability problems was slightly higher than that 
of the CW method, the difference in the number of detected problems and in the average 
severity of the problems was not statistically significant. None of these two methods can 
identify all the problems that exist in a system. Factors such as previous experience with the 
same or a similar system, existence of different ways to perform a task and the domain 
knowledge of the users may influence the detection scope of the methods. For example, a 
problem that was identified by CW regarding the unusual location of buttons on screen did 
not bother the TA users, and thus was not identified by this method. Users in TA testing 
had previous experience with a similar system and they knew the location of the buttons.  

Around forty percent of the problems were identified by both CW and TA. The analysis 
of the TA data showed that physicians encountered these problem twice as much as 
problems that were only identified by the TA method. This shows that probably problems 
that are encountered more often are more easily identified by both methods. The number of 
the highly severe problems (major and catastrophic) that were identified only by TA was 
twice as much as those identified only by CW while the number of less severe problems 
(cosmetic and minor) was similar for both methods. While both methods identified an 
almost similar number of usability problems related to the planning, translation and 
physical action phases of UAF, TA showed a slightly better capability to identify problems 
related to the assessment phase of user interaction. Our study showed that both CW and TA 
identified the problems that were encountered more often in the system. However, using 
only one of both methods to evaluate a system will lead to missing a number of usability 
problems. Our recommendation is to use a combination of the two methods. Cooperative 
usability testing (CUT)15 is a new method in the domain of HCI in which test users and 
evaluators join expertise to understand the usability problems of the evaluated application. 
CUT enables the user to influence the interpretation of the test. Thus, CUT aims to identify 
usability problems with a higher validity than TA, and to improve users’ and evaluators’ 
experience of participating in a usability test. CUT seems to be unique in the approach of 
combining systematic interaction and interpretation sessions but like other methods it has 
some drawbacks: for example, there is a risk that discussion between the user and expert 
become too general and detached from what happened during the interaction session. This 
sort of methods has not been used often and further work on their evaluation is needed. 

Classification of usability problems 

To address the fifth research question we augmented UAF (a classification framework from 
the usability engineering field) with severity ratings of usability problems and an 
assessment of their potential impact on final task outcomes (Chapter 7). This augmented 
framework was used for the classification of usability problems identified in a usability 
case study of a CPOE system. This study showed that the augmented framework could 
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improve the classification, analysis, and prioritization of usability problems. This 
classification enables usability evaluators to relate the usability problem to the phases of the 
user–system interaction and to address users’ cognitive and physical efforts triggered by 
each of these problems. 

Examination of problems in the various phases of the UAF enables the differentiation of 
problems that on the basis of their descriptions and severities seem similar but could affect 
the user –system interaction and the task results differently. It also helps to determine the 
underlying cause of the problems and the manner in which the problem affects the users’ 
interaction. The augmented framework helps to prioritize problems based on their impact 
on users and on patient safety. This is crucial in the healthcare domain as the results of 
users actions influence the health of people.  

All 57 usability problems determined in the CPOE case study could be classified with 
the augmented classification framework into exclusive hierarchies belonging to the 
different phases of user interaction: planning, translation, physical action and assessment. 
This study showed that usability problems related to the assessment phase of interaction 
with this system need more attention in the redesign process because of their higher number 
and severity and their contribution to ordering errors.  

This classification overcomes the limitations of previously used classifications in the 
domain of healthcare (bottom-up, merely based on severity and heuristic classification). In 
the augmented classification the problem categories are mutually exclusive. This 
classification minimizes the subjective classification of problems by providing a formal 
framework and takes into account the potential impact of the problems on the task outcome. 
Application of this framework will aid the effective reporting of usability problems and 
determine trends and patterns across problem sets of usability evaluation case studies. This 
will assist in building comprehensive usability knowledge bases and advancing human 
computer interaction science in the healthcare domain. 

Strengths and weaknesses of the study 

A strength of our research is that we followed a systematic procedure. We first carried out a 
systematic review to gain an understanding about design aspects of one of the interactive 
applications in the domain of healthcare (CPOE) and about the influence of these aspects 
on user interaction. Next we used this insight to identify and characterize usability 
problems of a working CPOE using an expert-based and a user-based usability evaluation 
method (CW and TA). We used the findings to compare the effectiveness of the two 
methods that we used for identification of the problems. Usability is defined as the 
effectiveness, efficiency and satisfaction with which specified users achieve specified goals 
in particular environments. Since the two components of usability (efficiency and 
effectiveness) were assessed by the usability studies, we studied the satisfaction of the users 
with the system and their opinion about required improvements of the system to increase 
users’ satisfaction. We also investigated whether the respondents reported the usability 
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problems identified in the usability evaluation of the same system. We applied three 
methods of classification (bottom up, via severity ratings and based on heuristics) to 
categorize usability problems. After that, by investigating the weaknesses of these three 
classification methods we proposed an augmented framework for classification of the 
problems that overcomes the drawbacks of previously used classifications. Using the 
previous classifications used in our studies we could determine the weaknesses and 
strengths of these classifications and form a basis for our proposed augmented framework.  

Another strength of this research is that it is the first study that compares the 
effectiveness of UEMs in a healthcare setting. Usability is a context dependent property of 
computerized applications16. Therefore, a certain UEM might work better in one context of 
use than in another. Also our research is a first step in evaluating the effect of different 
usability problem categories on the efficiency of ordering. The common method to 
prioritize usability problems is by severity rating. In the situation that the application is 
mission critical (e.g. the task results can have a consequence on the well being of people) 
severity rating of usability problems may be used. However, for the time critical 
applications (users are very busy and the amount of time they can spend on the task is little) 
assessment of the effect of usability problems on efficiency can provide extra information 
for the (re)designers of the systems when prioritizing their efforts to develop systems that 
meet users needs and time constrains. The approach that we followed in this research by 
studying the number of mouse clicks and keystrokes to assess efficiency helped a detailed 
analysis of the users’ interactions. 

