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Chapter 1  

 

General Introduction 

 

 

Introduction 

Decades of research on Health Information Systems’ (HIS) success has taught us numerous lessons 

and revealed factors associated with why these systems have failed or succeeded [1]. Nevertheless HIS 

success remains an on-going topic of discussion. Even though new publications keep shedding light on 

the complexity of HIS design and implementation, lessons learned have had only limited effect so far 

on accelerating the adoption of HIS [2, 3]. Estimations from 2010 showed that at least 40% of HIS fail 

and are abandoned in practice [4]. Considering that the publication of the IOM report ‘to err is human’ 

from 2001 promoted with urgency the need for incentives on implementing safe and effective HIS, 

this failure rate is alarming [5].  

Despite these failures, implementation of HIS is considered to provide the healthcare community with 

promising tools for enhancing the efficiency, effectiveness and safety of (delivered) healthcare 

processes. Several studies have indeed shown positive impacts of HIS on health practices [6], but 

likewise case-studies continue to be published where HIS introduces unintended consequences and 

adverse effects to the health care practices [7 -10], These unintended consequences include unforeseen 

changes in work and communication patterns, changes in roles and responsibilities in the 

organizational structure and technology-induced errors due to poor usability of HIS (11-14). Usability 

in this context refers to the extent to which a system or system functionality can be used by specified 

users to achieve specified goals with effectiveness, efficiency and satisfaction in a specified context of 

use [15]. 

Rather than improving the quality of care, inadequately designed HIS may thus only marginally 

support their users, lead to additional work, potentially hamper (clinical) health practices, and even 

endanger patient safety [8, 10, 12]. As a result, ‘Usability’ has become a key factor influencing HIS 

implementation and adoption by healthcare professionals. How to design usable (easy to use) system 
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functionalities supporting effective, efficient and safe (clinical) task performance now is one of the 

primary aims in development of HIS. This focus on usability directly brings to view the challenges 

underlying adequate elicitation of users’ requirements, system development, and evaluation to ensure 

efficient, effective and safe use of HIS.  

Understanding and optimizing how people interact with technology is the subject of the research field 

of Human Factors (HF) and usability engineering. Studies on information systems design and 

implementation in other safety-critical industries, such as aviation, have indicated that by applying 

methods from the HF/usability field in User-Centered Design (UCD) approaches, significant benefits 

and advances for the design of effective, efficient and safe HIS may likewise be gained [16]. UCD is a 

structured system development methodology that concentrates around prospective users of a system in 

order to create a system that meets their needs while considering their limitations, and preferences 

[17]. In a UCD approach, HF/usability engineering is employed throughout a system’s development 

process. 

In this thesis, various case studies are described that provide sight on key lessons learned in applying 

HF/usability methods in UCD approach of HIS. The studies concern various categories of HIS, among 

which computerized physician laboratory and medication order entry systems, a clinical query tool to 

support analysis and benchmarking of Intensive Care registry data, a patient oriented web-based HIS 

and a computerized clinical decision support system. In these case studies, various HF/usability 

methods were applied in various phases of UCD of these healthcare information systems. In this way a 

broad perspective of the application and value of HF/usability methods in UCD of HIS is given, with 

the final aim to advance the knowledge of how to achieve implementation and adoption of HIS more 

successfully.  

In summary, the aim of this thesis is twofold: 

 

• To advance knowledge on the value of application of HF/usability methods in UCD of HIS 
and on the performance of usability evaluation methods on identification of usability problems 
of HIS. 

 
• To extract key lessons learned to consider in UCD of HIS based on each of the case studies 

presented in this thesis.  

 

In this chapter first the principles of the UCD approach of system development are described. 

Thereafter, the HF/ usability methods applied in the case studies of this thesis are presented. 

Subsequently, the research questions addressed in this thesis, followed by an outline of the thesis are 

given.   
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The User-Centered Design process  

UCD is both a philosophy as well as a system design approach that is grounded in continuous and 

central involvement of end-users, in which their needs and limitations are given extensive attention at 

each stage of the design process. The term ‘user-centered design’ originated in Donald Norman’s 

research laboratory at the University of California San Diego (UCSD) in the 1980s and became widely 

used after the publication of a co-authored book entitled: User-Centered System Design: New 

Perspectives on Human-Computer Interaction [18].  

