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Chapter 9 

 

Discussion - Summary of findings and 
Conclusion 
 

 

Introduction 

Health Information Systems (HIS) are increasingly being introduced in healthcare, among them 

patient information websites, systems supporting the ordering of laboratory tests and medication and 

clinical decision support systems for support of evidence based clinical practices. Even though their 

manifold benefits in increasing safety and quality of care are widely recognized, their integration into 

healthcare continues to be hampered by factors associated with their design and implementation 

process [1,2]. Disruption of clinical work practices, system immaturity, poor system usability, system 

inefficiency, and non-effectiveness in attaining quality benefits, all appear to impede successful 

implementation of HIS in healthcare [3,4].  

User Centered Design (UCD) of HIS is advocated as the approach to tackle these problems by 

ensuring development of usable HIS [5]. UCD is at the core of the activities of the field of Human 

Factors engineering – mandated to design products and processes for human use [6]. Within UCD 

Human Factors (HF) engineering and usability evaluation is an essential step to achieve efficiency, 

effectiveness, satisfaction and safety of HIS in relation to their context of use. These evaluations may 

incorporate usability inspection and testing methods in different phases of HIS development. Attention 

to UCD and HF engineering and usability evaluation of HIS is growing vastly [7-9]. New research 

objectives and initiatives are evolving on how to integrate and apply HF/usability methods in UCD 

approaches of HIS [10, 11]. The main objective is to provide insight in methods ensuring the design 

and development of usable HIS, which might overcome the barriers to their successful 

implementation.  

This thesis aimed to contribute to this goal, by conglomerating case-studies on (re)design and usability 

evaluations of differing HIS and analyzing and discussing the results in the context of UCD approach 

of these systems. Specific attention is on advancing the knowledge on the application and performance 
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of HF/usability methods in UCD of HIS and on assessing and comparing the methods value in 

identifying types of usability problems concerning various HIS and contexts-of-use. The final aim of 

this thesis is to provide key lessons learned on applying HF/usability methods in UCD of HIS. 

 

In chapter 1, five research questions were formulated concerning HF/usability methods application in 

UCD of HIS. In this chapter the results from the case-studies of the previous chapters are synthesized 

and discussed to provide answers to these research questions. Subsequently the strengths and 

weaknesses of the research are assessed and the meaning of the findings is discussed. Finally, this 

thesis concludes with challenges and implications for new research on HF/usability methods in UCD 

of HIS.  

 

Summary of findings 

 

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

 

In chapter 2 three complimentary HF methods; interviews, ethnographic observation including self 

reported problem lists, and document analysis were used in a longitudinal study of a CPOE-

Laboratory system. Triangulation of these methods allowed assessment and disclosure of  human, 

social, organizational, and workflow related factors impeding its implementation. Semi-structured 

interviews with stakeholders involved in the design and implementation process of the CPOE system 

were held. These interviews were based on 36 CPOE implementation themes’ heuristically drawn 

from CPOE literature. The analysis of interview transcriptions combined with document analysis 

provided sight on eight themes that contributed to the CPOE system implementation failure. The 

central problem was a misunderstanding of the clinical work flow of laboratory ordering by system 

designers. Mismatches of system designers’ model of the ordering workflow and context-of-use of the 

CPOE system resulted in an immature system with low usability and lacking required functionalities. 

These aspects had a major impact on the vast delays in the system implementation process and its final 

failure in practice. The ethnographical study performed during the CPOE-L pilot implementation 

aimed at analyzing the extent of CPOE-L system integration into order workflow and adoption among 

its users. This analysis revealed that end-users indeed missed essential system functionalities and 

experienced usability problems in their daily use of the system. Self reported problem lists by end-

users showed problems concerning user-system interaction and the system’s instability. In addition an 
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increase of 15 min in patients’ waiting time at the laboratories was reported, resulting from suboptimal 

user-system interactions.  