A limitation of this research is that similar to other studies conducted in comparable 
settings this study investigated one CPOE system at one academic medical center. It is 
possible that the users’ satisfaction of the same or other CPOE systems implemented at 
other locations differ from those reported here. However, this study adds to the body of 
knowledge about the users’ satisfaction and CPOE requirements. Although the evaluated 
set of usability problems was based on the evaluation of one system in a hospital setting, we 
used both a usability inspection method (CW) and a usability testing method (TA) to 
increase the detection scope. Since both the expert (inspection) and user centered (testing) 
method may have a different capability to reveal problems in terms of number and 
severity17, the use of different methods increases the chance of identifying more real 
usability problems.  

A difficulty in our research was that the system that we evaluated was a commercial 
system. Also, a preliminary commitment by the ICT department to support the development 
of new pilot versions of this CPOE system was withdrawn due to a change in policy 
concerning the investment in a hospital-wide electronic medical record (EMR) system with 
CPOE integrated. Thus, we could not change the system according to the results of our 
evaluations and therefore were not able to conduct a post-implementation evaluation of the 
system. The implementation of system changes and the conduction of post-implementation 
evaluation would have enabled us to assess the value of the recommendations for 
improvement of the interactive system. Still we could use the results of the usability studies 
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for studying the effectiveness of the CW and TA methods and for testing the proposed 
augmented framework for classification of usability problems.  

Strengths and limitations in relation to other studies 

A number of studies18-22 compared the satisfaction of users with different CPOE systems or 
the satisfaction with one system among different groups of users. These studies, however, 
did not investigate how user satisfaction can possibly be improved. In this research in 
addition to evaluating users’ satisfaction concerning different aspects of a system we 
questioned users about problems with using the current system functionalities and what 
they would prefer to be improved or added to the system to increase their satisfaction. None 
of the previous studies have evaluated the usability of their systems. Therefore, these 
studies regarded the perceived satisfaction with the systems as an indication of system 
usability. In our survey we verified the results of the survey with the results of our previous 
usability studies of the same system.  

Few studies compared the effectiveness of the CW and user testing methods23-25. These 
studies focused on the evaluation of office systems and the user testing method that they 
employed was different from the TA user testing method used in our research. Moreover, 
these studies used the crude number and severity of usability problems to compare the 
effectiveness of UEMs without considering the totality of problems that were identified by 
all evaluation methods. Also the validity and thoroughness of the methods were not 
compared in these studies. A strength of our research is that we took all these aspects into 
account. In addition we made a break-down of the identified problems over the UAF 
interaction phases, which helped to determine the effectiveness of UEMs in the detection of 
usability problems in the different phases of the user interaction.  

To assess the effect of different categories of usability problems on ordering efficiency 
and also to study the efficiency of two ordering methods (with and without order sets) we 
used the (excess) number of mouse clicks and keystrokes to measure the efficiency. 
Previous studies evaluating ordering efficiency in different settings26-31 used the time spent 
on CPOE supported ordering tasks to measure efficiency. These time measurements can be 
biased because of user interruptions during ordering (e.g. telephone calls) and differences in 
users’ manual dexterity. Therefore, with this approach the determination of the minimum 
required time is only unbiased under ideal laboratory conditions but usually not under 
normal circumstances. These user interruptions and manual dexterity do not affect the 
number of mouse clicks and keystrokes needed by a user to accomplish an ordering task.  

Commonly applied usability classification methods (bottom-up, severity rating, based 
on heuristics) used in previous studies9,32,33 do not meet all requirements needed to be 
considered in reporting usability evaluation results. These classifications may depend on an 
evaluator’s ability to classify problems, lead to an incomplete classification of problems; 
and may lack distinguishability, and mutual exclusiveness due to a missing theoretical 
foundation. They either do not consider the criticality of usability problems or they do not 
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take into account the potential effect of usability problems on the users and on task 
outcomes. Healthcare applications are mission and time critical. Therefore, taking into 
account the effect of usability problems on busy users and on task outcomes will lead to a 
more precise and effective reporting of usability problems. We proposed and used an 
augmented classification framework for the categorization of usability problems of 
interactive healthcare applications that results in a consistent and effective reporting of 
usability problems. 

Implications of this research 

In the last three decades many clinical computerized applications, including CPOE systems, 
have been developed to support healthcare professionals in their work and to foster the 
practice of patient care. Despite improvements in documentation, facilitation of 
communication and contribution of these applications to patient safety, some studies 
showed that these systems may disrupt the normal workflow of the users, and have the 
potential to cause user frustrations and to introduce new types of errors due to unwieldy 
designs of their user interfaces34-37. Usability problems make the use of computerized 
clinical application cumbersome and negatively affect acceptance of these applications. In 
order to fully support users during interaction, usability aspects of applications should 
preferably be considered early and continuously in the system design process. Many 
usability problems can be avoided if standards and guidelines for user interface design are 
followed. Other usability problems, particularly the severe problems, can be prevented if 
usability evaluations are carried out at the earliest stages of system development.  

