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Abstract  

Interactive Health Information systems are often considered cognitively complex by their users, 

leading to high cognitive burden and increased workload. This paper explores if Think Aloud usability 

testing provides valuable input to effectively redesign a web-based Data Query Tool in Intensive Care 

and to reduce physicians’ cognitive workload during system interaction. Pre and post redesign 

usability testing demonstrated a major reduction in the cognitive task workload after redesign of the 

tool. Classification of revealed usability problems by means of the User Action Framework pointed 

out that usability problems related to the cognitively planning of actions by system users foremost 

affected cognitive task workload. This result may support Health Information system (re)design efforts 

on how to tackle the system’s cognitive complexity and in so doing improve on its usability.  

Keywords: Assessment-Evaluation, User Interfaces, Health Professional Workstation, Design aspects, 

Usability  

 

  



Reducing Clinicians’ Cognitive Workload 

Page | 127 

 

Introduction 

Usability evaluation is an essential but complex part of Health Information (HI) system development. 

Its purpose is to identify usability problems to improve the system interface design so that it can be 

used efficiently, effectively, satisfactory and foremost safely by clinicians (1). In contrast to 

conventional usability evaluation methods, usability methods that emerged from the field of cognitive 

psychology are ever more viewed upon as essential in HI system (re)design. They are considered to 

transcend the level of revealing interface design flaws and advance to the stage of providing insight 

into clinicians’ cognitive processing in achieving system tasks (2). In doing so, these methods 

eventually aim to contribute to designing intuitive HI systems that support and facilitate clinical care 

by keeping the cognitive task workload of its users to a minimum (3). The classic Thinking Aloud 

(TA) method is one of the usability evaluation methods that stem from cognitive science and is 

generally considered the “gold standard” in usability testing (4). Scientific research on the validity of 

the method has shown that subjects’ verbalized information in TA usability testing accurately reflect 

users thought processes when interacting with a system (5). Inverting these insights however to 

successful system (re)designs and thereby minimizing the cognitive task workload of system usage is 

still challenging.  

This paper investigates if users’ cognitive task workload in interaction with a web-based Data Query 

Tool of a National ICU Quality Registry is reduced in terms of improved efficacy (correctly 

performed tasks) and efficiency (task completion time) after redesign of the system with direct input 

from TA usability testing. Additionally, usability problems revealed in the pre and post TA test were 

classified and compared by use of the User Action Framework (UAF) (6). UAF classification is based 

on Norman's theory of action and categorizes usability problems in the sequence of a user’s cognitive 

and physical actions in performing a task in a system. We hypothesize that the earlier a user is 

obstructed in this sequence, due to usability problems in a system, the higher the cognitive task 

workload of a user is. The potential of TA usability testing in supporting HI system (re)design with the 

aim to reduce users’ cognitive task workload in a system and the beneficial effect of applying the UAF 

classification in this perspective are furthermore discussed in this paper.   

Methods  

System background: NICE online 

The Dutch National Intensive Care Evaluation (NICE) registry collects demographic, physiological 

and clinical data on patients admitted to Dutch ICUs to detect differences and trends in quality of ICU 

delivered care. To provide participating ICUs with the possibility to query their own data and compare 

their performance with their peers or with national averages a web-based Data Query Tool was 
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developed in a standard software development cycle. In the NICE Query Tool users define a ‘query’ 

themselves to compose a graph or a table depicting the selected information. An example of such a 

query in NICE Online is: ‘compare an ICU’s standardized mortality ratio (SMR) of medical patients to 

the national mean SMR of medical patients in the year 2009’.  Figure 1 provides screen shots of both 

the first and redesigned NICE Query Tool. Additional information on the development of the Tool and 

its functionality is published in (7).   

Pre-Post study design  

In October 2008, a pre-TA usability evaluation was performed (pre-test) to assess the overall usability 

and cognitive complexity of developing queries in the, at that moment available, Query Tool. Eight 

end-users were contacted to participate in a Think Aloud (TA) study, with an equal representation of 

new and more skilled users. A portable usability laptop with Morae software was used to document 

subjects’ TA verbalizations and video and record their (mouse) actions in the system. Sessions took 

place in the clinical workspace of the subjects and six predefined germane tasks, consisting of several 

subtasks and varying in complexity, were all given to subjects during the TA test in random order. 

Revealed usability problems were input to redesign the Query Tool interface. In the beginning of 2010 

post redesign TA testing was performed on a beta-test version of the redesigned tool to measure the 

effectiveness of the redesign efforts. Again, eight end-users were contacted of which four new test 

users participated who were comparable to the pre TA user test group in terms of computers skills and 

previous experience with the Query Tool, and four users who had also participated in the pre TA 

study. Bias of pre-defined task learnability for these four users was negligible, since the time between 

the pre and post study was around one year. In the post TA testing, similar circumstances were upheld 

as in the pre TA test, including the tasks to be performed in the system.  

To compare overall task efficacy between the pre-and post TA sessions, the shortest routes to correctly 

perform the tasks and the corresponding end-results in both the old and redesigned system were 

determined by highly experienced data managers of the NICE registry. The correct task end-results 

were then applied as the ‘golden standard’ to measure the percentage of tasks correctly completed by 

subjects in the TA sessions.  

To compare overall task efficiency, time on task measurements had to be adjusted for optimization of 

system response for the display of query results (e.g. users had to wait over one minute for display of 

the query result in the old system in contrast to 3 seconds in the new system). Pre-post overall task 

efficiency measurements were therefore compared in terms of the additional time it took users to 

complete tasks in the system both pre and post as opposed to the time it takes to complete the tasks by 

the shortest route in both system designs.  
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Figure 1. NICE Online; Screenshots of the Physician Data Query Tool pre (left) and post (right) 

redesign. 