Gaining sight on the intricate workflow processes in a healthcare setting is a fairly complex and 

elaborate task. In this study the application and triangulation of HF methods provided sight on factors 

surrounding the laboratory ordering workflow and how they interrelated and impacted the CPOE 

implementation process and its final failure. The experiences with the laboratory ordering system 

show important issues for CPOE systems to be successfully introduced and to be taken into account in 

future CPOE implementations. Understanding and consideration of (clinical) workflow aspects by 

project managers and the involved clinical organization is of extreme importance from the very start of 

a CPOE implementation process. In UCD approach of HIS, key lessons are to focus on an 

understanding of work flow and specification of the context of system use, on specifying the user 

requirements concerning a system’s functionalities and usability in detail. These activities are to be 

performed at predefined phases in the UCD and should continuously inform system design to build 

systems that will fit workflows. Further, a broad variety of implementation preconditions should be 

fulfilled, including sufficient time and human resources, commitment, good leadership and 

organizational readiness. In managing a system implementation process, focus should not be on 

(technical) sub-problems surrounding the implementation, but rather on the overarching relation 

between the development of the system and the clinical workflow the system is to be implemented in.  

 

Question 2 - How do usability methods compare regarding their potential to identify 
usability problems concerning (prototype) HIS and what are ensuing merits of their 
application to UCD of HIS?  
 

In Chapter 3 the use of Cognitive Walkthrough (CW), a usability inspection method, and Think 

Aloud (TA) a usability testing method, are explored in detecting usability problems of a different 

nature in a prototype CPOE Laboratory system (OM/lab). A total of 33 usability problems were 

detected, of which 25 problems were revealed both by the CW, which all were validated in the TA 

sessions. Usability problems revealed with the CW concerned interface design flaws related to 

misallocation of buttons on the screen, incomprehensibility of button labels and feedback containing 

no relevant information to the user about the cause of errors made and consequences of a user's action. 

The TA additionally provided sight on user-system interaction problems concerning mismatches of the 

system model and system terminology with clinical work practices and user terminology. For 

example, the grouping of laboratory tests within the OM/lab system did not correspond with the way 

clinicians tended to group these tests in clinical work practice. The clinical domain specific usability 

problems were the main cause for omissions and errors in orders and cancelled orders in the usability 

evaluation study and in the pilot implementation of OM/Lab (described in chapter 2). 
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CW was also applied in combination with TA in chapter 5 in usability evaluation of the CPOE 

medication system. 30 out 42 usability problems detected by the CW in this study were validated by 

the TA user sessions. The TA however detected 15 more usability issues with in general a higher 

severity compared to CW. The TA specifically provided sight on usability issues that concerned users 

misunderstanding of system recommendations, unclear system terminology, and incorrect user-system 

interaction patterns leading to wrong medication selection. The CW focussed more on visibility of 

buttons and screen layout. In chapters 3 and 5 the TA user test sessions added to the results of the 

CW by revealing usability problems of a more domain specific and clinical context nature. The value 

of the TA method was in revealing usability problems in the system related to users’ domain 

knowledge and clinical working practices, which were not revealed in the CW evaluation of these 

systems. Usability problems revealed by the CW, which were all validated with the TA user sessions, 

were of a more general nature compared to the additional problems revealed with the TA user 

sessions. The CW method focuses on the cognitive activities of first-time users, especially on their 

goals and knowledge when performing a specific task. A CW simulates the cognitive behaviour of the 

user by responding to questions related to the user's cognitive model. TA user testing does not 

simulate the cognitive behaviour of end users but instead allows direct access to the cognitive 

processes and behaviour of end users while they interact with a system. In contrast to a CW, TA can 

reveal domain specific system design flaws because it provides sight on the effects of users’ domain 

knowledge and expertise on their behaviour and decision making while they interact with a system.  

In Chapter 4 Retrospective Think Aloud (RTA) and Concurrent think aloud (CTA) were compared on 

effectiveness in a formative usability evaluation case-study of an Intensive Care registry Query Tool. 