Several usability evaluation methods have been developed for evaluating interactive 
computerized applications. Each of these methods has its strengths and limitations, requires 
certain expertise levels and resources, generates specific types of data, and requires specific 
analysis methods. All these aspects may affect the outcomes and the usefulness of usability 
evaluation efforts17. Comparing the effectiveness of usability evaluation methods in 
different contexts provides evaluators useful information for selecting the method(s) that 
meet(s) their needs in a specific context of use. Accurate and effective classification and 
reporting of usability problems likewise is important to communicate and successfully 
tackle the most relevant usability problems. Each industry has its own requirements and 
priorities, thus, classification and reporting of usability problems should address these 
priorities. Feedback from the users of a system complements the results of usability studies 
and also provides information for the improvement of the system functionalities. The 
research presented in this thesis provides valuable insight in the usability of a healthcare 
application (CPOE system), in the users’ satisfaction and in the effectiveness of two 
common evaluation methods (CW and TA) in the domain of healthcare. And finally this 
research provided a framework for classification and communication of usability problems 
in this domain.  
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Recommendations for future research  

Many studies have been undertaken to evaluate the usability of healthcare applications that 
are used in different settings38-40. The results of these usability evaluations provide practical 
information for redesigning the systems. Our systematic review showed a lack of 
knowledge about the final impact of CPOE redesign efforts on their success. Research on 
this issue is needed to be able to gain insight in whether adoption of design 
recommendation into the redesign efforts improves the usability and acceptance of 
applications.  

User satisfaction with specific types of CPOE systems has been studied in different 
setting and among different groups of users18-22. None of the previous studies researched 
how the satisfaction of users can be improved. In our survey users mentioned what needs to 
be improved or added to the current CPOE system. However, we did not ask the users to 
state reasons why they asked for specific improvements and additional system 
functionalities. More research could be useful for system development and may lead to 
higher satisfaction. Moreover, although users were satisfied with the system they mentioned 
many of the sometimes severe usability problems identified previously by the usability 
evaluation of the same system. This means that the low usability does not necessarily lead 
to dissatisfaction. It is worthwhile to study the correlation between usability and user 
satisfaction of other interactive applications.  

Predefined order sets are effective in altering physicians’ ordering practices through 
standardization41, speed up ordering and improve efficiency by grouping orders 
together42,43. Facilitating and accelerating the ordering processes can increase the 
acceptance of CPOE systems44. On the other hand usability problems of the user interface 
of a system limits the usage of these order sets. To our knowledge the effect of predefined 
order sets on users’ acceptance has not been well studied in the literature. Therefore, we 
recommend researchers to study the effect of order sets on users’ acceptance before and 
after CPOE redesign efforts for tackling usability problems.  

We compared the effectiveness of CW and TA using a case study with one application 
in the domain of healthcare. This study showed that the results for the healthcare domain do 
not differ much from results obtained in other domains. Based on our results and the results 
of previous studies in the other domains, a combination of methods or a cooperative method 
such as that presented by Frøkjær and Hornbæk15 may obtain the highest effectiveness. 
Future studies comparing the effectiveness of other usability evaluation methods, in 
different settings with more systems and users can add to the findings of this study.  

A common method for prioritizing usability problems is the severity rating proposed by 
Nielsen45. This severity rating is based on the three elements: the impact of a problem on 
the users during their interaction with a system, the persistence of a problem when users 
encounter the same situation a next time, and the frequency of occurrence of a problem. 
Using this rating in our research we realized that some problems that are rated as less 
severe may have a substantial negative impact on task outcomes. However, if in the 
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redesign process the focus would be on the severe problems, usability problems with less 
severity but with a severe impact on the outcomes will not be tackled. Therefore, we 
recommend researchers to study whether consideration of the potential impact of usability 
problems on task outcome leads to a more precise prioritization of problems.  
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Healthcare information systems have a great potential to support clinicians in their clinical 
practice and improve patient safety by reducing errors.  Nevertheless, still decades after the 
introduction of IT in healthcare not all these systems are accepted or adopted by their users. 
Moreover, there is evidence that some of the healthcare information systems introduce new 
kinds of errors and need more time of the clinicians to work with. Many of these problems 
are caused by a faulty user interface which makes the user interaction a difficult experience. 
Usability evaluation of these systems and feedback from the users provide designers of the 
systems with useful information for improving the systems.  

A number of usability evaluation methods have been introduced for evaluating 
interactive computerized applications. Each method has its own advantages and 
disadvantages. As usability is context dependent, the effectiveness of these methods may 
differ in various contexts. Comparison of usability evaluation methods in the field of 
healthcare provides evaluators with information about which method(s) to use to get the 
best results. To communicate the usability problems to the (re)designers of the systems in 
such a way that it is clear what the problems are and how to solve them, the usability 
problem descriptions should be classified. Classification of the usability problems also can 
facilitate sharing of the problems and their solutions with colleagues. This classification 
should convey the criticality of the problems and their priority for redesign. As each 
domain has its own priority criteria (for example, in one domain time is critical while in 
another the accuracy of the task outcome) these criteria should be taken into account when 
classifying and prioritizing usability problems. 

In this study we evaluated, as an example of an IT application in the domain of 
healthcare, the usability of a computerized physician order entry (CPOE) system and at the 
same time compared the effectiveness of two usability evaluation methods: cognitive 
walkthrough (CW) and think aloud (TA). We also propose a classification framework for 
usability problems in the healthcare domain. In addition we investigated the impact of 
design aspects of CPOE systems on usability via a systematic review of the literature and 
addressed the association between user satisfaction and usability by collecting the users’ 
feedback in a survey study.  