A UCD process therefore focuses on users through the planning, design, development and evaluation 

of a product. On the basis of the UCD, the international standards ISO 13407: Human-centred design 

process and its successor ISO 9241-210, 2010 define a general process for including user-centered 

activities throughout a system development life-cycle (figure 1). However, these standards do not 

specify exact methods supporting the conduct of the various phases of the defined multi-stage UCD 

process model.  Nevertheless, UCD is considered as the basis for designing usable systems that 

increase the chances of successful system implementation and adoption [19].  

In a way, UCD can be characterized as a problem solving process that not only requires designers to 

analyse and foresee how users are likely to use a product, but also to test the validity of their 

assumptions with regards to user behaviour in real world tests with actual users. Such testing is 

necessary as it is often very difficult for the system designers to understand intuitively how a first-time 

user would experience their product design, and what users’ learning curves may look like. The chief 

difference with other system design philosophies is that the UCD philosophy is focused on optimizing 

the system around how users can, want, or need to use the system, rather than forcing the users to 

change their behaviour to accommodate it.  
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Figure 1:The user-centered design process as adapted from the ISO 9241-210:2010. 

 

The UCD process adopted from the ISO 9241-210:2010 standard incorporates the following four main 

activities:  

 

1) To understand and specify the context of use; the analysis of user characteristics, user tasks and 
organizational, technical and physical environment of system implementation is at the primary focus 
of this phase.  

 
2) To specify the user requirements; the identification of the user needs and specification of the 
functional and non-functional (among which usability) requirements for the system in relation to the 
intended context of use are at focus.  

 

3) To produce design solutions; in this phase, the user interface of a system is defined and adapted to 
meet the user requirements, thereby taking into consideration the overall user experience. The focus is 
also on altering the system design solutions in response to user-centered evaluation and feedback and 
communicating recommendations for (re)design solutions to those persons responsible for their 
implementation. Formative usability evaluation can be performed by usability evaluation experts 
inspecting a user-interface of a system, or based on user testing that provide insight into the usability 
with or user perception on the produced prototype system. Formative evaluation may be iteratively 
applied in this phase of system development.  

 

4) To evaluate design against requirements; in this phase it is determined if the requirements have 
been satisfied through summative end-user evaluations of a system. Summative end-user evaluation 
focuses on evaluation of a system through predefined measures, rather than on the diagnosis and 
correction of specific design problems, as in formative usability evaluation of systems.  

http://www.usabilitybok.org/formative-evaluation�
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Human Factors and Usability methods in Health Informatics 

The Human factors (HF) domain in Health Informatics (HI) is defined as ‘the scientific discipline 

concerned with the understanding of interactions among humans ‘healthcare professionals, or 

patients’ and other elements of a system, and the profession that applies theories, principles, and 

methods to HIS design in order to optimize user well-being and overall system performance’ 

(definition adopted by the International Ergonomics Association in 2000).  HF/usability engineering is 

the discipline focusing on the interactions between people and devices. The critical element in these 

interactions is the machine user-interface as depicted in figure 2. 

  

  

Figure 2. Human-machine interaction model adapted from Redmill and Rajan (1997). 

 The human-machine interaction comprises how humans perceive information from a machine, and 

subsequently process this information. Based on the information processed, humans can decide on 

ensuing (control) actions (and translate them) to performance of potential physical actions through the 

user-interface of the machine. This is followed by a system’s processing and reaction on this input, 

after which the machine provides feedback to the user about the effect of their actions via the display 

in the user interface. The cycle then starts again, so that humans are able to perceive (and assess) the 

Planning Translating 

Physical action Assessment  
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changes in system state through the user interface in to allow them to plan new information processing 

actions and thus react accordingly.   

Principles and methods from Human factors/usability engineering are applied to design the machine-

user interfaces. These user-interfaces include all components with which users interact while 

performing their tasks in the system.  

In this thesis, the focus is on the methods that HF scientists and engineers may apply during UCD of 

HIS with a main focus on usability methods for evaluating HIS and determining potential sources of 

usability problems in the user-system work practices. Usability problems are defined as ‘obstacles’ to 

the effective and efficient accomplishment of a specified task by a specified user while he interacts 

with a system through its interface. HF/usability engineers have a great number of usability methods 

available which they can apply for formative (to provide input in new (re)design efforts) and 

summative (to test the usability of a final system) system evaluation during UCD of HIS. Since the 

1990s, these methods have been steadily introduced into the HF/usability community and since then 

undergone a variety of modifications to their approach and objectives [20-23]. Two general classes of 

formal usability evaluation methods can be distinguished: usability inspection methods and usability 

testing methods.  During usability inspection, usability evaluators assess a (prototype) system design 

on potential usability problems present in its user-interface. Inspection methods applied within the 

case studies of this thesis are the Heuristic evaluation (HE) and Cognitive walkthrough (CW) [24, 25]. 