Overall 43 unique usability problems were detected in the query tool before its redesign. CTA 

performed significantly better than RTA in detecting usability problems. CTA usability problem 

detection effectiveness was 0.80 vs. 0.62 (p<0.05) respectively. In addition CTA outperformed the 

RTA in detection of usability problems of a moderate (0.85 vs. 0.7) and severe nature (0.71 vs. 0.57). 

Both methods differed in their detection rate of different types of usability problems. CTA detected 

unique usability problems concerning graphics/symbols, user-navigation issues, system error messages 

and the organization of information on the Query Tool’s screens. RTA detected unique issues 

concerning mismatches of system language and terminology with users’ language and terminology. 

Qualitative analysis of the verbal protocols showed that RTA verbal protocols contained significantly 

more explanatory comments regarding the causes of usability problems and user comments concerning 

additional system requirements. This case-study shows that CTA and RTA differ in their detection 

scope of types of usability problems revealed in a HIS. Furthermore, the CTA and RTA differ in the 

extent to which participant think aloud verbalizations complement the observable usability problems. 

During CTA the verbal protocols reflect users’ cognitive processes of task performance thereby 

leading to a higher effectiveness in detecting usability issues related to the direct user task 
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performance. Compared to CTA, the RTA seemed to evoke a more rational and reflective report on 

task information processing behaviour as the computer supported tasks had already been completed.  

CTA method is the primary method to be advised in evaluating a design (solution) or prototype HIS. 

The CTA was not only more thorough in detecting usability issues, it application was less resource 

intensive compared to RTA. Application of RTA almost doubled the analysis time to assess usability 

problems. However, in upgrading a system, or in defining new functionalities of a system, the RTA 

method might prove more beneficial to system redesign efforts. RTA provides not only more 

explanatory user comments, but also provided insight into new or potential system functionalities that 

exceeded the first objective of improving the usability of the Query Tool. New user-requirements for 

specific users groups could be determined. More research is necessary to assess the applicability of the 

RTA for these objectives in system redesign efforts. 

In chapter 6, Mock-ups, focus groups and Heuristic evaluation (HE) with double experts and user 

testing with Think Aloud (TA) were applied in a concise UCD approach for a patient information 

website for childhood cancer survivors. First, extensive information needs analysis was performed, by 

means of a survey completed by 145 potential end-users. Understanding of the context of use of the 

patient website was the main focus of the information needs analysis. The resulting analysis provided 

input into the content and format of the website to be developed. This content was edited and peer-

reviewed by a team of medical professionals. To produce a first design, mock-ups for the website were 

built based on the results of the information needs analysis. These mock-ups were subsequently 

discussed in focus groups in which users and clinicians could offer their opinion on the future contents 

and design of the website. In UCD focus groups are often employed near the end of the development 

process, after system usability testing or during a system redesign iteration. In addition, the mock-ups 

of the website provided input to the ‘producing a prototype’ phase of the UCD. Focus group 

participants were able to pinpoint to possible (usability) problems with both the navigational structure 

of the site and search structure for late effects information before the design of the prototype website 

started. This study showed that involvement of a focus group with all the stakeholders early in the 

development process resulted in a more detailed specification of requirements, and in a close match of 

user requirements with final website content, functionality and navigational structure.. The 

involvement of users and the information gathered during these two initial phases was valuable for the 

development of a usable patient information website.  