The most important element that contributes to the usability of a system is the design of 
the system user interface. Characterization of consequences associated with certain design 
aspects provides insight into how the system design can be improved for a certain setting. 
We carried out a systematic review of the literature by searching PubMed, EMBASE and 
Ovid MEDLINE for publications reporting on (usability) evaluation studies of CPOE 
medication ordering systems in order to identify design aspects of CPOE system that can 
affect usability, clinicians’ workflow and ordering outcome. The results of this study are 
described in Chapter 2.  

Data concerning CPOE design aspects were extracted from the 19 articles that met our 
inclusion criteria. Each of the design aspects found in the articles was mapped to the ISO 
principles and recommendations for computer screen- and dialogue design. Identified 
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design aspects were categorized into groups derived from the ISO principles and 
recommendations, and if CPOE–specific, from the collected data.  In total 42 CPOE design 
aspects were identified that exert a positive or negative influence on usability, clinicians’ 
workflow and ordering outcome. These design aspects were categorized in seven groups: 1) 
documentation and data entry components, 2) alerting, 3) visual clues and icons, 4) drop-
down lists and menus, 5) safeguards, 6) screen displays, and 7) auxiliary functions. This 
systematic review showed that the suboptimal design of CPOE interfaces can result in 
usability problems, workflow interruptions and finally in medication errors. Based on the 
results we partly provided general recommendations for (re)designing CPOE systems 
matching general ISO principles and recommendations for computer screen design. The 
remaining recommendations were CPOE design- specific.  

Chapter 3 describes the results of a usability evaluation study carried out to identify 
design flaws of a working CPOE system. Two usability evaluators evaluated the usability 
of the system using the CW method while performing an ordering task based on a clinical 
scenario for ordering the consolidation phase of chemotherapy for a leukemic patient. 
Identified usability problem descriptions were analyzed and independently clustered into 
different categories by the two evaluators. Evaluators discussed their categories and 
disagreements were resolved through discussion. Decisions about the assignment of 
usability problem descriptions to each category were taken based on consensus of the two 
evaluators. The severity of the problems was also determined by the two evaluators based 
on three characteristics:  impact of the problem on a potential user, its frequency, and 
persistence. Identified usability problem descriptions were classified into eleven categories. 
CW identified moderate to severe problems that may lead to inefficient use of the CPOE 
system and potentially resulting in users’ confusion, longer ordering duration, and 
medication errors. The largest number of usability problems was related to poor design of 
screen elements (e.g. buttons), lack of error prevention functionalities and ambiguous 
information on the screen. The complexity of the CPOE design, its rigidness and absence of 
user guidance suggest the necessity to redesign the current user interface in order to match 
clinicians’ ordering behaviors and to fully support them in the medication ordering process.  

In Chapter 4 the usability of the same CPOE system was evaluated by the TA method 
to study the efficiency of two medication ordering methods (with and without predefined 
order sets) and to analyze the effect of different types of usability problems on ordering 
efficiency. Ten physicians were asked to order medications twice, using a predefined 
clinical scenario, once using the predefined order sets and once without making use of these 
order sets. Participants were instructed to verbalize their thoughts while performing the 
ordering tasks. Video and audio tracks of the participants and of the corresponding screen 
sequences, changes and movements (e.g., mouse clicks and keystrokes) were captured. Two 
usability evaluators reviewed and analyzed the recordings to identify the usability problems 
and to register the number of mouse clicks and keystrokes of participants. Observed 
usability problems were categorized using the fourteen heuristic principles of good user 
interface design. Usability problems were categorized as violations of these heuristics. For 
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each physician, occurrences of usability problems during the task sessions were recorded 
and the excess number of mouse clicks and keystrokes (the difference between the number 
of mouse clicks and keystrokes needed by each physician and the minimally required 
number to accomplish the ordering tasks) was measured for both methods. In a consensus 
meeting three usability evaluators determined the severity of each of the usability problems. 
The excess number of mouse clicks and keystrokes for the two methods of ordering was 
compared. The effect of different types of usability problems on the excess number of 
mouse clicks and keystrokes was statistically analyzed. This study showed that predefined 
order sets can improve the efficiency of ordering. The median excess number of mouse 
clicks and keystrokes needed by physicians was 6.2 times lower in the method with 
predefined order sets (p < 0.01). The excess number of mouse clicks and keystrokes 
increased significantly due to the following usability problems: vague and erroneous system 
messages, an increase with a factor of 2.62 (95% CI 2.24–3.07), unfamiliar language and 
terminology, an increase with a factor of 1.28 (95% CI 1.14–1.43), and non-informative 
system feedback, an increase with a factor of 1.15 (95% CI 1.03–1.28). The results showed 
that beside these three problem categories, other problem categories had little influence on 
ordering efficiency.  

Chapter 5 describes a survey study conducted to measure the satisfaction of end-users 
of the CPOE system with its ease of use and effect on the users’ workflow, efficiency, and 
medication safety and to seek users’ opinions regarding required improvements of the 
system. This study also investigated whether there was a direct relation between user 
satisfaction and the usability of the system. Two survey questionnaires were distributed to 
CPOE system users (physicians and nurses) working in inpatient departments of a 
university hospital. Questionnaires included items that were rated using a five point Likert 
scale to measure users’ satisfaction. Multiple choice questions with space for free text 
additions also were used to collect qualitative data concerning the use of the CPOE system 
and the users’ opinion concerning required improvements of the system. Responding users 
mentioned a number of (severe) usability problems previously identified by the usability 
evaluations of the same system and requested improvements such as adding new 
functionalities and the improvement of current functionalities of the system.  However, 
both groups of users were satisfied with the system, although they were aware of its many 
shortcomings. Therefore, this study showed that there is no direct relation between user 
satisfaction and the usability of the system. Factors such as frequency of use and familiarity 
with the system, using workarounds to circumvent the usability problems, and socio-
technical factors may have increased the users’ satisfaction.   