In contrast to inspection methods, usability testing involves representative end-users of a system who 

are (systematically) observed under controlled conditions to determine the user-experience in using the 

(prototype) system. The most often used method in usability testing is the Think Aloud method [26-

28].  

Both classes of evaluation methods can be performed for revealing usability problems and inform the 

design of a system from an early UCD phase on. Usability evaluators have to choose methods best 

suited for producing informative results in relation to the system functionalities, user population, user 

tasks and context of use. Research comparing and contrasting the results of usability inspection and 

usability testing methods in uncovering usability problems of interactive computer systems has mainly 

be performed in domains other than healthcare. These studies have focused on comparison of usability 

evaluation methods on their detection rate in numbers of usability problems.    

Yet, each method’s value in detecting different types of usability problems in a system’s design may 

differ depending on its context of use. Since health care is characterized by its intricate organisational 

environment, variety of HIS (clinical) users, and safety-critical work processes, the ‘context of use’ 

may impact the utility and performance of usability methods [29]. Since the resources and time for 

conducting system usability evaluations are often limited, it is worthwhile to know whether think 
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aloud usability testing provides better sight on the types of usability issues leading to medication 

ordering errors in CPOE system, than a cognitive walkthrough. Knowledge on which usability 

evaluation methods are best suited for revealing different types of usability issues in a certain type of 

system used in a certain healthcare context is relevant to choose among methods. Therefore, in this 

thesis, comparison studies of usability evaluation methods focus on their performance in identification 

of different types of usability problems concerning different types of HIS.  

Complete and consistent classification of human-computer interaction problems revealed through 

usability evaluation is essential for high quality problem reporting. Classification not only supports 

consistent and clear communication of usability problems to system designers but aids in identifying 

trends and patterns across problem sets of usability evaluation case studies. These studies have 

classified usability problems in different ways, including bottom up classification, based on severity of 

problems or on high level heuristic principles. Bottom-up classifications focus on analysing the 

content of verbal data from usability tests and groups categories of usability issues emerging from this 

raw data. These categories mostly reflect user-interface flaws concerning the layout and visibility of 

information on a screen. Severity classifications were introduced by Nielsen and focus on assessing 

usability problems severity commonly based on their frequency, persistence and their effect on users’ 

task performance while they test the system [30]. Heuristics evaluation principles are used for high 

level aggregation and classification of usability problems encountered by usability experts in 

inspection of a system interface.  However, above mentioned classification methods all lack a formal 

approach for clustering usability problems and may become biased by subjective judgement of 

evaluators. Bottom-up classification may produce different grouping of usability data by different 

evaluators and lead to inconsistent and incomplete classification of problems. Heuristic principles are 

used for identification of usability problems on an aggregated level rather than for their classification. 

As these high-level principles are not mutually exclusive, they hamper consistent classification of 

usability problems as the same problem may be ‘classified’ by multiple heuristics. Though 

classification of usability problems based on their severity does support prioritization of problems in a 

system (re)design process it does not address the characteristics of the usability issue nor its potential 

cause.  A comprehensive classification of usability problems to guide complete, consistent and 

accurate problem reporting seems needed to support characterization of HIS usability problems and 

properly guide system redesign efforts. The User Action classification framework from the field of 

Human Computer Interaction, may address these issues [31]. The application of this framework will 

result in more meaningful problem clusters since it groups usability problems according to  different 

phases of user interaction in which they occur (i.e. the planning, translation, physical action, and 

assessment phase, see figure 2. This will aid the identification of trends and patterns across problem 

sets of the usability evaluation case studies and facilitate the identification of usability problems that 

share common characteristics and that may impact user effectiveness, efficiency or patient safety.  
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The main HF/usability methods that are addressed in this thesis are:  

Ethnographic observation – Ethnography is a form of research focused on the qualitative properties of 

observation. Ethnographic studies focus on compiling data about human activities. Researchers are 

allowed to closely observe and study a particular group in order to better understand the customs, 

work processes and habits of the group under study.  

