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Digital technology plays a crucial role in today’s radiology department. This means 

that the job performance of radiologists is determined to a large extent by how well 

they can interact with computer systems. It is therefore vital that the user interfaces 

through which this interaction takes place are of high quality, and allow 

radiologists to perform their jobs with maximal effectiveness, efficiency, and 

satisfaction.  

In this thesis, we aimed to study the interaction between radiologists and 

computer systems, and to identify ways to improve the quality of this interaction. 

We focused on usability evaluation, interaction techniques, user interface 

customization, computer-aided diagnosis, and structured reporting. 

Usability evaluation 

In Chapter 2, we performed a usability test of four different Picture Archiving and 

Communication System (PACS) workstations. The PACS workstation allows 

radiologists to retrieve, view, and manipulate images, and plays a crucial role in the 

radiological workflow. We found differences in usability between PACSs with 

identical functionality, which indicates that functional requirements alone are 

insufficient to determine a PACS’s overall quality. A usability test should therefore 

be used in addition to a functional requirement list in a PACS selection process to 

ensure that a hospital buys the PACS with the highest quality. There was a 

discrepancy between participants’ subjective preferences and their task 

performance, which indicates that it is vital to include performance measures in the 

usability assessment so that it accurately reflects the efficiency of interaction. 

In Chapter 3, we evaluated the usability of a radiology workstation consisting of 

an image viewer (a client for the PACS), a workflow manager (a client for the RIS) 

and a report editor with speech recognition, after it was deployed in a hospital. 

Ninety-two usability issues were identified, ranging from issues that cause minor 

frustration or delay, to issues that cause significant delays, prevent users from 

completing tasks or even pose a potential threat to patient safety. This underlines 

the need for effective usability engineering in radiology. Given the limitations of 

pre-deployment usability evaluation in radiology, which were confirmed by our 

finding that the results of a pre-deployment usability evaluation of this workstation 

had limited generalizability to clinical practice, it is vital that radiology workstation 

vendors devote significant resources to usability engineering efforts before 

deployment of their workstation, and to continue these efforts after the workstation 

is deployed in a hospital. 

In Chapter 4, we performed a post-deployment usability evaluation of a PACS 

client based on pattern mining of user interaction log data. This approach provided 

useful insights into the way users interact with the PACS client. However, it 

revealed few usability issues compared to a field study and should therefore not be 



 

161 

  

used as the sole method of usability evaluation. It can however be a useful addition 

to other usability evaluation methods, because the log data can be used to guide the 

collection of other sources of usability data, to obtain an accurate estimate of an 

issue’s frequency of occurrence, and to determine the optimal default configuration 

settings. 

Interaction techniques 

In Chapter 5, we implemented four touch-based interaction techniques for I2Vote: 

an image-based audience response system for radiology education in which users 

need to accurately mark a target on a medical image. In order to determine which 

technique would be the most appropriate for I2Vote, we performed an empirical 

study in which users marked a target on an image using all four techniques on 

either a smartphone or a tablet.  

We found that shift was the most accurate technique, but it was hampered by its 

high complexity and low intuitiveness. Land-on was the fastest technique, but also 

the least accurate. Take-off and zoom-pointing provided the best trade-off between 

accuracy, efficiency, ease-of-use, and intuitiveness, and both are therefore viable 

options for I2Vote. 

Although this study focused on the I2Vote system, the implemented interaction 

techniques could be used in any touch-based radiology computer system. 

User interface customization 

In Chapter 6, we developed a system that generates user-specific customization 

support for the PACS based on users’ function usage. An empirical study was 

performed to determine whether this adaptive customization support would be a 

useful addition to an adaptable PACS interface. 

We found that adaptive customization support helped radiologists use the 

PACS’s customization facilities more effectively. Radiologists perceived the support 

as being useful and accepted most of the customization suggestions. The increase in 

customization effectiveness and the positive subjective responses to the support 

lead us to conclude that adaptive customization support would be a useful addition 

to an adaptable PACS interface.  