In Chapter 6 we compared the effectiveness of two common usability evaluation 
methods CW and TA for identifying usability problems in the domain of healthcare. For 
this study we used the results of usability evaluations of the CPOE system described in 
chapters 3 and 4. These identified usability problems were categorized based on the first 
level of the user action framework (UAF) and also the severity of the problems was 
determined. To compare the performance of CW and TA in identifying usability problems 
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the total set of usability problems identified by both methods was used as a standard-of-
comparison usability problem set. We measured the thoroughness (the extent to which a 
usability evaluation method can identify the existing usability problems), the validity (the 
extent to which a usability evaluation method accurately identifies usability problems) and 
used these measures to assess the effectiveness (the ability of a usability evaluation method 
to identify usability problems related to the user interface of a specific system). This study 
showed that the number of usability problems identified by each of the methods was 
significantly less than the total number of detected real usability problems in the system 
(P<0.001). The observed difference between the number of usability problems identified by 
CW and TA and the difference between the average severity of the detected problems by 
CW and TA were not statistically significant (p>0.4). This study showed that although the 
effectiveness of TA was slightly better than that of CW (0.70 vs. 0.62), there was no 
significant difference between the performance of the CW and the TA methods in terms of 
number of usability problems identified and the mean severity of these problems.  
Dependent on the user’ characteristics and context of use some problems may not be 
detectable by either CW or TA. For example CW probably can not identify problems 
related to the domain knowledge of the users. This study showed that the effectiveness of 
the two methods in the healthcare domain does not differ much from results obtained in 
other domains. 

In Chapter 7 we proposed an augmented classification scheme for classifying and 
prioritizing usability problem descriptions in the domain of healthcare. This scheme was 
used for classifying usability problems identified in usability evaluations of a working 
CPOE system described in chapters 3 and 4. In this study the identified usability problem 
descriptions were classified using a classification framework from the usability engineering 
field (the User Action Framework (UAF)). For prioritizing the problems the influence of 
the problem on user interaction and their potential impact on task outcome were 
determined. For assessing the influence on user interaction the severity of the problems was 
determined based on their frequency, persistence and their impact on users. As usability 
problems of healthcare applications can influence the health of the patients, the usability 
problems were also prioritized based on their potential impact on final task outcomes. The 
potential impact on task outcomes was determined by reviewing usability problem 
descriptions and the corresponding system states at each phase of the user system 
interaction. The potential impact was classified as wrong medication name, dosage, 
frequency, duration, and route of administration.  All usability problems detected in the 
usability evaluation case study of the CPOE system could be easily classified by this 
classification scheme into mutually exclusive categories. The evaluators could conveniently 
classify the problems and their agreement was rather high. We believe that this augmented 
classification improves the accuracy and effectiveness of the problem reporting and help 
(re)designers of the system to understand the problem, its underlying cause and its 
criticality for redesign. This work is of value for other researchers who intend to report on 
the results of usability evaluation studies.  
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Samenvatting 

Zorg informatiesystemen kunnen een belangrijke bijdrage leveren aan de ondersteuning van 
clinici in het zorgproces en aan de patiëntveiligheid doordat zij medische fouten kunnen 
voorkomen. Echter, tientallen jaren na de introductie van IT in de gezondheidszorg worden 
nog steeds niet alle systemen geaccepteerd en toegepast. Recent onderzoek toont bovendien 
aan dat sommige zorg informatiesystemen een nieuw soort fouten introduceren en dat het 
werken er mee meer tijd vergt van de clinici. Veel van deze problemen zijn terug te voeren 
op een slecht ontwerp van het user interface waardoor de interactie van de gebruiker met 
het systeem wordt bemoeilijkt.  De resultaten van gebruikersevaluaties van deze systemen, 
verder te noemen usability evaluaties, bieden systeemontwerpers inzicht in het type 
problemen dat zich voordoet. Op basis van dit inzicht kan het systeemontwerp verbeterd 
worden.  

Voor dit type evaluaties kan een aantal usability evaluatiemethoden ingezet worden. Elk 
van deze methoden kent voordelen en nadelen. Aangezien de mate van usability van een 
interactieve computer applicatie sterk bepaald wordt door de context waarin het systeem 
wordt gebruikt zal de effectiviteit van diverse usability evaluatiemethoden mogelijk ook 
afhankelijk zijn van deze context. Vergelijkingen van usability evaluatiemethoden binnen 
het zorgdomein geeft onderzoekers inzicht in de waarde van deze methoden wanneer zij 
toegepast worden in verschillende contexten. De vraag is dan welke methode het best 
toegepast kan worden om de beste resultaten te verkrijgen. De resultaten dienen vervolgens 
op een zodanige wijze aangeboden te worden aan de ontwerpers van het systeem dat het 
duidelijk is wat de gebruiksproblemen zijn en hoe deze in een nieuw systeemontwerp 
voorkomen kunnen worden. Dit vereist een eenduidige classificatie van deze 
probleembeschrijvingen. Een dergelijke classificatie kan tevens algemene kennis van 
usability problemen opleveren en mogelijke oplossingen voor het herontwerpen van 
systemen. In deze classificatie zouden eveneens de ernst van de problemen en hun prioriteit 
bij het herontwerpen van een systeem aangegeven moeten kunnen worden. Aangezien elk 
domein zijn eigen prioriteitscriteria kent (in een bepaald domein kan tijd een kritisch 
criterium zijn terwijl in een ander domein accuraatheid van het grootste belang kan zijn) 
dienen deze criteria meegenomen te worden bij het classificeren en prioriteren van usability 
problemen. 