Interviews/ Focus groups – These methods focus on involving people while asking them about their 

perceptions, opinions, beliefs, and attitudes towards a mock-up or (prototype) HIS. In focus groups 

questions are asked in an interactive group setting where participants are free to talk with other group 

members. During interviews secluded sessions are being held providing either open ended or closed 

ended questions or these combined to a participant.  

 (Historical) document analysis – Document analysis is a form of qualitative research in which 

documents are interpreted by the researcher to give voice and meaning around an assessment topic. 

Analyzing documents incorporates analyzing and coding content into themes similar to how focus 

group or interview transcripts are analyzed. Evidence obtained form multiple sources is weighted and 

correlated. Another important aspect of document analysis is evaluating the provenance, purpose, 

motivation and constraints of the information contained in the documents within a particular 

(historical) context. 

Usability Heuristics – a usability inspection method by which two or more usability specialists/ 

evaluators inspect the interface of a system by reviewing its compliance to a set of established 

usability principles, the so-called heuristics [25].   

Cognitive walkthrough – a usability inspection method focused on learning by exploration known as 

system learnability. One or more evaluators work through a series of tasks while they use a mock up 

or a prototype system and ask a set of questions from the perspective of the user population and 

context of use. It is based on an explicit analysis of all user goals and corresponding task action-

sequences that need be performed by end-users in order to assess potential risks to end-user task 

performance based on pre-defined task scenarios [24]. 

Think Aloud – The Think Aloud method stems from cognitive psychology and is considered to be a 

golden standard in usability user-testing. The think-aloud method was introduced in the usability field 

by Clayton Lewis, and further developed based on the techniques of protocol analysis by Ericsson and 

Simon [28], The Think Aloud method involves a sample of approximately 5 to 8 participants thinking 

aloud (verbalizing their thoughts on what actions to perform and corresponding feelings) as they are 

performing a set of specified tasks (scenarios). Test sessions are audio and video recorded to support 

accurate analysis of the usability problems experienced by the participants as portrayed in the acquired 

verbal protocols.  The purpose of this method is to gain sight on the implicit cognitive user actions 

http://en.wikipedia.org/wiki/Protocol_analysis�
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during task performance. There exist two different experimental procedures for obtaining think-aloud 

protocols. The first one is a procedure by which think aloud protocols are obtained during task 

performance: the concurrent think-aloud protocol. The second procedure gathers think aloud protocols 

after task performance: the retrospective think-aloud protocol. 

Mock-up - Mock-ups are used by system designers mainly to acquire feedback from users about 

designs and design ideas early in the design process. Mock-ups are 'very early prototypes' made of 

cardboard or otherwise low-fidelity materials. The user, aided by the designer, may test the mock-up 

(imagining that it works) and thus provide valuable feedback about functionality and understanding of 

the basic design idea. 

 

Research questions and outline of this thesis 

The research questions that are addressed in this thesis are: 

 

Question 1. How can HF methods contribute to investigating the human, social and  
  organizational issues that influence HIS implementation?  

 
Question 2.  How do usability methods compare regarding their potential to identify different 
  types of usability problems concerning (prototype) HIS and what are ensuing 
  merits of applying HF/usability methods in UCD of HIS? 

 
Question 3.  How should usability problem descriptions be classified so that they can be 
  effectively reported on? 

 
Question 4.  How does Think Aloud usability testing contribute to redesign of HIS in terms of 
  usability problem types detected, efficiency and effectiveness of users’ task  
  performance before and after redesign? 

 
Question 5.  What are the key lessons learned of application of HF/usability methods  
  concerning the UCD phases of HIS? 
 

The research questions above are discussed in the following case-studies presented in chapters 2 

through 8 in this thesis, as outlined in the following paragraphs.  

 
Chapter 2 describes a longitudinal analysis of an implementation process of a Computerized 

Physician Order Entry system for Laboratory ordering (CPOE-L) in an academic hospital setting. In 
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this study the contextual human, social and organizational issues and their interrelations are analyzed 

in terms of their effect on the system failure after its implementation by use of HF methods. A 

contextual model to support the interpretation of the qualitative data from focus groups, interviews and 

historical document analysis was developed. Based on this model, recommendations for other CPOE-

L implementations are provided.  

Addressed research question: question 1 

Key lessons learned - Question 5 - extracted for UCD phase: 1. understanding and specifying context 
of use. 