Computer-aided diagnosis 

In Chapter 7, we performed a literature study in which we examined the role of 

trust in the radiologist–CAD interaction and suggested ways to improve the output 

of the CAD system so that it allows radiologists to calibrate their trust in the system 

more effectively. 
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Observer studies of CAD systems show that radiologists often have an 

inappropriate level of trust in the CAD system. They sometimes under-trust CAD, 

thereby reducing its potential benefits, and sometimes over-trust it, leading to 

diagnostic errors they would not have made without CAD. Based on the literature 

on trust in human–automation interaction and the results of CAD observer studies, 

we have identified four ways to improve the output of CAD so that it allows 

radiologists to form a more appropriate level of trust in CAD. Designing CAD 

systems for appropriate trust is important and can improve the performance of the 

radiologist–CAD team. Future CAD research and development should acknowledge 

the importance of the radiologist–CAD interaction, and specifically the role of trust 

therein, in order to create the perfect artificial partner for the radiologist. 

Structured reporting 

In Chapter 8, we developed and tested a system that automatically converts 

dictated free-text radiology reports into structured, standardized reports. Such a 

system would be an interesting alternative to conventional structured reporting 

systems, because it requires no additional actions from the radiologist and does not 

interfere with image viewing and interpretation. The system, based on the Linear 

Chain Conditional Random Fields machine learning algorithm, was able to 

correctly classify most information in free-text reports, which allowed them to be 

converted into a structured, standardized format. However, more research is 

needed to improve the performance of the system to a level that is acceptable in 

clinical practice, apply it to different classes of reports, and extract more detailed 

information from the reports. 

Conclusion 

In this thesis, we have presented various studies on the interaction between 

radiologists and computer systems. While the topics of these studies varied greatly, 

and all of them produced meaningful results on their own, they have one 

overarching message: in addition to studying digital technology in itself, it is vital to 

study the way humans interact with it. In order to design high-quality user 

interfaces for radiological computer systems, we have to understand how 

radiologists interact with them. As digital technology evolves, and the complexity 

and diversity of computer systems with which radiologists interact increases, the 

quality of this interaction becomes even more important.   

We have identified several ways to improve the quality of interaction between 

radiologists and computer systems. First, hospitals should place demands on a 

product’s user interface in addition to its functionality (Chapter 2). If hospitals 
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keep buying products with poor user interfaces, there is no incentive for product 

vendors to improve them.  

Second, radiology software vendors should devote significant resources to 

usability engineering efforts before deployment of their software, and should 

continue these efforts after their software is deployed in a hospital (Chapters 3 and 

4). Only following the full usability engineering lifecycle can ensure software with 

high usability.  

Third, dedicated interaction techniques should be developed for radiology 

software where necessary (Chapter 5). Radiologists perform tasks on a computer 

that are not common for the general population. Standard interaction techniques 

may therefore not be optimal for these tasks.  

Fourth, adaptive support for user interface customization could be added to 

radiology software in order to improve the effectiveness with which radiologists use 

the software’s customization facilities (Chapter 6). Especially in complex software, 

which radiologists use in different ways depending on their goals and interaction 

preferences, effective interface customization has great potential to improve the 

efficiency of interaction with the software. 

Fifth, CAD systems should be designed in a way that allows radiologists to 

effectively calibrate their trust in the system (Chapter 7). Without an appropriate 

level of trust, the performance of the radiologist-CAD team will never reach its full 

potential. 

Sixth, natural language processing systems, if developed further, could be used 

to automatically convert dictated free-text radiology reports into a structured 

format (Chapter 8). This is a viable alternative to structured reporting software, 

which forces radiologists to change the way they construct their reports. 

Although the studies in this thesis were conducted in radiology, their relevance 

is not limited to this domain. Chapters 2–4 are valuable additions to the general 

usability literature; the interaction techniques evaluated in Chapter 5 could be used 

in any touch-based system that allows users to accurately mark targets on images, 

without a priori knowledge of the user’s intended target; Chapter 6, in which we 

had the unique opportunity to study the effects of adaptive customization support 

on users working with a new interface in a real work environment, produced 

valuable insights into user interface customization; Chapter 7 contributes to the 

understanding of the interaction between humans and artificial intelligence 

systems; and Chapter 8 provides insight into using machine learning techniques for 

real-world natural language processing applications. 

While human-computer interaction researchers have a lot to offer the world of 

radiology, radiology also has a lot to offer in return. Studying the interaction 

between humans and computer systems in a domain with such specialized users, 

advanced technology, and high stakes is an interesting and fruitful endeavor that 
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can provide valuable insights into the fundamental principles of human-computer 

interaction. We strongly encourage human-computer interaction research in 

radiology, both to advance the world of radiology and to advance our 

understanding of the way humans interact with technology. 

 

 

  