In deze thesis evalueerden we de usability van een geautomatiseerd order-
mananagement systeem voor medicatie als een voorbeeld van een interactieve 
zorgapplicatie met het doel de effectiviteit van twee usability evaluatiemethoden te bepalen, 
de Cognitive Walkthrough (CW) en de Think Aloud (TA), en een classificatie raamwerk 
voor usability, problemen die zich voordoen bij interactieve zorgapplicaties, te ontwerpen. 
Door middel van een systematisch literatuuronderzoek onderzochten we tevens welke 
impact bepaalde keuzes in het ontwerp van order-management systemen hebben op de 
usability. Ook onderzochten we via een enquête of er een verband bestaat tussen de 
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usability van en de tevredenheid van gebruikers met het order-mananagement systeem voor 
medicatie.  

De belangrijkste factor die bijdraagt aan de usability van een interactief systeem is het 
ontwerp van het user-interface. Door de specifieke problemen, die gebruikers in interactie 
met het systeem in een bepaalde setting ondervinden, te karakteriseren verkrijgt men inzicht 
in mogelijke oplossingen voor deze problemen in een herontwerp. Via een systematisch 
literatuuronderzoek van artikelen, geciteerd in PubMed, EMBASE en Ovid MEDLINE, die 
de resultaten van een usability evaluatie van een order management systeem beschrijven, 
analyseerden we welke ontwerpaspecten van dit type systemen van invloed zijn op 
usability, de workflow van clinici en de uitkomst van de aanvraag. De resultaten van dit 
onderzoek staan beschreven in Hoofdstuk 2.  

Negentien artikelen voldeden aan de inclusie criteria en werden derhalve geïncludeerd. 
De data extractie had betrekking op ontwerpaspecten van order management systemen; 
deze werden geclassificeerd naar ISO principes en aanbevelingen ten aanzien van 
computerscherm- en interface ontwerp. Op deze wijze werden 42 verschillende 
ontwerpaspecten, die een positieve of negatieve invloed hadden op usability van een 
specifiek order management systeem, de workflow van clinici en/of de uitkomst van een 
aanvraag, geïdentificeerd en geclassificeerd. De 42 ontwerpaspecten werden gegroepeerd in 
7 clusters: 1) documentatie- en data-invoer functionaliteit, 2) alerts, 3) visuele cues en 
pictogrammen, 4) dropdown lijsten en menu’s, 5) voorzorgsmaatregelen (‘safeguards’), 6) 
computerscherm, en 7) help functies. Het systematische literatuuronderzoek toonde aan dat 
een suboptimaal user-interface ontwerp van order management systemen usability 
problemen tot gevolg kan hebben, de workflow van clinici negatief kan beïnvloeden en tot 
fouten in aanvragen en in de medicatie kan leiden. Op basis van deze resultaten doen we 
aanbevelingen voor het herontwerp van deze systemen die deels gebaseerd zijn op de ISO 
principes ten aanzien van een optimaal interface ontwerp en deels order management 
systeem specifiek zijn. 

In Hoofdstuk 3 worden de resultaten beschreven van een usability evaluatie studie naar 
de ontwerpfouten in een medicatie order management systeem. Twee onderzoekers 
onderzochten de usability van het user interface van dit systeem aan de hand van de CW 
methode. Hiertoe doorliepen zij het systeem aan de hand van een klinisch scenario waarin 
een leukemie patiënt werd beschreven waarvoor de consolidatie fase van chemotherapie 
diende te worden aangevraagd. De geïdentificeerde usability probleembeschrijvingen 
werden door beide onderzoekers onafhankelijk van elkaar geanalyseerd en geclusterd in 
verschillende categorieën. Deze categorieën werden daarna in overleg vastgesteld. De 
toewijzing van usability problemen aan deze categorieën vond op basis van consensus 
plaats. De ernst van de usability problemen werd vastgesteld aan de hand van 3 
karakteristieken: 1) de impact die een bepaald probleem zou hebben op de eindgebruiker, 2) 
de frequentie van voorkomen van het probleem, en 3) het al dan niet blijvende karakter van 
een probleem. Geïdentificeerde problemen werden eveneens geclassificeerd in 11 
categorieën. Aan de hand van de CW werden zowel matig ernstige tot zeer ernstige 
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problemen geïdentificeerd: verondersteld werd dat deze tot inefficiënt gebruik van het order 
management systeem, tot verwarring bij de gebruiker, tot een langere duur van het 
aanvragen van een medicatie en tot medicatiefouten zouden kunnen leiden. Het grootste 
aantal problemen kwam voort uit een suboptimaal ontwerp van het computerscherm, het 
ontbreken van functionaliteiten waarmee fouten voorkomen kunnen worden en ambigue 
informatie op het computerscherm. De complexiteit en rigiditeit van het systeemontwerp en 
het gebrek aan gebruikersbegeleiding suggereert de noodzaak tot een herontwerp van het 
systeem waarbij de navigatiestructuur zoveel mogelijk dient aan te sluiten bij het 
aanvraaggedrag van clinici en hen hierbij optimaal dient te ondersteunen. 