Usability problem classification; the User Action Framework 

UAF classification places detected system usability problems in the context of four subsequent phases 

of the user interaction cycle; Planning- high level, Planning- translation, Physical actions and 

Assessment (6). Usability problems relating to the planning phase concern users’ cognitive actions for 

planning how to perform a task; e.g. the inability to track where you are in a system. The translation 

phase is about cognitive actions to determine how to carry out the intentions; related usability 

problems are incorrect button labeling or vague symbols. Physical action pertains to executing the 

actions by manipulating user interface objects; usability problems are e.g. button proximity or small 

size. The assessment phase is about perceiving, interpreting and evaluating the resulting system state 

to decide whether the action was indeed accurately performed; related usability problems concern 

users’ misunderstandings of system feedback. UAF classification starts with the four user interaction 

phases on the first level; accurate classification can go up to six levels. This paper limits its results to 

the first level to provide a general insight into the relation between performance measures on the 

cognitive task workload and the UAF classified usability problems found.  

Results 

Overall, 12 subjects were included in the pre and post TA study (4 subjects were included in both pre 

and post TA). In total, 36 usability problems were revealed by two usability analysts in the pre TA test 

and 35 usability problems were revealed in the post TA test. UAF categorization of usability problems 

was performed by both usability analysts separately (κ=0.91). Of the usability problems detected in the 

pre-test 34 (94%) were resolved by redesigning the Query Tool, 5 (14%) were considered overlapping 
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with usability problems found in the post-test and thirty new usability problems were revealed in the 

post TA Test. 

 

Table 1. Pre and post redesign measurements of task efficiency and efficacy. 

Subjects  Pre TA Test (8) Post TA Test (8) 

Overall Task Efficiency (min) 50.16 (sd 7.62) 19.40 (sd 6,01) 

      - Optimal route (min) 20.05 12.51 

      - Adjusted Overall Task Efficiency 

(min)* 

+  30.11  +   6.49 

Overall Task Efficacy 24 (50%)  46 (96%) 

Efficacy: Total number of tasks (completed) (8x6=48), * deviation in min from optimal route 

 

Overall task efficiency in the pre TA test was extremely low; users took on average 30 minutes longer 

to perform the tasks in the system compared to the time it would have taken them when they would 

have known what to do and how to act in the system (shortest route) (Table 1). This extra time was 

reduced to less than 7 minutes in the post test. The fact that subjects were able to complete only 50% 

of the tasks during the pre TA test confirmed that usage of the Tool for developing queries was 

cognitively complex. This percentage increased to 96% after redesign.  

Table 2 shows the usability problems categorized by ‘first level’ UAF classification in both the pre 

and post TA tests. The majority of usability problems in the pre-test concerned the ‘planning’ phase 

(64%). It appears that these problems were accountable for the high cognitive task workload 

associated with the low values measured for task efficacy and efficiency in the pre test. After redesign 

the majority of the 30 new usability problems detected in the post TA test concerned the ‘assessment’ 

phase (63%), showing an evident shift in the phase of interaction in which the new revealed usability 

problems occurred compared to the pre-test.  However, these post TA usability problems did not or 

only minimally seem to affect users’ cognitive task workload. Apparently, usability problems related 

to the assessment phase did not have a great impact on task efficacy or efficiency. Analysis of the 

verbal protocols and video recording of users’ actions showed that usability problems in the 

Assessment phase were mostly related to users’ preferences in interface layout, such as graph colour 

and display of system feedback related to information on the screen.  
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Table 2. Usability problems in the Pre and Post TA test classified by first level UAF 

UAF Phase Pre TA Test (36) Post TA Test (35) 

1. Planning   8 (22%)  

2. Planning (translation) 15 (42%) 10 (29%) 

3. Physical Action 13 (36%)    3 (  8%) 

4. Assessment  22 (63%) 

 

Discussion/Conclusion  

In this study the input of TA usability testing in redesigning a web-based Data Query Tool of a 

National ICU Quality Registry led to a clear reduction in its complexity and hence the cognitive task 

workload of its users. 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. However, redesign of the Tool also 

caused thirty new usability problems to occur. This is not surprising as it is well known that usability 

evaluation is an iterative process; subsequent changes to a user interface design might reveal other 

problems that again need user testing (8). The fact that users’ efficiency was highly improved after 

redesign of the Tool indicates that the new usability problems detected in the post TA test minimally 

affected their cognitive task workload in use of the redesigned system.  

Applying UAF classification in our study was particularly useful to compare the nature of the pre and 

post detected usability problems and their effect on users’ cognitive task workload. UAF classification 

revealed a potential cause-effect relation between the occurrence of usability problems in the planning 

phase of the users’ –system interactions and their apparent negative effect on their cognitive task 

workload in terms of task efficiency and efficacy. Indeed, input from the pre TA test to the Query Tool 

redesign efforts offered insight on how to tackle the usability problems in the planning phase and in so 

doing furthered the development of the Query Tool to better support users’ cognitive processes in Data 

Querying. The new usability problems detected in the post test were mostly related to the Assessment 

phase, indicating that these problems were more or less of a cosmetic nature. As such, they did not 

provoke additional cognitive burden. Those usability problems that placed a high cognitive burden on 

system use were thus successfully reduced in just one redesign iteration of the Query Tool.  
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Future studies that apply TA testing in a redesign cycle should focus redesign efforts on those aspects 

of the system that affect the planning of tasks by end-users, especially when high cognitive task 

workload of complex HI system tasks is seen as a major barrier for system use.  
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