Heuristics (HE) inspection method and Think Aloud (TA) user-testing method were applied in the 

evaluation of the prototype website. The HE was performed by three double experts (knowledgeable 

both in usability engineering and childhood cancer survivorship), by use of the Nielsen Heuristics. The 

HE provided sight on 40 occurrences of usability problems of which 29 issues represented unique 

problem types, of which the majority had a low severity. The TA detected eleven unique usability 

problem types. All major usability issues discovered in the heuristic evaluation were likewise revealed 
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by the think aloud user test sessions and vice versa. These findings  are in line with previous research 

on HE, were HE is known to find a higher number of usability issues  with both low- and high 

severity, at much lower costs than the TA[12]. TA user testing of systems is nevertheless considered 

imperative for uncovering usability problems directly perceived during interaction of users with a 

system.  The result from our case-study is not in line with those of previous studies. The TA in our 

study did not add to the results of the HE besides revealing two minor usability issues concerning 

website contents. This difference in study outcomes might be due to the inclusion of two double 

experts in our study, presumably enabling them to take on the role of a patient in testing our prototype 

website. When time and resources are limited for usability evaluation of a HIS and double experts are 

not available, the involvement of a ‘work domain expert’ in HE of a system’s usability might be a 

cost-effective means to reveal both general and domain specific usability problems in a system’s 

design. In circumstances that evaluators are not familiar with the system domain, a work-domain 

expert could assist the evaluator in tackling clinical context specific problems. These work domain 

experts in these so-called participatory heuristic evaluations may help usability evaluators in 

considering how the system contributes in reaching certain goals in their particular area of skills. The 

concise UCD methodology applied, in combination with the extensive information needs analysis, 

resulted in a website that accommodated end users’ information needs and which they found easy to 

use. 

 

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

A known model (based on phases of human-system interaction), the User-Action Framework (UAF), 

was augmented with a severity rating and classification for expressing the potential impact of usability 

problems on final task outcomes. This augmented model was applied in classification of usability 

problems of a CPOE system for medication ordering (chapter 5). All 57 usability problems detected 

in the CPOE system could be classified according to the phases of the UAF; planning (establishing 

goals, tasks, and/or intentions), translation (translating intentions into plans for physical actions), 

physical action (making physical input actions) and assessment (perceiving, understanding and 

evaluating system response to the physical action). This study showed that usability problems in the 

CPOE system concerning the assessment phase of user-system- interaction (users missing or 

misunderstanding system responses following their actions) need more attention in the redesign 

process than other usability problems because of their severity and potential contribution to 

medication ordering errors. 

In chapter 7, UAF classification was applied in the analysis of usability problems revealed in the 

NICE registry query Tool before and after its redesign. UAF classified usability problems were 
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assessed in relation to intensivists’ task efficacy and efficiency to determine their impact on 

intensivists cognitive workload pre and post system redesign. Twenty-three of the 36 usability 

problems in the pre-test concerned the ‘planning/translation’ phase (64%); these problems were 

responsible for the high cognitive workload of system users, exemplified by low values in task 

efficacy and efficiency.  After redesign of the tool, 30 new usability issues were detected in the post 

usability evaluation of the redesigned tool. The majority of these usability issues yet concerned the 

‘assessment’ phase (63%) of user-system interaction. These usability problems did not or only 

minimally affect intensivists’ cognitive task workload, illustrated by high values of task efficiency and 

effectiveness (98% of the users were able to accurately perform the tasks with a reduction of 30.36 

min in overall time on task). The usability problems related to the assessment phase did not increase 

users’ cognitive workload in performing the query tasks by use of the redesigned tool. Usability 

problems classified in the ‘Assessment’ phase of user-system interaction were mostly related to users’ 

preferences concerning interface layout, such as graph colour usage and the display of system 

information and feedback on the screen. Usability problems exercising a high cognitive burden on 

system use were thus successfully reduced in just one redesign iteration of the Query Tool. Future 

studies that apply the TA method in user testing of systems in the UCD phase of ‘producing design 

solutions’, should focus redesign efforts on those aspects of the system that affect the cognitive task 

load of users.  This is especially important when high cognitive task workload of complex HI system 

tasks is seen as a major barrier for system use.  