  

Chapter 3 describes the results of a formative usability evaluation study of the prototype CPOE-L 

system, as part of the producing design solutions process of the final system studied after its 

implementation (chapter 2). The usability problems of the CPOE-L system are assessed in terms of 

their type and their effect on healthcare providers’ task ordering efficiency and effectiveness (errors 

and omissions in ordering or cancelled orders). In addition comparison is made between the results of 

the applied HF/ usability methods: the Cognitive Walkthrough and Think Aloud method and their 

merits in evaluating prototype systems are discussed. 

Addressed research question(s): question 2 

Key lessons learned - Question 5 - extracted for UCD phase: 3. producing design solutions. 

 

In Chapter 4 an existing web-based Physician Data Query Tool to provide clinicians the opportunity 

to query National Intensive Care Evaluation (NICE) data from the NICE Registry, is evaluated on its 

usability [31].  Two variants of the Think Aloud HF/ usability testing method, the Concurrent (CTA) 

and the Retrospective (RTA) Think Aloud are applied. Focus of the study is on the comparison of their 

performance in detecting (different types of) usability problems. Also, their potential merits in system 

(re)design are discussed in this chapter. The formative usability evaluation study provided input to the 

query tool’s redesign addressed in chapter 7 of this thesis.  

Addressed research question(s): questions 2 

Key lessons learned - Question 5 - extracted for UCD phase: 3. producing design solutions. 

  

In Chapter 5 an existing Computerized Physician Order Entry system (CPOE) for medication 

ordering was evaluated on its usability by use of the Cognitive walkthrough and Think aloud methods. 

The study proposes a framework for the classification and prioritization of usability problems to 

support informed (re)design of evaluated (prototype) systems. An adapted version of framework is 

subsequently applied to classify the usability problems revealed by the Cognitive Walkthrough and 

Think aloud usability evaluation of the CPOE system. The proposed framework augments to an 
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existing classification framework, the User-Action Framework, with usability problem severity rating 

and a qualifyable effect rating of the usability problems on healthcare professionals’ task performance 

and task outcome.  

Addressed research question(s): question 3  

Key lessons learned - Question 5 - extracted for UCD phase: 3. producing design solutions. 
 

In Chapter 6 a website for education of Dutch childhood cancer survivors is developed based on a 

user-centered design approach specific for health websites (the Website Developmental Model for the 

Healthcare Consumer). In this study the applicability of a concise subset of the WDMHC is explored. 

The human factor methods applied in this study are information needs analysis to inform mock-up 

creation of the website and focus groups in order to develop a website prototype. In the usability 

evaluation of the website, the results of a Heuristic evaluation and the Think Aloud, method are 

compared.  

Addressed research question(s): questions 2 and 4   

Key lessons learned - Question 5 - extracted for UCD phase: 2. Specifying the user requirements,  
3. Producing design solutions, and 4. Evaluating the design against requirements.  

 

In Chapter 7 A pre-post usability evaluation study of the intensive care registry Physician Data Query 

Tool is described. Usability problems revealed by the concurrent Think Aloud method before and after 

redesign of the Query Tool are classified according to the User-Action Framework (also described in 

chapter 5) and compared. Further, users’ task effectiveness and efficiency is compared before and after 

redesign of the Query Tool. These measures give insight into physicians cognitive work load in terms 

of user task efficiency and task effectiveness and provide sight on the merits of a UCD approach in 

redesign of the tool.    

Addressed research question(s): question 3 and 4 

Key lessons learned - Question 5 - extracted for UCD phase: 3. Producing design solutions, and 4. 
Evaluating the design against requirements.  

 

In chapter 8 a Clinical Decision Support System (CDSS) supporting the retrieval of childhood cancer 

survivor’s follow-up screening procedures by health professionals is developed based on a user-

centered design approach. The usability of a paper-based guideline defining childhood cancer 

survivor’s follow-up screening procedures was first analysed by having healthcare professionals think 

aloud while they retrieved the screening procedure for simulated patient scenarios. The think aloud 

verbal protocol analysis and usability problems revealed during use of the paper-based guideline 

informed the design of the CDSS. The usability evaluation results of the designed CDSS were 

compared to those of the paper-based guideline in terms of the type of usability problems experienced 
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and the efficiency and effectiveness of retrieval of childhood cancer survivor’s follow-up screening 

procedures by health professionals participating in the study.  

Addressed research question(s): question 4  

Key lessons learned - Question 5 - extracted for UCD phase: 4. evaluating the design against 
requirements.  

 

This thesis ends with chapter 9, in which the results of the case-studies presented in this thesis are 

summarized and key lessons learned in the application of HF/usability methods are presented.  
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