In Hoofdstuk 4 worden de resultaten van een usability evaluatie studie van hetzelfde 
medicatie order management systeem, nu aan de hand van de TA, beschreven. Het doel was 
de efficiëntie van twee manieren van aanvragen van medicatie, met en zonder vooraf 
gedefinieerde ‘order-sets’ en het effect van de verschillende typen gevonden usability 
problemen op de efficiëntie te onderzoeken. Tien artsen werd gevraagd om twee keer 
medicatie aan te vragen voor een fictieve patiënt, een keer met en een keer zonder gebruik 
te maken van deze order-sets. De proefpersonen werd gevraagd om tijdens het uitvoeren 
van de taken hardop te denken. Gedurende deze sessies werden van de proefpersonen video 
and audio opnamen gemaakt en de wijze waarop zij navigeerden door het systeem werd via 
speciale software automatisch vastgelegd. Twee onderzoekers beoordeelden de opnamen, 
analyseerden de usability problemen en registreerden het aantal muiskliks en toetsaanslagen 
van de proefpersonen. De usability problemen werden geclassificeerd op basis van 14 
heuristische principes met betrekking tot een optimaal user interface ontwerp. Usability 
problemen werden gecategoriseerd als schendingen van deze heuristieken. Voor elke arts 
werden de frequentie van voorkomen van elk type usability probleem en het aantal 
muiskliks en toetsaanslagen bepaald. Daarna werd voor elk van de artsen het verschil 
berekend in het aantal door de arts benodigde en het minimum aantal benodigde muiskliks 
en toetsaanslagen voor het goed afronden van een aanvraag. In een consensusmeeting 
bepaalden drie usability beoordelaars de ernst van elk van de usability problemen. Het 
teveel aan muisklikken en toetsaanslagen voor de twee aanvraagmethoden werd vergeleken. 
Het effect van verschillende typen usability problemen op het teveel aan muisklikken en 
toetsaanslagen werd statistisch onderzocht. Dit onderzoek toonde aan, dat vooraf 
gedefinieerde order-sets de efficiëntie van het aanvraagproces verbeteren. De mediaan van 
het teveel aan muisklikken en toetsaanslagen was 6,2 keer kleiner (p < 0.01) wanneer de 
methode met de order-sets werd gebruikt. Het teveel aan muisklikken en toetsaanslagen 
nam significant toe door de volgende usability problemen: vage en foute systeemberichten: 
een toename met een factor 2,62 (95% CI 2,24–3,07), onbekende taal en terminologie: een 
toename met een factor 1,28 (95% CI 1,14–1,43), en niet informatieve terugkoppeling van 
het systeem naar de gebruiker: een toename met een factor 1,15 (95% CI 1,03–1,28). Het 
onderzoek toonde aan dat afgezien van deze drie probleemcategorieën, andere 
probleemcategorieën weinig invloed hadden op de efficiëntie van het invoeren van 
medicatieopdrachten. 
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Hoofdstuk 5 beschrijft de resultaten van een enquête die is gehouden om de 
tevredenheid van eindgebruikers van het CPOE systeem met betrekking tot het 
gebruiksgemak en het effect ervan op de workflow, de efficiëntie van het aanvragen en de 
medicatieveiligheid te meten en om de gebruikers te vragen welke verbeteringen van het 
systeem zij wensten. Voorts werd onderzocht of er een direct verband bestond tussen de 
gebruikerstevredenheid en de usability van het systeem. Twee vragenlijsten werden 
verdeeld onder de gebruikers van het CPOE systeem (één voor artsen en één voor 
verpleegkundigen), die werkten op afdelingen van een universiteitsziekenhuis. De 
vragenlijsten bevatten vragen naar de tevredenheid van de gebruikers, die met behulp van 
een vijfpunts Likert schaal beantwoord moesten worden. Meerkeuze vragen met ruimte 
voor vrije tekst toevoegingen werden gebruikt om kwalitatieve gegevens over het gebruik 
van het CPOE systeem en de gewenste verbeteringen van het systeem te verkrijgen. De 
respondenten noemden een aantal (ernstige) usability problemen die eerder waren 
gevonden bij de usability evaluaties van hetzelfde systeem. De gebruikers gaven aan 
behoefte te hebben aan nieuwe functionaliteiten en verbeteringen van de huidige 
functionaliteit. Beide groepen gebruikers waren tevreden met het systeem. Deze studie 
toonde aan, dat er geen directe relatie bestaat tussen gebruikerstevredenheid en de usability 
van het systeem. Factoren als de gebruiksfrequentie en vertrouwdheid met het systeem, het 
kennen van alternatieven om usability problemen te omzeilen en socio-technische factoren 
kunnen de gebruiker tevreden hebben gesteld, ondanks de vele aanwezige usability 
problemen. 