The classification of usability problems according to phases of human-system interaction in chapter 7 

focussed on their impact on healthcare providers’ work load instead of their impact on patient safety as 

with the CPOE system studied in chapter 5. The CPOE system produced user problems related to the 

assessment phase of human-system interaction that could have a major effect on its safe use. Usability 

problems in the assessment phase concerned users overlooking or misunderstanding system feedback 

on CPOE specific medication alerts which could impact the completeness and accuracy of orders and 

ultimately lead to inaccurate and wrong medication orders. These usability problems in the 

‘assessment’ phase in the CPOE system had a more negative impact on task performance compared to 

the usability problems in the assessment phase of the Query Tool studied in chapter 7. Since the 

Query tool is focused on providing intensivists benchmark information on the quality of care 

delivered, its usage will not directly impact patient safety. The application of the augmented UAF for 

classification of the tool’s usability problems in relation to their impact on patient safety would 

therefore have been of no value. The objective of the usability evaluation of the Query tool was thus 

focused on its context of use: efficient and effective Query development by its users. In fact, UAF 

classification of the Query tool’s usability problems showed that the problems revealed in the 

‘planning’ phase prevented users from using it effectively and efficiently. These usability problems 

concerned users not knowing what action to perform next to achieve a certain task in the system. The 

tool appeared to lack visual cues to guide them to the correct action. The ensuing exploration and error 
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recovery behaviour of users in planning the next action contributed to the high cognitive task 

workload. The analysis and classification of problems by UAF provided input to the redesign of the 

tool, which showed to support users better in understanding how to accomplish the creation of a 

clinical query. The study succeeded in designing a highly intuitive user interface for the Query tool, 

with minimal cognitive user task effort. Overall, application of the UAF in classification of usability 

problems concerning differing types of HIS may contribute to accurate and effective problem 

reporting and supports system (re)designers in understanding usability problems, their underlying 

causes and prioritizing problems to tackle in a system redesign.  

The studies indicated that the augmented UAF is able to improve classification, analysis and 

prioritizing of usability issues with potential threats to task outcomes and patient safety. Since the 

UAF concentrates on the phases of human-system interaction in which usability problems occur, it 

likewise provides a grounded starting-point to assess system usability problems related to users’ 

cognitive and or physical efforts in performance of tasks according to phases of human-system 

interaction and profound insights into underlying causes of usability problems. These insights 

subsequently can support system designers in making reliable informed decisions on (re)design of a 

system. Especially in healthcare contexts, informed decisions on (re)design of a system are helpful in 

tackling usability problems exercising safety-critical effects on health practices. 

The augmented UAF classification applied in these studies seems to overcome limitations of other 

classification models such as bottom-up, severity and heuristic classification of system usability 

problems. The UAF classifies problems in mutually exclusive problem categories. Use of UAF 

minimizes bias of evaluators’ subjective classification of problems by providing a layered 

classification model that takes into account the severity and impact of a problem on task outcomes. 

Application of this framework however is labour-intensive and its use in usability evaluation studies 

with limited time and resources available, needs further consideration. However, consistent use of the 

augmented AUF framework in publications on usability studies may support the analysis of trends and 

patterns across problem sets of HIS usability evaluation case studies. This will support the building of 

HF/usability knowledge bases in the healthcare domain.    

 
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? 
 

In chapter 7 TA usability testing was performed to guide the redesign of the web-based Data Query 

Tool of a National ICU Quality Registry. The TA usability test of the original tool gave sight on 36 

usability problems, whereas 35 usability problems were revealed after redesign of the tool. Assessing 

the usability of a system before and after its redesign in terms of number of problems detected poses a 

bias to the study results. Usability evaluation is an iterative process; subsequent changes to a user 
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interface design might reveal other problems that again need user testing [12]. The accuracy of the 

comparison of the usability problems pre and post redesign was enhanced by classifying them by 

UAF. Of the usability problems detected in the pre-test 34 (94%) were resolved by redesigning the 

Query Tool, 5 (14%) were considered overlapping with usability problems found in the post-test and 

30 new usability problems were revealed in the post TA Test. The input of the TA in guidance of 

redesign of the query tool led to a clear reduction in the tool’s complexity and hence in the cognitive 

task workload of users working with the redesigned tool. Optimization of the task accuracy was 

obtained from 50% of tasks completed in the pre-test to 96% of similar tasks completed in the post 

test. Users’ efficiency, in terms of overall time on task, was highly improved with a reduction of 30.36 

min  after redesign of the Tool. This indicates that the new usability problems detected in the post TA 

test minimally affected their cognitive task workload in use of the new tool. 

 

In chapter 8 a UCD approach was applied in the development of a Clinical Decision Support System 

(CDSS) for the guideline based retrieval of childhood cancer survivors follow-up screening 

procedures. First, TA was applied to reveal usability problems and clinicians effectiveness and 

efficiency in defining follow up screening procedures with the paper based guideline. Simple as well 

as more complex patient scenarios were applied in the user testing. Main usability problems of the 

paper-based guideline resulted from: unclear patient inclusion criteria for specific follow-up 

procedures, inconsistencies between the screening procedures, and unclear descriptions of the 

frequency with which specific procedures needed to be performed. Also, the general organization of 

the paper-based guideline severely hampered clinicians in effectively defining a follow-up procedure 

for a specific patient scenario. The content structured according to clinical domains proved to be 

inconvenient and did not match participants’ information processing strategies in defining screening 

procedures for the individual patient scenarios. The resulting problems in the paper-based guideline 

informed the design of the CDSS prototype. The prototype design solution was subsequently evaluated 

by means of TA user testing to assess the type of usability problems experienced by clinicians in the 

CDSS. Their effectiveness and efficiency in retrieving screening procedures for the patient scenarios 

by use of the CDSS prototype in comparison to usage of the paper-based guideline was also assessed.  

CDSS’ usability problems mainly concerned: unclear content terminology, unclear button 

functionality and system inflexibility related to users not being able to retrieve a guideline once they 

had deleted it. Analysis of participants’ effectiveness when using the CDSS instead of the paper-based 

guideline showed that they on average significantly improved in completeness of retrieval of screening 

procedures. Time measures on efficiency in retrieving screening procedures by the CDSS instead of 

the paper-based guideline proved not significantly different. This study illustrated a succinct UCD 

approach in which TA user testing provided sight on clinician information needs and information 

processing patterns in defining follow-up procedures for childhood cancer by use of the paper-based 
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guideline. The prototype CDSS supported users in effectively defining the follow-up screening 

procedures for cancer survivors. Further testing of the prototype system in practice is needed to gain 

sight on its actual usage and support of evidence-based practice.   

  

Question 5 – What are the key lessons learned of application of HF/usability methods 
concerning the UCD phases of HIS? 
 
Key issues to consider in conduct of each UCD phase:  
 

1. Understanding and specifying context of use  

• Deficiencies in understanding clinical workflow processes and the context of system use leads 
to inadequate definition of system requirements and may result in system immaturity, under 
functionality, low system usability, and vast delays in system introduction, all of which may 
contribute to system failure. (chapter 2)   

• Triangulation of HF methods, (e.g. interviews, ethnographic observation and document 
analysis) provides sight on human, social, and organizational factors and their interrelations 
impacting the outcome of a system implementation process. These insights offer system 
implementers the possibility to adjust their implementation strategy and reach successful 
system implementation. (chapter 2) 

• Application of the Think Aloud method in this UCD phase provides early input to a HIS 
design that is usable and complies with user needs and requirements. (chapter 8) 
  

2. To specify the user requirements  

• Involvement of focus groups in this UCD phase may result in a more detailed specification of 
user and system requirements, resulting in a closer match between HIS content, functionality 
and navigational structure meeting end-users expectations and needs. (chapter 6) 

• Application of the Think Aloud method can provide sight on user cognitive task behaviour in 
a certain clinical context as input to defining system requirements and its subsequent design. 
(chapter 8) 
 

3. To produce design solutions.  

• Application of the augmented UAF classification framework provides a consistent means to 
assess the potential impact of usability problems of HIS on safety critical incidences (Chapter 
5) and cognitive task workload (Chapter 7) for prioritizing these problems in HIS redesign 
efforts .   