In Hoofdstuk 6 vergeleken we de effectiviteit van twee veel gebruikte evaluatie 
methoden, CW en TA, voor het detecteren van usability problemen in systemen, toegepast 
binnen het domein van de gezondheidszorg. Voor deze studie maakten we gebruik van de 
resultaten van de usability evaluaties, die beschreven werden in hoofdstuk 3 en 4. De 
gedetecteerde usability problemen werden ingedeeld met behulp van het eerste niveau van 
het User Action Framework (UAF) en ook werd de ernst van de problemen bepaald. Om de 
prestaties van de CW en TA methodes met betrekking tot het opsporen van usability 
problemen te kunnen vergelijken werd als referentie gebruik gemaakt van de verzameling 
van alle problemen, die door beide methoden waren gevonden. We bepaalden de 
thoroughness (welk percentage van het totaal aantal in het systeem aanwezige usability 
problemen wordt door de usability evaluatiemethode opgespoord) en de validiteit (welk 
deel van de door de evaluatiemethode benoemde problemen zijn werkelijk usability 
problemen) en gebruikten deze maten om de effectiviteit (het vermogen van een usability 
evaluatiemethode om usability problemen gerelateerd aan de gebruikersinterface van een 
systeem) te bepalen. Ons onderzoek toonde aan, dat het aantal usability problemen dat elk 
van de evaluatiemethoden opspoorde, significant kleiner was dan het totale aantal usability 
problemen (P<0,001). Het waargenomen verschil tussen het aantal usability problemen 
opgespoord door respectievelijk CW en TA en het verschil tussen de gemiddelde ernst van 
de door CW en TA gedetecteerde problemen waren niet statistisch significant (p>0,4).  
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In dit onderzoek werd aangetoond, dat hoewel de effectiviteit van de TA methode iets beter 
was dan die van de CW methode (0,70 vs. 0,62), er geen significant verschil bestond tussen 
de prestaties van de CW en de TA methode in termen van het aantal gedetecteerde usability 
problemen en de gemiddelde ernst van deze problemen. Het blijkt dat zowel de CW als de 
TA methode, bij bepaalde kenmerken van de gebruiker en de gebruikscontext, sommige 
problemen niet kunnen detecteren. Zo kan de CW methode bijvoorbeeld geen problemen 
gerelateerd aan de domeinkennis van de gebruikers opsporen. Het onderzoek toonde aan, 
dat de effectiviteit van de twee methoden, wanneer ze worden toegepast in de 
gezondheidszorg, niet verschilt van de effectiviteit verkregen bij toepassing in andere 
domeinen.  

In Hoofdstuk 7 breiden wij een bestaand classificatieschema ten behoeve van het 
classificeren van usability probleembeschrijvingen bij zorg informatiesystemen uit, zodat 
het ook mogelijk wordt aan te geven welke problemen met voorrang dienen te worden 
opgelost. Het schema is getest op usability problemen, die tijdens usability evaluaties, 
beschreven in hoofdstuk 3 en 4, zijn gedetecteerd. In dit onderzoek werden de 
gedetecteerde usability probleembeschrijvingen geclassificeerd met behulp van een 
classificatie raamwerk ontwikkeld in het Usability Engineering domein (het User Action 
Framework (UAF)). Om prioriteiten voor het oplossen van de problemen te kunnen stellen 
werden de invloed van het probleem op de interactie van de gebruiker met het systeem en 
de invloed van het probleem op de taakuitkomst bepaald. Om de invloed van het probleem 
op de interactie van de gebruiker met het systeem te kunnen beoordelen werd de ernst van 
de problemen bepaald op basis van de mate van voorkomen, de persistentie en de 
uitwerking op de gebruiker. Aangezien usability problemen van systemen indirect de 
gezondheid van patiënten kunnen beïnvloeden, werden de usability problemen ook 
gerangschikt op basis van hun mogelijke invloed op de uiteindelijke uitkomsten van een 
taak. Deze mogelijke invloed op de uitkomst van de taak werd bepaald voor elke fase van 
de gebruiker-systeem interactie. De mogelijke invloed werd geclassificeerd als: verkeerde 
geneesmiddelennaam, verkeerde dosis, verkeerde toedieningfrequentie, verkeerde duur en 
verkeerde toedieningroute. De beoordelaars konden alle usability problemen, die tijdens de 
usability evaluatiestudie van het CPOE systeem werden gedetecteerd, met dit schema, 
bestaande uit elkaar onderling uitsluitende categorieën, gemakkelijk classificeren. De 
overeenkomst tussen de beoordelaars was hoog. We zijn de mening toegedaan dat het 
voorgestelde classificatieschema de nauwkeurigheid en effectiviteit van het rapporteren van 
usability problemen kan verbeteren en ontwikkelaars kan helpen de gemelde problemen, de 
onderliggende oorzaken en de urgentie voor een herontwerp, beter te begrijpen. Dit werk is 
ook van waarde voor andere onderzoekers die de resultaten van hun usability 
evaluatiestudies willen rapporteren.  
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خود را با عشق و عالقه پر بار  و سراسر زندگی  زندگی کردکی يبه ن  کهون پدر بزرگوارم می دانميمن خود را مد

او اگر چه . ابندين درجات علمی دست ين بود که فرزندانش به باالترهميشگی او ايآرزوی . ش نمودويوقف خانواده خ

خواهد  کشريشادی ما  در وی شه در قلب ما جاودانی است و مطمئنٌاهمياد و خاطره اش يست اما  نين مادر بي امروز

 تالش . ارج می نهم بدرقه راهم بوده است که هميشهت رار دعای خيروذيان ناپيعشق و محبت پا ،مهربانممادر. بود

هرگز فراموش  را ساليمی و آرزوهای بزرگکاهای کودروي به ثمر رساندن شما برای ر و زحماتهای خستگی ناپذي

اعتقاد  ها، احترام و ق به خاطر پشتيبانی، تشويمهربانتان و خانواده  من از شما ،زمعزي  برادران.نخواهم کرد

 خانواده همسرم به خاطر مهربانی، سپاسگزارمن . منمايمانه تشکر می صمي نجانب سخت کوشی ايهراسختان ب

 را هرگز فراموش مادر و خواهر همسرمغ بی دريمحبت و لطف ژه ويبه . ش آنها هستمميميت و کمکهای بی آاليص
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