• Mock-ups can be adequately used in this UCD phase in revealing possible (usability) 
problems with the simulated interface structure of HIS before design of a working prototype. 
(Chapter 6) 

• The CW provides sight on usability problems likewise experienced by users in TA testing and 
is a useful method for usability evaluation of HIS. (Chapters 3 and 5)  
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• The TA user test sessions added to the results of a CW by revealing usability problems of a 
more domain specific and clinical context nature that may severely impact users’ performance 
of computer-supported tasks. (Chapter 3)  

• Assessment of the impact of usability problems on system users’ task performance may help 
in prioritizing problems to be solved in iterative system (re)design. (Chapter 3) 

• Concurrent (CTA) and Retrospective (RTA) Think Aloud methods differ in their detection 
focus of different types of system usability issues and may be applied in different phases of 
UCD of HIS. (Chapter 4) 

− CTA is the primary method to be used in evaluating a design (solution) or prototype 
system. The CTA not only is more thorough in detecting usability issues, its 
application is less resource intensive compared to RTA. (Chapter 4) 

− RTA provides more explanatory user comments on usability problems experienced by 
end-users. In addition, RTA provides insight into new or potential system 
functionalities, or new user-requirements for specific users groups. More research is 
required to assess the applicability of the RTA for these objectives in system redesign 
efforts. (Chapter 4) 

• The results of a HE of a system design may be improved by involving usability 
experts familiar with the clinical domain of system implementation. (Chapter 6) 

 
• If a UCD of a system is accurately performed, with fundamental input from end-users from 

the early phases on, and double experts for HE of a system’s usability are available, the 
performance of a TA may not be cost-effective (Chapter 6). 

 

4. To evaluate design against requirements; 

• The concise UCD methodology applied in development of a patient information website 
resulted in a website with high usability. (Chapter 6) 

• TA user tests of a tool can provide useful input to the final tool design in terms of a more 
easy-to-use tool requiring less cognitive task workload of its users. (Chapters 7 & 8) 

 

 

Strengths and Weaknesses of this thesis  

The case-studies in this thesis have been conducted on differing types of HIS and provide a broad 

overview of the application of HF/Usability methods in HIS UCD processes. The case-study 

evaluations were conducted on a relatively small scale, which is typical for many software 

development efforts at large academic and healthcare centers [13]. Though the studies are all case-

studies, the research advanced the knowledge on the value of HF methods to UCD approaches of HIS. 

By applying the lessons learned in new case-studies and researching new HF and usability methods, 

key lessons may be expanded, and contribute to enhancing the success of future HIS.  
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With regard to the HF/usability methods applied in this thesis, the performance of the Heuristic 

Evaluation, Cognitive Walkthrough, and Think Aloud methods all require evaluators with expertise in 

Human Factors and usability engineering. The validity of results of usability inspection and testing 

depends on the proper implementation of these methods in each UCD phase. To evaluate the potential 

of Think Aloud user testing in revealing user problems in different types of HIS and contexts, for 

example, careful consideration should be given to how the method was applied and to what level of 

detail verbal protocols were analyzed. Ericsson and Simon put forth a complicated process for 

analyzing verbal protocols of TA studies that would be too time-consuming for most usability studies 

of HIS. In the usability evaluation studies of this thesis, time-pressures to deliver results was 

experienced. The usability study of the CPOE-L system did not contribute to the system redesign 

effort due to time restrictions related to the progress the implementation team needed to make with the 

system implementation. The study on the Intensive Care registry Query Tool was not hampered by 

time restrictions or pressures of the system design team. The time needed for the usability evaluation 

and the redesign of the system was taken in consideration by the software development team and other 

stakeholders. Also, the stakeholders of the system acknowledged the importance of an intensive user 

needs analysis with input from a usability test of the pre-existing ‘Query Tool’ for guidance of its 

redesign. ’Overall, a strength of this research was that the HF/usability methods were consistently 

applied, facilitating the comparison of HF/usability methods outcomes and assessment of their value in 

UCD of HIS.  

 

Conclusion and Directions for further research 

The studies in this thesis all aim to advance the knowledge on HF/ usability method application and 

their merits in UCD of HIS. Key lessons learned are presented, on which new research objectives may 

be based and further insights on HF/ usability method application in development of HIS may be 

generated.  Attention to HF/ usability in UCD of HIS is vastly growing due to several recent initiatives 

of the National Institute of Standards and Technology (NIST), the Agency for Healthcare Research 

and Quality (AHRQ) and the Healthcare Information and Management System Society (HIMSS) [14].  

In 2011, NIST released the (NISTIR 7769) Human Factors Guidance to Prevent Healthcare 

Disparities with the Adoption of Electronic Health Records (EHRs). Their goal is to identify best 

practices, guidance and standards in software usability and accessibility to ensure HIS support 

meaningful use by users that reflect the make-up of the healthcare. The AHRQ has provided support to 

HIT research and dissemination, including in the areas of HF and usability of EHRs [15], HF of 

clinical decision support [16;17], usability and workflow integration of HIT [18], and HF in the design 

of consumer health IT [19]. HIMSS usability task force focuses on promoting and initiating usability 

of HIS in health organizations [20]. Ultimately, the primary contribution to HF/ usability knowledge 
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related to HIS comes from scientific reports. It is therefore important that publications of HF/usability 

studies are of a certain degree of quality. A systematic review on usability studies in Health 

Informatics showed that publications in this domain lack in quality and structure. Information in these 

studies concerning system application domains (e.g. the type of system evaluated), case study 

objectives, stages of development, research methods applied, and study outcomes extremely 

differentiate [21]. In addition, these studies appear to be inconsistent and incomprehensive in their 

reporting. Because of this, comparison of study outcomes and method application, and overall 

generalization of study findings is hampered. To build an evidence base of sound HIT design and 

usability principles, reporting of these kinds of academic studies should be of a certain degree of 

quality: complete, homogeneous and unambiguous.  

In continuation of advancing the knowledge base of HF/usability methods, an important aim is to build 

on the evidence base of HF/ usability studies concerning HIT. Without a framework providing 

guidance of the reporting of HIT design and usability evaluation studies, the building of a proper 

evidence base of usability and design principles of HIT that lead to safe use in practice would remain 

hampered. The author of this thesis, part of the Usability working Group HITLab, managed by prof. 

dr. Monique Jaspers, started a collaborative effort with Evalab, a User Centred Usability working 

group from Lille, managed by Dr. Marie-Catherine Beuscart Zéphir, to develop a framework of good 

practice of reporting on HIT design, development and usability studies, in collaboration with the IMIA 

and EFMI WGs on Human (Organizational) Factors for Health Informatics. The framework aims to 

provide a set of principles to follow for comprehensive and unambiguous reporting of HIT design and 

usability evaluation studies with the objective to reduce variation and improve on the publication 

reporting quality of these studies.  

To develop the framework, issues to be addressed in publications of HIT design and usability 

evaluation studies were identified by analysing all ISO and ANSI/HFES Standards concerning 

usability and human factor engineering and/or evaluation within the entire human centred software 

development life cycle. On this basis, a Delphi study aimed at establishing an international consensus 

regarding guidelines for good scientific reports of HF / usability studies of HIT is initiated.  

The ultimate goal of the framework is to raise the quality of scientific research and publications in this 

domain, enhance the evidence base of HF and usability studies in health informatics and to learn from 

HIT design principles that improve or compromise its safe and efficient use in clinical practice. 

 

To conclude, the HIS road to success remains under construction. 
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